BHC 10 1 003-Forgign, Goujaies Méogﬁt&éﬁqqﬁtl%ed 5-fluoro-1H-pyrazolopyridines and their use

The present application relates to novel substituted 5-fluoro-1H-pyrazolopyridines, to processes for their
preparation, to their use alone or in combinations for the treatment and/or prophylaxis of diseases, and to
their use for producmg medlcaments for the treatment and/or prophylaxis of 5diseases, in particular for
the treatment andBwogrty ) Y myladidesandetheirse of the most important cellular
transmission systems in mammallan cells IS cycllc guanosine monophosphate (cGMP). Together with
nitrogen monoxida lﬁhl@r)ess/hmdmmcraieasem&mm ey & el idliemoes dHryramoitspratinesnabd gpinckeseehanical
signals, it forms the, NR(CGMIR-SGHEM «BHARMAIENEYGH 3 Bl ke P RIBRIEI SRR DRI 0s

guanosine trlphosphate ( Eﬂi The 10 known representatives of this family can be classitied both
according to structifeieatdRss Qe U8FdiRg REPEHE! p@%’t‘f@ﬁ?fﬂéﬁﬁ%%%ﬂﬁ@tt@%&%@ﬂh%
guanylate cyctasedisghsels, mapabtszstmmtatedrbytmamar@vmppﬂpmd% canighvhecstiutik®gieenylate cyclases
which can be stimulated by NO. The soluble guanylate cyclases consist of two subunits and very probably
contain one haemaer dratey oshsi@npstieh iR @éﬁbmm@d&i@%&ﬁﬁeﬁma@i cengral dpepo gaaessiter the
activation 15 mecﬁ%ﬂ%ﬂoé\éﬁ’afl Qg9 b‘tb‘éé%*?%ﬂ%@fg CHE ?J‘dvtﬂtéﬁ agéﬁ%Q%d”%%ﬁ”‘tﬁethe

activity of the enzyme. Haem preparations cannot contrast, tlmulat NO. Carbon
monoxide (CO) |s%ﬂ§6tba%'téﬁ&‘8fté@{‘§6‘ﬁ§eh8€ﬂﬂ%ﬂ'lw aﬂlﬁ’ﬁh%‘?"ﬁ@%ﬁt 'bLerH% gt‘ﬁﬂﬂétﬁ%l‘{'?)ys@@%

distinctly less tharGilnatylayeNgx |8y daranmfygec (B M B osymthevwnes RGHe msultisiger atpiedoatef (GTP). The
phosphodiesigrasgs, JAn&hanaaiadd 2R PTG KINAEE S AR SIEIRS S PR AR ITRANRNLFale in

various physiological processes, in partlcular In the relaxation and proliferation of smooth muscle cells, in
platelet agg regatué‘ﬁ%ﬁ&”ﬁlé‘téfét ARSI AR ‘ttPrtté/Brgﬁﬁ’étF’Edﬁé‘t‘tt’éﬂﬁ%ﬁtﬂ%%ﬂ%@(&'%% YHgls68HS
which are based atirauthistd ipanaie ot theatives naedtibaed ghaogsse sy thedenpath aphysiciogidated by
conditions, the NQeGME SYRIFI MRy IHe %W%@é%%ﬁs&‘(@?ﬂﬂﬁ]@&’s'%ﬂ&' QFyea%HHB\? LBdugh Hleedem

pressure, platelet activation, 25 increased cellular proliferation, endothelial dysfunction, atherosclerosis,

angina pectoris, h@%ﬁf‘%ﬂtﬁ*f&%@&@%t&Hﬁth?&ﬁb% ftﬂt‘tﬂ%‘?f%&? %t@”gﬂﬁ@%%n&%%mﬁ&?Ht’lat@(}wng to
the expectedlbighnefficaamry. &lfdliscablsitebeifidott)eartre atomemdriohgd chudiseriedly whichstatigetstiey of

influence of the cGMRBignal Rathifey 9%35%%9%%%95@9&%@@%5!&&%9%"@Q\@Bﬁf%ﬁ&de
30Hitherto, for the ther utlc ?tlmulatlon of the solublegggl{ I%late ceg clase use has exclusiv tigt'”c“y

made of compou n(c?se%tﬁcﬁ LBIGINRRRN AP S NFOL8' TR ST ABARES YA RrfReP
bioconversion andeastibatgBasblulile. guanylate cyclase by attack at the central iron atom of haem. BHC
10 1 003 Foreign Countries In addition to the side effects, the development of tolerance is one of the
de(_:isive. disadvanBdemofidhiS Mpeaod iveatignentel resadeint rggaies pspimepsubistaacesddvredhasmetiesatibed
which stimulgje sojuhle, %?a@é@ u%}@éec% GEYdys WHIRPEBIAR GRS M NRo SRS IEXAMPle

3-(51-hydroxymethy1-21-furyl
particular in the reIaxatlon and proliferation eh@oth muscle cells, in platelet aggregation and

platelet adhesion and in neuronal signal transonssind also in disorders which are based on a

disturbance of the abovementioned processes. Uradleophysiological conditions, the NO/cGMP

system may be suppressed, which may lead for exatapligh blood pressure, platelet activation,
25 increased cellular proliferation, endothelial dysftion, atherosclerosis, angina pectoris, heart

failure, myocardial infarction, thromboses, strekel sexual dysfunction.

Owing to the expected high efficiency and few sifiects, a treatment of such disorders which
targets the influence of the cGMP signal path igaoisms and is NO-independent is a promising

approach.

30 Hitherto, for the therapeutic stimulation of théusde guanylate cyclase use has exclusively been
made of compounds such as organic nitrates whdseta$s based on NO. This is formed by

bioconversion and activates soluble guanylate sgclay attack at the central iron atom of haem.



5 benzylindazole [y¢=1 WHR@lreBIPeE.8§iL1994), 4226; Mulsch et al., Brit. | Pharmacol. 120 (1997),
681], fatty acids [Goldberg et al., T Biol. Chem. 252 (1977), 1279], dlphenyllodonlum hexafluorophosphate
[Pettibone et al., Eur. | Pharmacol 116 (1985), 307], isolmuiritigenin [Yu et al., Brit. J. Phannacol. 114
(1995), 1587] and various substituted pyrazole derivatives (WO 98/16223). 10WO 00/06569 discloses
fused pyrazole delivediliéendndhp\abie 8/E9E4 B1E ciarstapatstadissr e dR- Pyt daisiwrdisefbpptitieref as
stimulators of soluhjegyapyiiasygiase. It is an object of the present invention to provide novel
substances which act as stimulators of soluble guanylate cyclase and which have an identical or

improved therapeyic.peaf %&8”%@%&83@%@9%\%5@RVHEEHHMQ%rﬂﬁ'l%e%&lé&l&?%ﬁgfeem%e with

respect to their in vivo properties 15such as, for example, their pharmaco inetic and pharmacodynamic

behaviour and/or H&EFBosE- ‘é‘(&ﬂ?/ﬁ&/‘?fé‘?éﬁS@ﬁ?pOtrNQ p?@%*éﬁﬁrﬁ%‘é‘ﬁi%‘?w PrEEOREREBtiAdE ¥ the
general formuta (IpedziB8@&zoim fhidh VBHCT dlBldo0683 ROy Z26uiiieshvet @iyi{ Cl-Clyralkgdlihzl, be

substituted by 0”?@999’%§9P35H%%§W@%%@%@ﬂ&]oﬁwe@]@ﬁmgﬁ seipgied o WgErgHRGANSISINg o

fluorine and trlfluoromeH]Ogl and their N-oxides, salts, solvates, salts of the N-oxides and solvates of the

N-oxides and salt§ & Bﬂ?ﬁ‘fg%ﬂf%é?&tﬂB%etﬁ%%@&t?&?%@cmélgoq%&n@g bISRESIEERN Y Und the

N-oxides, et al., Brit. J. Pharmacol.114 (1995), 1587] and various substituted pyrazi@gvatives (WO
98/16223).

10 WO 00/06569 discloses fused pyrazole derivativas \WO 03/095451 carbamate-substituted 3-

pyrimidinylyrazolopyridines as stimulators of sdlelguanylate cyclase.

It is an object of the present invention to provit®vel substances which act as stimulators of
soluble guanylate cyclase and which have an idginticimproved therapeutic profile compared to
compounds known from the prior art, such as, fanegxe, with respect to theim vivo properties

15 such as, for example, their pharmacokinetic andrpaeodynamic behaviour and/or their dose-

activity relationship.

The present invention provides compounds of thegriormula (1)

in which

20 R represents hydrogen orC,)-alkyl,



5 salts, solvates agqcs%@@@cgoglg%rll\l&ﬁ'\gj[ﬁgsand salts thereof, the compounds, encompassed by formula
(), of the formulae specified hereinafter and the N-oxides, salts, solvates and solvates of the N-oxides
and salts thereof, and the compounds encompassed by formula (1) and specified hereinafter as working
examples and the N-oxides, salts, solvates and solvates of the N-oxides and salts thereof, to the extent
that the compounds encohgpasede)skibmayl €| pubatitymscifieehe GhidrairrubestitasadepenfieriblyoNoogides,

salts, solvates and solvaigsaf thadd-QKidRs B drsasolRithaLontedef e srepaanyinvention, preferred
salts are physiologically acceptable salts of the compounds according to the invention. Also

encompassed are;saltsdich AL aaktemael/esis idmsifs Rhabrsedtisahanpicatinnsdayt can be
used, for example, for isolation or purification of the compounds according to the invention.
15Physiologically acceptahble salts of the campaunds according to the inventian include acid addition salts
o mieral e, T T R e o A o
acid, sulphuri® acit?'iSheSiyAEHCAEI GONRes R8I DhoriCacH EmmebsiihRBRROHEHS; ®1GenBasRpHic
acid, benzenesulgbenitaanichinaerihaleresisoipfioniceatitatomeinasidesastic avidatsdlandoatetiesasid,
propionic acid, lactic acid, tartari i, lcacid, citri ' i ld, IC ACI . ic
acid. Physiologica I)g Z\g(@élé%b%g Ssa%%goﬁ]ﬁg%br%%oﬁﬁd%%%%%ﬁg t Qeélicrﬁ; gri”t%ﬁ%@o%@%%gia ts of
conventional basd¥BYaM&Y a5t URARH RXARBIHI P rEFMNMHEEET SN YRet AR RS BIeS SolrRINT AP HEIsSsium
salts), a]kaline eashtmqﬁaiaﬁjtso(e@ eater mhandhe agingsium sSaiiasseud mrmmﬂmuml'ﬁaiw Oerdeticdrom
ammonia or gegarkc amiResRAKING fely . 6aRANaIAMS LAY 1aY, Al SAMBIR BRde 28 LD Rreference
ethylamine, diethylamine, triethylamine, ‘ethyldiisopropylamine, monoethanolamine, diethanolamine,
triethanolamine, dicyclohexylamine, dimethylamipoethanol, procaine, dibenzylamine
N oty morpholl e L, TP G e LA S B Acibable sl f e
invention, solvate§FERIUBISHARETINHSOHRVERIBBUNSS FECOPRAGHD §7S TRV eHEOWWHRIRSHY8Re
solid or liquid stateufiasie mcprapiexdicacisinationsNth coléen! malrswmias, oyReiesmsemReadic form
of the solvates in whjch oordination is with water.. Preferred solvates in the context of the present
aigd cgfpéuﬁégl%g@ﬁ o) mednver{tlg?ﬁ.

invention are hydrates. eign Countries Depending on their structure, the compounds
according to the in entiin _mzﬁéexist irb iﬁe[ent stereoisomeEic {_orms, i.e, in the forrTn f co fi%iurational
isomers or if lc‘&)prg\é?‘l%\'? 413 48LER Sﬂtgsngﬁ Eg%ﬁ?é?g @%té)rgqgﬁ@’/%r}t@féﬁ%f‘ Gifiers ﬂ'&'l%ling
those in the case &flt@dpiamiaeps)dT verppasEnrditizaioaiiaefsrdos ezammpessis aheyerghikomard.or
diastereomers angy& b rasRert\w@ iphxtidresdheresindhesiairisammsiisal ydmitanameanshbarnisigan be
isolated from sucq rlnixturep r?f enan.tcijorgers and/lo%diaster. orrm%a;:n ira.a |<novvn mayqer%chroryato%tr.aphy
processes are prePe?gg?f Lﬁge%f]{%raﬁ%ls, |%n63?ﬁts:ﬂférolq'ﬁfé' chro a?oﬁ'ya%oy Grian’achiral of chita '[:():hase.
Where the compog¢idstziteneaialaeceise Rioripticrrednlaeagi imtaitonts crRIhas dhetpeeitht imgaition
encompasses®ll hgdtandeoede imnsenkeitheigresent invention also encompasses all suitable isotopic
variants of the compounds according to the invention. An isotopic variant of a compound according to the

invention is undergigBgKe i FLE:81E ATRBIMALRMYGIEL ISR BRAREMYIR IR RRDRAGr

according to the invention compound has been exchanged for angther atom of the same atomic number,

but with a different QST PALBES R PY A ShEamRSs AU MM BEESS Bk R iralsu( S SOFYR Ature.
Examples of 15 isotepsismaritts) calkaleeinadinpoetiieshitstta@iconapd umad sesioniadsioatiteamyention sats
those of hydrogeny&RRPRoMIERBIRINO LY SREhRNasRr Haviny Rl afbearinemehigringy BraxiRpiangdodine,
such as 2H (gguteriﬁwm), 3H_(tritium), 1 o 14c, 15N, _n%, 11833?% 33ts, %ﬁgg 35s, 3&(1551 18F, 36C1, 82 Br,
123j 1241, 1291 afid' 1317 PEGar iEEROBR Variants 0y 8 e poulid BadrdinG ) O RORARDIN
especially those irmaiiehareantitaocietadiolonive. idinthsas iadievsiebaxyiaomper stedhylagibeethanol,
procaine, dibenzylamine, N-methylmorpholine, angii lysine, ethylenediamine and N-

methylpiperidine.

In the context of the invention, solvates refeitiose forms of the compounds according to the
30 invention which, in the solid or liquid state, forem complex by coordination with solvent
molecules. Hydrates are a specific form of the a@ls in which the coordination is with water.

Preferred solvates in the context of the presemrition are hydrates.



20 beneficial, for gxample; 585%&&‘?‘6’6[]%’%@ of the mechanism of action or of the active compound
distribution in the body; due to comparatively easy preparability and detectability, especially compounds
labelled with 3H or 14C isotopes are suitable for this purpoese. In addition, the incorporation of isotopes,
for example of deuterium, can lead to particular therapeutic benefits as a consequence of greater
metabolic stabilityQsfrgrsicenapoheid storcexanipe camestadsioeeaftihih ¢ atfe Bnifedy tésbiddiifarant
reduction in the aciMesiasaaRAWIRE; Sechimedifieations @ﬁf@d@m@@m% apqpnﬂipg);sﬂattéeai&weason
may therefore in some ca I%ﬁafi’dso %%?St'{Ute a ODre]Fgrgen lem Qla [ment ofC hg rPreﬁgQé mveRtlon Isot(f')p|c
variants of the compounoas accor o the'invention can Pe aredrb ces3es khown 6those
skilled in the art, fel @dagRIsIE by 'ﬁﬁé’?ﬁ@hfddéeﬂé%ﬁﬁféﬁfﬁélmﬁﬁﬁtwé ﬁﬁ@tﬁ@ﬂ@@e@fdﬂlb@érﬁ%ﬁﬁwﬂ(mg
examples, by SISiﬂﬂ&%ﬁp@ﬂ%dﬂ?ﬁdﬁ&ﬂﬂﬁét‘e@mﬁ@Ei@ﬂimmiimﬁf&aﬂi@ub’ﬂiw@rﬂg@ﬁtﬁb@ﬁ@(ﬂﬁt@@&’fﬁﬁg
compounds thereln Morec&vesfO present w&y\a trl%n gl[|eSO gshcompasses. E(Pdcr S gg‘otr}g O%ggs %
according to the invention. Here Efﬂe term "r rug sreters to compounds WhIC Fthe ga{)rt can
biologically active &¢ |W§fﬁf@€'yb{§?ﬁﬁérébﬁv@r%'G‘dﬁréiﬁh%%faﬁah@HIW‘ RIRLG Rﬂ?ﬂ@ﬁ'l Bhapto
compounds according to the invention during their dwell time in the body. BHC 10 1 003 Foreign
Countries - 5 - In téerertexicofmimeimieseapidvgnidotheuinlexyiop gerfie drothennises teensubbatnasenare
defined as followsi dRihesRBIEREthS RkeRtiBMakUbIpRresents a straight-chain or branched alkyl
radical having 1 to 4 carbon atoms. The following may be mentioned by way of example and by way of

preference: Sgethyl, efia M(x@ﬂéﬁ'm'%%%@ﬂé@ U, dﬁ%ﬁfﬁ)ﬂe&éﬂﬁﬁa}ﬁ RraAKL SRR e AR ext

of the invention, halogen represents fluorine, chlorine, bromine and iodine. If radicals in the compounds

according to the ifQ&PRiIBIY R8P AR ff?é"’i‘ﬁb‘i”ééﬁ‘%ﬁ‘é’?‘ﬁ@ﬁ‘i%‘ﬁ@ 1SMsdRMEEeS R TR *é?ﬁ%cufued
otherwise. In the combext af thenprese it wivemtioreaatl vaelicals wﬂmh@npumnumdrmvngdncbeamdmbned
independently of %?nMﬁ%s%é‘éﬁﬂ%%&é’d%ﬁaﬁ%ﬁﬂé?ral&wms{&%é'&fnﬁigeWRWM@T&E

preferred. In the context of the present invention, preference is ﬁlven to compounds of the formula fl) in

which 121represeﬂ%”ﬁ§/8?6§fewf?5} Braigmic mass Wﬁ'épe“ﬁﬁ‘é‘f n%'%l?ﬁ%‘firﬁﬁ%&%k}rﬁ {rRIBRGEH &ty
substituent, ISandstiepesalisicsotentes avdreohatiesntd thesahsudebtienconttvet oltndqresenhaseerftion,

particular prefefe%r@gﬁl%%ﬁh%m&wmﬁfg@mwaﬁ%ﬂj hﬁuf‘ﬁ[m%@ %I&ﬁ@ﬂr&mme and iodine,

4,6-diamino-215-fluoro-1-(2-fluorob r;zy -1H-pyrazolq, 31,, l;; ygd gg— el[e) rlgpld,;p s yllc rggamate
20methyl { 4,6- dla?‘H?Hoa%{édﬂHt&%’ %Lf‘%en%yﬁ 1 p?ra lo [3 26 p idin: 3%/I]|§yr| idiR-5-

yIImethyIcarbamaf@l 124 129 and Y. Partlcular isotopic variants of a compound adéwy to the invention,

especially those in which one or more radioactisetdpes have been incorporated, may be
20 Dbeneficial, for example, for the examination of thechanism of action or of the active compound
distribution in the body; due to comparatively egsgparability and detectability, especially
compounds labelled witfH or *C isotopes are suitable for this purpose. In agidjtithe
incorporation of isotopes, for example of deuterigan lead to particular therapeutic benefits as a
consequence of greater metabolic stability of thmmound, for example an extension of the half-
25 life in the body or a reduction in the active desquired; such modifications of the compounds
according to the invention may therefore in somgesaalso constitute a preferred embodiment of
the present invention. Isotopic variants of the pounds according to the invention can be
prepared by processes known to those skilled inathefor example by the methods described
below and the methods described in the working gkasn by using corresponding isotopic

30 modifications of the particular reagents and/ortstg compounds therein.

Moreover, the present invention also encompassedrygs of the compounds according to the
invention. Here, the term "prodrugs" refers to compds which for their part can be biologically
active or inactive, but are converted (for exampktabolically or hydrolytically) into compounds

according to the invention during their dwell tifnethe body.



methyl { 4,6- dlamlggc’q@flb@gq_(}reqanf@ampggzyl) 1H-pyrazolo [3 ,4-b]pyridin-3-yl]pyrimidin-5-
y11(2,2,2-trifluoroethyl)carbamate =~ methyl { 4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3

,4-b]pyridin-3 -yl]pyrimidin-5- 25ylicarbamate hydrochlorisle BHC 10 1 003 Foreign Countries - 6 - methyl
{ 4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3 ,4-b]pyridin-3-yl]pyrimidin-5- yllcarbamate
phosphate methyll{ Hhe-efinierhot 1S pfiessia- T enflooraheseiesl DEasyrsedle [Ubstituents are defined as
4-b]pyridin-3-yl]pysimidin-5- yllcarbamate mesylate Smethyl {
4,6-diamino-215-fluoro-1-(2-fluorobenzy1)-1H-pyrazolo [3 ,4-b]pyridin-3-yl]pyrimidin-5- yllcarbamate

ethane-1 ,2-disulp | n 1
Py y”p){ﬁﬁ%ﬁﬁg@ft‘y Mcéégaﬁﬁ/gmﬁgﬁﬁggéﬂ%ﬁ]‘sﬁlgwmgﬁW%&%Qﬂ%mg )

4,6-diamino-215-fl88r6212¢% ﬁi?&?%b%&?i?%ﬂﬂﬁ%&?&@%“ﬂ”ﬁw SRR FARRANEY- o BYAETBSnate
nitrate The individoalinddetiay! deprobgin s epepificdlntyh éodbfievtite/lpampyinatibnty/lor preferred
combinations of radicals are, independently of the respective combinations of the radicals specified, also
replaced as desiredlthy cadieal deimitiangial, odegspraddingtivngne, cRankieulaorpiiefereniegiis given to
combinations of two or more of the preferred ranges mentioned 15above. The invention further provides a
process for prepaﬂﬂﬁo‘?ﬁﬁs%’ﬂ@éﬁ?ﬁﬁ&;ﬁﬁ&@%E@é%ﬂ@tﬂll@&m tRibRUIREIORERR %?V%Qﬁdﬁbthat
the compound of the f? mula (II% [ALF‘ reacteq in arhlnert ventt int e presenc of hgxabuﬁy tin apd a
stut % ess specitied otherwis
suitable palladium éBcgtSéjl

mterme late Tormation o n %)Seoues \Brﬁ% He'%\ﬁrrﬁ'oé‘uﬁ‘a 0]
formula (111) BHCWiGeh gggu[:t@g@@gtﬁa@mmm@’g defined mdepenjdelhtbne another. Substitution by one, two or
10 three identical or different substituents is prefdr

In the context of the present invention, prefereiscgiven to compounds of the formula (1) in

which
R! represents hydrogen or methyl,
where methyl may be substituted by a trifluoromegupstituent,
15 and their salts, solvates and solvates of the.salts

In the context of the present invention, particydeeference is given to the following compounds

of the formula (1):

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate

20 methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

ylmethylcarbamate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-
yl}(2,2,2-trifluoroethyl)carbamate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-
25  yl}carbamate hydrochloride

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate sulphate



to give the compoynel g EJOETHA,

-'c\!aun(h\éb this is then reduced n an me solvent with a suitable

reducing agent to give the compoun

50f the formula (V) (V) BHC 10 1 003 Foreign Countries 0/H

3C(I-A), or [B]the compound of the formula (I1) is reactedsin an inert solvent with copper cyanide to give

the compound of the formula (V1)
methyl {4,6-diamino-

2-[5-fluoro-1-(2-fluorobenzylH-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate phosphate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate mesylate

5 methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate ethane-1,2-disulphonate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate maleate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

10 yl}carbamate nitrate

The individual radical definitions specified in theespective combinations or preferred

combinations of radicals are, independently of tkepective combinations of the radicals

specified, also replaced as desired by radicahiliefins of other combinations.

Particular preference is given to combinationsvad br more of the preferred ranges mentioned

15 above.

The invention further provides a process for prigggathe compounds of the formula (l) according

to the invention, chara

cterized in that the compbointhe formula (1)

F
N
NN
P,

! (1

20

[A] is reacted in an inert solvent in the presenfehexabutyltin and a suitable palladium

catalyst with intermediate formation of a tin sgeciwith the compound of the formula

(D)



(VI1), thisis then, é{_'ng%al%g@lg&@gw%ﬁng%@verted into the compound of the formula (VII) NH H2N x

H3CCO2H (VII), oreign Countries - 9 - this is subsequently reacted in an inert solvent in
the presence of a suitable base with the compound of the formula (VIII) (VIII) to give the compound of

the formula (IX) 5 (IX),
Cl

to give the compound of the formula (V)

N
N7\
—_ NH2
H2N +
/,N\O
@]

this is then reduced in an inert solvent with daflé reducing agent to give the compound
rFO

and this is then reacted in the presence of aldeitzase in the presence or absence of a

(V)

5 of the formula (V)

solvent with methyl chloroformate to give the compd of the formula (I-A)



and this is then regdueethin g ipgHisOMENdRLthe presence of a suitable reducing agent to give the
compound (V), and this is subsequently reacted further according to process [A] to give compound (I-A),

or 10[C]the compound of the formula (I-A) is reacted in ag-inert solvent in the presence of a suitable base

with a compound of the formula (X) 1 11X1 (X), in which BHC 10 1 003 Foreign Countries - 10 - RIA

represents (C1-C4)-alkyl, where (C1-C4)-alkyl may be substityted by one or two substituents

independently of one another selected from the group consistingorfuorine and trifluoromethyl, and
cular bromine or iodine,

5X'represents a leaving group such as, for example, halogen
trichloromethanesulphonate, mesylate or tosylate 9 give & compeund of the formula (I-B) in which 121A
has the meaning given above, 10and the resulting c dinds of the formulae (I-A) and (I-B) are, where
appropriate, converted | / N

° (-A),
or

[B] the compound of the formula (ll) is reactedain inert solvent with copper cyanide to give

the compound of the formula (V1)

F
N
7w
P
F
5 CN (V)

this is then, under acidic conditions, convertgd the compound of the formula (VII)

F
N
A N
N
I//
F
NH

XHCCOH



with the appropria@Q)l%oiv&g%g}gg{r%gbnf cids or bases into their solvates, salts and/or solvates of the
salts. Inert solvents for process step (1) + (M)(1V) are, for example, alcohols such as methanol, ethanol,
n-propanol, isopropanol, n-butanol or tert-butanol, etherpsuch as diethyl ether, dioxane, 15
tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethyl ether, hydrocarbons such as benzene,
xylene, toluene, hexane lfiydsohidraneeoiymaasted dil fracwonsnwmribthereseneenes aguitehle base with the
dimethylformamide (DMEjngnedhorliseliehaxideAPMSO), N,Nr-dimethylpropyleneurea (DMPU),
dimethylacetamide, N-methylpyrrolidone (NMP), pyridine, acetonitrile, sulpholane or else water. It is
equally possible to use mixtures of the solvents mgationegyPreference is given to dioxane. BHC 10 1
003 Foreign Countries Suitable palladium catalysts fonyprocess step (1) + (Il1)(1V) are, for example,
palladium on activatedcarbon,palladium(il)acetate,tetrgkis(triphenylphosphine)palladium(0),
bis(triphenylphosphine)palladium(ll) chloride, bis(ad¢tonitrile)palladium(ll) chloride and [1,11-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll)/dichloromethane complex, if appropriate 5 in
combination with additional phosphane ligands sg $, for example, (2-biphenyl)di-tertbutylphosphine,
dicyclohexyl[21,41,61-tris(1-methylethyl)bipheny phosphane (XPHOS), bis(2-
phenylphosphinophenyl) ether (DPEphos) or 4,5-bis(diphenylph@sphino)-9,9-dimethylxanthene
(Xantphos) [cf., for example, Hassan J. et al., Chem. Rev. 102, 1359-1469 (2002)]. Preference is given to
using tetrakis(triphenylpﬁp@pgigp,g)agufgmm&p)he’[%ptqgﬁ?g@tion (I1) + (I)(1V) is generally carried out in a
temperature range of from +20C to +180C, prepferably from +50C to +120C, if appropriate in a
microwave. The reaction can be carried out at atmospheric, glevated or reduced pressure (for example
from 0.5 to 5 bar). The reaction is generally carried out at atmospheric pressure. The reductions (I1V)(V)
and (IX)(V) are carried out in the presence of a suitable cataly an inert solvent in a temperature

n-butanol or tert-butanol, ethers such as diethyl r iox?a,@e, tetrahydrofuran, glycol dimethyl ether or
diethylene glycol dimethyl ether, or other 20 solveqt s dimethylformamide (DMF), dimethyl
sulphoxide (DMSO), N,Nrdimethylpropyleneuﬁea (DMPU), \N-methylpyrrolidone (NMP), pyridine,
acetonitrile or else water. It is equally possible to use mixtgeshbf the solvents mentioned. Preference is
given to DMF and pyridine. Suitable catalysts for the reagtions &\Q and (IX)(V) are, for example,

2

palladium on =

H,N
2 N

5 (1X),

and this is then reduced in an inert solvent inghesence of a suitable reducing agent to
give the compound (V), and this is subsequentlgteshfurther according to process [A]

to give compound (I-A),
or

10 [C] the compound of the formula (I-A) is reacted an inert solvent in the presence of a
suitable base with a compound of the formula (X)

1

XX,

1A

R

in which



25activated carbop,plafinuisLA AR RAHAadium hydroxide or Raney nickel. Alternatively, the
reductions (1V)(V) and (IX)(V) can be carried out using a metal or metal salt such as, for example, iron,

zinc or tin(ll) chloride in a suitable acid such as, for example, hydrogen chloride/hydrochloric acid,
sulphuric acid, phosphoric acid or acetic acid in a temperature range of from +20C to +140C. 30Inert
solvents for process stefR (V) (I+a)rasentot@xaatple, alcohols such as methanol, ethanol, n- propanol,
isopropanol, n-butanol or tert-butanol, ethers such as diethyl ether, dioxane, tetrahydrofuran, glycol
dimethyl ether or diethylene glydekeif@etl)dlethenynzdcybrttiedd BiHahd @rltd03 tbarigsgndEoemisiely - 12 -
hydrocarbons such as dichlorogpgthang ficlliasatbange sriheedtiarlBrideatdchiRERsvsNe or
chlorobenzene, hydrocarbons such as benzene, xylene, toluene, hexane, cyclohexane or mineral oil
fractions, or other solvergatg such as dimethylformamide (DMF), dimethyl sulphoxide (DMSO),
N,Nr-dimethylpropyleneurea (DMPU), N-methylpyrrolidone (NMP), acetonitrile or else water. Itis 5

equally possible to use mixtures of the solyents mentioned. Preference js given to dimethylformamide and
toluene and afo to a misture df %?ﬁSﬂ%@ﬁdﬁ%%Sé%&% L?&né‘?@fjﬁ%’SQ%ﬁs@s%r}"fH@rp OCe8s gfep
(V)(I-A) are alkali metal hydridésiisechiras|ewmdiatnehgelideoraicalinasetatelsytitoxides such as, for example,
lithium hydroxide, sodium hydroxide or potassium hydroxide, alkali metal carbonates such as lithium
carbonate, sodium carbomgies potagsiund di@hedtnonat@-By caesium carbonate, alkali metal bicarbonates
such as sodium bicarbonate or potassium bicarbonate, alkali metal alkoxides such as sodium methoxide
or potassium methoxide, sodium ethoxide or potassium ethokide or potassium tert-butoxide, or organic
amines such as triethylamine, diisopropylethylamine, pyridine, El'azabicyclo[S.4.O]undec-7-ene (DBU)

or 1,5- diazabicyclo [4.3.0]non-5-ene (DEN). Preference is givg pyridine. 15The reaction (V)(I-A) is
generally carried out in a temperature range of from -10C C preferably from OC to +20C. The
reaction can be carried out at atmospheric, elev N{Jced pressure (for example from 0.5 to 5 bar).
The reaction is generally carried out at atmosph |ric préssyme. Inert solvents for process step (I1)(VI) are,
for example, ethers such as diethyl ether, dio , hydrofuran, glycol dimethyl ether or diethylene
glycol dimethyl ether, hydrocarbons such as benzene, xylene, toluene, hexane, cyclohexane or mineral oil
fractions, or other solvents such as dimethylformamide ( N
N,Nr-dimethylpropyleneurea (DMPU), N-methylpyrrolido ,myzridine or acetonitrile. It is equally
possible to use mixtures of the solvents mentioned. Prefetéemnge is given to DMSO. 25The reaction (11)(VI)
is generally carried out in a temperature range of frofl2M20C tq+18aC, preferably from +100C to +160C,
if appropriate in a microwave. The reaction can be carri at atmospheric, elevated or reduced
pressure (for example from 0.5 to 5 bar). The reaction is gengrally carried out at atmospheric pressure

H,C (-B)

in which R” has the meaning given above,

10 and the resulting compounds of the formulae (I-AY &I-B) are, where appropriate, converted
with the appropriate (i) solvents and/or (ii) acatsbases into their solvates, salts and/or sadvate

of the salts.

Inert solvents for process step (ll) + (1B (IV) are, for example, alcohols such as methanol,
ethanol, n-propanol, isopropanol, n-butanol or-betanol, ethers such as diethyl ether, dioxane,
15 tetrahydrofuran, glycol dimethyl ether or diethydeglycol dimethyl ether, hydrocarbons such as
benzene, xylene, toluene, hexane, cyclohexane weralioil fractions, or other solvents such as
dimethylformamide (DMF), dimethyl sulphoxide (DMS®),N-dimethylpropyleneurea (DMPU),
dimethylacetamidd\-methylpyrrolidone (NMP), pyridine, acetonitrileylpholane or else water. It

is equally possible to use mixtures of the solvemstioned. Preference is given to dioxane.



The reaction WD(‘%HHi&i‘W@F‘BF&&ﬂE‘&Hﬂ%EOdS known to the person skilled in the art in a 30 two-step
process initially with formation of the imino ester using sodium methoxide in methanol at from 0C to +40C
and subsequent nucleophilic addition of an ammonia equivalent such as, for example, ammonia or
ammonium chloride in acetic acid with formation of the amidine (VII) at from +50 to +150C. BHC 10 1
003 Foreign Courtiégbliel Ballddemsuitaysts fior processssttep( (W) + (VIlIa(EX airexatoplkokatiadihrasn
methanol, ethanolaalvgtr&panqa,lggprop hdhméﬁé‘m' QdRAE, bUta{é%b@ﬁiﬁy’ip%%Brﬁ% ieiayletasr

di tetrahydrof Id h d I | di h
penzont, xyione, EIGHES HEORSE CoUTRHEILT b ATl B e LD <SSR A0irids

dumethy|formamm@q@anmm@mnmmm(@M@@)!aun,mmmwwmm@wmum (Dapropriate

N-methylpyrroidope c(b\lMFr’&nBWi\QifFﬁaé&iﬁ&?ﬁitfﬂﬁb@ﬁrﬂﬁ@ Waidslsiaseapalkaaseibe-tpHesy nuxtures of

the solvents mentbonq fere ce tg %)MF Suit al es fo e process %E'& I) + ylll)(IX)
i CE)r B t;%‘& j]enélo i ﬁﬁhﬁ B éE

are alkali metal hydjrg XUt kT pre I |um BreXidE or po assmm
hydroxide, alkali mée@wm@@hmw&uems<mnm@arbb@@mmwmha&pmﬁymm@amnate
or caesium carbongipsHkalijenetal b%ﬁ@na&%wghe@@ﬁé}mLﬁ@@@ﬁ@@@qt@egr(@mgﬁswammnate,
alkali metal alkoxides such as §%d g}rgnlfqa qxh Zt m# methoxide, sodium ethoxide or potassium
ethoxide or potas&um aribiitoxide f)r I%rg Mic amines suen ds triethylamine, diisopropylethylamine,
pyridine, 1,8- dlazablcycIoHJS 4. 0}undec -7-ene (DBU) or 1,5-diazabicyclo[4.3.0]non-5-ene (DEN).

Preference 15 giV¥n" &8 thtillaiiit: T8 regensrty ﬁ?me(‘é/ﬂﬂt(lﬁ)al%e@@ﬁ@t&fﬁﬂ%fé%ﬁ%% to
temperature range HdrOnprepRCabdy b € P terakby T001ih afidietin -l RQT\VibegpPTbp redetionacanid@wave.
The reaction can bg fairiad QubahReRPhaHGElPYRIRH REERHKCAE: RIgSIHIS 4Rk D@mPledipmge to 5

bar). The reaction is generally carried out at atmospheric pressure. 20The compound of the formula (VIII)
can be prepared dRAEGOFAT G S SREISHAY B RERRIRFES'E: Tanker, A.Bendich, J.Am.Chem.Soc.,

1949, 71, 533. Inert solvents for the reaction (I-A)(I-B) are, for example, halogenated hydrocarbons such
as dichloromethandetrreteiona étvian e/t o tetrdetricRsTiedchibiv Bt prerenes ehifoidiayaeNethers

such as diethyd ethgrindipxanenteirahyaiisian gliigeldimpirgiether-or shethpnedaly@latmospheric

pressure.

Inert solvents for the reductions (I (V) and (IX) - (V) are, for example, alcohols such as

methanol, ethanol, n-propanol, isopropanol, n-baitan tert-butanol, ethers such as diethyl ether,

dioxane, tetrahydrofuran, glycol dimethyl ether diethylene glycol dimethyl ether, or other
20 solvents such as dimethylformamide (DMF), dimethgulphoxide (DMSO), N,N*-

dimethylpropyleneurea (DMPUN-methylpyrrolidone (NMP), pyridine, acetonitrile else water.

It is equally possible to use mixtures of the sotgementioned. Preference is given to DMF and

pyridine.

Suitable catalysts for the reactions (1) (V) and (IX) » (V) are, for example, palladium on

25 activated carbon, platinum on carbon, palladiunrbyde or Raney nickel.

Alternatively, the reductions (IV} (V) and (IX) —» (V) can be carried out using a metal or metal
salt such as, for example, iron, zinc or tin(ll)arfde in a suitable acid such as, for example,
hydrogen chloride/hydrochloric acid, sulphuric acighosphoric acid or acetic acid in a

temperature range of from +20°C to +140°C.

30 Inert solvents for process step (M) (I-A) are, for example, alcohols such as methagtblanol, n-
propanol, isopropanol, n-butanol or tert-butanothees such as diethyl ether, dioxane,

tetrahydrofuran, glycol dimethyl ether or diethyderglycol dimethyl ether, halogenated



25 dimethyl ether,rother g@\ﬁ?gqﬁ%&%iggmethylformamide (DMF), dimethyl sulphoxide (DMSO),
N,N-dimethylpropyleneurea (DMPU), N-methylpyrrolidone (NMP), pyridine or acetonitrile. Preference is

given to tetrahydrofuran. Suitable bases for the process step (I-A)(I-B) are alkali metal hydrides such as
potassium hydride or sodium hydride, alkali metal carbonates such as lithium carbonate, sodium
carbonate, 30 potagdioeareanbsuateasr deldsiamethatsorines| cstrEtrnatibietipsblostss kisolostopdinmm

bicarbonate or potassgilratisahoNaia oaikisthaiah AkeXieRsHGId SSOREXEh &1 BaRXIER R BOIASSIHIM

methoxide, sodium. ethoxide or potassiym ethoxide or patassium tert-butoxide, amides suc dium
armide, thtom bisQ g1 S S e G e LA, D P e TR
Foreign CountriesN-NAlipastiprrizrigraiypathie dNmeimruiis tistod (NHIH aceiqitifirae Riskc@dipounds
such as butyllghiusg@niphgesdishiume, QiserganicrasivestssCBoRebkiiidamine.tiisapsopylajglamine,
pyridine, 1.8 dazpieat e Hens. DR kol Srdiacahiondl 3 Qpona e PEN)
Preference is given to ithium s rlmettﬁﬁsﬂyl amide, sodium bis(trime yI%in amide and 5sodium
hydride. The reaction g-A¥-B) is generally carried out in a temperature range of from -78C to +40C,
preferably from OCHRPSORESThIST ik e s XHHALAS FLFARRIRHHEHERS Rhrike o fuaeet
pressure (for exarmihdi fretal izdtoxibasuchhes réactiamigey eitfengtisogiderieddiwrh diydtonosphrepmassigsure.

10The preparation, pfRcrRSeSIAR SRS dsAbRAdIUSHAe INBRAXSRRI Y MANNEIHINE SYSHRERIS,
schemes below (Schemes 1 to 3): Scheme 1 [a): Pd(PPh3)4, hexabutylditin; b) Hy, Pd-C; ¢) methyl

chloroformaté®pyABfRMABIE ST 8D RO cYliHtiRsechREmigS such as Sodlum bicarbonate: or

potassium bicarbonate, alkali metal alkoxides saglsodium methoxide or potassium methoxide,

sodium ethoxide or potassium ethoxide or potasdientabutoxide, or organic amines such as
triethylamine, diisopropylethylamine, pyridine, d&zabicyclo[5.4.0Jundec-7-ene (DBU) or 1,5-
diazabicyclo[4.3.0]non-5-ene (DBN). Preferenceiieyg to pyridine.

15 The reaction (V)- (I-A) is generally carried out in a temperaturaga of from -10°C to +30°C,
preferably from 0°C to +20°C. The reaction can agied out at atmospheric, elevated or reduced
pressure (for example from 0.5 to 5 bar). The ieacis generally carried out at atmospheric

pressure.

Inert solvents for process step (W) (VI) are, for example, ethers such as diethyl gtb®xane,

20 tetrahydrofuran, glycol dimethyl ether or diethydeglycol dimethyl ether, hydrocarbons such as
benzene, xylene, toluene, hexane, cyclohexane merali oil fractions, or other solvents such as
dimethylformamide (DMF), dimethyl sulphoxide (DMSQ,N-dimethylpropyleneurea (DMPU),
N-methylpyrrolidone (NMP), pyridine or acetonitrilit.is equally possible to use mixtures of the

solvents mentioned. Preference is given to DMSO.

25  The reaction (ll)-» (VI) is generally carried out in a temperaturega of from +20°C to +180°C,
preferably from +100°C to +160°C, if appropriateaimicrowave. The reaction can be carried out
at atmospheric, elevated or reduced pressure gample from 0.5 to 5 bar). The reaction is

generally carried out at atmospheric pressure.

The reaction (VI)- (VII) is carried out using methods known to thegoa skilled in the art in a

30 two-step process initially with formation of theiim ester using sodium methoxide in methanol at
from 0°C to +40°C and subsequent nucleophilic &ldibf an ammonia equivalent such as, for
example, ammonia or ammonium chloride in acetid agth formation of the amidine (VII) at
from +50 to +150°C.



NI-_l X H,CC_:OZH slkae: 4Rz PM@&?\;@Qdﬂtr@Qdium met_hoxide, methan_ol 2 ammonium chloride, acetic
acid; c): triethylamine d): Hy, Pd-C]. 5 Scheme 3 [a) LIHMDS, methyl iodide, THF]. BHC 10 1 003
Foreign Countries - 16 - The compound of the formula {H3can be prepared by cyclizing the compound of

the formula (X) CI CN (X) in an inert solvent with hydrazine hydrate to give the compound of the formula
(XN Inert solvents for process step (VII) + (VIR (IX) are alcohols such as methanol, ethanol, n-

propanol, isopropanol, n-butanol or tert-butanothees such as diethyl ether, dioxane,
tetrahydrofuran, glycol dimethyl ether or diethydeglycol dimethyl ether, hydrocarbons such as
benzene, xylene, toluene, hexane, cyclohexane weralioil fractions, or other solvents such as
5 dimethylformamide (DMF), dimethyl sulphoxide (DMSQ,N-dimethylpropyleneurea (DMPU),
N-methylpyrrolidone (NMP), pyridine, acetonitrile @lse water. It is equally possible to use

mixtures of the solvents mentioned. Preferencévisngto DMF.

Suitable bases for the process step (VII) + (VHBI)(IX) are alkali metal hydroxides such as, for
example, lithium hydroxide, sodium hydroxide or gggtium hydroxide, alkali metal carbonates
10 such as lithium carbonate, sodium carbonate, potassarbonate or caesium carbonate, alkali
metal bicarbonates such as sodium bicarbonate tasgiam bicarbonate, alkali metal alkoxides
such as sodium methoxide or potassium methoxidgiuso ethoxide or potassium ethoxide or
potassium tert-butoxide, or organic amines suctniethylamine, diisopropylethylamine, pyridine,
1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU) or 1,5zdidicyclo[4.3.0]Jnon-5-ene (DBN). Preference

15 is given to triethylamine.

The reaction (VII) + (VIII) » (IX) is generally carried out in a temperaturega of from +20°C
to +150°C, preferably from +80°C to +120°C, if appriate in a microwave. The reaction can be
carried out at atmospheric, elevated or reducedspre (for example from 0.5 to 5 bar). The

reaction is generally carried out at atmospherésgure.

20 The compound of the formula (VIII) can be prepasgdlogously to the literature L.F.Cavalieri,
J.F.Tanker, A.Bendich, J.Am.Chem.Soc., 1949, 73, 53

Inert solvents for the reaction (I-A) (I-B) are, for example, halogenated hydrocarbarchsas
dichloromethane, trichloromethane, carbon tetraaifdo trichloroethylene or chlorobenzene,
ethers such as diethyl ether, dioxane, tetrahydaofuglycol dimethyl ether or diethylene glycol
25 dimethyl ether, or other solvents such as dimetingihmide (DMF), dimethyl sulphoxide
(DMSO), N,N-dimethylpropyleneurea (DMPU)N-methylpyrrolidone (NMP), pyridine or

acetonitrile. Preference is given to tetrahydrafura

Suitable bases for the process step (I-A)(I-B) are alkali metal hydrides such as potassium
hydride or sodium hydride, alkali metal carbonagash as lithium carbonate, sodium carbonate,
30 potassium carbonate or caesium carbonate, alkadlrbecarbonates such as sodium bicarbonate
or potassium bicarbonate, alkali metal alkoxideghsas sodium methoxide or potassium
methoxide, sodium ethoxide or potassium ethoxidgaiassium tert-butoxide, amides such as

sodium amide, lithium bis(trimethylsilyllamide, soch bis(trimethylsilyl)Jamide or potassium



NH2 (XI), Sthen rgacting T®§QWBBH%U?11%B§”6” solvent in the presence of a suitable Lewis acid initially
with isopentyl nitrite to give the corresponding diazonium salt and then converting this salt directly with
sodium iodide into the compound of the formula (XIl) (X1Y- and then reacting this compound in an inert
solvent in the presence of a suitable base with the 10compound of the formula (XIII) (XIII). Inert solvents
for process step (RgiiNareyzibbralidsueh dghivethdiisonrepytansl rgespeaetllisopeopanolsn-$isanas,
ter:jbu:-:]aTOI or Il Zbi@mﬁmﬁmipbreﬁh&ﬁﬁlIﬁHi@hmaﬁrdéﬁéBMIiH’hﬂﬁeQmaﬁeruéﬂWMH@f&rﬁbrWﬁhﬂmﬂ@w ether
or diethylene glyco ethyl ether r suc as ne, hexane,
cyclohexane or mPrYefdzriT Gil réac ?5%%'0\)6/%6%1 &L en segﬁc §‘ PO 4’50 lf(BR/IE)en(‘f 3?)%’?]3%
sulphoxide (DMS@)eNrN}CQI|r*ﬁeﬂ*l\jﬁpré‘?)yié‘r'iénré‘&([[mﬁﬂub%"Wmtmﬂ@yfﬂoﬁ’@éﬁ@ﬁmbﬂ@ybpwﬁﬁnéﬂd
acetonitrile or glse;ygaierhjdisiequally possible to use mixtures of the solvents mentioned. 1,2-Ethanediol
is preferred. BHC 10 1 003 Foreign Countries - 17 - The reaction (X)(XI) is generally carried out in a
temperature ranoqgf fEaPA%)to d%s)%%ena%ﬁmw.émt i B0%ni%. ARG HiR fpagHen LA ke carmed

out at atmospheric, elevated or reduced pressuré (for example from 0.5 to’5 bar). The reaction is
generally carried &{f 8?&%6%’&%9&%?@5 ré hSIW@FE'QBI%?}%”ﬁﬂ ﬂ‘féarte%{ﬁi?éﬁr@(ﬁ(ﬁlﬁ)’%ff'éj t6reskaRple,
halogenated hydrpozahoeagfeuehasptdndoranseti &nbaridtile rsemit yeme ratgrbami¢dtrat o Hegspheric
trichloroethylene g chlgrobenzene, ethers such as diethyl ether, dioxane, tetrahydrofuran, glycol dimethyl
ether or diethylene glycol dimethyl ether, or other solvents such as dimethylformamide (DMF), dimethyl

sulphoxide (QSQyNN-IMRHHRIARYSNEUERLPME Bl RediBY RYE IR ANMP by AXELNGR5is

schemes below (Schemes 1 to 3):

Scheme 1
F
NH,
= N=—
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N N N
N \
NH2 | /N
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Y a) 72\ b)
F N \
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H,N No,
F
//O N\ N
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7 NF { - N
N © N/ \
N7\ — / NH,
— NH2 H2N \ O
H,N H\(
NH2 /O

[a): PA(PPH),, hexabutylditin; b) H Pd-C; c) methyl chloroformate, pyridine].



10acetonitrile. Prefefenge |§Og|¥gpb&9]%,[r§gltable Lewis acids for the process step (XI)(XII) are boron
trifluoride/diethyl ether complex, cerium(IV) ammonium nitrate (CAN), tin(ll) chloride, lithium perchlorate,

zinc(ll) chloride, indium(lll) chloride orindium(lll) bromidesPreference is given to boron trifluoride/diethyl
ether complex 15The reaction (XI)(XIl) is generally carried out in a temperature range of from -78C to

+40C, preferably f66he€20 +20C. The reaction can be carried out at atmospheric, elevated or reduced
pressure (for example from 0.5 to 5 bar). The reaction is generally carried out at atmospheric pressure.

Inert solvents for the reaction (X&) + (XII)(II) are, for examplé halogenated hydrocarbops 20 such as
dichloromethane, trichlorometha bon tetrachloride, trlchl erne or chlorobe ﬂethers such

as diethyl ether, dioxane, tetr an, glycol dimethyl e 0 |ethylene glycol dime her, or
other solvents such a Iformamide (DMF) iy sulphOX|de (DMSO),

N,N'- dlmethylpropyle PU), N_fhylpyﬂQ‘ie}%NMP) pyr ine or Facét nltY,lje Preference is
given to DMF. ZSSlﬁltab bas s for the processFrstep(XII) ¥ (XIIN(11) are al drides such as

potassium hydride or sodium Hydride, alkali metal carbonaté such as lithium carbon
carbonate, potassium carbonate or caesium carbonate, alkali metal bicarbonates sych as sodium
bicarbonate or potassium bicarbonate, alkali metal alkoxides such as sodium methoxide-Qtqagtassium
methoxide, sodium ethoxide or potassium ethoxide or potassium tert-butoxide, amides 30 such as
sodium amide, lithium bls(trlmethylsnyl)amlde so' bis(trimethylsilyl)amide ar_potassium
bis(trimethylsilyeamide or lithiym diisopropylamie&, organometallic compounds s s butyllithium or
phenyllithium, or ofganig' s such asiyrie ylamlne dusopropylethylamlne 0 1 003 Foreign
Countries - 18 - py:%lne 1,8-diazabic clo[ 4.(Jundec-7-ene (DBU) or d5-di zablcyclo[4 3.0]non-5-ene
(DEN). Preference is given to caesi on@ate. The reaction (XII) (XIII)(I} NS generally carried out in a
temperature range of from OC to +60C, pref y from +1QC to ~“Thefeaction can be carried out at
atmospheric, elevated 5or reduced pressurd?;o;?&ample from 0.5 to 5 bar). reaction is generally
carried out at atmospheric pressure The pre ion process described can'oe il gted in an exemplary
manner by the synthesis scheme below (§ emew4); Scheme 4 [a): hydra2| e hydrate: 1,2-ethanediol; b):
isopentyl nitrite, Nal, THF; b): 2-fluorobenzyl bromldi‘ Cs2CO3, DMIN THe present invention furthermore

provides the compound: 5-fluoro-1-(2-fluorobenzy1¢§3-i§do-1H-pyrazolo[3,4-b]pyridine

[@): CuCN, DMSO; b): 1. sodium methoxide, methaBolammonium chloride, acetic acid; c):
triethylamine d): H, Pd-C].

5 Scheme 3
;@ |
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4
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H.C H,C

[a) LIHMDS, methyl iodide, THF].



15 BHC 10 1 003 Ferglonds9enitias cddhitle present invention furthermore provides the compound:
5-fluoro-3-iodo-1H-pyrazolo[3,4-b]pyridine = The compounds of the formulae (lII) and (XIII) are
commercially available, known from the 5 literature or cam be prepared in analogy to literature processes
The compound of the formula (X) is known from the literature [cf., for example, Winn M., J. Med. Chem.
1993, 36, 2676-7688, EPBRIHAIHAIfaON IR I 3GA10bA PEPaISRENZ BIANC\WD PO0Y/0f Ba To R (Kan be
prepared in analogy to literature processses or as shown in the synthesis scheme below (Scheme 5):

[@): sulphuric acid; b): zinc, methanol, glacial acetic asid; c)drifluoroacetic anhydride, dichloromethane]
15The compounds according to the invention act stim[ilators of soluble guanylate cyclase and have an
identical or improved therapeutic profile compare ounds known from the prior art, such as, for
example, with respect to their in vivo properties’such as, forekaiple, their pharmacokinetic and
pharmacodynamic behaviour and/or their dose-activity relationship and/or their safety profile. They are
therefore suitable ifparihectteaieeniiansy/arpiaphydaise e easpsindZd Map@andeaimals. BHC 10 1 003
Foreign Countries - 20 - The compounds according to the invention lead to vasorelaxation, to an inhibition
of platelet aggregation and to a reduction in blood pressurg, and also to an increase in coronary blood

flow. These effects are mediated via direct stimulz Bluble guanylate cyclase and intracellular
cGMP increase. Moreover, the compounds acco ing/t th; Wvention enhance the effect of
F
" ),

5 then reacting this compound in an inert solventhim presence of a suitable Lewis acid initially
with isopentyl nitrite to give the correspondingzibnium salt and then converting this salt directly

with sodium iodide into the compound of the form(tal)

N
I~
b o

and then reacting this compound in an inert solwerthe presence of a suitable base with the

10 compound of the formula (XIII)

Br XI).

Inert solvents for process step (X) (XI) are alcohols such as methanol, ethanol, mpanol,
isopropanol, n-butanol, tert-butanol or 1,2-ethaoledethers such as diethyl ether, dioxane,
tetrahydrofuran, glycol dimethyl ether or diethydeglycol dimethyl ether, hydrocarbons such as
15 benzene, xylene, toluene, hexane, cyclohexane werali oil fractions, or other solvents such as
dimethylformamide (DMF), dimethyl sulphoxide (DMS®),N-dimethylpropyleneurea (DMPU),
N-methylpyrrolidone (NMP), pyridine, acetonitrile @lse water. It is equally possible to use

mixtures of the solvents mentioned. 1,2-Ethanedipteferred.



5 substances incrgaging thg RGN PASERIALIon, such as, for example, EDRF (endothelium-derived
relaxing factor), NO donors, protoporphyrin 1X, arachidonic acid or phenylhydrazine derivatives. The
compounds according to the invention are suitable for thertreatment and/or prophylaxis of cardiovascular,
pulmonary, thromboembolic and fibrotic disorders. Accordingly, the compounds according to the invention
can be used in médieaenetns (¥)-tHe!1 Btosatraivcantidpprophidaisratcp@in Vase 1E0° GisordefSSuch as,

for example, hypegtensigi, AsHie s chsonisReartiailuieisoianaaRedtiseasss Halte aarhiastable
angina pectoris, perlaheral and cardiac vasc Ia}' disarders, arﬁh thmias, atrial and ventricular arthtthmlas

and impaired condEHES JUERHS, 1O eREHIRE, LeRbventicdd gﬁgcﬁgﬁrgegeioﬁfa(l BCAIBRk out
supraventricular taohgspheyithpreéasegial fibrillation, atrial flutter, ventricular fibrillation, 15 ventricular flutter,
ventricular tachyarrhythmia, Torsade de pointes tachycardia, atrial and ventricular extrasystoles,
AV-junctional extrasystolestSitk-hin usasyord (RN XAy Re es cRampledahieyemiutaghycartidshsas
Wo'ff'Pafk'”Son'Vﬁléﬁgm%\m&H%m]\ez t‘ﬁ%ﬁl%%%&ﬂg%gﬂaré(a%&gr%[p%&%?[ﬁ%l%"g%ﬁg@wﬁf%ﬁ@gb RS

itis, valvo , shock such as car

(pericarditis, endocar itis, aortitis, cardiomyopathies) _ logenic shock, septic
shock and anaphyiki&ie SHOCRS S+ SR, HiExare2 P EaRIBANDA MBI SRV IRIMARS Sbfaction
(PVO), fqr the tream_’uemyared;{ar, pasqpinlyéamloémmmnbombﬂﬁeﬁbaﬁmdﬁs (amd:)s_odnaemjm_$smmb>&t_m
myocardial ischaemias 8y oG iRldHAINe RIPLE: GRS RRREBANIdLABSIRNNBNT SahRRMig attacks,

preeclampsia, inflammatory cardiovascular disorders, spasms of the coronary arteries and peripheral
arteries, oedéfa RGFIRRHBI SIS EO ol G BTimonary oedema, cerebral oedema, renal oedema or
oedema caused by 25 heart failure, peripheral circulatory disturbances, reperfusion damage arterial and
venous thrombosé&sitatierbayis atiidarier, theypeersbie (Ricidhale bergotiidhalideflietnbethes prena
restelnosgs,lfor exﬁﬁmlﬁft%[nﬁh\f&ﬁﬂhg[brﬁgﬁéh@fﬂﬁﬁs,tirﬁ@l)lfilé%}ﬁp(;ﬂtﬁitrﬁnﬁélﬂéﬁiaﬂtémﬂW'B:jséiiﬁ?&iﬁ%TA),
transluminal coronary angioplasties (F art tran nts and | SS operations, an: Q micro-
and macrovascuIé?%@ﬂﬁ&éﬁbgsgu?éi'sq'?r%zrlgsla%é'gg] |%a(\e/'e§I’§e§??lrberi'ﬁ '\égrﬁg%%oo@ ot\?\'/rf-llugr(l)d(e?gﬁestﬁﬁl%oeﬁrotein
(LDL) and increasedn®¥centrations of plasminogen activator inhibitor 1 (PAI1), and also for the treatment
and/or prophylaxis of erectile dysfunction and female sexual dysfunction. In the context of the present
invention, thelSernT e eradéoiu & IplsXin clugis s ralyresspat fic or aetatperdyegadidiveass’ Such4¥ @cute

decompensated heart il ieeHeRE Re sl urf. |REEATIRUE SRalPRrhdeiHL e SRR reduced
cardiomyopathy, dilated cardiomyopathy, hypertrophic cardiomyopathy, BHC 10 1 003 Foreign Countries

-21 - idiopathic caP&SRERALNT XBAGEHIEIhad: adiits e RS 0r B R iR AYLAL AL SE5E e d
with heart valve defestsiemitral stenosis, mitral insufficiency, aortic stenosis, aortic insufficiency, tricuspid
stenosis, tricuspid insufficiency, pulmonary valve stenosis, pulmonary valve insufficiency, combined heart
valve dc(ajfgcts, .mgmacgaba?ﬁﬁlmmﬂ&foer@@mggiﬂ%nﬁr?]ni@#érrg_sa@agﬂim,aﬁmgetﬂiat@@armtﬁa_avﬂm{l; .
myocarditis, etic heart fajlure, alcoholic cardiomyopathy, cardiac stora isarders, and diastolic an
syt heart ot T BaciE L S SRRt (e e ante, RRRe Ao
treatment and/or SFBPRYRIGSST &HEFOSEREYESISiathpafEar|i st aayelriHamy gt o Rty R hea s
dyslipidaemias, hypgeriighgcgriciaeimiasyhyperlipidesiiasibytaerebalpsierplaemiage (DMF), dimethyl

abetal|p0prote|na%mb%%xide (DMSO)N,N-dimethylpropyleneurea (DMPUN-methylpyrrolidone (NMP), pyridine

or acetonitrile. Preference is given to DMF.

25 Suitable bases for the process step (XIlI) + (XI¥) () are alkali metal hydrides such as
potassium hydride or sodium hydride, alkali metbonates such as lithium carbonate, sodium
carbonate, potassium carbonate or caesium carhcaligdi metal bicarbonates such as sodium
bicarbonate or potassium bicarbonate, alkali metkbxides such as sodium methoxide or
potassium methoxide, sodium ethoxide or potassititoxéle or potassium tert-butoxide, amides

30 such as sodium amide, lithium bis(trimethylsilyljdey sodium bis(trimethylsilyl)amide or
potassium bis(trimethylsilyl)amide or lithium dipmpylamide, organometallic compounds such

as butyllithium or phenyllithium, or organic amingsch as triethylamine, diisopropylethylamine,



lositosterolaemiang@%qnaggo,ggefgﬁl@gmt%gease, adipositas, obesity and of combined hyperlipidaemias
and metabolic syndrome. The compounds according to the invention can additionally be used for the
treatment and/or prophylaxis of primary and secondary-Rgynaud's phenomenon, of microcirculation
impairments, claudication, peripheral and autonomic neuropathies, diabetic microangiopathies, diabetic
15retinopathy, diaéiinalcbfsdinrahisysiaferhitiesderangren@ BBRES Tiazanisiald. & Altearherssid)BN).

onychomycosis, ripesrataticedisqidrns anskian BsasRikag wound healing. The compounds according to the
invention are furthermore suitable for treating urological disorders such as, for example, benign prostate

syndrome (BPS), penign Rasials PYRAFRIaSIR CBRHD, A nignarasiale. aBlAsdameRidR R, RIadder outlet

obstruction (BOO), lower urinary'tract 20 syndromes iLUTS, including Feline Urological Syndrome
(FUS)), disorders 8¥4He BF%@@%éf@Vét*é‘r?f’%Eﬂutﬁﬁ"gCn (fd§aFiED e CAttRAEM A N PEARY QS rted
incontinence @JI) suckdasedoprexsurgpl@gomexadpleifany MBantihdmine, rasgtourinayynsradytiaeisck pstrass
urinary incontinengg gk \é@ircﬂ&xe(sg[li;@ry incontinence (MUI, UUI, SUI, OUT), pelvic pain, benign and
malignant disorders of the organs of the male and femal urogenital system. 25The compounds according
to the invention are furthermaore suitable for the treatment.and/ar prophylaxis of kidney disorders, in
partiuiar of acute L MRS o R P Ry cah oo, (et SR R R S8 of e
present invention, SHETRREIRNEFFHSIRIGlency comprises both acute and chronic manifestations thereof,
as well as underlying or related kidney diseases such as renal hypoperfusion, intradialytic hypotension,
obstructive uropatbghe@® glomerulopathies, glomerulonephritis, acute glomerulonephritis,
glomerulosclerosis, tubulointerstitial diseases, nephropathic diseases such as primary and congenital
kidney disease, nephritis, immunological kidney diﬁeaseSHsuch as kidney graft[\[ejectiq)n and
immunocomplexinduc idpe¥!diseases, nephrgpa iiuced by toxic subst Noephropathy
induced by contrast agents,|diabetic.and gon-di /(: nephitbpathy,_pyelon iti$, repldl cysts, BHC 10 1
003 Foreign Counttj > rosclgrosishyp
which can be characterized diagnostically for example by appjormally reduced creatinipe and/or water
excretion, abnormally raised blood concentrations of urea, nitrogen, potassium and/or creatinine, altered
activity of renal enzymes such as, for exampley glutamyl synthetase, altered urine osmolarity or urine

insufficiency, for exampig pulmo , heart failure, uraemia, anaemia, electrolyte disturbances
(for example hypercalaemia, h and disturbances in bone and 10carbohydrate metabolism.
Furthermore, the compoundgaccording to\the invention are also suitable for the treatment and/or
prophylaxis ofgasthmatic disorders, pulmonhry arterial hypertension (PAH) and other forms of pulmonary
hypertension (PH) including left-heart disease, HIV, sickle cell anaemia, thromboembolisms (CTEPH),
sarkoidosis, COPRphjpitirian anfie0sis-asaactatethp Wopehline, Nal, THF; b): 2-fluorobenzyl bromide,

CsCO; DMF;].
The present invention furthermore provides the caimng:
5-fluoro-1-(2-fluorobenzyl)-3-iodo-1H-pyrazolo[3pyridine

F

15 '



15 hypertension, g]_qerlig-P%gHgFg{gn%mﬁggy disease (COPD), acute respiratory distress syndrome
(ARDS), acute lung injury (ALT), alpha-I-antitrypsin deficiency (AATD), pulmonary fibrosis, pulmonary

emphysema (for example pulmonary emphysema induced by cigarette smoke) and cystic fibrosis (CF).
The compounds described in the present invention also represent active compounds for controlling 20
central nervous sydterefisetdseentpmafaitherine biodidtathasaawof the NO/cGMP system. They are
suitable in particular for improving perception, concentration, learning or memory after cognitive
impairments like tABdserocsindmpHppartinjtd-hipggdmeation with situations/diseases/syndromes such as
mild cognitive impairment, age-associated learning and memory impairments, age-associated memory
losses, vascular dementia, craniocerebral trauma, strohe, dementia occurring 25 after strokes (post
stroke dementia), post-traumatic craniocerebral trayma; &kal concentration impairments, concentration
impairments in children with learning and memory piioblems, Altheimer's disease, Lewy body dementia,
dementia with degeneration of the frontal lobes ipcludig PICK's syndrome, Parkinson's disease,
progressive nuclear palsy, dementia with corticobasal degenejation, amyolateral sclerosis (ALS),
Huntington's disease, demyelination, 30 multiple sclerosis, thalamic degeneration, Creutzfeld-Jacob
dementia, HIV dementia, schizophrenia with dementia or Korsakoff s psychosis. They are also suitable for
the treatment and/SIEpFOPRYIKIE 8F dnidMm&sdiie @Qtéﬁﬁ”éﬂi@fﬁ%’r@r@ﬁﬁ% QLR RIPYRER), Whsion
and depressidn, CNSekatedaebeatappstdrictroaban Sleeprdisissémnces, and for controlling pathological
disturbances of the intake of food, stimulants and addictive substances. BHC 10 1 003 Foreign Countries
- 23 - The compoumdscaepetdingftidherimvekpid AiewH iber metealsisuiablarfplisantioingvesarebral
blood flow and th%%?ﬁi%g?%??ﬁfé!‘/gs%%gté DHEEN 9&'@5@%’@%@‘%@@%% ?gﬂb’?@l%zfgéghe
prophylaxis and control of sequelae of cerebral intarct (Apoplexia cerebri) such as stroke, cerebral
ischaemias and sR{If-ERAiRCRIBPRECCTA LY AR A0 HERSHHES BT 8 AR SNAVYBNTI T RAABFRE RSB AP oyed
for controlling statesidémpas):and tinnitus. In addition, the compounds according to the invention have
antiinflammatory action and can therefore be used as antiinflammatory agents for the treatment and/or
prophylaxis ofgsepsiadiS), multiple organ failure (MODS, MOF), inflammatory disorders of the kidney,
chronic intestinal inflammations (IED, Crohn's disease, UC), pancreatitis, peritonitis, rheumatoid
disorders, 10inflammatory skin diseases and inflanmatqgy eyg-diseases. Furthermore, the compounds

according to the i ti an dlso be used for the trgatmemt and/or prophylaxis of autoimmune diseases.
The compounds accorfjing tg the invention age furthe ore suitahle for the trgatment and/or prophylaxis
of fibrotic disorders ofthe jgternal organs guch asHor examplarthe fung, the heart, the 15 kidney, the

bone marrow and iff particular th¥ liver, and also dermatologicg| fibroses and fibrotic eye disorders. In the
context of the present invention, the term fibrotic disorders includes in particular the following terms:
hepatic fibrosis, cirrhosis of the liver, pulmonary fibrosis, endomyocardial fibrosis, nephropathy,
glomerulonephritis, intergtitial ggnal fibrosis, fibrotic damage resulting from diabetes, bone marrow fibrosis
and similar fibrotic disgrdery; scleroderma, 20 morphea, krloidsChypertrophic scarring (also following
surgical procedures), aey’ diabetic retinopathy; prolife Ftiv? itreoretinopathy and disorders of the
connective tissue or e plggarcdidosis). The compown cording to the invention are furthermore
suitable for controlling postopetative scarringt)for example as a ré8ult of glaucoma operations. 25 The
compounds according to the invention can also be used cosmetically for ageing and keratinized skin.
Moreover, the compounds according to the invention are suitable for the treatment and/or prophylaxis of
hepatitis, neoplasms, osteoporosis, glaucoma and gastroparesis.  The present invention further
provides for the us:okthehooenpoidnds:aceardimgtbhartble iglaeciatise facid; c): trifluoroacetic anhydride,

dichloromethane].

15 The compounds according to the invention act asuséitors of soluble guanylate cyclase and have
an identical or improved therapeutic profile congzhto compounds known from the prior art,
such as, for example, with respect to theirvivo properties such as, for example, their
pharmacokinetic and pharmacodynamic behaviour artti&ir dose-activity relationship and/or
their safety profile. They are therefore suitaldethe treatment and/or prophylaxis of diseases in

20 man and animals.



30the treatment agg/@rlgrpggg%qq{g&%qggs, in particular the disorders mentioned above. BHC 10 1
003 Foreign Countries - 24 - hypertension, ischaemias, vascular disorders, kidney failure,
thromboembolic disorders, fibrotic disorders and arteriogglerosis. The present invention further provides
the compounds according to the invention for use in a method for the treatment and/or prophylaxis of
heart failure, anginageetarizindgpreterssiontosihglinueriignhigedrterigiaxatisahtteaniashipdiscutiridiseletiers,
kidney failure, thremhegabelindlisaderscibiatiedisppessurnasy eripsraQss if badasensdavrtion
further provides for,the Use of the, campounds ascordng.io the nwention, or procucing  medigment for
treatment and/or propﬁﬁy?ams of OisOrders, in par{lcular e disorders mamtiored above dthe present
invention further prteWlenétragfe suesvtie BBnTpHRARIA ceeiefipdawaRieh RN Fore tBEl LRIAEE f
medicament fer treatgigmnicanaérrapiapig axismpidaeshfialidre saainaHReL i Ry pertensinim pekvenary
hypertension, ischaemias, vascular disorders, kidney failure..thromboembplic disorders, fibrotic disorders
and arerioscleron s N A B B S e e
of disorders, in 15particular the disorders mentioned above, using an effective amount of at least one of
the compounds af&@r&ﬁ{@pﬁjﬂqg RRTQAHIEN (e dpeeliinisle FURR APAPG Y P YR8 aIBY 3 8htment
and/or prophylaxis@filegastiittupe|neegiiyatheotbsenhylrerehifohsdéisonary hypertension, ischaemias,
vascular disorders, kidney failure, thromboembolic disorders, fibrotic disorders and arteriosclerosis using
an effective amount&baihgly|enst csrepolitile cocoptunds aecordintsdo the iiseantionedibencomnspiounas
according to {he inyention ﬁﬂﬂ/%%w%&i%goﬁ&%o%&éJﬁﬂwéﬁﬂsd@hcg@ﬁ{@%\@!thﬁgﬁ%é\%ﬂ}’scute

compounds. The present invention further provides medicaments comprising at least one of the
compounds accordMLEAHe IFENRYN QP ORB Y AR SIRGARBICARI S ARfoATRIS2 SSHIRLIIDEfR !
treatment and/or praplgldikis ehshelafaticondsvtoaet ytheoad e i efemgol 26 exdyipheasobsditaiperadtive

compound Combi%ﬂ@ﬁ'&im\clggﬁ as, for example, atrioventriculdocks degrees I-lll (AB block I-lll),

supraventricular tachyarrhythmia, atrial fibrillai, atrial flutter, ventricular fibrillation,

15 ventricular flutter, ventricular tachyarrhythmia,orfade de pointes tachycardia, atrial and
ventricular extrasystoles, AV-junctional extrasyssy Sick-Sinus syndrome, syncopes, AV-nodal
re-entry tachycardia, Wolff-Parkinson-White syndmnof acute coronary syndrome (ACS),
autoimmune cardiac disorders (pericarditis, endtitay valvolitis, aortitis, cardiomyopathies),
shock such as cardiogenic shock, septic shock araphglactic shock, aneurysms, boxer

20 cardiomyopathy (premature ventricular contractiBN'C)), for the treatment and/or prophylaxis of
thromboembolic disorders and ischaemias such asangial ischaemia, myocardial infarction,
stroke, cardiac hypertrophy, transient and ischaemitacks, preeclampsia, inflammatory
cardiovascular disorders, spasms of the corondeyies and peripheral arteries, oedema formation
such as, for example, pulmonary oedema, cerebdgma, renal oedema or oedema caused by

25 heart failure, peripheral circulatory disturbancesperfusion damage, arterial and venous
thromboses, microalbuminuria, myocardial insuffidy, endothelial dsfunction, to prevent
restenoses, for example after thrombolysis thesapiercutaneous transluminal angioplasties
(PTA), transluminal coronary angioplasties (PTCAgart transplants and bypass operations, and
also micro- and macrovascular damage (vasculiti€yeased levels of fibrinogen and of low-

30 density lipoprotein (LDL) and increased concentrasi of plasminogen activator inhibitor 1 (PAI-
1), and also for the treatment and/or prophylaxiserectile dysfunction and female sexual

dysfunction.

In the context of the present invention, the terarhfailure also includes more specific or related
types of disease, such as acute decompensatedfdieas, right heart failure, left heart failure,

35 global failure, ischaemic cardiomyopathy, dilateddiomyopathy, hypertrophic cardiomyopathy,



organic nitrates a%@%q%%tg[qﬁmm%godlum nitroprusside, nitroglycerin, isosorbide mononitrate,
isosorbide dinitrate, molsidomine or SIN-1, and inhaled NO; compounds which inhibit the breakdown of

cyclic guanosine monophosphate (cGMP), such as, for-example, inhibitors of phosphodiesterases (PDE)
1, 2 and/or 5, in particular PDE 5 30inhibitors such as sildenafil, vardenafil and tadalafil;, BHC 10 1 003
Foreign Countriesdigmthiggerttiohzamatharcargihitohfiseticleifierrfombratefsetaigaitiaibiefersncettdm the
group of platelet aggregatopirhikitess, afivdticeastanisanmtibrelibitialyiie dhstaneesisatid@icy
compounds WhlchI lower pblood tg)srgss Ircedsfor exan}gleeragd pre erabl¥ from tpen C?&roup of calclumvalve
antagonists, anglo{ens?n AP ANtA Onlsts R&E y

ors endo in an agonls s'srer?n in |%|tors_,
alpha-receptor blderéfisianeia- F@ﬁé‘{ﬂ@ﬁ Hieakeravinidetedisc onieGi infleapweehtip@eridlian¢iaPaiaretics;

and/or active50mwa%m.wmmeaﬁ%ﬁa@tmeﬁaémmﬁa@ﬂﬁxammgaangli|wl§haufaiarer¢amf@ﬁfybmW0up of
thyroid receptor agonlsts cholester nthgsd hlbltors s#cgrtafs Sy way of example and preferably,

HMG-CoA reductase m?ﬁmtoﬁs gr grua he syn e“scls MMRDItOrS o AT 10 inhibitors, CETP inhibitors,

MTP inhibitors, PPAR- aﬁPrr]]a PPAR- amma and/or PPAR-delta agonists, cholesterol absor gtlon
p

inhibitors, lipase ifhilsitd %f/r?l Hﬂg ARG R8O ! W"&?ﬂcf‘@a%%b’?ﬁﬁomﬁfﬁ%f fand/or

lipoprotein(a) antayoplistexingbatsinselagisitithpemeddis adstisy phgpoliably aledme @ pysitddfroimsthe
group of platelet Q@@'@Q@%@riﬁ%l%s, qy%@ﬂﬁ?ﬂ%%ﬂ%ts %ﬁ%@l&ﬂm IS su@g@%@&o@eﬁhg@]m@ferred
embodiment of the. mventllon the co oundssacqprdln to the |nve dElaon are adm|n| c}ered in c%mblnatlon

with a platelejt aggr'eogsa ion n%%lté(ragucmatos Y Way exa'rshep e prt—:-ferael:ﬁyy asplrln C|0p| ogrel

ticlopidin or dipyritigpadipidaenzagretemetpbptibordiemeof the inventlon the compounds according to the
invention are administered in combination with a thrombin inhibitor such as, by way of example and
preferably, 20ximé&leeyatrenpo diady gadearning elagadr anvebiivalinadiratiyebanseth farprefareatmentbadiment of

the invention, the Wéf%ﬁ%@)%&%&%d&%@rﬁ%%ﬁé‘BMﬁGEﬁ%ErGBFQQH!%HQ%M#%Qn%P"b/”'a

antagonist such as, by way of example and preferably, tirofiban or abciximab. In a preferred embodiment

of the invention, tﬁ@%@)’ﬁ?ﬂ%nd’f%?ﬁ r‘?@% ﬂ’f&’ﬂ?\?@ﬁtﬁﬁ“a?@a’tﬁgﬁg‘?ﬂﬁl|§ﬂ§|r83nﬁ1°(?81tﬁl?ﬁlaﬁfﬂ¥’9\t7"fh a
factor Xa inhilditorrsticbpatiybydigbstiof @xersiple dmel préfeniieln peseoXaREAT( B 59:¢,980)XhBruADbEBD,

apixaban, otamixalgnfideRRamdasarelRBJORGRARINIR daiaRA IRRingMD-3112, YM-150, KFA-1982,
EMD-503982, MCM-17, MLN-1021, DX 9065a, DPC 906, JTV 803, SSR-126512 or SSR-128428.

The compounds according to the invention are funioee suitable for treating urological
disorders such as, for example, benign prostatelreyme (BPS), benign prostate hyperplasia
(BPH), benign prostate enlargement (BPE), bladdélebobstruction (BOO), lower urinary tract
20 syndromes (LUTS, including Feline Urological Synae (FUS)), disorders of the urogenital
system including neurogenic over-active bladder BpAnd (IC), incontinence (Ul) such as, for
example, mixed urinary incontinence, urge urinargontinence, stress urinary incontinence or
overflow urinary incontinence (MUI, UUI, SUI, OUlIpelvic pain, benign and malignant disorders

of the organs of the male and femal urogenitalesyst

25 The compounds according to the invention are funmioee suitable for the treatment and/or
prophylaxis of kidney disorders, in particular @ute and chronic renal insufficiency and acute
and chronic renal failure. In the context of thegant invention, the term renal insufficiency
comprises both acute and chronic manifestationedtfieas well as underlying or related kidney
diseases such as renal hypoperfusion, intradialytigotension, obstructive uropathy,

30 glomerulopathies,  glomerulonephritis,  acute  glor@yephritis,  glomerulosclerosis,
tubulointerstitial diseases, nephropathic diseaseh as primary and congenital kidney disease,
nephritis, immunological kidney diseases such amhdy graft rejection and immunocomplex-
induced kidney diseases, nephropathy induced bic tembstances, nephropathy induced by

contrast agents, diabetic and non-diabetic neplhgpa pyelonephritis, renal cysts,



BHC 10 1 003 Fo@-@l@‘i%'%ﬁre%ﬁ Cégrﬁlrggeferred embodiment of the invention, the compounds
according to the invention are administered in combination with a vitamin K antagonist such as, by way of
example and preferably, coumarin. Agents which lower. blood pressure are preferably understood to mean
compounds from the group 5 of calcium antagonists, angiotensin All antagonists, ACE inhibitors,
endothelin antagorgstyoseigindishibipsrtenslph aaritepisrdsic cisirotib syadieowpuhipiowkers, ardrratalaedrticoid

receptor antagoniafag@nddhg divistissple by amiiesstambedinretokibeJavaniieredbe aarrmurws

according to the inven nare administered gn combrnatlon with a calcium antagqprstds s, by way of
fl ntrations ? (L]Jrea nitro §Fr creatinine ~alter aCEIVI Bf [
example and preferaﬁ , Tffinc?eaeplne amlodipirie, v a|d miror diltazem. | preterre iMent of

the invention, the ee#1PB8IrFSha8Eofeling)ad iR Mvaﬁmrcbrsm@%w AisteiRR %fﬁ@ﬁﬂﬁh’n@tléﬁr\ﬂntﬁﬂaﬁlﬁlpha 1

receptor blocker au@rwgaobrhmm@ummmala@wbammﬂm% REREAIRdmanaefaredenbedimantef the
invention, the comdqoynds ccor o the inve 8[)on ar qrrllhnlstered in com b|n tlon with a b%ta

tion er atae la and/or n nt |nve na SOC mpris
receptor blocker such as bye\/ 9 example an era pro raﬁoﬁo {eno ? timol ? FP olol
alprenolol, oxpren@ﬁélOb@r‘?kﬁﬁ’ﬂﬁRﬂU'Eﬁfp?ﬁ?ﬂ%l‘Q%EM&WSFBIOW&MR%%@‘pﬁﬁﬂéﬂbﬂ@@ﬂéﬁéﬁ)F,’fsiﬂ%!&?e
metoprolol, betaxoeloleealipsolndidpis poo atprégnliplo asiy olak talet pdlr€ aneediial, a@d@ﬁﬁ@]@let&ﬂ@ﬂ#@d
nebivolol, epanol ingdol ref im inv. n 0 ording
o the inventon ars A e B e e iy o
example andlﬁreféﬁéwy%%rérf%ﬂa%ﬁﬂesartan valsartan, telmisartan or embusartan. In a preferred
embodiment of the invention, the compounds according to the invention are administered in combination
with an ACE inhibfteftkarciorgs s cap@indgangsiednadqpidenaemi cerlatapiiladaies phi, tieatopril arsherpril,
delapril, fosinopril pespRaaiit, BeERHRRIE QidsARIOPHHMSIAN ﬁreﬁ%@rémhq@imgrﬁm Higeiniemtiosy, the
compounds accordlnrg to the mventron are(ga}mnlste&e] qe(t:tohm E!tirion w ne tl'iothe n anta%onlst

INC SIC
such as, by way o? exampYe a%%le efserabl osentan arusen an ambrrsen‘tan or S|taxsen an.

preferred embodlﬁﬁ@ﬂ‘WQH‘@Qh%ﬁtK&T,Etﬂe)céﬁfb@Q%§ deebHIiAg RO TRiRsiiaPsasEaENIMIBesASY in
combination wéth w;&mieriﬂbibi&arcﬁms:bbaﬁutﬂr/@sampﬁ@%gﬁ@l@blye@&s’ékemt&@%eéegmEéFhB-SOO.

BHC 10 1 003 Foragnioniies.s 1) Supiplefiad ebodimatyof e iyenlion, s compounds
accordlng to the inventioh are aoPch’nls ered in‘'co |nat|on a mineralocort CCP receptor antagonlst

such as, for exampPERRE Y refASSpi i BIREIBIT RSB SOREFHRTEUSFEf M iDRIARD GMRERL GNthe
invention, the competitits@scarding to the invention are 5 administered in combination with a loop
diuretic such as, for example, furosemide, torasemide, bumetanide and piretanide, with

potassium- Sparing’ﬁé‘&f@rﬂ%&%%@&rf@écﬁ%ﬁﬁ%@e@mi|ﬁ{}@ﬁlﬁﬂﬁﬁfémﬁe&@tﬂ% WHhAldesterepsudMagonists

suh a5, for ample, sprangiacione, petassium calinozls and epIreRog ancalg e e guretcs
such as, for example, nydroc |a2| orth one, Xipamiade an

suitable in particular for improving perceptionncentration, Iearnlng or memory after cognitive
impairments like those occurring in particular issaciation with situations/diseases/syndromes
such as mild cognitive impairment, age-associatatning and memory impairments, age-
associated memory losses, vascular dementia, cexeioral trauma, stroke, dementia occurring
25 after strokes (post stroke dementia), post-trawma@niocerebral trauma, general concentration
impairments, concentration impairments in childreith learning and memory problems,
Alzheimer’'s disease, Lewy body dementia, dementith wlegeneration of the frontal lobes
including Pick’s syndrome, Parkinson’s disease,gm@ssive nuclear palsy, dementia with
corticobasal degeneration, amyolateral sclerosisSJA Huntington's disease, demyelination,
30 multiple sclerosis, thalamic degeneration, Creldzdacob dementia, HIV dementia,
schizophrenia with dementia or Korsakoff's psychodihey are also suitable for the treatment
and/or prophylaxis of central nervous system dismdsuch as states of anxiety, tension and
depression, CNS-related sexual dysfunctions aneépsldisturbances, and for controlling

pathological disturbances of the intake of foonnstants and addictive substances.



10 Active compougds whichaltel Jpid pgianlism are preferably understood to mean compounds from
the group of CETP inhibitors, thyroid receptor agonists, cholesterol synthesis inhibitors such as HMG-CoA
reductase inhibitors or squalene synthesis inhibitors, of ACAT inhibitors, MTP inhibitors, PPAR-alpha,
PPAR-gamma and/or PPAR-delta agonists, cholesterol absorption inhibitors, polymeric bile acid
adsorbents, bile ati recibrempdadetiibioits, thedseehilombitte Sunirtel Blsoopiitsteln () eoittigbrists dbral
preferred embodimigpé %WQri&lvlﬂmiFéﬁréb&m@@ﬁé@ﬁ?&@g@ﬂ%MM%Ml@@aﬁﬂ&eﬁﬁi&ﬂaﬁ‘é%%@fﬁd’ti%%rﬂﬁ in
combination with CETP |qglblt%$ucrrllt%j Ot?y wa Igge E n n@refe &tu)allyt itraghbas AT g -5521,
anacetrapib or C agc?/ g iment 8P e fhvent

napreterred e Compounds
according to the i%ﬁi@h'&?@%@dﬁﬂﬁlﬁ'@%@%ﬁﬁ%ﬁmﬁﬁ PERMGS tageeldingctptbe agtﬁﬂgersm as, by

way of exampie ankkpreferablyp Béaysexthtdibng bthitedatimeninids3), CGS 23425 or axitirome (CGS
26214). In a preferred embodiment of the invention, the compounds according to the invention are

administered in CQMBHAN WE%@n‘TMﬁIaQ%J&QMﬁt@éQHQhMﬂth%namﬁwﬁmé%W%é@ﬁ'%é“&;{h as, by

way of example and ;referab }f/glovastatln simvastatin, gsfravastatln fluvastatin, 25atorvastatin

rosuvastatin or pitdG AR eIHSE D PSR AR A RS 5T BRI AR A P OB R S SRS R ho the
invention are adminigteiredriaedaibiadMDEitVMQRK irllemestiontsdisier nbiibite rkilnely, ashroyicvatesirakample

and preferably, BMﬁaﬂfﬁ%%ﬂsor(@ﬁK G1omn's |rdn§elag%fefu@§i epaherianBBlehife Im@emiandiessrBrOUNdS

according to itae in ntlon are g_dmlnlsterg H]acomblnatlon with an ACAT inhibitor such as, by way of

example and prefera%mmég\(} simibe> rennamide. pac |m}'bey éftigimibe or SMP-797. BHC 10 1 003

Foreign Countries - 28 - In a preferred embodiment of the invention, the compounds according to the

invention are admit<BErEY H&WBFHH%?P%&FF%W Rerie R‘FﬁBﬂWEG&%Q%@P%@W@%&?ﬁW‘@ a/or
preferably, implitapiciehyBMSe281088nEd. 0B3és3esr JTT-130. In a preferred embodiment of the invention,
the compounds according to the invention are 5 administered in combination with a PPAR-gamma

agonist such as, byhway@pexamplecanshgrefarabiiygiagtar named Osiglitar aneiHe adatatentethd/or

embodiment of th | tlon rdin the inyentiQn ar atlon
Wit 2 PR el BN SRaRHRE e e o, BB S BB Se
preferred embodirepRo R MFREBAMABICOMPOGHES HEbFathe 10 RENARENIsH Hrowsmit it in
combination with a@elmt@rﬁ;l absbeptiomndxantiitbe Srebens,iigaimy ofexadinple aikdpeieraddlieszatimibe,

tiqueside or pamagugsifle. | ﬁﬁ%vﬁﬁ qe‘?ﬁ@oﬁé Gt Ry ‘?SHMS’QQO& the QEPpBHffreﬁjo%éﬁ%C%%@%to the

invention are administered in combination with a Egse in b| or, a preferre example being orlistat. 15In a

preferred embodirFRIRTBRSRENRLHEBRHS tReRRIRHBN IS AR BraRFR kSR risoR! aPBraﬁﬁmﬁ'f%r@I‘éd in
combination with agodgmerstibile aaid dasadsehbsticlaasy Bisrasy ihéxaiihltcalicb prete midyoderma,

Cholestyramigg, 0948&%9!’ Q&kﬁé@,'%r%ﬁlﬁs&%hgf@QE%Wgurgicm procedures), naevi, diabetic
retinopathy, proliferative vitreoretinopathy andsaliders of the connective tissue (for example

sarcoidosis).

The compounds according to the invention are funtioge suitable for controlling postoperative

scarring, for example as a result of glaucoma djpers

25 The compounds according to the invention can alsoubed cosmetically for ageing and

keratinized skin.

Moreover, the compounds according to the inventima suitable for the treatment and/or

prophylaxis of hepatitis, neoplasms, osteopor@gséicoma and gastroparesis.

The present invention further provides for the athe compounds according to the invention for

30 the treatment and/or prophylaxis of disorders drtipular the disorders mentioned above.

The present invention further provides the usénefdompounds according to the invention for the

treatment and/or prophylaxis of heart failure, aagipectoris, hypertension, pulmonary



In a preferred engqtﬁStEgrmg%gmﬂ@e compounds according to the invention are administered in
combination with a bile acid reabsorption inhibitor such as, by way of example 20and preferably, ASBT (=
IBAT) inhibitors, for example AZD-7806, S-8921, AK-1054BARI-1741, SC-435 or SC-635 In a preferred
embodiment of the invention, the compounds according to the invention are administered in combination
with an lipoproteif{gesiensiinisicoaemias, Yasovisr ofsoxdarsp|kidatdrpraferaiblieyeote disordesaltuatc
(CI-1027) or nicotiipreld. a4 Ahaipsesaryidnvention further provides medicaments which comprise at
least one compound according to the invention, typically together with one or more inert, nontoxic,

pharmaceutically syitgole avpiliaigionatAdbe HSEHCtROTIOn G RIAIBMEHIONSHh AUIRASES - Jd2€in a

compounds according to the invention may act systemically and/or locally. For this purpose, they can be
administered in a 5P thdRhereTEP Etampi8 ol REYEHAF SARTREYE, AIIHNGNBECHLSal MR R Lal,
lingual, bucca$ reptanaemniby ptdersiiarnrahasonam etivel) otigssodid) eyrfaitien thmplaotmbstientisoBdG, 10 1

003 Foreign Countfigsic & 9rdenesRMprasndraccording to the invention can be administered in
administration forms suitable for these administration routes. Suitable administration forms for oral

administration ar%ﬁ)ﬁb‘;%%%ﬂﬁﬂv‘é’rﬂ% 8%%9';5}%8&?%P{ﬁ%rﬁ%ﬁ‘%@iﬁpo{%'ﬁéﬁ&@&r?g?mﬂ%“iﬂ%n ﬁ‘%%?ing 0

the invention rap j/or in a modifie nner 5and w contain the compounds according to the

invention in crystaMiPRSAE/BMEHEPINRER RTINS BN PIEPHY 96 AR ElPSId T ABIEE Iainee Stee & 2oated
tablets, for exampheewtithghsbieguice-resistant or retarded-dissolution or insoluble coatings which control
the release of the compound according to the invention), tablets or films/wafers which disintegrate rapidly

in the oral cayiy, fillesifrephtilRieR MM PIRTI(IY BXaR pinBashPo AT SR IM RRSHIe R HdgAFoated

Lotablets, granules, gellets. pouders, smuloions, suspensions, agigsgls,or sqlifions. Farenieral
administration can’ 'I’oypaS an a sorp”tllon s?ep €.g. intraveno s@?ﬂ'ﬁtraar erially, intracardiai i |n{ra’spinally
or intralumbally) oRYPRIISAEIHh aPYBIpIRH (EXPereRHlisciHifEiaBetYane SissRdesirakdiaedaswe.
percutaneously ormrsrapsitebrRadibrdalen iiaiiatin fesre sigiklerfarsparenteral administration include
preparations for injection and infusion in the form of 15solutions, suspensions, emulsions, lyophilizates or
sterile powders. FepdheRtriRAMIGISTRINFBUIRS SWahiRfamies als inkplahiamedicamant forms
(including powder inh,alﬁrs,@gbélliz;qr??, nasal drops, solutions og %Prays, tablets, films/wafers or capsules
9 aCAair s SL1aGl)

for lingual, sdt?]ing‘i?éﬁ' tFé‘?IBHf‘Sﬂp Seftorted! ng%"b%%a?gt%r{g?ﬁaaﬂ?alo&{ Sules,

aqueous suspensiompiatitsa;esidiRing mexturerdionipophilic suspensions, ointments,

The present invention further provides a methodireatment and/or prophylaxis of heart failure,
angina pectoris, hypertension, pulmonary hypertensischaemias, vascular disorders, kidney
failure, thromboembolic disorders, fibrotic disarsland arteriosclerosis using an effective amount

20 of at least one of the compounds according toriterition.

The compounds according to the invention can bel@ragd alone or, if required, in combination

with other active compounds. The present inventiosther provides medicaments comprising at
least one of the compounds according to the ingardind one or more further active compounds,
especially for the treatment and/or prophylaxis tbé aforementioned disorders. Preferred

25 examples of suitable active compound combinatiookide:

e organic nitrates and NO donors, for example sodiutmroprusside, nitroglycerin, isosorbide

mononitrate, isosorbide dinitrate, molsidomine tN-$, and inhaled NO;

« compounds which inhibit the breakdown of cyclic gosine monophosphate (cGMP), such as,
for example, inhibitors of phosphodiesterases (PRE)2 and/or 5, in particular PDE 5

30 inhibitors such as sildenafil, vardenafil and tadigl



20creams, transd%rlq@wheégg%p&&yémég.g. patches), milk, pastes, foams, sprinkling powders,
implants or stents. Oral or parenteral administration is preferred, especially oral administration. The

compounds according to the invention can be convertedt-the administration forms mentioned. This can
be done in a manner known per se, by mixing with inert, nontoxic, 25 pharmaceutically suitable
excipients. Theseexaipigntsavictude satitieomidicest@aniplomisroengstuliine efelknosdidactoseyronarsfitol),

solvents (e.g. liquid pehwthylRRg SRGHHoRITLISITRER A diveesrineHAbINRIIDSaBeBES (for example
sodium dodecylsulphate, polyoxysorbitan oleate), binders (for example polyvinylpyrrolidone), synthetic

and natural polym.er%(qi% %Qﬁ})}sﬁ]ﬁgglg}ﬁﬁ%ﬁé?mHéﬁ[ﬁré%sgrea?%%%%agﬁﬁ’ gpgfgégmﬂ'&@ﬁ]%oéﬁisﬁpaéﬁ) ’

dyes 30(e.g. inorganic pigme ) e iron oxides) and flavour and/or odour correctahts. BHC 10
1 003 Foreign Counffé&UBaniagoqistie sRATRIIVA HeAUREON S EHIBASEWT G URRHTAAMIF It hEe HBsage
is about 0.01 ® 100 ingBkgrspredgablycbaut bBtke 0 pegikg@pdibuistpreieraidydtitda 10eowptsg of
body weight. It may Qﬁ%@%@!&%&%ﬁ&%ﬁ@%ﬁéﬂ&?re appropriate to deviate from the stated amounts,
specifically as a function of the body weight, route of administration, individual response to the active 5
compound, nature of the preparation and time or.interval over which administration takes place. For
natance, in Some-cAAL S S0 AR i B o K AR O Atay B LS HSBRG, Tie other
cases the upper limigrmentidiyPith istaptoergeaidiedchnlgste wiisesisf indniois patib Aso brelaiefylante
amounts, it may be agvisabierie giviglectiese idacsyeiahindivdraligiesesavaidhenanieise &f Nenday.

10The working examples whi low illustra e inventio inventian is not limjted e examples
The percent::llg%es in the g%r% grlz eiﬁfﬁ"%ﬁé%swﬁ?chl'f‘&l%@‘v’rﬁre_%%ﬁlé%% iﬁgé:%i%%ﬁ&]ﬁe?m}soer,%%é(%é%?ﬁ%es by
weight; parts are pagsiseriIleSpIokaApIaRESN dDEArsaliBaHERCED MRE YT Riatai fordeRIRETGuId

solutions are based Hieash easePivalMMsitoBEkd lifobroiasgigistsountries -31 - A.Examples

Agents having antithrombotic activity preferably anecompounds from the group of platelet

aggregation inhibitors, of anticoagulants or offmanolytic substances.

15 In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a platelet aggtiegainhibitor such as, by way of example and

preferably, aspirin, clopidogrel, ticlopidin or gifdamol.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a thrombin inhilsisuch as, by way of example and preferably,

20 ximelagatran, dabigatran, melagatran, bivalirudiclexane.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a GPIllIb/llla amagt such as, by way of example and

preferably, tirofiban or abciximab.

In a preferred embodiment of the invention, the pounds according to the invention are

25 administered in combination with a factor Xa inkdlbisuch as, by way of example and preferably,
rivaroxaban (BAY 59-7939), DU-176b, apixaban, otemhian, fidexaban, razaxaban,
fondaparinux, idraparinux, PMD-3112, YM-150, KFA8H) EMD-503982, MCM-17, MLN-1021,
DX 9065a, DPC 906, JTV 803, SSR-126512 or SSR-12842

In a preferred embodiment of the invention, the pounds according to the invention are

30 administered in combination with heparin or a lowl@cular weight (LMW) heparin derivative.



Abbreviations an%qwmg%%%peg%ﬁggtion calc.calculated br sbroad singlet (in NMR) DCldirect
chemical ionization (in MS) dec.decomposition point DMFdimethylfonnamide DMSOdimethyl sulphoxide
DSCdynamic differential calorimetry eqg.equivalent(s) ESlglectrospray ionization (in MS) Etethyl fnd.found
hour(s) HPLChigh-pressure high-performance liquid chromatography HAMShigh-resolution mass
spectrometry CO1he & dtelergatethh@ineslicrfidhehiaraationrdpdpemasl et corigsisethromegnyion are

LiIHMDSlithium hexanatherlisirzisiadensatiHmanonisie ®) antago such as, by way of example and

preferably, coumarin.

Agents which lower blood pressure are preferablyeustood to mean compounds from the group
5 of calcium antagonists, angiotensin All antagoni8SE inhibitors, endothelin antagonists, renin
inhibitors, alpha-receptor blockers, beta-receptockers, mineralocorticoid receptor antagonists,

and the diuretics.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a calcium antagbeuch as, by way of example and preferably,

10 nifedipine, amlodipine, verapamil or diltiazem.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with an alpha-1 recefocker such as, by way of example and

preferably, prazosin.

In a preferred embodiment of the invention, the pounds according to the invention are
15 administered in combination with a beta receptarckér such as, by way of example and

preferably, propranolol, atenolol, timolol, pindblalprenolol, oxprenolol, penbutolol, bupranolol,

metipranolol, nadolol, mepindolol, carazalol, sotametoprolol, betaxolol, celiprolol, bisoprolol,

carteolol, esmolol, labetalol, carvedilol, adaptolandiolol, nebivolol, epanolol or bucindolol.

In a preferred embodiment of the invention, the pounds according to the invention are
20 administered in combination with an angiotensin &ttagonist such as, by way of example and

preferably, losartan, candesartan, valsartan, selr@in or embusartan.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with an ACE inhibitarch as, by way of example and preferably,

enalapril, captopril, lisinopril, ramipril, delaprfosinopril, quinopril, perindopril or trandopril

25 In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with an endothelin gotast such as, by way of example and

preferably, bosentan, darusentan, ambrisentartiassgintan.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a renin inhibigarch as, for example and preferably, aliskiren,
30 SPP-600 or SPP-800.



MSmass spectror%gglllaIYIW,%@QEH’@&Q]%i&resonance spectrometry
Pd2dba3tris(dibenzylideneacetone)dipalladium Phphenyl PLMpolarized light microscope RTroom

temperature Rtretention time (in HPLC) TGAthermogravimetric analysis THFtetrahydrofuran UVultraviolet
spectrometry v/vvolume to volume ratio (of a solution) BHC 10 1 003 Foreign Countries - 32 - LC/MS
Methods: Method I1: M8réfestieshembegisee W atethe ZIQveappar dhasogmeHRtogrdagiléntthel 0 SeidesatgV
DAD; column: ThefdhhdipedsH oRbiRadon ARMAThH & ddiEbriaRip BNase fdnkl tthadefor kdnimkina0%
strength formic acigé@g@ile/spr}gs a%fo%l of a grtorpg%le + 0.5 ml of 50% strength formic 5 acid; gradient:
0.0 min 100% A3.0'min 1805 A4 0 nin 1666 RAT /i 1000 A (flow rate 2.5 ml/min)- oven: 55C- flow

rate: 2 ml/min- UV detection: 210 nm. Method 2: Instrument; Waters ACQUITY SQD UPLC System;
column: Waters A%ﬁitgrf“j?’yﬂ@ embodiment of the invention, the pounds according to the invention are

5 administered in combination with a loop diureticiswas, for example, furosemide, torasemide,
bumetanide and piretanide, with potassium-sparingetics such as, for example, amiloride and
triamterene, with aldosterone antagonists such fais,example, spironolactone, potassium
canrenoate and eplerenone and also thiazide disiretich as, for example, hydrochlorothiazide,

chlorthalidone, xipamide and indapamide.

10 Active compounds which alter lipid metabolism arefprably understood to mean compounds
from the group of CETP inhibitors, thyroid recepémonists, cholesterol synthesis inhibitors such
as HMG-CoA reductase inhibitors or squalene syimghegibitors, of ACAT inhibitors, MTP
inhibitors, PPAR-alpha, PPAR-gamma and/or PPARadedgonists, cholesterol absorption
inhibitors, polymeric bile acid adsorbents, biledaeabsorption inhibitors, lipase inhibitors and

15 lipoprotein(a) antagonists;

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a CETP inhibitaick as, by way of example and preferably,
dalcetrapib, BAY 60-5521, anacetrapib or CETP vae¢CETi-1).

In a preferred embodiment of the invention, the pounds according to the invention are
20 administered in combination with a thyroid recepémonist such as, by way of example and
preferably, D-thyroxin, 3,5,3"-triiodothyronin (T.33GS 23425 or axitirome (CGS 26214).

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a HMG-CoA reduetashibitor from the class of the statins
such as, by way of example and preferably, lovastaimvastatin, pravastatin, fluvastatin,

25 atorvastatin, rosuvastatin or pitavastatin.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a squalene synshiedibitor such as, by way of example and
preferably, BMS-188494 or TAK-475.

In a preferred embodiment of the invention, the pounds according to the invention are
30 administered in combination with an ACAT inhibiteuch as, by way of example and preferably,

avasimibe, melinamide, pactimibe, eflucimibe or SKA&H.



HSS T3 1.8 n 50 g, p:1199Y e BRASSAn didsOf Water + 0.25 ml of 99% strength formic acid, mobile
phase B: 11 of acetonitrile + 0.25 ml of 99% strength formic acid; gradient- 0 0 min 90% A 10-> 1.2 min
5% A -*2.0 min 5% A oven: 50 C; flow rate: 0.40 ml/min2blV detection: 210 - 400 Method 3: Instrument:
Micromass Quattro Premier with Waters UPLC Acquity; column: Thermo Hypersil GOLD 1.9 n 50 min x 1
mm; mobile phasénAa Irei¢esteambodBnentopG 0% dtvenigah. firenioeRdd, aaodiilinpHas@d inverdibacatenitrile
- 0.5 ml of 50% skaRGH AT aciiaiagieninG: My PR & 17 19 QHechalBuning fécha:? min
o A; oven : flow rate: 0. : ction: inn. oreign Countries - 33 -
General methods.:lrlp’?cj'l{ﬁl.IO #ﬁé%@%@%@%{;g%i%%fs%ogﬁg v%v}égs) carried out using a Clemex PS3 polarized
light microscope particle size system with a Leica DM microscope procided with 50X, 100X, 200X, and
500X lenses, a hidh-feBSIRIGT RBRBUREM T 8500508 BixEI RIS aREPAE9dS BLENZEEPR-3 5
Marzhauser statioad(goisteotied drby@Gieahex SiTh2000Pe&grulied . Ejeeishngslebyoivhe adrestativie amaterial

were measured ona:glass Sicielexe® ML ifadoAreP of oil, the sample being covered with a cover glass
(22x40 mm) DSC: The melting points were determined by dynamic differential calorimetry. The

determination wag, ?Qf&%&%mgo%iM&H'%E‘Tﬁée@e%%% Dﬁg éﬂﬁHﬁ’@g&BPéﬂé!q}?O{gX”We JiRReAER0
sample 10 robot and STAR' software. About 1.5 to 3 mg of the sample were weighed out into a small
aluminium pan, wRFRRWA e QYSRHANRA &"Bbﬁc?&‘é’%‘%%ﬁﬁ BREHEA TP WAL RIS ST PR ablY.
temperature rang&of Sav18Gdit@AVGE B4 heating rate of 10C/min and under an argon stream of 30
ml/min TGA: The thermogravimetric analysis was carried out using a Mettler-Toledo TGA/SDTA851' 15

TGA instrumept previdpetéitbcach#aRddre sampleniehesandSdiRd S aftssrind\ RO Wiel Avéndomauef the
sample were weighed ?é{te}”%’i aérg@“ ch?n”vﬁlH%"Qh%'i“s?eagigé%%%)rnﬁ%go?asm&#eaé’Y%' Dayyas measpured in a
temperature rangé of ffom 30 o 0C at a heating rate of C/min and under an’argon’stream 30
ml/min.  The eléRfePreiPERPAlySEI R EHIPREEIPBITYREACa GmbH & Co. using methods known to
the

In a preferred embodiment of the invention, the pounds according to the invention are

administered in combination with a lipase inhibitapreferred example being orlistat.

15 In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a polymeric bitgdaadsorbent such as, by way of example and

preferably, cholestyramine, colestipol, colesolv&hoplestaGel or colestimide.

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with a bile acid reapsion inhibitor such as, by way of example

20 and preferably, ASBT (= IBAT) inhibitors, for exalepAZD-7806, S-8921, AK-105, BARI-1741,
SC-435 or SC-635

In a preferred embodiment of the invention, the pounds according to the invention are
administered in combination with an lipoproteingjtagonist such as, by way of example and

preferably, gemcabene calcium (CI-1027) or nicotaid.

25 The present invention further provides medicamemltsich comprise at least one compound
according to the invention, typically together withe or more inert, nontoxic, pharmaceutically

suitable auxiliaries, and the use thereof for floeeeamentioned purposes.

The compounds according to the invention may astesyically and/or locally. For this purpose,
they can be administered in a suitable manneexXample by the oral, parenteral, pulmonal, nasal,
30 sublingual, lingual, buccal, rectal, dermal, tragrsdal, conjunctival, otic route, or as an implant o

stent.



20person skilled igthe@rt, %élgg%rgﬁ%%mﬁ@mdustry norm DIN-ISO 17025. BHC 10 1 003 Foreign
Countries Starting materials and intermediates: Example IA 2,6-Dichloro-5-fluoronicotinamide 0 5A
suspension of 25 g (130.90 mmol) of 2,6-dichloro-5-fluor®-3-cyanopyridine in conc. sulphuric acid (125
ml) was stirred at 60-65C for 1 h. After cooling to RT, the contents of the flask were poured into ice-water
and extracted threeeirperspeithdsthgteidinate (hodrenderivamhe)Efineedombinatieiani dophaswgaliere
washed with watefotAR&s8hanasthe Wwidhisaturated aqueous sodium hydrogen carbonate solution (100
ml), dried and concentrated on a rotary evaporator. The 10 material obtained was dried under high
vacuum. Vield: 24,6803 INAARA RN MRIAPOMHRRMSHAD AT TR WIS Sidd (o, 140
8.24 (d, 1H). Example 2A 2-Chloro-5-fluoronicotinamide 150 At RT, 44 g (210 58 mmol) of
2,6-dichloro-5-fludtSnidUth SHARRE W E UBRAG 1S %CE?I%%*P%?%@G {3@?@5 By kA raner
methanol (205 mlandedtichadtélB entiymas: e raectudidg aodhetiomtureysiallrieeandtbmathasoinrreg at
reflux for 24 h. The gantaRisRENR RSk s e taReaIRGh RIS RS ANELEM-ARE IR (hidim!) and

saturated aqueous sodium h%ctjrogen carbonate 20 SOIUtIOﬁgﬁffM ml% were added, followed by intense

extractive stirring.) SEBERRIRMHY 8 REEHE RS MR gy hvgh%&?'m%daﬁ IEEsHMrBRd the
filter product was wespreadaeeninme sowithirteyicuetaie Badivwifemomhith dlsimieer ayeanidlp eibe wak

separated off and dRgACHIRMDPRRSRYRS WRRRE \Hh &Mh&?&taﬁ%&ﬁ%ﬁmlh ddiR feEnhingst eraaRiC

phases were ash%q once wi h satﬂrated agueous sodium h dro en ca]rbonaiie solution (414 ml), dried
and concentrv({ R§L, granu es pellets, powders, emulsiongessons, aerosols or solutions.

Parenteral administration can bypass an absorpgiep (e.g. intravenously, intraarterially,
intracardially, intraspinally or intralumbally) ocinclude an absorption (e.g. intramuscularly,
subcutaneously, intracutaneously, percutaneouslyintbeperitoneally). Administration forms
suitable for parenteral administration include prggions for injection and infusion in the form of

15 solutions, suspensions, emulsions, lyophilizatestenile powders.

For the other administration routes, suitable eXxempre inhalable medicament forms (including
powder inhalers, nebulizers), nasal drops, solatimmsprays, tablets, films/wafers or capsules for
lingual, sublingual or buccal administration, sugiparies, ear or eye preparations, vaginal
capsules, aqueous suspensions (lotions, shakingunesy, lipophilic suspensions, ointments,
20 creams, transdermal therapeutic systems (e.g. g@tchilk, pastes, foams, sprinkling powders,

implants or stents.
Oral or parenteral administration is preferredeeggly oral administration.

The compounds according to the invention can beverded to the administration forms
mentioned. This can be done in a manner known perbg mixing with inert, nontoxic,
25 pharmacedutically suitable excipients. These exnigie include carriers (for example
microcrystalline cellulose, lactose, mannitol), venits (e.g. liquid polyethylene glycols),
emulsifiers and dispersing or wetting agents (foxample sodium dodecylsulphate,
polyoxysorbitan oleate), binders (for example poiylpyrrolidone), synthetic and natural
polymers (for example albumin), stabilizers (e.gti&idants, for example ascorbic acid), dyes

30 (e.g. inorganic pigments, for example iron oxid@sjl flavour and/or odour correctants.

In general, it has been found to be advantageouthdncase of parenteral administration to

administer amounts of about 0.001 to 1 mg/kg, paddy about 0.01 to 0.5 mg/kg, of body weight



25reduced press%grct)lgill%&r&gm@ﬂ%g%ﬁg ggl) was added to the crystals obtained in this manner, BHC
10 1 003 Foreign Countries - 35 - and the mixture was stirred for 20 min. The mixture was once more
filtered off with suction, washed with diethyl ether and swgked dry. Yield: 20.2 g (53% of theory)

1H NMR (400 MHz, DMSO-d6): 6 = 7.87 (br s, 1H), 7.99 (dd, 1H), 8.10 (br s, 1H), 8.52 (d, 1H). 5
Example 3A 2-Chifoastiefle@ftasidastiresitsldnChil @62 ohbBBaisteinmadheofietednyikating Wéetadddd to a
suspension of 46.g g ARG MNabbof 2o LR IPryfldainiraiBRNCE IRciehryrietheaei§d. ml), and

the mixture was cooled to OC. 10 Then, with stirring, 41.12 ml (291 13 mmol) of trifluoroacetic anhydride

were added slowly, W%PH@%@&QQQS&HB@%&W@FE@@%&M%& foth fﬁQ%tﬁ?@&H%LﬁﬂQJQB&W@QIy

subsequently washed twice with saturated aqueous sodium bicarbonate solution (391 ml each time),

dried and concent?St@d UHHEP rahiie P heielt viie 25 9 R, JidivElRh 'PEAMISaVR {EoBCHNe 2,
DMSO-d6): 6 & 8.6 (ouhntiH)aB8u820{dhd e taxatnplend Aints inetosddd \plyicizatin[GshabimylakascpBamine N

H2 A suspension pf 38 A4 dmahQls Qb <& ‘ﬁ‘iﬁﬁ@éﬁfﬁt‘&h@ﬂ'ﬁ%ﬂﬂﬂi%@o%%ﬁ(}ﬂ@'é’uﬁ!%?e’rﬂeﬂﬂszo
1,2-ethanediol (380 ml), and hydrazine r%?rate 2] 19.6 ml, 2.459 mol) was then added. The mixture was

heated under refIdQW SHARE TR, I SRYE0RY %&IB&%& ShS S AR B TS (784S ded to
the yellow crystaldargadtnamsixtuneyrasdvibidtdel diidxtiasesay eratitydu R Tdegsl@enthe Thiessiedpension
was then filtered wifh suction over a frit, and the filter product was

10 The working examples which follow illustrate thevémtion. The invention is not limited to the

examples.

The percentages in the tests and examples whidbwfohre, unless indicated otherwise,
percentages by weight; parts are parts by weighltest ratios, dilution ratios and concentration

data for liquid/liquid solutions are based in eaake on volume.



BHC 10 1 003 Fo@@l@ﬁ%iﬁﬁréﬁﬁ cyashed with water (200 ml) and with -10C cold THE (200 m1).
The residue was dried under high vacuum over phosphorus pentoxide. Yield: 22.8 g (61% of theory)
1H NMR (400 MHz, DMSO-d6): 6 = 5.54 (s, 2H), 7.96 (dd,-1H), 8.38 (m, 1H), 12.07 (m, 1H). 5 Example
5A 5-Fluoro-3-iodo-1H-pyrazolo [3 ,4-b]pyridine 10 g (65 75 mmol) of
5-fluoro-1H-pyrazélo[3,4Ekieine-3-amine were initially charged in THF (329 ml), and the mixture was
cooled to OC. 16.65 ml (131 46 mmol) of boron trifluoride diethyl 10 ether complex were then added
slowly. The reactiamhméxiatienwasi coadeghfsirther to -10C. A solution of 10.01 g (85.45 mmol) of isopentyl
nitrite in THE (24.39 ml) was then added slowly, and the mixture was stirred for a further 30 min. The
mixture was diluteghwith cold diethylagtheuéItah) and the resulting solid was isolated by filtration. A little
at a time, the diaz(%(i:um salt thus preag&gqe as added to a cold (0C) solution of 12.81 g (85 45 mmol) of
sodium iodide in acetone 15 (329 mi), and the mixture was stirred at RT for 30 min. The reaction mixture
was poured into id¥-$vater (1.81) and'exttab@at {idRith ethyl acetate (487 ml each time). The collected
organic phases wexe washed with saitusateenaicaiestsagodigimvieloride solution (244 ml), dried, filtered and
' irI|{peory) of the desired compound in the form of a

concentrated. Thi%&ave 12.1g (86%9(3%91 60% f
brown solid. The crude product was reactggswi?ﬁo ut further purification. 20 LC-MS (method 1): R, = 1.68

min; MS (ESIpos)PMz = 264 (M+HIMERYfAPTEBAe

5-Fluoro-1-(2-fluombsozy1)-3-iodo- imgyyazalm{dxidid]pyridine BHC 10 1 003 Foreign Countries - 37 -
141 g (462 11 mmaod)of the compoug%grrgmolﬁ.?@@ﬁggqa%m&&jntroduced into DMF (2538 ml), and 96.09
g (508.32 mmol) of 2-fluorobenzyl bromide and 165.62 g (508°32 mmol) of caesium carbonate were then
added. The mixtuféwas stirred at RI#8YARIBburs. The reaction mixture was

ESI electrospray ionization (in MS)

Et ethyl

fnd. found

h hour(s)

HPLC high-pressure high-performance liquid chrorgeaphy
HRMS high-resolution mass spectrometry

conc. concentrated

LC-MS liquid chromatography-coupled mass spectroynet
LIHMDS lithium hexamethyldisilazide

Me methyl

min minute(s)

MS mass spectrometry

NMR nuclear magnetic resonance spectrometry
Pd.dba tris(dibenzylideneacetone)dipalladium

Ph phenyl

PLM polarized light microscope

RT room temperature

R retention time (in HPLC)

TGA thermogravimetric analysis

THF tetrahydrofuran

uv ultraviolet spectrometry

viv volume to volume ratio (of a solution)



5 then poured intg;atyrRtesha RS SQdifschloride solution (13 670 ml) and extracted twice with ethyl
acetate (5858 ml). The collected organic phases were washed with saturated aqueous sodium chloride
solution (3905 ml), dried, filtered and concentrated. Thesgsidue was chromatographed on silica gel
(mobile phase: petroleum ether/ethyl acetate 97:3) and the product fractions were concentrated. The
resulting solid was 8i%8NMethtdsiichloromethane and washed once with 10 saturated aqueous sodium
thiosulphate solution (500 ml) and then with saturated aqueous sodium chloride solution (500 ml). The
product was conceétttaded toadrymessrend tipe rogiters EQs suspetndedpa Hietbijdathenoistdatad by filtration

with suction and gygg. %Qﬂrﬁ%%ﬂ&%r;h@cﬁ@’@ 196-6.9 820mabibennd: A the desirgd comppeund.
1H NMR (400 MHZ, DVSO-06): 6 = 5.73 (5, 2H), 7.1 = .26 (m, 3H) 7,33~ 7 41 (m, TH), 794 15(0,
1H), 8.69 - 873(@%9—“9—%%&%#” i

e_phase b 1 Bokton le m, Of 5 £90 stréngth formic
,4-b]pyridin-3-§1]-&enitrapyintidiresci dENmEs. oBHﬁ:JII%m;lOB Emmlqnfm@xunmewrsﬁ)e%mdemﬁgon 860
mg (2 32 mmol) of 1he, COMPAHP I JEATEE X MlG R4 YRl adleeashiieolé dioxane (86 ml), and the

reaction mixture was flushed with-argon for 10 min. Then 3.51 mI (6.95 mmol) of hexabutylditin and 483

mg (2 55 mmol) of 2-chlpro-5-nitropyri ane 4 % é the of Helveti himica
Acta (1951), 34, M%erepa oé) se ug?1 ﬁ%] §§ PU%?(% %ﬁ? T%%? s Acqu'yy bﬁg
tetrakls(trlphenylpH§§pTﬁnb}3palf%fdmﬁu(@?mﬁé@é"&dﬂ@é%ﬁd%@ﬁé’é@@ﬁ mi%h?@%légmﬁté@lf@ioréﬂ@x
Ovrfrlnight The rrr:imb"eevmébw FD@Ii%hdeﬁ@rRTeW&IdQBWﬁﬁmg@mfbm& l&ﬂﬁlﬁ?&i@rﬁ exdrameddyvice V(\j/ith
ethyl acetate, The cqllgct ni ases were dried gver sodium te filte ncentrate
The residue Waa;s sukc%esctea %gjggtra%plve s%?ﬁrfg‘?negtr%& ac\'clze{{ateraaené) theml‘l3l ?\Jvés{%%?at dfgy fi rraatlon
and dried under hijfr vacuum. This gave 355 10 mg (62% purity, 24% of theory) of the desired compound.
The crude product was reacted without further purification. LC-MS (method 2): R, = 1 03 min MS
(ESlpos): mh = 399 hbelS)nstxamgnte @isromass Quattro Premier with WatdPd C Acquity; column: Thermo

155-Fluoro-1-(2-flyg Pﬁr@blblﬂgﬁywmmﬁ’t 4- hlmymsaﬁemmmﬂlﬁa@rsuéwmlenéeﬁ/st@t%@{% 19
mmol) of 5- fluoro- - fluogoben ﬁ)ns io i razolo@ E}W)érég)ne rp{}) e GA%ga 47 51
mmol) of copper cyanl%lgc\'/vag]? acﬁ?argé ek uwak 1B6ET6r I, Wﬁer cooling,
the contents & théfle8R%ard édt)l@@(?@ fo Bbanin40® &nd-pauiredAntyen solididlewfaient.3@qnévins
ammonia (90 ml) gnojuatabio8thmb, ethyl acetate (200 ml) was added and the mixture was subjected to
brief extractive stirring. The aqueous phase was separated off and extracted two more times with ethyl
acetate (200 ml each time). The combined organic phases were washed twice with 10% strength

aqueous sodium chloride solution (100 ml each time), dried and concentrated under reduced pressure.
The crude

)




25product was reagted, withputfudherurification. Yield: 11.1 g (91% of theory) BHC 10 1 003 Foreign
H NMR (400 |V|F|z3 DMSO

Countries-39-1 ) -d6): 6 = 5.87 (s, 2H), 7.17 - 742 (m, 4H), 8.52 (dd, 1H), 8.87
(dd, 1H). Example 9A 5-Fluoro-1-(2-fluorobenzyl)-1H-mgazolo[3,4-b]pyridine-3-carboximidamide acetate
5HNNH2x CH3COOH 11.1 g (41 07 mmol) of

5-fluoro-1-(2-fluor&leper Methedpiyrazolo[3,4-b]pyridine-3-carbonitrile (Example 8A) were added to 2.22 g
(41 07 mmol) of sodium methoxide in methanol (270 ml), and the mixture was stirred at RT for 2 h. 2.64 g
(49 29 mmol) of apunbNita phlaniice digtt aoeticsachy (©ak7cant)jaresettigein akcleelk VB thelaripddirigtnas

heated at reflux oyerightnd BERIXYLE WRRINGRAND CONCEIHES L ABYRESHANERE BRI Db was jaken
up in water (100 mI&Pand ethyl acetate (100 ml) and adjusted to a EH_O 0 using 2N aqueous sodium

( f1 :

hydroxide solutior? “PRGHiSHuR RIS St NSRRI St SRR BRY P QI8P Asion was
filtered with s_lRtioMzamhﬂserfﬁteﬁqnwdmtolms Wamlmjmk@éw@ﬁmm_lem@@mbleﬂim vatey$klbhenl) and
once more with ethyl acetate H0 MikdT8e SRIdNeIWas LSS HRYEIGN P GLITY QMRS m§»e&%a
pentoxide 15Yield: 9.6 g (78% of theo(r%/g MS (ESlpos):= 288 (M+H)+ 1H NMR (400 MHz, DMSO-d6): 6 =
1.85 (s, 3H), 5.80 {N APV 22ss 38 ™), 7.36 (m, 1H), 8.42 (dd, 1H), 8.72 (dd, 1H). Example 10A
20215-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3 ,4-b]pyridin-3-y1]-5- [(E)-phenyldiazengll]pyrimidine-
4,6-diamine BHCD®:1 iréngpi@tédyﬂwegeleg@ined by dynamiceddhtial calorimetry. The determination

was carried out using a Mettler-Toledo 8Z8SC instrument provided with a TSO801RO sample

10 robot and STAR software. About 1.5 to 3 mg of the sample weregived out into a small
aluminium pan, which was then closed with a petBdecap. The heat flow was measured in a
temperature range of from 30 to 400°C at a heatitwof 10°C/min and under an argon stream of

30 ml/min.

TGA: The thermogravimetric analysis was carried oingis Mettler-Toledo TGA/SDTA851
15 TGA instrument provided with a TSO801RO sample tadred STAR software. About 1.5 to 3

mg of the sample were weighed out into a small aggeminium pan (100 pl). The sample weight

was measured in a temperature range of from 30@Clat a heating rate of 10°C/min and under

an argon stream of 30 ml/min.

The elemental analyses were carried out by CurrémthH & Co. using methods known to the

20 person skilled in the art, in accordance with indusorm DIN-ISO 17025.



With stirring, 3. 85%&@668%&&&@8&{5}%%@ added to water (40 ml) and conc. hydrochloric acid (7.07
ml), and this mixture was cooled to OC. A solution of 2.85 g (41 34 mmol) of sodium nitrite in water (21 ml)
was then added dropwise at between 0C and 5C, followegl-by stirring at 5 OC for 15 min. Thereafter, at
0C, a solution of 4.28 g (52 25 mmol) of sodlum acetate in water (19 ml) was added rapidly dropwise, and
then, with thorougB ativting aiereah e ajest 1.34 mmol) of malononitrile in ethanol (10 ml) was
added dropwise. After 2 h at OC, the resulting precipitate was isolated by filtration with suction and
washed three timexamittietater (50 ml each time) and with petroleum ether (50 ml). The residue, still
moist, was dissolved in DMF (46 ml) and 10 added dropwise at precisely 85C to a solution of 9.5 g (33 07
mmol) of 5-fluoro-1.4 Didlueebanshicbiihpyiggolo[3,4-b]pyridine-3-carboximidamide acetate (Example
9A) in DMF (46 ml) and triethylamine (5.76 ml). The mixture was then stirred at 100C for 4 h and left to
cool to RT overnight. The mixture was poured ipfo waigr (488, ml) and subjected to extractive stirring at
RT for 1 h. After the precipitate had been isolated By filtrafion With suction, it was washed twice 15with
water (100 ml each time) and twice with methanol
Yield: 9.6 g (59% of theory) LC-MS (method 2): R, 1 mif MS (ESIpos) mh = 458 (M+H)+ 20
Example 11A 215-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3,4-b]pyridin-3-yl]pyrimidine-4,5,6-triamine
BHC 10 1 003 Foreign Countries -41 - Variant A. Preparation starting from Example 7A: In pyridine (30
ml), 378 mg (3.949 RHTRAYBPURE 019 SbithePHBmP B A piei IOtk E iR FRRARYE ARt Thea £y IRty (8. 135
mmol) of palladiurac(d @2asomnicaszostyiwers addseC Torelmidthigad Ry dregenasad o eiaititkaied under
standard hydrogep pregsife. ThG, susReRSIan WA adiRies m@%mge SR e figropke was

washed with ethanol. The filtrate was concentrated and yielded 2 81% purity, 51% of theory) of the
desired compoun§CRARGH\AES RRRFGRMGIR fﬁ?ﬁﬁ@ﬁp‘ﬁ%d’éﬁ‘%h%%f@ W‘l‘@p%ﬁ‘&fﬁ}ﬁds%ﬂ*t'ﬁf@‘?rom

Example 10A: sodium hydrogen carbonate solution (100 ml), dead concentrated on a rotary evaporator. The

10 material obtained was dried under high vacuum.
Yield: 24.5 g (90% of theory)
'H NMR (400 MHz, DMSO-¢): 8 = 7.95 (br s, 1H), 8.11 (br s, 1H), 8.24 (d, 1H).

Example 2A

2-Chloro-5-fluoronicotinamide
N\ Cl
= NH
15 o
At RT, 44 g (210.58 mmol) of 2,6-dichloro-5-fluoiicntinamide were added to a suspension of
21.9 g (335.35 mmol) of zinc in methanol (207 mAcetic acid (18.5 ml) was then added, and the
mixture was heated with stirring at reflux for 24 fihe contents of the flask were then decanted
from the zinc, and ethyl acetate (414 ml) and satal aqueous sodium hydrogen carbonate
20 solution (414 ml) were added, followed by intenséractive stirring. Subsequently the reaction
mixture was filtered with suction through kieselgaimd the filter product was washed three times
with ethyl acetate (517 ml each time). The orgafiase was separated off and the aqueous phase
was washed with ethyl acetate (258 ml). The combioeyanic phases were washed once with
saturated aqueous sodium hydrogen carbonate gol(#ib4 ml), dried and concentrated under

25 reduced pressure. Dichloromethane (388 ml) wasdtloleéhe crystals obtained in this manner,



10 In DMF (800 mkl,39#3 @o@g’o@qﬂ‘m%ﬂééhe compound from Example 10A were introduced and then
4 g of palladium (10% on carbon) were added. The mixture was hydrogenated with stirring overnight
under standard hydrogen pressure. The batch was filtergd over kieselguhr and the filter product was
washed with a little DMF and then with a little methanol, and concentrated to dryness. The residue was
admixed with ethyargtéhataixiviestiaedtiigdriusty, mind Tie pretimeannceasdikeiiteradoft with siuesivon,
washed with ethylaegtaio and disoarpyhethekandrgried under a high vacuum over Sicapent. Yield: 31.7
g (100% of theory) LC-MS (method 2): Rt = 0 78 min MS (ESIpos): mh = 369 (M+H)+ BHC 10 1 003

Foreign Countries,; 44 »\ %W/&ﬁﬁéﬂ . Example 1. Methyl {
4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3 ,4-b]pyridin-3-yl]pyrimidin-5- ylicarbamate 50

H3 In pyridine (6Q w :'z) é8 nmol) flg com Z%f m le 11 infraduced
under argon and cgo ecf2 t }8@/% é%@gé;é?%n%? %ésm}%gy L@?ﬁéﬁégg}&?ﬁw@#ﬁﬁér{n@te in
dichloromethane (10 ml) was added dropwise and the mixture was stirred at OC for 1 h. Thereafter the
reaction mixtu?e vi:t-i@'—BPz)%%t to RT, concentrated under reduced pressure and co- 10 distilled repeatedly
with toluene. The residue was stirred with water/ethanol and then filtered off on a fit, after which it was
washed with ethardtA®SthyPREEeitBodfilfsequently the residue was again stirred with diethyl ether,
isolated by filtration with suction and then dried under a high vacuum. Yield: 24.24 g (65 % of theory) 15
LC-MS (method 2): R = 079 min MS (ESIpos): m/z = 4R{( )+ 1H NMR (400 MHz, DMSO-d6): 6 =
3.62 (br. s, 3H), 5.79 (s, 2H), 6.22 (br. s, 4H), 7.10 - .197 , 2H), 7.19 - 7.26 (m, 1H), 7.32- 7.40 (m, 1H),
7.67 and 7.99 (2 br. s, 1H), 8.66 (m, 1H), 8.89 (dlgl

N
NN

81.2 ml (582.25 mmol) of triethylamine were addedtsuspension of 46.2 g (264.66 mmol) of 2-
chloro-5-fluoronicotinamide in dichloromethane (788), and the mixture was cooled to 0°C.
10 Then, with stirring, 41.12 ml (291.13 mmol) of libroacetic anhydride were added slowly
dropwise and the mixture was stirred at 0°C forH.Jhe reaction solution was subsequently
washed twice with saturated aqueous sodium bicatbosolution (391 ml each time), dried and

concentrated under reduced pressure.
Yield: 42.1 g (90% of theory)

15 'H NMR (400 MHz, DMSO-¢): = 8.66 (dd, 1H), 8.82 (d, 1H).
Example 4A

5-Fluoro-1H-pyrazolo[3,4-b]pyridine-3-amine

N

ZT1
Ve

NS

N
=
NH,

A suspension of 38.5 g (245.93 mmol) of 2-chlorfie®ronicotinonitrile was initially charged in
20 1,2-ethanediol (380 ml), and hydrazine hydrate @18, 2.459 mol) was then added. The mixture

was heated under reflux with stirring for 4 h. Tgreduct precipitated on cooling. Water (380 ml)

was added to the yellow crystals, and the mixtuas wubjected to extractive stirring at RT for

10 min. The suspension was then filtered with suctver a frit, and the filter product was



BHC 10 1 003 Fo@@l@ﬁ%iﬁﬁréﬁﬁ chx@mple 2: Methyl {
4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3 ,4-b] pyridin-3 -yl] pyrimidin-5- yllmethylcarb
amate 5A quantity of 200 mg (0.469 mmol) of methyl 4,8ediamino-2-[5-fluoro-1-(2-fluorobenzyl)-1H-
pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-ylcarbamate (Example 1) was introduced in THF (5 ml) at OC. Then
0.704 ml (0.704 mmashedfvithivaidhéxeimeiiandivithzaRCsuigibARaA MinTTe Esidae saikiddednadhehigixture
was stirred at this Jegnparairees2eipemdkiaequently 43.8 1A (0.704 mmol) of iodomethane were
added and the mixture was warmed to RT. After 1 h at this 10 temperature, reaction was terminated with

water (1 ml) and t%ﬂg%t_'@g %Lgptp(gg@)concentrated, the residue being separated by means of
preparative RP-HPLC (water @0.05% formic acid)- acetonitrile gradient).  Yield: 90 mg (44 % of theory)

LC-MS (method 2); R = in.1 (ESIpas) ink = 44 +H)+ R (400 MSO-d6): 6 =
3.00 (s, 3H), 3.53 Enﬁ“ﬁ%g%r&{%w%%gfql#s)%‘é.(éﬁéré?(%ﬂﬁ)d;}.'1}3@?%)@:2@%?%), 7.35 (m,
1H), 8.67 (m, 1H), 8.87 (dd, 1H). Example 3: Methyl {
4,6-diamino-2§5-f@@%9-hfi@-fluorobenzyl)-lH-pyrazoIo [3 ,4-b]pyridin-3 -yl] pyrimidin-5-
20y1}(2,2,2-trifluoroethyl)carbamate BHC 10 1 003 Foreign Countries - 44 - A quantity of 3.470 g (8.138
mmol) of the compdure drétAdeXeiripIezPRldst fUrRSENfed in 35 ml of THF, admixed at 0C with 358 mg
(8.952 mmol) of sodium hydride (60% suspension in mineral oil) and stirred at OC for 90 min, in the

course of which a solution was formed. A quantity of H
N \
N
PV
F

10 g (65.75 mmol) of 5-fluoro-1H-pyrazolo[3,4-bhmine-3-amine were initially charged in THF
(329 ml), and the mixture was cooled to 0°C. 16185131.46 mmol) of boron trifluoride diethyl
10 ether complex were then added slowly. The reactiixture was cooled further to -10°C. A
solution of 10.01 g (85.45 mmol) of isopentyl rigrin THF (24.39 ml) was then added slowly,
and the mixture was stirred for a further 30 miheTmixture was diluted with cold diethyl ether
(329 ml) and the resulting solid was isolated litydiion. A little at a time, the diazonium saluth
prepared was added to a cold (0°C) solution of11.8.885.45 mmol) of sodium iodide in acetone
15 (329 ml), and the mixture was stirred at RT fom3@. The reaction mixture was poured into ice-
water (1.8 ) and extracted twice with ethyl acetéd87 ml each time). The collected organic
phases were washed with saturated aqueous sodiondehsolution (244 ml), dried, filtered and
concentrated. This gave 12.1 g (86% purity, 60%hebry) of the desired compound in the form

of a brown solid. The crude product was reactetiout further purification.
20 LC-MS (method 1): R= 1.68 min; MS (ESIpos): m/z = 264 (M+H)

Example 6A

5-Fluoro-1-(2-fluorobenzyl)-3-iodo-1H-pyrazolo[3pyridine



5 2.519 g (8.952 mmel) P 3 &rPEeiyLLrichloromethanesulphonate was added and the mixture was
stirred at RT for 48 h. Tt was then stirred with water and concentrated on a rotary evaporator. The residue
was taken up in ethyl acetate, and the organic phase wagywashed twice with water and dried over sodium
sulphate. This gave 5.005 g of the target compound (79% of theory, purity by HPLC 65%). A quantity of
250 mg of the residue was purified by means of 10preparatite HPLC (mobile phase: methanol/water,
gradient 30:7090:10). LC-MS (method 2): R = 0.97 min; MS ( m/z = 509 (M+H)+. 1H NMR (400

FYPOSK M/z = .
5480 (sf/2H), 6. : 11-
8.91 (Nei;1H) Example 4: 15Methyl {

MHz, DMSO-d6): 6 [ppm] = 3.63 (s, 3H), 4.06-4.15 (m, 2H 2H), 6.46 (br s, 4H) 7.11-7.15 (m,
2H), 7.20-7.25 (m, 1H), 7.33-7.38 (m, 1H), 8.66 (dﬂ| 1H),
4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyfa \4-b]pyridin-3-yl]pyrimidin-5- ylicarbamate
hydrochloride BHC 10 1 003 Foreign Countries|+ 45 -| A getution of 100 mg ( 0.235 mmol) of Example 1
in 2 ml of 1,4-dioxane was prepared in a browh 5t glasy bottle. In succession, 2 ml of isopropanol and

235 1A (0.235 mmol) of 1M hydrochloric acid were added tp this solution, and the solution was stirred at
RT until the solvents had 5evaporated. Air-drying gave 102 mg (94% of theory) of the title compound.

PLM (100x): crysta) @gﬁ @%5312 AGif g %H SHHHGLT: %&*‘%@ é@%@tﬁg%@ %gé%%thod 3):
);

R=091 min10 M M+H + 1H NMR (400 MHz, D 35and 3.65
(2's, 3H), 5.92 (s, 3H)% (i%s(daofiﬁ% (°h 2Zlgropenzyhiromte 65@ ¢, @PF} 38, mﬁopéoggscgr@ 1H),
8.82 (m, 2H), 13. &éﬁumaﬂdﬂeﬁlﬂmeatme@nah@m&m@\m%iﬁﬁﬁﬂwﬁ%r{d@i Tiedaekaditah MoudOvait, Y%oH
3.70 %N 24'2%; then poured into saturated aqueous sodium chlgotlgion (13 670 ml) and extracted twice with
ethyl acetate (5858 ml). The collected organic phagere washed with saturated aqueous sodium
chloride solution (3905 ml), dried, filtered andhcentrated. The residue was chromatographed on
silica gel (mobile phase: petroleum ether/ethyltaee 97:3) and the product fractions were
concentrated. The resulting solid was dissolveddichloromethane and washed once with
10 saturated aqueous sodium thiosulphate solution gAP@&nd then with saturated aqueous sodium
chloride solution (500 ml). The product was concatedd to dryness and the residue was
suspended in diethyl ether, isolated by filtratigith suction and dried under high vacuum. This

gave 106.6 g (62% of theory) of the desired compoun

'H NMR (400 MHz, DMSO-g): & = 5.73 (s, 2H), 7.13 - 7.26 (m, 3H), 7.33 - 7.41, (H), 7.94
15  (dd, 1H), 8.69 - 8.73 (m, 1H).

Example 7A

2-[5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pgin-3-yl]-5-nitropyrimidine-4,6-diamine



15 measured: %C30%l03: Foribh 8 dhife@mple 5: Methyl {

4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3 ,4-b]pyridin-3-yl]pyrimidin-5- yllcarbamate
sulphate BHC 10 1 003 Foreign Countries - 46 - H3 x-H8S04 A solution of 100 mg ( 0.235 mmol) of
Example 1 in 2 ml of 1,4-dioxane was prepared in a brown 5 ml glass bottle. In succession, 2 ml of
isopropanol and aliwieriaiget, $88 jiq (2235 mimbIpiohe. conpeungHinieniithereradaeitoathivtochstion, and

tﬂe SO')Utifor;lwasi S&iiﬁﬂhélksf%'rn‘rlbr,lﬁhﬁ%gM&ﬁéﬂ&ﬂ%dr@\é@@qgﬁzﬁﬂh'%P@MMHPQL@@M@. ﬁ;ﬂ%m@é’al@@gfh
theory) of the title compo P Q0x): cry. ine : 24 . =115 J/g) TGA: no weight
o5 prior 10 decol U c TR o ALthad o) e 2 Do TR (O AR A SR 1
NMR (400 MHz, DVMSO%ibhy6fppieihaddBielita Sionita ACBLYSD.98 §85219) Werrerite R ) PRRE Y, 1H),
7.38 (M, 1H), 8.5%60r g 4b1743-Aéhan b BtSialds Brighehyh Bes phipaitiumod (s, abiddd Elemertatanlysis for
C19H16F2N802+ H2504: calculated: %€ 43.51:.%H 3.46: %N 21.37; 1 red: %C 43.6; %H 3.4;
06 215, Examol B L Gl SRR e e T oot gt i adael e
4-b]pyridin-3-yl|pyrRriTthHis: Wi HEeiatelpiae maeehy! acetatee collected organic phases were dried over

sodium sulphate, filtered and concentrated. Tisgdoe was subjected to extractive stirring in

ethyl acetate, and the solid was isolated by fitraand dried under high vacuum. This gave 355
10 mg (62% purity, 24% of theory) of the desired compd. The crude product was reacted without

further purification.

LC-MS (method 2): R=1.03 min
MS (ESIpos): m/z = 399 (M+H)
Example 8A

15  5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyiite-3-carbonitrile

F
N
R N
I//N
F
\
N

A suspension of 16.03 g (43.19 mmol) of 5-fluor@2ifluorobenzyl)-3-iodo-1H-pyrazolo[3,4-
b]pyridine (Example 6A) and 4.25 g (47.51 mmol) aafpper cyanide was initially charged in
DMSO (120 ml) and stirred at 150°C for 2 h. Afteroting, the contents of the flask were cooled
20 to about 40°C and poured into a solution of comgieaus ammonia (90 ml) and water (500 ml),
ethyl acetate (200 ml) was added and the mixture sudbjected to brief extractive stirring. The
agueous phase was separated off and extracted om® tmes with ethyl acetate (200 ml each
time). The combined organic phases were washedetwith 10% strength agueous sodium
chloride solution (100 ml each time), dried and aantrated under reduced pressure. The crude

25 product was reacted without further purification.

Yield: 11.1 g (91% of theory)



BHC 10 1 003 FO@J@%%HQ%&@%Z cdaflution of 100 mg (0.235 mmol) of Example 1 in 2 ml of
1,4-dioxane was prepared in a brown 5 ml glass bottle. In succession, 2 ml of THF and a solution of 160
(0.235 mmol) of 85% strength phosphoric acid in 0.3 ml 3 water were added to this solution, and the
solution was stirred at RT 5until the solvents had evaporated. Air-drying gave 105 mg (85.4% of theory) of
the title compoundHPIWR (00X Hry SNdBiRe)DS E 518536, (Adk.7 AH-=7 88 Jiy)4H), BOA: (66088t doss prior
to decomposition 1Q)LC-MS (method 3): R = 091 min MS (ESIpos): m/z = 427 (M+H)+ 1H NMR (400
MHz, DMSO-d6): 6 Bppm] = 3.57 and 3.62 (2 s, methyl signal obscured by water signal, 3H), 5.79 (s, 2H),
6.22 (br s, 4H), 7.%2 é%ﬂ&w’ 7.22 (dd, 1H), 7.36 (m, 1H), 7.67 and 7.99 (2 s, 1H), 8.66 (m, 1H), 8.90 (m,
1H). 15 31P-NM , DMSO-d6): 6 [ppm] = -1.1 Elemental analysis for C191116F2N802+ H3PO4
+ 2 H20: calculated; %C 40,72 %H 4.14: %N 19.99: measured; %C 40.5: %H 4.0; %N 19.5. BHC 10 1
003 Foreign Countiaecreqs CayRRaD 1B P B3 1 RO e A4 38Rz 1) L pyravolo
[3 ,4-b]pyridin-3-yl]pyrimidin-5- ylicarbamate mesylate .

,  XCH,COOH

11.1 g (41.07 mmol) of 5-fluoro-1-(2-fluorobenzyiH-pyrazolo[3,4-b]pyridine-3-carbonitrile
(Example 8A) were added to 2.22 g (41.07 mmol)aafism methoxide in methanol (270 ml), and
the mixture was stirred at RT for 2 h. 2.64 g (2922mol) of ammonium chloride and acetic acid
(9.17 ml) were then added, and the mixture waseldeat reflux overnight. The mixture was then
10 concentrated to dryness and the residue was tgkémwater (100 ml) and ethyl acetate (100 ml)
and adjusted to a pH of 10 using 2N aqueous sotigroxide solution. The mixture was stirred
intensively at RT for about 1 h. The resulting rspon was filtered with suction and the filter
product was washed with ethyl acetate (100 ml)hwater (100 ml) and once more with ethyl

acetate (100 ml). The residue was dried underVvagoum over phosphorus pentoxide.
15 Yield: 9.6 g (78% of theory)
MS (ESIpos): m/z = 288 (M+H)

'H NMR (400 MHz, DMSO-g): 8 = 1.85 (s, 3H), 5.80 (s, 2H), 7.14 - 7.25 (m, 3HE6 (M, 1H),
8.42 (dd, 1H), 8.72 (dd, 1H).

Example 10A

20  2-[5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pglin-3-yI]-5-[(E)-phenyldiazenyl]pyrimidine-

4,6-diamine



5 A solution of 10@,9,60-%33 Fampl) ebExagarle 1 in 2 mi of 1,4-dioxane was prepared in a brown 5 ml
glass bottle. In succession, 2 ml of ethanol and a solution of 22.5 mg (0.235 mmol) of methanesulphonic
acid in 0.3 ml of water were added to this solution, and-the solution was stirred at RT until the solvents
had evaporated Air-drying gave 103 mg (84% of theory) of the title compound. 10PLM (100x): crystalline
DSC: 154C (AH = 11.7 J/g), 167C (AH = -5 J/g), 215.2C (dec, AH = 56.1 J/g) TGA: gradual weight loss
during the measurement LC-MS (method 3): R = 091 min MS (ESIpQs):= 427 (M+H)+ 151H NMR (400
MHz, DMSO-d6): 6 [ppm] = 2.31 (s, 3H), 3.57 and 3.66 (2 @ (s, 2H), 7.17 (m, 2H), 7.25 (dd,
1H), 7.39 (m, 1H), 7.66 (s br, 4H), 8.06 and 8.34 (%\'s, 1H), 8.8 ed, 1H), 8.83 (s, 1H), 13.0 (br s, 1H).
Elemental analysis for C19H16F2N802 + CH403 420
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% %H 4.1; %N 20.2. Example 8: Methyl {

4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H<py 276103 ,4-b]pyridin-3-yl]pyrimidin-5- yllcarbamate

ethane-1,2-disulphonate 5 00 \\ 0 HO" SOH 0 \\

With stirring, 3.85 g (41.34 mmol) of aniline wesdded to water (40 ml) and conc. hydrochloric
acid (7.07 ml), and this mixture was cooled to 0AGsolution of 2.85 g (41.34 mmol) of sodium
nitrite in water (21 ml) was then added dropwisketiveen 0°C and 5°C, followed by stirring at
5 0°C for 15 min. Thereafter, at 0°C, a solution &281g (52.25 mmol) of sodium acetate in water
(19 ml) was added rapidly dropwise, and then, whitrough stirring, a solution of 2.73 g (41.34
mmol) of malononitrile in ethanol (10 ml) was adddapwise. After 2 h at 0°C, the resulting
precipitate was isolated by filtration with suctiand washed three times with water (50 ml each
time) and with petroleum ether (50 ml). The resjdi#l moist, was dissolved in DMF (46 ml) and
10 added dropwise at precisely 85°C to a solution & § (33.07 mmol) of 5-fluoro-1-(2-
fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboxiiamide acetate (Example 9A) in DMF (46
ml) and triethylamine (5.76 ml). The mixture wasgnhstirred at 100°C for 4 h and left to cool to
RT overnight. The mixture was poured into waterQ(48) and subjected to extractive stirring at
RT for 1 h. After the precipitate had been isoldbgdiltration with suction, it was washed twice
15 with water (100 ml each time) and twice with metblab0 ml each time) and then dried under a

high vacuum.

Yield: 9.6 g (59% of theory)

LC-MS (method 2): R=1.21 min

MS (ESlpos): m/z = 458 (M+H)
20 ExamplellA

2-[5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pglin-3-yl]pyrimidine-4,5,6-triamine



00 H3 A solution gﬁ%%q\g&q:&%%mgnt%;xample 1in 2 ml of 1,4-dioxane was prepared in a brown 5
ml glass bottle. In"'succession, 2 mlof isopropanol and 44.6 mg (0.235 mmol) of ethane-1,2- disulphonic

acid were added to this solution, and the solution was stirred at RT until the solvents had evaporated.
Air-drying gave 111 mg (73.7% of theory) of the title compound. 10PLM (100x): predominantly crystalline
DSC: 97C (dec., AH = 103 J/g) TGA: gradual weight loss during the measurement LC-MS (method 3): R
=090 min MS (ESIpos): m/z = 427 (M+H)+ 151H NMR (400 DMSO-d6): 6 [ppm] = 2.66 (s, 4H),
3.57 and 3.66 (2 s, methyl signal obscured by water signal, 3k (s, 2H), 7.17 (m, 2H), 7.25 (m, 1H),
7.39 (m, 1H), 8.05 and 8.35 (2 s, 1H), 8.80 (dd, 1H), 8.84 s, 1H—Elemental analysis for
C19H16F2N802+ C2H60652+ 0.25 H20 + 0.25 I\‘?\alculated %C 41.09; %H 3.84; %N 17.42; BHC
10 1 003 Foreign Countries - 50 - measured: % N1.2; %N 17.6. Example 9: Methyl {
4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1E-py ,4-b]pyridin-3-yl]pyrimidin-5- yllcarbamate
maleate A solution of 100 mg ( 0.235 mmol) of Example L}a 2 ml of 1,4-dioxane was prepared in a brown
5 ml glass bottle. In succession, 2 ml of isopropanol angyZ27.2 \yng (0.235 mmol) of maleic acid were added
to this solution, and the solution was stirred at RT until the_sojventihad evaporated. Air-drying gave 108
mg (84.9% of theory) of the title compound. 10PLM (1Q@x): ckystalline DSC: 192C (dec., AH = 173 J/g)
TGA: 3% weight loss prior to decomposition LC-MS (fmethod BJ,R = 091 min MS (ESIpos): m/z = 427
(M+H)+

Variant A: Preparation starting from Example 7A:

In pyridine (30 ml), 378 mg (0.949 mmol) of the quuaind from Example 7A were introduced and
then 143 mg (0.135 mmol) of palladium (10% on cajbavere added. The mixture was

5 hydrogenated overnight at RT under standard hydrpgessure. The suspension was then filtered
through kieselguhr and the filtercake was washet ethanol. The filtrate was concentrated and
yielded 233 mg (81% purity, 51% of theory) of thesiled compound, which was reacted without
further purification.

Variant B: Preparation starting from Example 10A:

10 In DMF (800 ml), 39.23 g (85.75 mmol) of the compdurom Example 10A were introduced and
then 4 g of palladium (10% on carbon) were adddw: mixture was hydrogenated with stirring
overnight under standard hydrogen pressure. Thehlveds filtered over kieselguhr and the filter
product was washed with a little DMF and then weitlittle methanol, and concentrated to dryness.
The residue was admixed with ethyl acetate ancedtivigorously, and the precipitate was filtered

15 off with suction, washed with ethyl acetate andaldropyl ether and dried under a high vacuum
over Sicapent.

Yield: 31.7 g (100% of theory)
LC-MS (method 2): R=0.78 min
MS (ESlpos): m/z = 369 (M+H)

20



151H NMR (400 MHg, BM%&'QQPéiQr{%%G}Jtﬁe§-56 and 3.64 (2 s, obscured by dioxane signal, 3H), 5.85 (s,
2H), 6.16 (s, 2H), 6.9 (br s, 4H), 7.I5 (m, 2H), 7.23 (dd, 1H), 7.37 (m, 1H), 7.85 and 8.13 (2 s, 1H), 8.73
(s, 1H), 8.86 (dd, 1H). Elemental analysis for C19H16F24¢802 + C4I1-1404 + 0.5 H20 + 0.5 C4H802:
calculated: %C 50.42; %H 4.23; %N 18.82; BHC 10 1 003 Foreign Countries -51 - measured: %C 50.7;
%H 3.9 ; %N 18.8\Mexsdngsampledethyl { 4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3
,4-b]pyridin-3-yl]pyrimidin-5- yllcarbamate nitrate 5 x HNO3 A solution of 100 mg ( 0.235 mmol) of
Example 1 in 2 mieskispierbpanol was prepared in a brown 5 ml glass bottle. In succession, 2 ml of
isopropanol and 0.235 1.t1 (0.235 mmol) of 1M nitric acid were added to this solution, and the solution
was stirred at RT wreihiheselvpiimbademaneratediubistinying-oprebismeSidieaiyasiyindg-the title
compound. 10PLM 1%?3%%1 erystalline DSC: 175C (dec., AH =-224 J/g) TGA: 3% weight loss prior to
decomposition L8 {method 3): R =091 min MS (ESIpos): m/z = 427 (M+H)+ 151H NMR (400 MHz,
DMSO-d6): 6 [ppm] = 3.57 and 3.66 (2 s, 3H), 5.93 (s, 2H)
7.65 (br s, 4H), 8.02 and 8.32 (2 s, 1H), 8.80 (dd, 1H), 8.8§
C191116F2N802+ HNO3 + 0.75 H20: calculated: %C 45.38

7.16 (m, 2H), 7.25 (dd, 1H), 7.38 (m, 1H),
), 13.0 (br s, 1H). Elemental analysis for

71: %N 25.07;

O—cH,

In pyridine (600 ml), 31.75 g (86.20 mmol) of thengpound from Example 11A were introduced

under argon and cooled to 0°C. Then a solution.@® énl (86.20 mmol) of methyl chloroformate

in dichloromethane (10 ml) was added dropwise drel mixture was stirred at 0°C for 1 h.

Thereafter the reaction mixture was brought to Bancentrated under reduced pressure and co-
10 distilled repeatedly with toluene. The residue whsed with water/ethanol and then filtered off

on a frit, after which it was washed with ethanotl@thyl acetate. Subsequently the residue was

again stirred with diethyl ether, isolated by &lion with suction and then dried under a high

vacuum.
Yield: 24.24 g (65 % of theory)

15 LC-MS (method 2): R= 0.79 min
MS (ESIpos): m/z = 427 (M+H)

'H NMR (400 MHz, DMSO-g): & = 3.62 (br. s, 3H), 5.79 (s, 2H), 6.22 (br. s, 4H)0 - 7.19 (m,
2H), 7.19 - 7.26 (m, 1H), 7.32 - 7.40 (m, 1H), 7&% 7.99 (2 br. s, 1H), 8.66 (m, 1H), 8.89 (dd,
1H).



BHC 10 1 003 Fo@@l@‘i%@ﬁr@?&?&%ﬂﬂie%’c 45.4; %H 3.7; %N 25.0. BHC 10 1 003 Foreign
Countries - 53 - B.Assessment of pharmacological activity The pharmacological effect of the compounds
according to the invention can be shown in the followingagssays: B-1.Vasorelaxant effect in intro 5
Rabbits are stunned by a blow to the neck and exsanguinated. The aorta is removed, freed from adhering
tissue and dividecExgmpiags of a width of 1.5 mm The rings are placed individually under an initial tension
in 5 ml organ baths with Krebs-Henseleit solution which is at 37C, is gassed with carbogen and has the
following compositiieth{in gaeidiambe PH8)flsodilr2-dolorben 2B -potassadi diperidie: 3y8pwatddinyd-chloride
dihydrate: 1; mag @ﬂm@g,lgmgqeheptahydrate: 1.4; 10 potassium dihydrogenphosphate: 1.2; sodium
bicarbonate: 25; glucose: 10. The force of contraction is detected with Statham UC2 cells, amplified and
digitized via A/D converters (DAS1802 HC, Keithley Instruglents, Munich) and recorded in parallel on
chart recorders. To produce a contraction, phenylephrine is\edded to the bath cumulatively in increasing
concentration. After several control cycles, the substance to b stigated Is added in each further run
in increasing 15 dosage in each case, and the height of yction achieved is compared with the
height of the contraction reached in the last preceding fyn. The concentration necessary to reduce the
height of the control value by 50% is calculate fron this\|(|050 value). The standard administration
volume is 50 and the proportion of DMSO in tion corresponds to 0.1%.  Representative
IC50 values for the compounds according fo the Tnventign are shown in the table 20 below (Table 1):
Table 1: Example No. IC50 [nM] 1 958 2 251 3 /N

N \
—_ NH,
H,N N\/(O
/
H,C

O—cH,

Q J,

5 A quantity of 200 mg (0.469 mmol) of methyl 4,6-di@o-2-[5-fluoro-1-(2-fluorobenzyl)-1H-
pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-ylcarbamai@&xample 1) was introduced in THF (5 ml) at
0°C. Then 0.704 ml (0.704 mmol) of lithium hexanyddisilazane solution (1M in THF) was
added and the mixture was stirred at this temperafor 20 min. Subsequently 43.8 pl
(0.704 mmol) of iodomethane were added and theumgxivas warmed to RT. After 1 h at this

10 temperature, reaction was terminated with watenljland the reaction mixture was concentrated,
the residue being separated by means of preparRiRIPLC (water (+0.05% formic acid)-

acetonitrile gradient).

Yield: 90 mg (44 % of theory)

LC-MS (method 2): R= 0.85 min
15 MS (ESIpos): m/z = 441 (M+H)

'H NMR (400 MHz, DMSO-¢): & = 3.00 (s, 3H), 3.53 and 3.66 (2s, 3H), 5.81 K, B.57 (br. s,
4H), 7.13 (m, 2H), 7.22 (m, 1H), 7.35 (m, 1H), 8(&7, 1H), 8.87 (dd, 1H).

Example 3:

Methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-
20 yl}(2,2,2-trifluoroethyl)carbamate



515 BHC 101 Ooélfc,oﬁig%&qi‘ﬂ?giiﬁ'?Co%ﬁtfi&'z'EffeCt on a recombinantlate c clase resorter cell line The
cellular activity of the compounds according to the invention is determined using a recombinant guanylate
cyclase reporter cell line, as described in F. Wunder et-al4 Anal. Biochem. 339 104-112 (2005). 5
Representative values (MEC = minimum effective concentration) for the compounds according to the
invention are shown in the table below (Table 2): Table 2: Fkxample No. MEC [p.M] 1 0.3 2 0.1 3 0.03

N \
N
| P
F
N
N\
— NH,
H,N N\(O
O\
i CH,
FF

A quantity of 3.470 g (8.138 mmol) of the compouram Example 1 was suspended in 35 ml of
THF, admixed at 0°C with 358 mg (8.952 mmol) of isod hydride (60% suspension in mineral
oil) and stirred at 0°C for 90 min, in the courdewdich a solution was formed. A quantity of

5 25199 (8.952 mmol) of 2,2,2-trifluoroethyl tricmbmethanesulphonate was added and the
mixture was stirred at RT for 48 h. It was thenreti with water and concentrated on a rotary
evaporator. The residue was taken up in ethyl teetand the organic phase was washed twice
with water and dried over sodium sulphate. Thisegaw05 g of the target compound (79% of
theory, purity by HPLC 65%). A quantity of 250 m@ the residue was purified by means of

10 preparative HPLC (mobile phase: methanol/watedigra 30:70- 90:10).

LC-MS (method 2): R= 0.97 min; MS (Elpos): m/z = 509 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 3.63 (s, 3H), 4.06-4.15 (m, 2H), 5.807Hl), 6.46 (br
s, 4H) 7.11-7.15 (m, 2H), 7.20-7.25 (m, 1H), 7.3387(m, 1H), 8.66 (dd, 1H), 8.91 (dd, 1H).

Example 4:

15 Methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyfyH-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate hydrochloride



10rats A commercéﬂ{-yﬂ)Vf\i&glgc},%lﬁmggynﬁy&tem from DATA SCIENCES INTERNATIONAL DSI, USA, is
employed for the blood pressure measurements on conscious rats described below. The system consists
of 3 main components: implantable transmitters (Phys-atelO telemetry transmitter) 15- receivers (Phys
otelO receiver) which are linked via a multiplexer (DSI Data Exchange Matrix) to a data acquisition
computer. The telemetry system makes it possible to contiryously record blood pressure, heart rate and
body motions of conscious animals in their usual habitat 20 2\ material BHC 10 1 003 Foreign
Ievated blood pressure and female

Countries - 55 - were a cross of male Wistar Kyoto rats with
rats having a slightly elevated blood pressure anchat F13 handedover to the U.S. National Institutes of
Health. After transmitter implantation, the expegim Yaimals are housed singly in type 3 Makrolon
cages. They have free access to standard fee |an} ategN5 The day/night rhythm in the experimental
laboratory is changed by the room lighting . ant at 7.00pm. Transmitter implantation The
telemetry transmitters TA11 PA - C40 used are surgicallydmplanted under aseptic conditions in the
experimental animals at least 14 days before the first gxperimpental use. The animals 10 instrumented in
this way can be employed repeatedly after the wound has flland the implant has settled. For the
implantation, the fasted animals are anaesthetized wjith peftobarbjtal (Nembutal, Sanofi: 50 mg/kg i.p. )
and shaved and disinfected over a large area of thefr adeﬂen%/ fter the

O—
x HCI CH,

A solution of 100 mg ( 0.235 mmol) of Example 12iml of 1,4-dioxane was prepared in a brown
5 ml glass bottle. In succession, 2 ml of isoprapamd 235 pl (0.235 mmol) of 1M hydrochloric
acid were added to this solution, and the solutias stirred at RT until the solvents had

5 evaporated. Air-drying gave 102 mg (94% of theafy)he title compound.
PLM (100x): crystalline
DSC: 224°C (decAH =189 J/g)
TGA: 1% weight loss at 80°C
LC-MS (method 3): R=0.91 min
10 MS (ESlpos): m/z = 427 (M+H)

'H NMR (400 MHz, DMSO-¢): & [ppm] = 3.35 and 3.65 (2 s, 3H), 5.92 (s, 2H157(dd, 1H),
7.25 (m, 2H), 7.37 (m, 1H), 7.75 (br s, 4H), 8.0818.39 (2 s, 1H), 8.82 (m, 2H), 13.2 (br s, 1H).

Elemental analysis for gH16F:NgO, + HCI:
calculated: %C 49.31; %H 3.70; %N 24.21;
15 measured: %C 49.5; %H 3.7; %N 24.3.

Example5:

Methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate sulphate



abdominal cavity hag-beenprenedalengihrdinea alba, the liquid-filled measuring catheter of the 15
system is inserted into the descending aorta in the cranial direction above the bifurcation and fixed with

tissue glue (VetBONnDTM, 3M). The transmitter housing-igdixed intraperitoneally to the abdominal wall
muscle, and layered closure of the wound is performed. An antibiotic (Tardomyocel COMP, Bayer, 1
ml/kg s.c.) is administered postoperatively for prophyl&xis of infection. 20 Substances and solutions
Unless indicated otherwise, the substances to be investare administered orally by gavage in each

case to a group of animals (n = 6). The test substances{g ssolved in suitable solvent mixtures, or
suspended in 0.5% strength Tylose, approp[\ilate for/an atdniristration volume of 5 ml/kg of body weight.
25A solvent-treated group of animals is eqfpl Ys control. Test procedure BHC 10 1 003 Foreign
Countries - 56 - Each of the instrumented|rrats living Y the system is assigned a separate receiving

incorporated magnetic switch and are switched to t \ﬁ\lmission in the run-up to the experiment. The
emitted signals can 5 be detected online by a data acquisition system (DataquestTM A.R.T. for Windows,
DSI) and be appropriately processed. The data arg st 'quZach cast j8G file created for this purpose
rocedure, the following are measured for 10-second
periods in each case: systolic blood pressure {SBP) 1i9<diastolic blood pressure (DBP) mean arterial
pressure (MAP) heart rate (HR) activity (ACT). The a't'qw ition of measured values is repeated under

computer control at 5-minute intervals. The O\CH3

A solution of 100 mg ( 0.235 mmol) of Example 12iml of 1,4-dioxane was prepared in a brown
5 ml glass bottle. In succession, 2 ml of isoprapand a solution of 938 pl (0.235 mmol) of
0.25M sulphuric acid were added to this solutiomd éhe solution was stirred at RT until the

5 solvents had evaporated. Air-drying gave 103 mg7@3of theory) of the title compound.
PLM (100x): crystalline
DSC: 242°C (decAH = 115 J/g)
TGA: no weight loss prior to decomposition
LC-MS (method 3): R= 0.91 min
10 MS (ESIpos): m/z = 427 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 3.56 and 3.66 (2 s, 3H), 5.93 (s, 2H),67(th, 2H),
7.25 (dd, 1H), 7.38 (m, 1H), 7.59 (br s, 4H), 8a0@l 8.32 (2 s, 1H), 8.82 (m, 2H), 13.0 (br s, 1H).

Elemental analysis for gH16F:NgO, + H,SOy:
calculated: %C 43.51; %H 3.46; %N 21.37;
15 measured: %C 43.6; %H 3.4; %N 21.2.

Example 6:

Methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate phosphate



15 source data obtajped) %%@%l@ﬁn"@éﬂﬁtﬁé@ corrected in the diagram with the currently measured
barometric pressure (Ambient Pressure Reference Monitor; APR-1) and stored as individual data. Further
technical details are given in the extensive documentatiarr from the manufacturing company (DSI).
Unless indicated otherwise, the test substances are administered at 9.00am on the day of the
20experiment. Following the administration, the paramieters described above are measured over 24
hours. Evaluation After the end of the experiment, the ac individual data are sorted using the

[/

analysis software (DataquestTM A.R.T.Tm Analysis). THg value is assumed to be the time 2 hours
before 25administration of the substance, soI\Il'hat the selested data set includes the period from 7.00am
on the day of the experiment to 9.00am o Wing day. The data are smoothed over a presettable
time by determination of the average (15-minutgl average) and transferred as a text file to a storage
medium. The measured values presor compyressed in this way are transferred into Excel
templates and tabulated. For each day of the experi \rll\}, the BHC 10 1 003 Foreign Countries - 57 -
data obtained are stored in a dedicated file carrying the humber of the experiment. Results and test
protocols are filed in paper form sorted by number$ Re gltive xadyes for the compounds according
to the invention are shown in the table below qz e 3\ 5Tab6e 3: Example 1: Example 2:

N\(

H

O—

CH,

A solution of 100 mg ( 0.235 mmol) of Example 12iml of 1,4-dioxane was prepared in a brown

5 ml glass bottle. In succession, 2 ml of THF arslation of 16 pl (0.235 mmol) of 85% strength

phosphoric acid in 0.3 ml of water were added te flolution, and the solution was stirred at RT
5 until the solvents had evaporated. Air-drying gal@ mg (85.4% of theory) of the title

compound.

PLM (100x): crystalline

DSC: 183°C (decAH = 65 J/g)

TGA: 6% weight loss prior to decomposition
10 LC-MS (method 3): R= 0.91 min

MS (ESIpos): m/z = 427 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 3.57 and 3.62 (2 s, methyl signal obscurgdvater
signal, 3H), 5.79 (s, 2H), 6.22 (br s, 4H), 7.15 @H), 7.22 (dd, 1H), 7.36 (m, 1H), 7.67 and 7.99
(2 s, 1H), 8.66 (m, 1H), 8.90 (m, 1H).

15 *P-NMR (400 MHz, DMSO-g): 3 [ppm] = -1.1
Elemental analysis for gH16F2NgO, + HsPO, + 2 H,O:
calculated: %C 40.72; %H 4.14; %N 19.99;

measured: %C 40.5; %H 4.0; %N 19.5.



Vehicle Dosage 0g} g9 s oA gk po Vehicle Dosage 0.3 mg/kg P.O. hours after
substance administr ation mean blood pressure (mm Hg) mean blood pressure (mm Hg) mean blood

pressure (mm Hg) hours after substance administr ationugmean blood pressure (mm Hg)

Example 7:

Methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate mesylate

N
O,
N
P/
F
=N
N
\ NH,
HN© ) 0 xH,CSOH
H\‘(
O—ch,

5 A solution of 100 mg ( 0.235 mmol) of Example 12iml of 1,4-dioxane was prepared in a brown
5 ml glass bottle. In succession, 2 ml of ethanad a solution of 22.5 mg (0.235 mmol) of
methanesulphonic acid in 0.3 ml of water were addettlis solution, and the solution was stirred
at RT until the solvents had evaporated. Air-drygaye 103 mg (84% of theory) of the title

compound.
10 PLM (100x): crystalline
DSC: 154°C §H = 11.7 J/g), 167°CAH = -5 J/g), 215.2°C (dea\H = 56.1 J/g)
TGA: gradual weight loss during the measurement
LC-MS (method 3): R= 0.91 min
MS (ESIpos): m/z = 427 (M+H)

15 'H NMR (400 MHz, DMSO-g¢): & [ppm] = 2.31 (s, 3H), 3.57 and 3.66 (2 s, 3H)35$, 2H), 7.17
(m, 2H), 7.25 (dd, 1H), 7.39 (m, 1H), 7.66 (s 1i)48.06 and 8.34 (2 s, 1H), 8.81 (dd, 1H), 8.83
(s, 1H), 13.0 (br s, 1H).

Elemental analysis forgH;FNgO, + CH,O3S + HO:

calculated: %C 44.44; %H 4.14; %N 20.7;



mean blood pressgie- (18 §38)F LR B dpi@sl49.0 0 149.0 161.3 1 164.5 148.4 129.3 1 158.2 145.7 2
146.7 136.4111.12

-49 -
measured: %C 44.3; %H 4.1; %N 20.2.
Example 8:

Methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate ethane-1,2-disulphonate

N
P ]
~4 HO R
F o
=N O O
N
\_ NH,
H,N N\(O
H

O~ch,

A solution of 100 mg ( 0.235 mmol) of Example 12iml of 1,4-dioxane was prepared in a brown
5 ml glass bottle. In succession, 2 ml of isoprapand 44.6 mg (0.235 mmol) of ethane-1,2-
disulphonic acid were added to this solution, @l golution was stirred at RT until the solvents

had evaporated. Air-drying gave 111 mg (73.7% ebtly) of the title compound.
10 PLM (100x): predominantly crystalline

DSC: 97°C (decAH =103 J/g)

TGA: gradual weight loss during the measurement

LC-MS (method 3): R= 0.90 min

MS (ESIpos): m/z = 427 (M+H)

15 'H NMR (400 MHz, DMSO-g): 5 [ppm] = 2.66 (s, 4H), 3.57 and 3.66 (2 s, metlyhal obscured
by water signal, 3H), 5.93 (s, 2H), 7.17 (m, 2HR57(m, 1H), 7.39 (m, 1H), 8.05 and 8.35 (2 s,
1H), 8.80 (dd, 1H), 8.84 (s, 1H).

Elemental analysis for gH1¢F.NgO, + GHgOsS, + 0.25 HO + 0.25 GHgOy:

calculated: %C 41.09; %H 3.84; %N 17.42;



142.2 130.5 3 145:4,430-6 J95:0,3:148 21215 4 149.6 129.1 107.8 4 152.3 123.1 5 149.9 132.8 109.3 5
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measured: %C 41.2; %H 4.2; %N 17.6.
Example 9:

Methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

yl}carbamate maleate

N
B
N
P/
F p—
S e
N\ O O
// NH,
H

O—ch,

A solution of 100 mg ( 0.235 mmol) of Example 12iml of 1,4-dioxane was prepared in a brown
5 ml glass bottle. In succession, 2 ml of isoprapand 27.2 mg (0.235 mmol) of maleic acid
were added to this solution, and the solution weieed at RT until the solvents had evaporated.

Air-drying gave 108 mg (84.9% of theory) of théeticompound.
PLM (100x): crystalline

DSC: 192°C (decAH = 173 J/g)

TGA: 3% weight loss prior to decomposition

LC-MS (method 3): R= 0.91 min

MS (ESIpos): m/z = 427 (M+H)

'H NMR (400 MHz, DMSO-¢): & [ppm] = 3.56 and 3.64 (2 s, obscured by dioxageadj 3H),
5.85 (s, 2H), 6.16 (s, 2H), 6.9 (br s, 4H), 7.15 2H), 7.23 (dd, 1H), 7.37 (m, 1H), 7.85 and 8.13
(2's, 1H), 8.73 (s, 1H), 8.86 (dd, 1H).

Elemental analysis for (gH16F2NgO, + C;H404 + 0.5 HO + 0.5 GHgO,:

calculated: %C 50.42; %H 4.23; %N 18.82;



155.8 121.6 6 15136,435.6 JP5:8,8idd&3 ka8 7 147.6 131.9 110.9 7 147.3 124.4 8 147.5 131.8 109.8 8
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measured: %C 50.7; %0H 3.9 ; %N 18.8.
Example 10:

Methyl

yl}carbamate nitrate

{4,6-diamino-2-[5-fluoro-1-(2-fluorobenzy}H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-

N
8P
N
PP/
F
=N
N\ HNO
X
4/ NH, 3
H

O—ch,

A solution of 100 mg ( 0.235 mmol) of Example 12iml of isopropanol was prepared in a brown
5 ml glass bottle. In succession, 2 ml of isoprapamd 0.235 pl (0.235 mmol) of 1M nitric acid
were added to this solution, and the solution weieed at RT until the solvents had evaporated.

Air-drying gave 103 mg (89.7% of theory) of théetitcompound.
PLM (100x): crystalline

DSC: 175°C (decAH = -224 J/qg)

TGA: 3% weight loss prior to decomposition

LC-MS (method 3): R= 0.91 min

MS (ESIpos): m/z = 427 (M+H)

'H NMR (400 MHz, DMSO-g): & [ppm] = 3.57 and 3.66 (2 s, 3H), 5.93 (s, 2H),67(th, 2H),
7.25 (dd, 1H), 7.38 (m, 1H), 7.65 (br s, 4H), 8a®1 8.32 (2 s, 1H), 8.80 (dd, 1H), 8.83 (s, 1H),
13.0 (br s, 1H).

Elemental analysis forgH;¢FNgO, + HNO; + 0.75 HO:

calculated: %C 45.38; %H 3.71; %N 25.07;



ﬁlg.g ﬁ&? 9 150,8,438-5 dgr3 idoL ) lAas7 10 149.8 138.3 114.5 10 152.5 139.2 11 154.0 138.9
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measured: %C 45.4; %H 3.7; %N 25.0.



igcz).g 57.9 12 145.3 137 318,17 £46:2443.0 13 141.1 142.9 120.4 13 143.2 146.0 14 147.8 1445
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B. Assessment of phar macological activity

The pharmacological effect of the compounds acogrdo the invention can be shown in the

following assays:

B-1. Vasorelaxant effedn vitro

5 Rabbits are stunned by a blow to the neck and exsaated. The aorta is removed, freed from
adhering tissue and divided into rings of a widthld mm. The rings are placed individually
under an initial tension in 5 ml organ baths witheBs-Henseleit solution which is at 37°C, is
gassed with carbogen and has the following comipaosfin each case mM): sodium chloride 119;
potassium chloride: 4.8; calcium chloride dihydrate magnesium sulphate heptahydrate: 1.4;

10 potassium dihydrogenphosphate: 1.2; sodium bicateon25; glucose: 10. The force of
contraction is detected with Statham UC2 cells, ldimg and digitized via A/D converters (DAS-
1802 HC, Keithley Instruments, Munich) and recordegarallel on chart recorders. To produce a
contraction, phenylephrine is added to the bathulatively in increasing concentration. After
several control cycles, the substance to be iryestil is added in each further run in increasing

15 dosage in each case, and the height of the coiatnaathieved is compared with the height of the
contraction reached in the last preceding run. ddreentration necessary to reduce the height of
the control value by 50% is calculated from thiSs¢lvalue). The standard administration volume

is 5 pl and the proportion of DMSO in the bath solu corresponds to 0.1%.

Representative I§ values for the compounds according to the invenéice shown in the table
20 below (Table 1):

Tablel:
Example No. 1Go [NM]
1 958
2 251
3 515
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B-2. Effect on a recombinant guanylate cyclase nepeell line

The cellular activity of the compounds according tte invention is determined using a
recombinant guanylate cyclase reporter cell lised@scribed in F. Wunder et anal. Biochem.

339, 104-112 (2005).

5 Representative values (MEC = minimum effective emtiation) for the compounds according to

the invention are shown in the table below (Table 2

Table2:
Example No. MEC [uM]
1 0.3
2 0.1
3 0.03

B-3. Radiotelemetric measurement of blood preseureonscious spontaneously hypertensive

10 rats

A commercially available telemetry system from DATFCIENCES INTERNATIONAL DSI,

USA, is employed for the blood pressure measuresr@mtonscious rats described below.
The system consists of 3 main components:
— implantable transmitters (Physiotel® telemetry sraitter)

15 — receivers (Physiotel® receiver) which are linked &multiplexer (DSI Data Exchange Matrix)

toa
— data acquisition computer.

The telemetry system makes it possible to contislyotecord blood pressure, heart rate and body

motions of conscious animals in their usual habitat

20 Animal material

The investigations are carried out on adult fersplentaneously hypertensive rats (SHR Okamoto)
with a body weight of >200 g. SHR/NCrl from the @#oto Kyoto School of Medicine, 1963



143.9 156.3 18 1%&%%/6&2,90@3% &30Rido7-3 BHC 10 1 003 Foreign Countries - 58 - Example 1:
Example 2: Vehicle Dosage 0.3 mg/kg po Dosage 3.0 mg/kg po

-B5 .

were a cross of male Wistar Kyoto rats with higblgvated blood pressure and female rats having

a slightly elevated blood pressure and at F13 tdhoger to the U.S. National Institutes of Health.

After transmitter implantation, the experimentaina@ls are housed singly in type 3 Makrolon

cages. They have free access to standard feedanrd

5 The day/night rhythm in the experimental laboratmrychanged by the room lighting at 6.00am
and at 7.00pm.

Transmitter implantation

The telemetry transmitters TA11 PA — C40 used argisally implanted under aseptic conditions
in the experimental animals at least 14 days befbee first experimental use. The animals
10 instrumented in this way can be employed repeatafigr the wound has healed and the implant

has settled.

For the implantation, the fasted animals are ahaéged with pentobarbital (Nembutal, Sanofi:
50 mg/kg i.p. ) and shaved and disinfected ovelargel area of their abdomens. After the
abdominal cavity has been opened along the lings, #ghe liquid-filled measuring catheter of the
15 system is inserted into the descending aorta irctheial direction above the bifurcation and fixed
with tissue glue (VetBonD™, 3M). The transmitterusing is fixed intraperitoneally to the

abdominal wall muscle, and layered closure of themd is performed.

An antibiotic (Tardomyocel COMP, Bayer, 1 ml/kg .5.¢s administered postoperatively for

prophylaxis of infection.

20 Substances and solutions

Unless indicated otherwise, the substances toussiigated are administered orally by gavage in
each case to a group of animals (n = 6). The telsstances are dissolved in suitable solvent
mixtures, or suspended in 0.5% strength Tyloseraguate for an administration volume of 5

ml/kg of body weight.

25 A solvent-treated group of animals is employedagrol.

Test procedure

The telemetry measuring unit present is configdfted24 animals. Each experiment is recorded

under an experiment number (Vyear month day).



Vehicle Dosage 0g} g9 hyS=Sei il Rubstance administr ation mean blood pressure (mm Hg)
mean blood pressure (mm Hg) mean blood pressure (mm Hg) hours after substance administr ation

mean blood pressure (mm Hg) mean blood pressure (mpg Hg) 19 151.2 149.2 135.6 19

10

15

20

25

Each of the instrumented rats living in the systerassigned a separate receiving antenna (1010
Receiver, DSI).

The implanted transmitters can be activated exligriey means of an incorporated magnetic
switch and are switched to transmission in theupito the experiment. The emitted signals can
be detected online by a data acquisition systentaffuest™ A.R.T. for Windows, DSI) and be

appropriately processed. The data are stored ih ease in a file created for this purpose and

bearing the experiment number.

In the standard procedure, the following are messtor 10-second periods in each case:
— systolic blood pressure (SBP)

— diastolic blood pressure (DBP)

— mean arterial pressure (MAP)

— heart rate (HR)

— activity (ACT).

The acquisition of measured values is repeatedrurmiaputer control at 5-minute intervals. The
source data obtained as absolute value are cadrectihe diagram with the currently measured
barometric pressure (Ambient Pressure ReferencetMpPR-1) and stored as individual data.
Further technical details are given in the extemstlocumentation from the manufacturing

company (DSI).

Unless indicated otherwise, the test substancesa@dmgnistered at 9.00am on the day of the
experiment. Following the administration, the pagtars described above are measured over 24

hours.
Evaluation

After the end of the experiment, the acquired iitlial data are sorted using the analysis software
(Dataquest™ AR.T.™ Analysis). The blank valueassumed to be the time 2 hours before
administration of the substance, so that the safliedata set includes the period from 7.00am on

the day of the experiment to 9.00am on the follgday.

The data are smoothed over a presettable timetbyrmi@ation of the average (15-minute average)
and transferred as a text file to a storage meditme. measured values presorted and compressed

in this way are transferred into Excel templated tabulated. For each day of the experiment, the
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data obtained are stored in a dedicated file aagritie number of the experiment. Results and test

protocols are filed in paper form sorted by numbers

Representative values for the compounds accordirtiget invention are shown in the table below

(Table 3):
5 Table3:
Example 1. Example 2:
Vehicle Dosage Dosage Vehicle Dosage
0.3mg/kg | 3.0 mg/kg 0.3 mg/kg
p.o. p.o. p.o.
hours mean blood| mean mean hours mean mean
after pressure blood blood after blood blood
substanceg (mm Hg) pressure | pressure | substance| pressure | pressure
administr (mmHg) | (mmHg) | administr | (mm Hg) | (mm Hg)
ation ation
0 153.6 151.0 149.0 0 149.0 161.3
1 164.5 148.4 129.3 1 158.2 145.7
2 146.7 136.4 1111 2 142.2 130.5
3 145.4 130.6 106.0 3 149.2 1215
4 149.6 129.1 107.8 4 152.3 123.1
5 149.9 132.8 109.3 5 155.8 121.6
6 151.6 125.6 106.8 6 147.3 123.8
7 147.6 131.9 110.9 7 147.3 124.4
8 147.5 131.8 109.8 8 149.3 128.7
9 150.8 138.5 114.3 9 151.0 133.7
10 149.8 138.3 1145 10 152.5 139.2
11 154.0 138.9 115.6 11 150.3 137.9
12 145.3 137.7 118.8 12 146.2 143.0
13 141.1 142.9 120.4 13 143.2 146.0
14 147.8 144.5 122.8 14 146.4 149.2
15 151.0 143.8 125.8 15 150.5 152.3
16 151.3 146.3 131.5 16 145.3 155.5
17 148.8 141.8 124.7 17 143.9 156.3
18 149.2 138.4 129.6 18 150.3 157.3




153.3 147.1 23 150.3 143 630,223 £54nkid53.1 24 147.4 135.1 130.8 24 154.1 152.3 References

Klaus Witte, Kai Hu, Johanna Swiatek, Claudia Mussig, Georg Ertl and Bjorn Lemmer: Experimental heart
failure in rats: effects on cardiovascular circadian rhythnsgand on myocardial 5 p-adrenergic signaling.
Cardiovasc Res 47 (2): 203-405, 2000; Kozo Okamoto- Spontaneous hypertension in rats. Int Rev Exp

Pathol 7: 227- 270, 1B&9Mkarten van den Buuse: Circadian RBydéhpis &f Blood Pressure, Heart Rate,
and Locomotor Activity in Spontaneously Hypertensive Rats as Measured With Radio-Telemetry.
Physiology & Behavior55(4)- '7\78e3hiZI8e'7’ 1“%gsage Dosage Vehicle Dosage
0.3mg/kg | 3.0 mg/kg 0.3 mg/kg
p.o. p.o. p.o.
hours mean blood| mean mean hours mean mean
after pressure blood blood after blood blood
substanceg (mm Hg) pressure | pressure | substance| pressure | pressure
administr (mmHg) | (mmHg) |administr | (mmHg) | (mm Hg)
ation ation
19 151.2 149.2 135.6 19 147.7 156.9
20 152.6 145.1 135.2 20 153.4 156.3
21 146.3 142.1 129.3 21 148.6 149.3
22 146.3 141.8 128.3 22 153.3 147.1
23 150.3 143.6 130.2 23 151.1 153.1
24 147.4 135.1 130.8 24 154.1 152.3
Refer ences
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Klaus Witte, Kai Hu, Johanna Swiatek, Claudia M@ssGeorg Ertl and Bjérn Lemmer:
Experimental heart failure in rats: effects on @ardscular circadian rhythms and on myocardial
B-adrenergic signaling. Cardiovasc Res 47 (2): 208-2000; Kozo Okamoto: Spontaneous
hypertension in rats. Int Rev Exp Pathol 7: 2270,210969; Maarten van den Buuse: Circadian
Rhythms of Blood Pressure, Heart Rate, and Locomttivity in Spontaneously Hypertensive
Rats as Measured With Radio-Telemetry. Physiolodyehavior 55(4): 783-787, 1994

B-4. Determination of pharmacokinetic parameterdlofang intravenous and peroral

administration:

The pharmacokinetic parameters of the substancdeteemined in male CD-1 mice, male Wistar
rats and female beagles. The administration volisnd® ml/kg for mice, 5 ml/kg for rats and 0.5
ml/kg for dogs. Intravenous administration is vifoemulation of species-specific plasma/DMSO
(99/1) in the case of mice and rats and via waE®4#00/ethanol (50/40/10) in the case of dogs.
For easier removal of blood, a silicone catheténserted into the rightena jugularis externaf

the rats before the administration of substance. Sthigical intervention takes place one day prior
to the experiment with isofluran anaesthesia amdimdtration of an analgetic (atropine/rimadyl

(3/1) 0.1 ml s.c.). Substance administration is\asolus in the case of mice, as i.v. bolus @ &i



B-4. Determlnatlo%qém&%ggcﬁg%%}p&ﬁmﬁr@ers followinintravenous and seroral 10administration: The
pharmacokinetic parameters of the substance are determined in male CD-1 mice, male Wistar rats and
female beagles. The administration volume is 10 ml/kg-feg mice, 5 ml/kg for rats and 0.5 ml/kg for dogs.
Intravenous administration is via a formulation of species-specific plasma/DMSO (99/1) in the case of
mice and rats andlvianinaieREIGY 00keIsasd P{5akianty)dmiliute arioidtioghe t8E@f dogie Reamealalfof

blood, a silicone caiitey dxdnsarteddmestiieiigbiyena manlans xiging ﬂftﬂ%ec%@&ﬁm@éhﬁ after a

d f h I h

administration of s St ce. The surgic erventi t ex erlment Wlt
\osianee, i suesl iclysnion, pka plae pn sy prio (g Uy

isofluran anaesthesia’ an administration o an an’a geti rim mI S¢). EESEhce
administration is & PO9HaNssaistARICIRS 8 mickolHS wﬂwm@a@ﬁv&%%@mﬁ@%@,%r&g% &duntries -

59 - 15-minutg infusippuindhe Gage ehsatstamd. \darall SpBviRyRimiisiandn dhenearaaNépgsmdrearoval of
blood is after 0. 033 0.083, 0.1.7

1,.2.3.4,6,7 rsmtec aftera
15 minte imfusiotSH & GHICH SR 1655y Bnd PR Bl BRI e S R
dogs and rats andPhReP&fqv. "6 IARd:AneRHia oD S8 rE. 035, 6,383, .677 6ns| 24 houss AThs, bieerland 24
hours in the case efiatedfao almpecies el auminisidaliantéishndinsopcesubsianon Vikgarage is
carried out based on %GV\%;?JQDIIEQ%QSO(%W%M gpﬁm%%g%j(%/m/m). Here, the removal of blood from

rats and dogs is after and 24 hours. The blood is removed into

heparinized t es, The blo sm tal C ntrlfugatlo if re uwed it can be d at
-20C until fur#ner pPog'é%rsrﬁ%gSt%ﬁ%n ?Zﬁzégggs(%g dargd(%/g fls Bﬁae%a? t'gﬁu?l d qvevsh sarép
calibration samplenariteQ@ieiang prreipiigtethusingrexipsitatedatgind i xetdioacetoniaiimonfisn aceidion of an

ammoniumhacetat@muﬁ@f 9. Q/{it wdm ?%f(?sw?@ha{aawrsm@&e(&»amal%@é&ﬁﬂ&ﬂ@;ﬁg@(ﬂth? 4000
vortexing, the mlxturef‘ IS centri %e t tth essu%pergnatant IS egéx_ﬁgf % )
ol fent'1T

AB Sciex). Chromafograp?nc se on IS ca rie onan njection volume
is 10 1.t1. The se@@i@ﬂbmmﬁﬁméﬁdqssaﬂaf?é'ﬁﬂn*%ﬁéw%ﬁ&*@@.tﬁ@@(ﬁ) HOOAIBb%2rhhe, Higakead to a
temperature 06 40¢ainey Exmnplerﬂae@@am%mea%pmga @re@mmwaﬁa/murds(zmobws@(%m
ammonium acetate dtbu[lg B ur10/ o f O(r_:lgxln a nltrlle 90r°éodl,6\?1,t 1. O%? % A) 3.5
min (15% A), 4.5 h zrln% min 59(80 [Pfl m|n?518 S’nqéor 9 Blnary mabile p Yase
gradient at SOOOnHﬁei% (ﬁe‘@i%%é’eﬁ@m‘ﬂ“%%ﬂta‘ﬁwﬂﬂbﬁ“ @Eﬁa@éﬁf@“ﬁlﬁf@?“ﬂ)w 9@‘8"@'9%0@?%0 acid
in acetonitrile): O EEEARYA A)in(SDvain) (S mik) (& M) na( 5 0RinAR, A)S4mim61@ld%AA,) S5rmiin (0% A4)), 7 min
S P G S b E I R

ammonium acetat er pH 6.8, B: 1/0 ormic acid in acetoni trlle) 0 min 1 min (90% A), 3

min (10% A) 24 mﬁ‘F?i@%bAffeﬁpi‘ﬂrﬁM @J4R)YOBRIA(I 004 HITUFh E 181 S % dve bP i 1Yo\ DA source
is 500C. The 25 foiloyiong MS4Bstilan(Evh Pdy ametgeDerd ) Sadoesta) NFyas 24phits, (Ekaarpledyijel6 units
(Example 2) or 15 H%ﬁt@%ﬂr&m'%@%otp[hw@}é‘{%'éGQﬁsﬁeE @g@%&r{&%éeétﬁ%ﬁfé%w B). gas 1

35 units (Example 1/3) or 25 units (Exampl gas 2 30 uni %as 4 units (Example 1/3) or 3 units

(Example 2). The %&Ef%f%‘i"?@é§%lﬁjérh%’i?ﬁf%%}%@ﬁlé%éw&(%%%\é uSif X EEted it dAP3hfatograms
of specific MRM expemim&atss 30T hapia®ora eontTeatratperiinre tpfdolidetefriumediace iss800tC calalate
the pharmacegkinefig RargMRIGISSHER AR AN Gefs MRELMEAERAGRS] RGN, (i’@lfnh@@%

(clearance) emplggng the validated pharmacokinetic calculation pro?rams KinEx (Vers. 2.5 and 3). As

the substance qudntffi éa‘i.tﬁ?it?s('éé?ﬁwcﬁh N RSO pee RABkTRIS @B%&er%%ﬁﬁ%@fﬂ%‘ﬁ/ﬁ]a@?ﬁ&

distribution of the SbilbstenEadmiie Hb)et@adjist (rauphiera1@do kiniktiCpér gaseterstn(BSampippR) priate

manner. To this end,Adle# %M‘)”W@E%&Eﬁ%@%ﬂé (TR ERLBO RSB S BGnb L 03 piFio"
od

Countries - 60 - If-hﬁle blo the species in t%uestlon in a rocking roller mixer for 20 min. After
centrifugation at 1 B'Ga ?l%r%s%%\p SHE MM FRIL TR sured (see above) and determined by calculating

the quotient of the cb/cp values.
30 The plasma concentration/time plots determined wsed to calculate the pharmacokinetic

parameters such as AUC £ MRT (mean residence time),,t(half life) and CL (clearance)

employing the validated pharmacokinetic calculapoograms KinEx (Vers. 2.5 and 3).

As the substance quantification is carried out lasma, it is necessary to determine the
blood/plasma distribution of the substance to He &badjust the pharamacokinetic parameters in

35 an appropriate manner. To this end, a defined atolusubstance is incubated in heparinized



Following intravengys agmiaistaionh ¥R Rg/kg of the compounds according to the invention in Srats,
the following values were recorded: Example 1.* 2.** 3.** AUC norm [kg.h/1] 4.36 1.79 1.36 CLbiond
[1h/kg] 0.29 0.53 1.02 MRT [h] 4.1 2.3 2.3 tin. [h] 3.4 1.%4.9

whole blood of the species in question in a rockiiter mixer for 20 min. After centrifugation at
10009, the plasma concentration is measured (seeepland determined by calculating the

quotient of the gc, values.

Following intravenous administration of 0.3 mg/Kglee compounds according to the invention in

5 rats, the following values were recorded:

Example 1* 2.%* 3.%*
AUC o [kg-h/l] 4.36 1.79 1.36
CLuiood [IN/kg] 0.29 0.53 1.02

MRT [h] 4.1 2.3 2.3

ti2 [h] 3.4 1.7 1.9

* 15-minute infusion

** |.v. bolus administration

B-5. Safety profile

The substances according to the invention showrrisingly favourable safety profile in vivo
10 which was established by non-clinical safety steidiecording to OECD (OECD guidelines for
testing of chemicals, No. 407) and ICH (3BS2A) @liitkes.



* 15-minute infusi%é*lig.lbdaggagmmmiwg B-5.Safety profile  The substances according to the
invention show a surprisingly favourable safety profile in vivo 10which was established by non-clinical
safety studies according to OECD (OECD guidelines fargtesting of chemicals, No. 407) and ICH (3BS2A)
guidelines. BHC 10 1 003 Foreign Countries -61 - C.Working examples for pharmaceutical compositions
The compounds a€cordifiptisinbexaupietiton phar ihecediab aempnsi fibrgmaceutical formulations as follows
Tablet: 5Composition: 100 mg of the compound according to the invention, 50 mg of lactose
(monohydrate), 50 hegcompraizesssacoldifmative)e LOvangoof caolyviretey o litlanmeadeWtiR 239 BADBnNs as
Ludwigshafen, Gegpnany) and 2 mg of magnesium stearate. ~ Tablet weight 212 mg, diameter 8 mm,
radius of curvature 12 mm 10 Pre a_p-ation: The mixture of the compound according to the invention,
lactose and starchrgsog{anulated with a 5% solution (w/w) of the PVP in water. After drying, the granules
are mixed with theTmraghesium stearate for 5 minutes. This mixture is pressed with a conventional
tableting press (for tablet dimensions see above). The guide value used for the pressing is a pressing
force of 15 IcN. 1 n for oral administration: Composition: 1000 mg of the compound according
to the invention, 1000 mg of ethanol (96%), 400 mg of Rhodigel(r) (xanthan gum from FMC,
Pennsylvania, USECaie 90taectamR@ind acaosinfldBseiderseNme of Briossipotnhydicdrahg eohe
invention correspomdsetetd@mnihafivanall20sy spensiony| Birepakator: J5) ¢BASedigelvisggshsipendednmegthanol
and the compoungm%gi&%@gﬂgimg@@a&s added to the suspension. The water is added while
stirring. The mixture is stirred for approx. 6 h until swelling of the Rhodigel has ended.

Tablet weight 212 mg, diameter 8 mm, radius of atuxe 12 mm.

10 Preparation:

The mixture of the compound according to the inemtlactose and starch is granulated with a
5% solution (w/w) of the PVP in water. After dryintpe granules are mixed with the magnesium
stearate for 5 minutes. This mixture is pressed witconventional tableting press (for tablet

dimensions see above). The guide value used fgrrdesing is a pressing force of 15 kN.

15 Suspension for oral administration:

Composition:

1000 mg of the compound according to the inventt®)0 mg of ethanol (96%), 400 mg of
Rhodigef (xanthan gum from FMC, Pennsylvania, USA) and 99 water.

A single dose of 100 mg of the compound accordintihé invention corresponds to 10 ml of oral

20 suspension.

Preparation:

The Rhodigel is suspended in ethanol and the contbaacording to the invention is added to the
suspension. The water is added while stirring. iddure is stirred for approx. 6 h until swelling
of the Rhodigel has ended.



BHC 10 1 003 Forgigh,GWysies =87 capitign for oral administration: Composition: 500 mg of the
compound according to the invention, 2.5 g of polysorbate and 97 g of polyethylene glycol 400. A single
dose of 100 mg of the compound according to the invenggn corresponds to 20 5g of oral solution.
Preparation: The compound accordlng to the invention is suspended in the mixture of polyethylene glycol
and polysorbate il sdtirsingjiomeration is continued until dissolution of the compound
according to the invention is complete 10i.v. solution: The compound according to the invention is
dissolved in a conCemasitonbelow the saturation solubility in a physiologically acceptable solvent (e.g.
isotonic saline, glucose solution 5% and/or PEG 400 solution 30%). The solution is subjected to sterile
filtration and diSmemddr&qr&t%ﬁIﬁp@ndd%agemd‘rt@eri@jiac&mmyg&ﬁqiayﬁhtb@‘teléha 693 Emo’mr@onmtries -
63 - Patent Claimg, J, %{6}@ ugd of e fOF%ﬁam oAt 3G D R P A TR G RIS o‘%'rré’

(C1-C4)-alkyl, whgr)é % ﬁfl may be sub |tute8% One or two subsfituents mdepe ently ozfoone
another selected ﬂo}frpfﬁbsgi*ﬁlﬁ’ﬁ -consisting of fluorine and trifluoromethyl,

Preparation:

The compound according to the invention is suspetiiéhe mixture of polyethylene glycol and
polysorbate while stirring. The stirring operatigncontinued until dissolution of the compound

according to the invention is complete.
10 i.v.solution:

The compound according to the invention is dissblire a concentration below the saturation
solubility in a physiologically acceptable solvgntg. isotonic saline, glucose solution 5% and/or
PEG 400 solution 30%). The solution is subjectestéwile filtration and dispensed into sterile and

pyrogen-free injection vessels.



and their N-oxidesy salt$, febéaﬁ%ﬁeﬁ@&ﬁ)ﬁ&‘%% N-oxides and solvates of the N-oxides and salts.
102.Compound of the formula () according to Claim 1 in which 121represents hydrogen or methyl,
where methyl may be substituted by a trifluoromethyl substituent, and their salts, solvates and solvates of
the salts. 3.Compound of the formula (I) according to Claim 1 or 2, selected from the group consisting
150f: BHC 10 1 O@dRbfaaymsCountries - 64 - methyl{
4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3 ,4-b]pyridin-3-
yl]pyrimidin-5-ylimethylcadvepnaite ofétbybfdifadinmino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3
,4-b]pyridin-3- Apyrimidin-5-y11(2,2,2-trifluoroethyl)carbamate 5methyl{
4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo [3 #&-b]pyridin-3- Apyrimidin-5-ylicarbamate
hydrochloride methyK 4,6-diamino-215-fluoro-1-(2-fluoroben2y~{H-pyrazolo [3 ,4-b]pyridin-3-
@ 1-(2-fluorobenzyl)-1H-pyrazolo [3
YO

Apyrimidin-5-yllcarbamate sulphate methyl{ 4,6-diamino-21
,4-b]pyridin-3- 10yflpyrimidin-5-ylicarbamate phosphate meth
4,6-diamino-215-fluoro-1-(2-fluorobenzy1)-1H- N3 ,4-b]pyridin-3- Apyrimidin-5-yllcarbamate
mesylate y N

2 N—pl
OQ( R
O
H C/
: OF
in which
5 R' represents hydrogen or£Cy)-alkyl,

where (G-C,)-alkyl may be substituted by one or two substitasendependently

of one another selected from the group consistirityorine and trifluoromethyl,

and theirN-oxides, salts, solvates, salts of ti®@xides and solvates of tidoxides and

salts.
10 2. Compound of the formula (I) according to Claim Mihich
R! represents hydrogen or methyl,
where methyl may be substituted by a trifluoromesupstituent,

and their salts, solvates and solvates of the. salts

3. Compound of the formula (1) according to Claim 12¢selected from the group consisting
15 of:
methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-

yl]pyrimidin-5-yl}carbamate



methyl{ 4,6-diamiwgﬁ%-ﬂ%%ﬁf%ﬁl%m@égyl)-lH-pyrazolo [3 ,4-b]pyridin-3-
Apyrimidin-5-yllcarbamate ethane-I,2-disulphonate 15methyl

4,6-diamino-215-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo x4 ,4-b]pyridin-3- Apyrimidin-5-ylicarbamate
maleate methyl{ 4,6-diamino-215-fluoro-1-(2-fluorobenzy1)-1H-pyrazolo [3 ,4-b]pyridin-3-
Apyrimidin-5-yllcarbamateetivtate 4.Pridcedfanprelgatingd datipspoprhaliteiaaoiald. ¢hlsriifided in any
of Claims 1 to 3, 20charagtorizrehis-natding Gapapaind of the formula (I1) [Alis reacted in an inert solvent
in the presence of hexabutyltin and a suitable palladium catalyst with intermediate formation of a tin
species with the compoydof the formula i BH % HcROBARFIBRCHINIES 5160 4-oig Mivedhe

compound of the formula (IV) (V) _
yllpyrimidin‘5-y1}(2,2,2-trifluoroethyl)carbamate

5 methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-
yl]pyrimidin-5-yl}carbamate hydrochloride

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-
yl]pyrimidin-5-yl}carbamate sulphate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-
10 yllpyrimidin-5-yl}carbamate phosphate
methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-

yllpyrimidin-5-yl}carbamate mesylate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-
yl]pyrimidin-5-yl}carbamate ethane-1,2-disulphonate

15 methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-

yllpyrimidin-5-yl}carbamate maleate

methyl {4,6-diamino-2-[5-fluoro-1-(2-fluorobenzyl)H-pyrazolo[3,4-b]pyridin-3-

yllpyrimidin-5-yl}carbamate nitrate

4, Process for preparing a compound of the formulagl)defined in any of Claims 1 to 3,

20 characterized in that the compound of the formllja (

F

! (N

[A] is reacted in an inert solvent in the presemdehexabutyltin and a suitable
palladium catalyst with intermediate formation diraspecies with the compound

of the formula (l11)



this is then reduceg in &9 R4 sQVERIYIIAsuitable reducing agent to give the 5compound of the
formula (V) (V) andthisis then reacted in the presence of a suitable base in the presence or absence of

a solvent with methyl chloroformate to give the compourgs of the formula (I-A) - 66 - 0/ H 3C(I-A), or
[B]the compound of the formula (II) is reacted in an inert solvent with copper cyanide to give the
compound of the formula (VI) (VI), this is then, unde€lacidic conditions, converted into the compound of

the formula (VII) )%

©” 0 Iy,

to give the compound of the formula (V)

KFQ
\
N
N
\
—_ NH,
/,N\07
]

N N
/
N>/\8\
H,N
this is then reduced in an inert solvent with aahle reducing agent to give the
rFO
o9
N
P/
F
N
N7\
— NH,
RN NH
2 (V)

and this is then reacted in the presence of aldeitbase in the presence or

(V)

5 compound of the formula (V)

absence of a solvent with methyl chloroformate e ghe compound of the

formula (I-A)



NH H2N x H3CCQ2ld %Ih)oogkbq:e{qu] L O3 EQreign Countries - 67 - this is subsequently reacted in an
inert solvent in the presence of a suitable base with the compound of the formula (V1) (VIII) to give the

compound of the formula (IX) 5 (IX), and this is then regguced in an inert solvent in the presence of a
suitable reducing agent to give the compound (V), and this is subsequently reacted further according to
process [A] to give compound (I-A), or 10[C]the compound of the formula (I-A) is reacted in an inert
solvent in the presence of

(-A),
or

[B] the compound of the formula (ll) is reactedaim inert solvent with copper cyanide

to give the compound of the formula (VI)

F
N
7w
P
F
5 CN (V)

this is then, under acidic conditions, converteit the compound of the formula

VIl

NH

H,CCO,H
X PR ),



a suitable base wigh,a ¢gpgsrdrehihedamuda (X) 1 11X1 (X) , in which BHC 10 1 003 Foreign
Countries 5 - 68 - RIA represents (C1-C4)-alkyl, where (C1-C4)-alkyl may be substituted by one or two

substituents independently of one another selected frongthe group consisting of fluorine and
trifluoromethyl, and X'represents a leaving group such as, for example, halogen, in particular bromine or
iodine, trichloromethanesulphdhiatés, srHessdaanidr teasikiténtayiverasobierfrupie ssingeedorraulalle Bpidin
which 121A has the meaning gi#gmakewdoand shensastimgeampounds of the formulae (I-A) and (I-B)
are, where appropriate, converted with the appropriate (i) solvents and/or (ii) acids or bases into their
solvates, salts and/or solvates of the salts 5. Comgeund efithe formula (1) as defined in any of Claims 1 to
3 for the treatment and/or

N

NG

(VI

to give the compound of the formula (IX)

5 (1X),

and this is then reduced in an inert solvent ingresence of a suitable reducing
agent to give the compound (V), and this is subsetiyireacted further according

to process [A] to give compound (I-A),
or

10 [C] the compound of the formula (I-A) is reactedaim inert solvent in the presence of

a suitable base with a compound of the formula (X)

1A 1

RTX" (),

in which



15prophylaxis of disgases: H:¢amrAwad Qfitie formula (1) as defined in any of Claims 1 to 3 for use in a
method for the treatment and/or prophylaxis of heart failure, angina pectoris, hypertension, pulmonary

hypertension, ischaemias, vascular disorders, kidney faigigre, thromboembolic disorders, fibrotic disorders
and arteriosclerosis. BHC 10 1 003 Foreign Countries - 69 - 7.Use of a compound of the formula (I) as
defined in any of Claims 1 to 3R0r théepresririat(@Rbiémedicament for the treatment and/or prophylaxis of
heart failure, angina pectoris, hypertension, pulmonary hypertension, ischaemias, vascular disorders,
kidney failure, thromboembolic disordersefiliteti)-distrdens andsatisiiosd enpsisesdMmaicamstitten
comprising a compound of the formulgyd) asidafines ihannshElaltsclet Adm RERIRANIRMN.N inert,
non-toxic, pharmaceutically suitable excipient 9."Medicament comprising a compound of the formula (I) as
defined in any of Claims 1 to 3 in corBHa8RWIHA'RIPFRY -active compound selected from the group
consisting of organic nitrates, NO donors, cGMP-PDE inhibitors, agents having antithrombotic activity,
10agents lowéring blood presstité, and agents altering lipid metabolism. 10. Medicament according to
Claim 7 or 8 for the treatment and/or prophylaxis of heart failure, angina pectoris, hypertension,
pulmonary hypertension, ischa¥miastersesriity aitwrdeysyricicmeydaihmefothesataaatbolic disteders,

fibrotic disorders and arteriosclerosisydhifdethegfer thenfseataaat s RieRtasisfhgart failure,
angina pectoris, 15hypertension, pulmonary hypertension, ischaemias, vascular disorders, kidney failure,

thromboembolic disorders, fibr%ti&\;g%ogg%%@%dogmgqgmcqg in humans and animals by administration
of an effective amount of at least one compound of the formu aé?l) as defined in any of Claims 1 to 3, or of
a medicament as defined in any of Claims 8 to 10.

F

H,C (-B)

10 in which R* has the meaning given above,

and the resulting compounds of the formulae (I-Ap gI-B) are, where appropriate,
converted with the appropriate (i) solvents andijracids or bases into their solvates,

salts and/or solvates of the salts.

5. Compound of the formula (I) as defined in any o&i@lIs 1 to 3 for the treatment and/or
15 prophylaxis of diseases.
6. Compound of the formula (1) as defined in any cdi@is 1 to 3 for use in a method for the

treatment and/or prophylaxis of heart failure, aagpectoris, hypertension, pulmonary
hypertension, ischaemias, vascular disorders, kidagure, thromboembolic disorders,

fibrotic disorders and arteriosclerosis.



10

15

BHC 10 1 003 Foreign Countries

10.

11.

- 69 -

Use of a compound of the formula (I) as definedry of Claims 1 to 3 for the preparation
of a medicament for the treatment and/or prophglafi heart failure, angina pectoris,
hypertension, pulmonary hypertension, ischaemiascwar disorders, kidney failure,

thromboembolic disorders, fibrotic disorders aner@msclerosis.

Medicament comprising a compound of the formulaad)defined in any of Claims 1 to 3

in combination with an inert, non-toxic, pharmadeaity suitable excipient

Medicament comprising a compound of the formulaad)defined in any of Claims 1 to 3
in combination with a further active compound stddcfrom the group consisting of
organic nitrates, NO donors, cGMP-PDE inhibitoiggrats having antithrombotic activity,

agents lowering blood pressure, and agents altégitgmetabolism.

Medicament according to Claim 7 or 8 for the treatimand/or prophylaxis of heart
failure, angina pectoris, hypertension, pulmonagpéntension, ischaemias, vascular

disorders, kidney failure, thromboembolic disordéitwotic disorders and arteriosclerosis.

Method for the treatment and/or prophylaxis of heé#ailure, angina pectoris,

hypertension, pulmonary hypertension, ischaemiascwar disorders, kidney failure,
thromboembolic disorders, fibrotic disorders anttr@osclerosis in humans and animals
by administration of an effective amount of at tease compound of the formula (I) as

defined in any of Claims 1 to 3, or of a medican@ntlefined in any of Claims 8 to 10.



