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triazines and use thereof for the treatnment and/or prophyl axis of

cardi ovascul ar di seases The present apphi-cation relates to novel

fused pyrimdines and triazines, to processes for their preparation,

to their P%%ft@élﬁpﬁimidﬁe@ﬁ)mrﬁ@in'epﬁﬁl 1@ khdrb £4y @R LR enf B/ prophvlaxis of
prophyl axi s of diseases 5and to their use for preparing medl canments

for the tré&andigyasculaxdisssses,r ophy| axi s of di seases, in particular for

the treatnment and/or prophyl axis of cardi ovascul ar di sorders. One of

the nost i MpOpiasH afgilchidndfelatds 30 T0VE FhRB pFASIBE aba tﬁ%fﬁ'@'tb PbcE&RES ?Or their
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date can be divided both according to structural features and
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site. The Gamty@’fe twlasfs @Eiﬂbtsc ehe hlmmhbsamcfecGMP frohregumecdi@niipimspifate (GTP). The

activation iron om of haem.and thu
mar kedl y i he rp%%{stazl ?‘ﬁlﬁhé ] yt Scoofs‘n‘({ r‘ﬁe 2 ﬁ%@%&w’%‘ﬁ?ﬂﬂ? ?Cégrdgﬂgg%gpﬁﬁr%}ﬁ%amres
cannot, byamwborterdmp to the t@b|ofrugealﬁemtmol‘g@bupﬁahéapammeoguadﬁaté Clases which can
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ottt okt BERET Y BrbFiCRPy ol B R st s e wipteted
prhodU(r:]t i OnbprCE@\HE? samdletgwenymg F&oﬂﬁsb@ébns@ﬁ&ﬂlﬂ“foi(dﬂlguﬂlﬁQxﬁl@fvé@r@m&i}ly contain one
phosp t eras lon channel s a r i n ki nases, guany
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cells, in platelet aggy gatl on and adhesion and in neuronal signal
transni ssi Bireaserfle pRivaY 8 ﬁhaéwrr@aﬂge@afrbeyprawrﬁwawm@nby pIntpgfebe stimulated by
af or enent i RIEE¢RIAGESRIRe (H056S aleatabl@rzma&ml R9ihe Q:lentpa@ mah Lk F haé}ﬁ Jout the
NO cGW 25 system nmay be suppressed, whi may for exanple

hi gh bl oodStHia‘é%t?&rbéC is dseng I%ﬁhavahai bEnNOr ncr eased cel lul ar
proliferation, endothelial dysfunction, atherosclerosis, angina

pector bg, ﬁ'ﬁl%ﬁ%h {h@?}d&ﬁﬁlonr&‘%@ﬁfﬂéﬁl thd {‘Ug@lﬁﬁéﬂ %ulﬂk? 'El'féfgﬁgﬁleﬁf IKI'B {%Sterases
and sexual dystunction ossible way of tre such sor
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pat hway in r h
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Conpounds, aggeghticrs angy gﬁml@ mct rran@sqnal/\,ﬂgm tehfngetion, $ndbaxs didorders N@uded by an

to date b eEﬁba%%ﬁtl{)%'t%ea!féﬁ‘ementloned processes. Under pathophysiological conditions, the NO/cGMP

25  system may be suppressed, which may lead for example to high blood pressure, platelet activation,
increased cellular proliferation, endothelial dysfunction, atherosclerosis, angina pectoris, heart

failure, myocardial infarction, thromboses, stroke and sexual dysfunction.

A possible way of treating such disorders which is independent of NO and aims at influencing the
c¢GMP signaling pathway in organisms is a promising approach because of the high efficiency and

30 few side effects which are to be expected.

Compounds, such as organic nitrates, whose effect is based on NO have to date been exclusively
used for the therapeutic stimulation of soluble guanylate cyclase. NO is produced by bioconversion

and activates soluble guanylate cyclase by attaching to the central iron atom of haem. Besides the



used for thgotberapessi c stimulation of sol uble guanyl ate gygl 11069305
i s produced by bioconversion and activates sol uble guanylate cycl ase

by attaching to the central iron atom of shaem Besides the WO

2012/ 004258PCT/ EP2011/ 061305 - 2 - side effects, the developnent of

tol erance isgeQipR t@fthE fa@v Gopeh@bs AlepA0Y 4N

treat nent. SO‘Eer f © ears, a “nu er&%]g&?al% a%!:gls?m &%%a’s of this mode of
stimul at e dwhigishie guanylate cyclase directly. i.e. without prior

rel ease of NO, have been described, for exanple
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sol ubl e guzg%ﬁ{/] ? cl ase. WD 2010/ 065275 di scl oses substituted

pyrrol o- d && pyri dopyrim dines as sGC activators. It was an

obj ect of the present invention to provide novel substances which act

as sti ol atm@saomﬁs@oimbm (gsmszyﬂlad@l@sycﬁhsa@gy@fmb B gtiis GATRAb Ak EsBtituted
[ conpared to the 15conmpounds known from
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present invention to provide conpounds of the genéral formula (1) 1n

whi ch . .
It was an object of the present invention to provide novel substances which act as stimulators of

soluble guanylate cyclase and have a comparable or improved therapeutic profile compared to the
15 compounds known from the prior art, for example with respect to their in vivo properties and/or

their pharmakokinetic behaviour.

It is an object of the present invention to provide compounds of the general formula (I)

N N
1,
N
R' A~
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N \!
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—————
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© o,
in which
20 A represents nitrogen or CR’,
where
R’ represents hydrogen, deuterium, fiuorine, difiuoromethyl, trifluoromethyl, (C,-C,)-

alkyl, cyclopropyl or cyclobutyl,



20 Arepresd®20H/90488fn or CR3, where R3represents hydroge®CT/EP2011/061305
deuterium fluorine, difluoronethyl, trifluoronethyl, (Cl-C4)- alkyl,
cycl opropyl or cyclobutyl, -3--. represénts a group

*- CRAARAB_( cR5ARSB) p where represents the point of attachment to the
carbonyl gioup, répr@pitesepts*- CRERIG(CR*©F),& t achment to the pyrinidine

or triazine ring, 5represents a nunber 0, 1 or 2, R4Arepresents

hydr ogen, quorlgqf (G -C4)-al kyl or hydroxyl, R45represents
hydr ogen, f1uorime, (CA-cA)-al kyl, trifluoronmethyl, (Cl-C4)-alkoxy-

car bonyl am no or phenyl, where (Cl-C4)-al kyl may be
substituted by * or ZPepsawbsdthe pentd aitntdmpansddntiyost gong 10anot her
sel ected fromthe group consisting of fluorine, trifluoronethyl,

hydroxyl, hydr oxycar tr)e%?e\éentsatrﬁe pngu% of atte}chrnerl1<t (e:%{fr?n% Xle ‘or triazine ring,

5 p represents a number 0, I or 2,
R*  represents hydrogen, fluorine, (C;-Cy)-alkyl or hydroxyl,

R*™  represents hydrogen, fluorine, (C;-Cy)-alkyl, trifluoromethyl, (C,-Cq)-alkoxy-

carbonylamino or phenyl,

where (C,-Cy)-alkyl may be substituted by 1 or 2 substituents independently of one
10 another selected from the group consisting of fluorine, trifluoromethyl, hydroxyl,

hydroxycarbonyl and (C,-C,)-alkoxycarbonyl,
or

R*and R*®  together with the carbon atom to which they are attached form an oxo

group, a 3- to 6-membered carbocycle or a 4- to 6-membered heterocycle,

15 where the 3- to 6-membered carbocycle and the 4- to 6-membered
heterocycle may be substituted by 1 or 2 substituents independently of one
another selected from the group consisting of fluorine and (Cy-Cy)-alkyl,

or

R* and R*® together with the carbon atom to which they are attached form a (C,-C,)-
20 alkenyl group,

R*  represents hydrogen, fluorine, (C,-Cy)-alkyl or hydroxyl,

R*®  represents hydrogen, fluorine, (C;-Cy)-alkyl or trifluoromethyl,
R' represents hydrogen or fluorine,
R represents benzyl,

25 where benzyl is substituted by 1 to 3 fluorine substituents,



or 124A andvWO020Bt/6¢2b6®er with the carbon atomto whi ch t hey@ver2011/061305
attached forman oxo group, a 3- to 6-nenbered carbocycle or a 4- to

6- menbered heterocycle, 15where the 3- t.gt-6-nmenbered carbocycle and

the 4- to 6-nenbered heterocycle may be substituted by 1 or 2

subst i t uentaad ihridepedde)lty safatanaltasohbBroxkied 8atsefatty Fihd MExigEMR salts.
consisting of fluorine and (Cl-C4)-al kyl, or 124A and R48t oget her

with the catbon afomtao which they are attached form a_20al kenyl _
or oup,  RoatsirauEhCRoaPaF St HPrioR e fe CEPER &Y KBk T s sl
R5Br epr esenbivatay afid getvatesf dfuns k418, the Cbmbdmalikhlde®hin tHel folhls QIYRIFAME formulae

[ ts. b |, 25where benz
P oot & ORI (Rifoling bk e SO P8 AP SOTvagD of e S, and the. Cotapounds

2012/ 004258RGIdeERR k1100RAB0 and thentichad it BRI fi}llé\lviﬁ%( iﬁg ESbodhd: %xam%les and their
e

| vates, salts of the N-oxides and sol vates of _N-oxi des an
:; t 2 sglts, solvates and solvates of the salts, where the compounds included in the formula (I and

mentioned in the following are not already salts, solvates and solvates of the salts.

Preferred salts in the context of the present invention are physiologically acceptable salts of the
compounds according to the invention. Salts which are not themselves suitable for pharmaceutical
10 uses but can be used, for example, for isolation or purification of the compounds according to the

invention are also included.

Physiologically acceptable salts of the compounds according to the invention include acid addition
salts of conventional mineral acids, carboxylic acids and sulphonic acids, e.g. salts of hydrochloric
acid, hydrobromic acid, sulphuric acid, phosphoric acid, methanesulphonic acid, ethanesulphonic
15  acid, toluenesulphonic acid, benzenesulphonic acid, naphthalenedisulphonic acid, formic acid,
acetic acid, trifluoroacetic acid, propionic acid, lactic acid, tartaric acid, malic acid, citric acid,

fumaric acid, maleic acid, and benzoic acid.

Physiologically acceptable salts of the compounds according to the invention also include salts of
conventional bases, such as, by way of example and preferably, alkali metal salts (e.g. sodium and
20 potassium salts), alkaline earth metal salts (e.g. calcium and magnesium salts) and ammonium salts
derived from ammonia or organic amines having 1 to 16 carbon atoms, such as, by way of example
and preferably, ethylamine, diethylamine, triethylamine, ethyldiisopropylamine, monoethanol-
amine, diethanolamine, triethanclamine, dicyclohexylamine, dimethylaminoethanol, procaine,

dibenzylamine, N-methylmorpholine, arginine, lysine, ethylenediamine and N-methylpiperidine.

25 Solvates in the context of the invention are designated as those forms of the compounds according
to the invention which form a complex in the solid or liquid state by coordination with solvent
molecules. Hydrates are a specific form of solvates, in which the coordination takes place with

water. Hydrates are preferred solvates in the context of the present invention.

The compounds according to the invention can exist in different stereoisomeric forms depending
30  on their structure, i.e. in the form of configuration isomers or optionally also as conformation
isomers (enantiomers and/or diastereomers, including those in the case of atropisomers). The
present invention therefore includes the enantiomers and diastercomers and their particular

mixtures. The stereoisomerically uniform constituents can be isolated from such mixtures of



Conpounds a¥Od0R/B@H26® the invention are the conpounds of tPog/ErRPOIUbLE1305
(1) and their salts, solvates and solvates of the salts, the

conpounds included in the formula (1) of-s&he fornul ae nentioned in

the following and their salts, solvates and solvates of the salts,

and the corpativasrsSnidc diasiedomds ihe khetimhnet;| chrodbofRRY hRI&Fes! die hhferably
foll ow ng as cﬁﬂb@di ment . eﬁalgpji(ﬁs and tgﬁ{yr salts, solvates and
sol vat es of STHE! W PPATURHET ShrepHRF R OnAR eshiraky chiralphases or mul a

(1) and nmentioned in the following are not already salts, solvates

and sol vat éBheé tlicheong@hiids. acktirehngns ek 5:@bidtHnidan ob&ur GRNLRNherRf folRE the present
present invention r(f p@ﬁ%i ologically acceptable salts of the

conmpounds é‘&"é&?ﬁlﬁ‘g“ 3 2t HE BYRIERE AYRS: Sal ts which are not thensel ves
suitabl e for pharmaceutical 10uses but can be used, for exanple, for

i sol ati 6n_drhe priséd: imadiioanisofenddiasenDsndsle a66plcAiafishtd & thhGntpdueditdcMiding
are al so included. ,Physiol ogically acceptable salts of the conpounds
accor di ng 9PEHEPERe AR RYPPIEraHO! 3 CPRPAd pesorhnastglthesinygtion is understood here

convent i onad mEMLEdthpodBd HSwhiBlRANONY bricCat @ iu@tﬁinatﬂéjcﬁhﬂogﬁﬁ)mc&dﬁl%itg,%h invention
e.g. salts of hydrochloric acid, hydrobrom c acid, “sul phuric  acid,

phosphor i c MatPn cHeEEA S anphmdion Hehasameritanesuntshdnt it & diffsiedt atomic mass
tol uenesul pRANLE aRB1IE maRERERRSSMIP Q)]? l’f)'réﬁoﬂﬁlagl’ly R&RRt ﬁaﬁaﬁﬂg Cﬁﬁﬁ#%@ 3}2: i%)topes

acid, formc acid, acetic acid, trifluoroacetic aci propi o

| acti c fci avhichagapchejigcospareied imtd # compduad agording toathie dypvehiumaark chaae iodl hydrogen,

mal ei ¢ aci dypahndidebs ' ' [ y bl e salt.s of 2

the compounds zi_cgg)%di’%%%%@%@%é?ﬁ&?@%hgﬁ%’ ?}ﬁcﬁggéérgrggftagggfj the, Such as "H

convent i on&feutsaivms "Hdtrgivmds C.B\C, vidly 6% “exEhplie Yantisprefisr 8%, EBkar), >,

nmetal salts» apl j . . . sjumsalts).. a line earth .

netal salts lgag.dg. L ga %#%pﬁ%go%g%gﬁge?aucﬁ%g 81“%‘{53""%%‘88 L?ﬁsr%ﬂ’iv?ﬂ%og’ﬁ??lauy those

derived franwbinkrom & noore oulgactive isatvbesamvdibach iigorbotated L BayCiey Heaeticad] OB example,

such a b f.exa an ref er abl t hyl.am ne, di et hyl am ne,

e ot ho amrce e B BT bEteRa ot Bttt BB e ooy

di et hanol adin®, cobphmtiveay edsp prepsrabiliy e ldeteebiligdsPesially compounds labelled with I

di met hyl am ngﬁtsh%nol Fr.oga!fne ; dlll benzﬂaﬂgi},ne,t N- net hy| nor phol i ne,

argi ni ne, F§stAeOPE} 5 FERRIiNHhis BuBess- 10 15 IBeARYFip8 of 155igpesy far gxample

in the conbfdéut@funt én 14y enbirbbularBerdiRntig BateBt RS Edn eﬁceroﬁ%éﬁier%bouc
e

conpounds acc.ﬁrdi ng to the I nvention which forma conplex in-t

solid or | PAUIY Yt eommpundy Sr SRFaRle & cXipsins thechatf-1ifp et bedy, or a reduction in
Hydrat e ang @tiePessk ki@l P odiBtuRhe ST tHebolipbiiils E%r&&o{oﬁhgﬁ%ﬁﬁbn may

takes place with water. Hydrates are preferred solvates In
cont ext of TeFEOTR it s capshalsacppitute a preferred embodiment of the present invention. Isotopic

variants of the compounds according to the invention can be prepared by geherally used processes
known to those skilled in the art, for example by the methods described below and the methods
described in the working examples, by using corresponding isotopic modifications of the particular

25  reagents and/or starting compounds therein.

The present invention moreover also includes prodrugs of the compounds according to the
invention. The term "prodrugs" here designates compounds which themselves can be biologically
active or inactive, but are converted (for example metabolically or hydrolytically) into compounds

according to the invention during their dwell time in the body.

30 In the context of the present invention, the substituents have the following meaning, unless

specified otherwise:



The conpourid® 28tZ0kdb8g to the invention can exist in diffecamEpP2011/061305
stereoi soneric fornms depending 30 on their structure, i.e. in the
formof configuration isonmers or optionaldy also as conformation

i soners (enantioners and/or diastereoners, including those in the

case of at rApyl Smt’l‘lércsl)text'Blﬂﬂleﬁlﬁ\eﬁtﬁﬁtreprﬁééﬁt@Talsﬁﬁlgﬁth;ﬂ&ﬁfo@ﬁxﬁndhg@hlﬁﬁ@%ﬁﬁ%&vmg 1
enanti oners nd di aste TS‘FEQ?E’S and their part| cul ar m xtures.
f
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includes all the tautoneric forns The present invention also

enconpassed AFPIEUDFRBIBY) Fi6toBHYE CXF&’PP‘&h‘t@d eéfclghgsylconpounds accor di ng
to the invention. An isotopic variant of a conpound according to the

invention iskdpOer G eegtctedrand awERRAA r@pr@s@ﬂi@%uﬁ%g'hpcﬁy rifonb £ aREny? Miical
atomw thin the cogound according to the inventlon has been

exchanged fi8¥in&AdP Herarbirotirss apde deuhle bandribe fallovieg mablhe mantinegl by way of
different akomiCadBsSydyR@prefdiicaly 8 ba
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the active conpound distribution | n the body; due to conparatively
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with 3 o] 4 | e
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T the bt SHEIE BRERY M of RresBERamdaiPoRb s b alferisaoutipine, popoy-
nodi ficati Oa{’rbon}’lantﬂl‘[e ndmtmmaﬂﬁﬁyla:ﬁme,r isiba@xydartohaming @fd feRbuiBRYcarbonylamino.
therefore in sone cases al so constitute a preferred enbodi nent of t he
resent in tio oto rlants of the co ds accordi.ng

Phe s mvent Ealtdside il B0t SRF ot R LR RO R e SbAt TR fal of 4 o
t hose gRil beﬁlg Iamlﬂsh&ncmr dontain® bneeot 3RNP iy Héterbii&ni’fﬁblﬁ(ﬁiksgr%%ﬁdlﬁﬁg oPRl BY8, so
and the math acﬁ'a“bed t he, wor ki ng exanpl es,

by
cor r espond? 1t a%&?‘?‘f‘% ating rarbgt attoﬁ’e Tb%l f‘ﬂ"&’mgdfmyﬂ?ifr '@%@ﬁ?dsby way of
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al so |ncludes prodru%s of the conpounds according to the inventi

The term " BPEAFYs" tehapdroguanin sngahaligi o thirmorpimlian taﬁénﬁ@l’i\ﬂe@lo@mﬂpmnﬂ
bi ol ogi cal byfagick Vie Alerl RAGLIME], DketafNIE pSRAYEINE Lrbf:

nmet abolically or hly oeinytl cal 1I yiy i nt gﬁ%or%%ounds}llacéor}gjigonfgéft%gpltpﬁ)gndmyl and
i nvent £én EﬁfﬁlﬂW@Pﬁ/ﬁéﬁ dwel | tinme in the body. - 6 - Alkyl in the
context of the invention represents a straight-chain or branched

al kyl radi egiy &a‘i’d 'ﬂga éor;té%t brCEé t?%n@r;nog‘ggresgrﬁ'? E%Jleo"ééhf&%n 1 ngle ndI iodine.
nmenti oned by way exanpl e and by way pre erence: f) tfi

n- propyl , P@fﬁé?%ﬁ)wglveﬁi yine ahdigBineyl , 1- et hyl propyl , tert butyl

In the formula of the group which may represent L or R?, the end point of the line at which the *, #
or ## symbol is placed does not represent a carbon atom or a CH, group but forms part of the bond

30  tothe marked atom to which L or R? is attached.

If radicals in the compounds according to the invention are substituted, the radicals may be mono-

or polysubstituted, unless specified otherwise. In the context of the present invention, all radicals



Car bocycl e W@ 20H2/0e42i8ext of the invention represents a norm@yEPIN 1/061305
saturated carbocycle having 3 5 to 6 ring carbon atons. The foll ow ng
may be nmentioned by way of exanple and by7way of preference:

cycl opropyl, cyclobutyl, cyclopentyl and cycl ohexyl. Al kenyl in the

cont ext of whieh boewembre GitinloAEy £6 &Finsd dedeh@ing} b SRALEKE! SUERIEHESY one, two or
al kenyl radical B havin carbon atons and a doubl e bond. The

I g,.2 to

fol | owi ng © %mW@LWVEﬁﬁﬁnB SURSALYS PEREISA e and by way of
preference: vinyl, allyl, isopropenyl and n-but-2-en-1-yl.
10Al koxvcarlaahy boritext bheheqReseihventiod, Peefirineend bR (RSB DF@he formula (1) in
straight-chaj.n or branched al koxy radical having 1 to 4 carbon atons
and a car bofyf" group which is attached at the oxygen. The follow ng
may be nentioned by way of exanple and by way of preference:
met hoxycar hanyl ,regtdanes yReH0RIR?, N- pr opoxycar bonyl ,
i sopropoxycarbonyl and tert-butoxycarbonyl. Al koxycarbonylam no in
the context of the invention represents an am no group having a
strai ght- 15 challi™or branched al koxycarbonyl substituent which has 1
to 4 carbon atons in the alkyl chain and is attached to the nitrogen
atom vi a the carifonylrergésentp hydrien,f delite Qi WLoRBY, dbiorBRibkiy0 L IR, @ -C,)-
exanpl e and by way of ef erence: nethoxycarbonyl am no,
ethoxycarbonylanino,aB&LﬁﬁiﬁFﬁWbﬁﬁyﬂﬁm¥ﬂo, n- but oxycar bonyl ani no,
i sobut oxycar bonyl ami no and tert-butoxycarbonyl am no. Heterocycle in
t he cont extL of hﬁ@mkmwe@ﬁh@ﬁinéhﬁéagﬂﬁﬁjﬁ4§aturated het er ocycl e
having a total of 4 to 20 6 ring atons ich contains one or two ring
heteroafons from,the group consisting of N, 0, S, SO and/or SO and
is attached via W€ ng carbon atom The fol | owing may be mentioned by
way of exanple: azetidinyl, oxetanyl, pyrrolidinyl, pyrazolidinyl,
tetrahydrofuranyd , pirgeésests g boinPdfRBERZIANS thele@bbBYRALHPYT anyl ,
nmor phol i nyl, thionorpholinyl and di oxi dot hi onor phol I'nyl. Preference
is given to azetjdinyl, oxetanyl, rrolidinyl, tetrahydrofuranyl,
pi peri di nyl and#25te%?%ﬁﬁﬁ?%BV&&H§£¥“?EFH@%HWF%HWH@EGE tegiee 1igg, t he
i nvention represents fluorine, chlorine, brom ne and iodine.
Preference is gipven t@rdensm nenand ied ne. In the formula of the
group which nmay represent L or R2, the end point of the Iine at which
the *, # or ## sypbol is %Igced d es_noE reFr sent. a carbon atomor a
CH2 group but fdorms PEFEHT DY ariagy (Gid--HEYInIdREYL at om t o which L
or R2 is attached. WD 2012/004258PCT/ EP2011/061305 - 7 - which occur
nore tHan once &%t dedpraseds hydeps ARiend, §C,af,)-ORA o2 RFfuBRmetSUDST i tuti on
by one, two or three identical or different substituents is
preferred. In the context of the present invention, preference is
gi ven to conmpouflis of the formula (1) in which 5Arepresents nitrogen
or CR3,

R*andR"™  together with the carbon atom to which they are attached form an oxo

group, a 3- to 6-membered carbocycle or a 4- to 6-membered heterocycle,
R*  represents hydrogen, fluorine, (C;-Cy)-alkyl or hydroxyl,
20 R®  represents hydrogen, fluorine, (C;-Cy)-alkyl or trifluoromethyl,
R! represents hydrogen or fluorine,
R* represents benzyl,
where benzyl is substituted by 1 to 3 fluorine substituents,

and their N-oxides, salts, solvates, salts of the N-oxides and solvates of the N-oxides and salts.



wher e R3r epVeIehi/@04B§¥r ogen, deuterium fluorine, difl uoro®eriBH2011/061305
trifluoronethyl, (Cl-C4)- alkyl, cyclopropyl or cyclobutyl,

represents a group *-cRAARANCRS5AR58) p-tt-844, 10where represents the

poi nt of attachment to the carbonyl group, represents the point of

att achment It thetchetexiyof ihriptisere ilsention] przierdfcd & Bge givePloeSRPEmdAoMBORE A (1) in
1 or 2, Ra\/\wlrh?@r esents hydrogen, fluorine, (C-C4)-al kyl, hydroxyl,
15Raar epresents hydrogen, fluorine, (C-C4)-alkyl or trifluoronethyl,
O 124A and R45together with the carbon atomto which they are
attached f ot m anmepesentgniotgsn cdaCBZ, t 0 6- nenbered carbocycle or a 4- to
6- menbered heterocycle, RS5Arepresents hydrogen, fluorine,

(A-CA4)-al kyl or. h%droxyl , 20R55represents hydrogen, fluorine,
(C-CA4)-al kyl or hteri fluoronet hyl, represents hydrogen or fluorine,
R2r epresents benzyl, where benzyl is substituted by 1 to 3 fluorine

substit dent s, R’ represents hydrogen, fluorine, difluoromethyl, trifluoromethyl, methyl, ethyl or
cyclopropyl,

L represents a group *-CR*R**-(CR*R*®),+#,

where
* represents the point of attachment to the carbonyl group,

10 # represents the point of attachment to the pyrimidine or triazine ring,
p represents a number 0 or 1,

R*  represents hydrogen, fluorine, methyl, ethyl or hydroxyl,

R*®  represents hydrogen, fluorine, methyl, ethyl, trifluoromethyl, methoxycarbonyl-

amino or phenyl,

15 where methyl and ethyl may be substituted by 1 or 2 substituents independently of
one another selected from the group consisting of fluorine, trifluoromethyl and

hydroxyl,
or

R*andR*  together with the carbon atom to which they are attached form a
20 cyclopropyl,  cyclobutyl,  cyclopentyl, azetidinyl, pyrrolidinyl,
tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring,

where the cyclopropyl, cyclobutyl, cyclopentyl, azetidinyl, pyrrolidinyl,
tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring may be substituted
by 1 or 2 substituents independently of one another selected from the

25 group consisting of fluorine and methyl,
R*  represents hydrogen, fluorine, methyl, ethyl or hydroxyl,

R*®  represents hydrogen, fluorine, methyl, ethyl or trifluoromethyl,



and their NWexiode®0425alts, solvates, salts of the N oxides mmdEP2011/061305
solvates of the N-oxides and salts. WO 2012/004258PCT/ EP2011/ 061305
- 8 - In the context of the present invergion, preference is also
given to conmpounds of the formula (1) in which Arepresents nitrogen
or CR3, whek'e SR3preRnRae@bsnltydu@gen, fluorine, difluoronethyl,
trifluoronethyl, nethyl, ethyl or cyclopropyl, represents a group

*- CWARAB- ( ARSB) -# p where represents the point of attachnent to
t he carbon gr&ﬁ%?sefﬁ@@ﬁ?]esents the point of attachnment to the
pyrimdine or triazine ring, represents a nunber 0 or 1,

RAAr epresent s hywieegeazy! id substinie, bymeb B¥fluori®d Apdtin@htshy dr oxyl

R4l 3represents hydrogen, fluorine, nmethyl, ethyl, trifluoronethyl,

met hoxycar ba%ﬁ' ¥o| their salts, solvates and solvates of the salts.

5 Inthe context of the present invention, preference is also given to compounds of the formula (I) in

which
A represents nitrogen or CR?,
where
R’ represents hydrogen, difluoromethyl, trifluoromethyl, methyl, ethyl or cyclopropyl,

10 L represents a group *-CR‘AR4B-(CR5AR5B)p-#=

where
* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine or triazine ring,
p represents a number 0, 1 or 2,
15 R*  represents hydrogen, fluorine, methyl, ethyl or hydroxyl,

R*  represents hydrogen, fiuorine, methyl, ethy! or trifluoromethyl,

or

R*and R*  together with the carbon atom to which they are attached form a
cyclopropyl,  cyclobutyl, cyclopentyl, azetidinyl, pyrrolidinyl,
20 tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring,

R*  represents hydrogen, fluorine, methyl, ethyl or hydroxyl,
R*®  represents hydrogen, fluorine, methyl, ethyl or trifluoromethyl,
R! represents hydrogen or fluorine,

R? represents benzyl,



am no or phE012/0®MBer e net hyl and ethyl may be substit ut edTip2b1 0061305
2 substituents independently of one another selected fromthe group
consisting of fluorine, trifluoronethyl .amd hydroxyl, or WA and

Wit oget her with the carbon atomto which they are attached form a

20cycl opropyl, cyseftushmt isGMoskioRRAME Y or 3ZRbHSH sibdrinudsy ol i di nyl
tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring, where the

cyclopropyl , .cyelobutyl.  cyclopentyl, azetidinyl, pyrrolidinyl,
tetrahydroﬁﬁggﬁgﬁf”ﬁﬁﬁ@?ﬂﬁ%ﬁ?ﬁﬁﬁﬁa%g1F§ﬁwﬂropyranyl ring may be
substituted by 1 or 2 substituents independently of one another
sel ect ed f rianhd frteROOf el Pre3ed Shvehiiddg pAticdlAruREfeRfcedl disBBiVaY ko compounds of the

R5Ar epresent s r.o gnh fluorine, nethyl, ethyl or hydroxyl,
RSBrepreseH?En lﬁg’ﬁi fluorine, nethyl, ethyl or trifluoronethyl,
- 9 - represents hydrogen or fluorine, R2represents benzyl,
5 A represents CR?,
where

R? represents hydrogen,

L represents a group *-CR4AR4B-(CR5ARSB)p-#,

where

10 * represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine ring,
p represents a number 0,

R*  represents hydrogen, fluorine, methyl or hydroxyl,
R*®  represents hydrogen, ﬂﬁorine, methy! or trifluoromethyl,
15 or

R*and R*®  together with the carbon atom to which they are attached form a

cyclopropyl or cyclobutyl ring,

where the cyclopropyl and the cyclobutyl ring may be substituted by 1 or 2
substituents independently of one another selected from the group

20 consisting of fluorine and methyl,
R represents hydrogen or fluorine,
R? represents benzyl,
where benzyl is substituted by 1 or 2 fluorine substituents,

and to their salts, solvates and solvates of the salts.



wher e benzyWOi20130B68t uted by 1 to 3 fluorine substituent CTARIPOID061305
their salts, solvates and solvates of the salts. 5In the context of

the present invention, preference is alsolgiven to conpounds of the
formula (1) in which Arepresents nitrogen or CR3, where R3represents
hydr ogen, dhfihaiomemetiwk prdserit fnlmeﬁ)tlidh[rpirhgﬁ.{lar prefeRide, is QlsBYkveR o compounds of the
cycl opropyl Q éieg%gients a group *-CR4AARAB _(CRSARSB) 1) 4, where
representsff)ﬁ%1 attachnent to the carbonyl group, represents

t he point of attachnent to the pyrimdine or triazine ring,

represents A& nurgeesets nitrogen, 2, 15R4Ar epresents hydrogen, fluorine,

met hyl , ethyl or hydroxyl, Raarepresents hydrogen, fluorine, nethyl,

et hyl or trlfluoroneth 0 20 44 4Bt oget her with the carbon
S Y mople o SRR A,

atomto mhlch t HE o
cycl opropyl, cycl obutyl, cycl opentyl, azetidinyl, pyrrolidinyl,
20tetraﬁydrofranykm piperidinyl or tetrahydropyranyl ring,

represents the point of attachment to the carbonyl group,
# represents the point of attachment to the triazine ring,
p | represents a number 0,
R*  represents hydrogen, fluorine or methyl,

10 R*  represents hydrogen, fluorine, methyl or trifluoromethyl,
or

R*andR*®  together with the carbon atom to which they are attached form a

cyclopropyl or cyclobutyl ring,

where the cyclopropyl and the cyclobutyl ring may be substituted by 1 or 2
15 substituents independently of one another selected from the group

consisting of fluorine and methyl,
R’ represents hydrogen or fluorine,
R? represents benzyl,
where benzyl is substituted by 1 or 2 fluorine substituents,

20  and to their salts, solvates and solvates of the salts.

In the context of the present invention, particular preference is also given to compounds of the

formula (I} in which
A represents nitrogen or CR’,
where

25 R’ represents hydrogen,



RSAr epr eserive 20yziooges, fluorine, methyl, ethyl or hydroxylpcT/EP2011/061305
RSBr epresents hydrogen, fluorine, nethyl, ethyl or trifluoronethyl,
represents hydrogen or fluorine, R2represgnts benzyl, WO

2012/ 004258PCT/ EP2011/ 061305 - 10 - where benzyl is substituted by 1

or 2 fluorine substdehtsericap AR RO (LRER™) sal ts, solvates and sol vates
of the salts. In the context of the present i nvention, particular
preference is al leFgl ven to conpounds of the formul a (I) in which 5
Arepresents CR3,"fffer e R3represents hydrogen, represents a group

- CRAARABACR5AR5s" where 10represents the point of attachnent to the

carbonyl group, * epr egeaksis tl@oRObMittadhimeailth BeltB®BAy GRubhe pyri m di ne
ring,
# represents the point of attachment to the pyrimidine or triazine ring,
5 p represents a number 0,
R*  represents hydrogen, fluorine, methyl or hydroxyl,
R*®  represents hydrogen, fluorine, methy! or trifluoromethyl,

or

R“andR*  together with the carbon atom to which they are attached form a

10 cyclopropyl ring,
R' represents hydrogen or fluorine,

R? represents a group of the formula

H H HH

where
15 i represents the point of attachment to the pyrazolopyridine ring,
and to their salts, solvates and solvates of the salts.

In the context of the present invention, preference is also given to compounds of the formula (I) in

which R! represents H, and to their salts, solvates and solvates of the salis.

In the context of the present invention, preference is also given to compounds of the formula (I) in

20 which R’ represents fluorine, and to their salts, solvates and solvates of the salts.



repr esent s WORGMBP4268 RAAr epresents hydrogen, fluorine, mRCHYEPAM 1/061305
hydr oxyl , Rasrepresents hydrogen, fluorine, nethyl or

trifluoronethyl, 15O 124A and 12413togetlher with the carbon atomto
which they are attached forma cycl opropyl or cyclobutyl ring,

where t he dydieopniexydf therndestiienseyiddng piefeydnce ismtyo rivyn hﬁ:o&lpb&idis bfithe dorBiilal]) in

2 bst ndept e ecte m t he
g;oupsgozolré:{és?{m§eé}res§jn%$ﬁuor8ﬂhe%at% lﬁﬁiﬁyﬁovagi lé’gtéﬁf' h‘ﬁ Fogen or

fluorine, R2represents benzyl, where benzyl is substituted by
1 or 2 fludn ithwe:ostuxjsﬁ' ilteupeests invantibrg, prefeleice isaBb given 8adowpb@sls andle formula (1) in

sol vates of e S58PCT/ EP /061305 - 11 - In the
cont ext of vfd-he %Fe Eees%ntts Clﬁ\%ﬁ% {gﬁlrs tﬁ’rsﬂchT l'%’%tF%? e85 al so gi ven
to conmpounds of the formula (1) in which Arepresents nitrogen,

repr esent s lathgreonipxi*of CRAMRGBACREIRS Bl fedenba\l3 @1s@ given to compounds of the formula (I) in

which A represents N, and to their salts, solvates and solvates of the salts.

In the context of the present invention, preference is also given to compounds of the formula (1) in

which

L represents a group *-CR*R**-(CR*R*®) -#

10 where
* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine or triazine ring,
P represents a number Q,

“andR*™  together with the carbon atom to which they are attached form a
15 cyclopropyl,  cyclobutyl, cyclopentyl, azetidinyl,  pyrrolidinyl,
tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring,

and to their salts, solvates and solvates of the salts.

In the context of the present invention, preference is also given to compounds of the formula (I) in

which

200 L represents a group *-CR*R*®-(CR*R*®) -#

where

* represents the point of attachment to the carbonyl group,

# represents the point of attachment to the pyrimidine or triazine ring,
p represents a number 0,

25 R*  represents hydrogen, fluorine, methyl or hydroxyl,



represents Voe0pdDen2589f attachnent to the carbonyl group, reaVES®NtBH61305
the point of attachnent to the triazine ring, represents a nunber O,
Ranrepresents hydrogen, fluorine or methy4, 10R4Brepresents hydrogen,
fluorine, nethyl or trifluoromethyl, or R4A and 1248t ogether with the
carbon atomto wﬁ?chrqheymﬁhﬁh@&hﬁmhﬁﬁ;hﬁﬁﬂl@1ﬁﬂ&ﬁ&ﬂﬁ%ﬂy| or
cycl obutyl ring, wher e thebcyclopropyl gn tge crclo?utyl
ring may be bstituted by 1 or 2 15subsiituents independently of one
ano?her yselagcﬁz'lttloet “f Fagtﬁ’lsf’]ﬁ’%t\ésgéfngﬁﬁlv?:t%‘gﬁ%etsﬁ Y of fluorine and nethyl,
121represents hydrogen or fluorine, R2represents benzyl,

wher e benzyih thescostakisffittepirasent biyvedticdl pidfetdnd®isialke gh/e &l dobidRHAS of RO d¥ehulaQT) in
their saltgmﬁaplvates and solvates of the salts. In the context of

the present”Thvention, particular preference is also given to

conpounds of the formula (1) in which Arepresents nitrogen or CR3,

wher e 25R3rlepr esgnéssnthy droog &ICR*R**-(CR**R®),#,

where
* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine or triazine ring,
p represents a number 0,
10 R*  represents methyl,

R*®  represents methyl,
and to their salts, solvates and solvates of the salts.

In the context of the present invention, preference is also given to compounds of the formula (I) in
which

I5 L represents a group *—CR’*AR"B—(CRSARSB)L,—#,
where
* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine or triazine ring,
P represents a number 0,

20 R*andR*™  together with the carbon atom to which they are attached form a

cyclopropyl or cyclobutyl ring,

where the cyclopropyl and the cyclobutyl ring may be substituted by 1 or 2
substituents independently of one another selected from the group

consisting of fluorine and methyl,

25 and to their salts, solvates and solvates of the salts.



- 12 - reprweaaus/0ad2ggoup *_CRAARA134CcRS5ARS8) p#, where reprgserd®) 111305

poi nt of attachment to the carbonyl group,

represents the point of attachnent to thespyrimdine or triazine

ring,

S5represents a nunber 0, R4A represents hydrogen,

fluorine,

met hyl or hydieooutext JR4RY RRERSARSorNYRILG80;s afsb YRIh RoontFBLAN b BE formula (1) in

trifluoronethyl, or \
they are at¥¥iethed form a 10cycl opropyl ring,
hydrogen or fl uori ne,

R? represents benzyl,
where benzyl is substituted by 1 or 2 fluorine substituents,

5  and to their salts, solvates and solvates of the salts.

R2represents a group of the fornula

RI" and R4Btogether with the carbon atomto

represents
wher e

In the context of the present invention, preference is also given to compounds of the formula (1) in

which
R? represents a group of the formula
E
F
F F *F
H , H# #Ht
10 where
fiid

and to their salts, solvates and solvates of the salts.

represents the point of attachment to the pyrazolopyridine ring,

The present invention furthermore provides compounds of the formula (XV)

15 in which



15r epr esent¥Ot25¢2/p®i268 of attachnment to the pyrazol opyri di PeTYERRG11/061305
and to their salts, solvates and solvates of the salts. In the

context of the present invention, preferemce is also given to

conmpounds of the formula (1) in which RI represents H, and to their
salts, sol JVates repreiesoh gaups-CRH AR TR.#, In the context of the
present invention, preference is also given to conpounds of the

formula (1) in 2Qwhich Rl represents fluorine, and to their salts,

sol vates and solV&l%s of the salts. WO 2012/ 004258PCT/ EP2011/ 061305

- 13 - In the context of the present invention, preference is also

given to conpourtds ofreprdsent§ B PoiheofkttdchinBntwh ihe Rabordye ploggent s N or CH,
and to their salts, solvates and solvates of the salts. In the
context of the present inventian a%?effh%renc is also given to

conpounds of thé& for AATETH e P el?té‘bﬁlgéréaﬁt@“@t and to their

salts, solvates and solvates of the salts. 5In the context of the
present 5i nventi @n, prgieeenseunter &is® 2gi ven t o conpounds of the
formula (1) in which Arepresents N, and to their salts, solvates and

solvates of thesalts, In the context of.the preseni invention,
preference is alﬁéo g PERHY Oﬁﬁ%gﬁaréneoiclfcﬂ)éalgﬂrﬂﬁﬁﬁ"%o”(yﬂ) in which
represents a grou‘? *- CRAAR4AB4cR5AR513% n 10where represents the point
of attachment t®*t he raparsboniydgeeypfludriapr €Sen)alkihetripiobdie@fl, (C\-C,)-alkoxy-
attachnment to the pyripidi ne or triazine ring, represents a nunber O,

it AR CEPBBR at om t 0 which they are attached

R4AA and R4Bt oget her Wi
forma
where (C,-Cy)-alkyl may be substituted by 1 or 2 substituents independently of one

10 another selected from the group consisting of fluorine, trifluoromethyl, hydroxyl,

hydroxycarbonyl and (C,-Cy)-alkoxycarbonyl,

or

R*andR*  together with the carbon atom to which they are attached form a 3- to 6-

membered carbocycle or a 4- to 6-membered heterocycle,

15 where the 3- to 6-membered carbocycle and the 4- to G-ﬁembered
heterocycle may be substituted by 1 or 2 substituents independently of one

another selected from the group consisting of fluorine and (C;-C,)-alkyl,
R*  represents hydrogen, fluorine, (C,-Cy)-alkyl or hydroxyl,
R*®  represents hydrogen, fluorine, (C;~Cy)-alkyl or trifluoromethyl,
20 R represents hydrogen or fluorine,

R? represents benzyl,
where benzyl is substituted by 1 to 3 fluorine substituents,

T! represents (C,-Cy)-alkyl,

and to their salts, solvates and solvates of the salts.

25  The present invention furthermore provides compounds of the formula (XIII)



15cycl opr opWiC ¥ 1084238y , cycl opent yl , azeti di nyl, pyrrol i di ny#GT/EP2011/061305
t etrahydrof uranyl, piperidinyl or tetrahydropyranyl ring, and to

their salts, solvates and solvates of thé7salts. In the context of

the present invention, preference is also given to conpounds of the
formula (1) in which 20 Lrepresents a group *rTR4AR413( cRSARSB) p- #
where represents the point of attachnenh to t/he carbonyl group,

represents the point of attachnent t Ninidine or triazine
ring, represents a number 0, 25R4Arepeserts INdrogen, fluorine,
met hyl or hydroxyl, Raa represen % fluorine, nmethyl or
trifluoronmethyl, and to their salts, solvates and sol vates of the

salts. In the context of the present inventigh~Nreference is also
gi ven to conpounds of the formula (1) in whiNch represents a group

*_ CRAAR413_(CR5Ap 5B\ 4 n /1] where H
HO
L
o\\<
T4/
O (xm,
in which

L represents a group *-CR*R**-(CR*R*") -,

where

5 * represents the point of attachment to the carbonyl group,
# represents the point of attachment to the triazine ring,
p represents a number 0, 1 or 2,

R*  represents hydrogen, fluorine, (C,-Cy)-alkyl or hydroxyl,

R*®  represents hydrogen, fluorine, (C,-Cy)-alkyl, trifluoromethyl, (C,-C,)-alkoxy-

10 carbonylamino or phenyl,

where (C,-Cy)-alkyl may be substituted by 1 or 2 substituents independently of one
another selected from the group consisting of fluorine, trifluoromethyl, hydroxyl,

hydroxycarbonyl and (C,-C,)-alkoxycarbonyl,
or

15 R* and R*? together with the carbon atom to which they are attached form a 3- to 6-

membered carbocycle or a 4- to 6-membered hetefocyéle,

where the 3- to 6-membered carbocycle and the 4- to 6-membered
heterocycle may be substituted by 1 or 2 substituents independently of one

another selected from the group consisting of fluorine and (C;-Cy)-alkyl,

20 R* represents hydrogen, fluorine, (C,-Cy)-alkyl or hydroxyl,



represent s VR2OR&OPA258f attachment to the carbonyl group, REIVERISNL/E61305
the point of attachnent to the pyrimdine or triazine ring,
represents a nunber 0, 10R4Arepresents me8hyl, Rasrepresents nethyl,
and to their salts sol vates and sol vates of the salts. In the
context of the pt8sertpresantehydregen, fhweihe (€ACL-alks] @lisfuogineeiyl,t 0
conpounds of the fornula (I) in which 15Lrepresents a group

*- CRAARAB( GR5AR sents the point of attachnent to
t he carbon?ﬁ gro Eégéh %%EThﬁﬂLg poi nt of attachment to the

pyri m di ne ar tr|a2|ne rlng, represents a nunber 0, 20124A and

R413t oget het’ wi tiepreseatsbezidon at om t o which they are attached form a
cycl opropyl or cyclobutyl ring, mhere the cycl opropyl and the

cycl obutyl ring tituents

i ndependent |y oﬁﬂ%%ggh O#ﬁg&ﬁgM% P%%f%h&ﬁggoup consi sting of

fluorine anq met hyl, WD 2012/ 004258PCT/ EP2011/ 061305 - 15 -
5 represents (C)-Cy)-alkyl,

and to their salts, solvates and solvates of the salts.

In the context of the present invention, preference is also given to compounds of the formulae
(XII) and (XV) in which

L represents a group *-CR*R**-(CR*R’®) #,

10 where
* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the triazine ring,
P represents a number 0, 1 or 2,

R*  represents hydrogen, fluorine, methyl, ethyl or hydroxyl,
15 R*®  represents hydrogen, fluorine, methyl, ethyl or trifluoromethyl,
or

“andR"™  together with the carbon atom to which they are attached form a
cyclopropyl,  cyclobutyl,  cyclopentyl, azetidinyl,  pyrrolidinyl,
tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring,

20 R* represents hydrogen, fluorine, methyl, ethyl or hydroxyl,
R*®  represents hydrogen, fluorine, methyl, ethy! or trifluoromethyl,
R’ represents hydrogen or fluorine,
R? represents benzyl,

where benzyl is substituted by 1 or 2 fluorine substituents,



In the contW¥@t2063/094288 present invention, preference is al s®VERAO11/061305
conpounds of the formula (1) in which R2represents benzyl,

where benzyl is substituted by 1 or 2 fl-U®rine substituents, 5and to
their salts, solvates and solvates of the salts. In the context of

t he presentT’i nverirésonts mpthef@retme i s al so gi ven to compounds of the
formula (1) in which R2represents a group of the fO{nuIa 4 10where

tgl represe t ' f t ne t g..t he pyrazol opyridi ne ring,

aﬁd tg thegééEH@@E¥ﬂ§§FU§?%§h§§%QEH$3%?%E&of the salts. The present

i nvention furthernore provides conpounds of the fornmula (XV) (XV), -

16 - repredeitescateyt olithe ‘preset ARENIRE AREBY e tit also glven ® compounds of the formulae

(XIT) and (XV) in which

5 L represents a group *-CR4AR4B—(CR5AR5B)|;-#,

where
* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the triazine ring,
p represents a number @,
10 R*  represents methyl,

R*®  represents methyl,
and to their salts, solvates and solvates of the salts.

In the context of the present invention, preference is also given to compounds of the formulae
(X1I) and (XV) in which

15 L represents a group *-CR*“R*°-(CR™R°P) +#,
where
* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the triazine ring,
P represents a number 0,

20 R*and R*®  together with the carbon atom to which they are attached form a

cyclopropyl or cyclobutyl ring,

where the cyclopropyl and the cyclobutyl ring may be substituted by lor2
substituents independently of one another selected from the group

consisting of fluorine and methyl,

25  and to their salts, solvates and solvates of the salts.



represent s ¥Wp0opDod258f attachnment to the carbonyl group, rEIVERON/B61305
the point of attachnent to the triazine ring, 5represents a nunber O,

1 or 2, R4Arepresents hydrogen, fluorinepo(Cl-C4)-al kyl or hydroxyl,

R4Br epresents hydrogen, fluorine, (Cl-C4)-alkyl, trifluoronethyl,

(Cl - C4) - al Kiieydefiahioho BY lraidaloin@icatpd ¢! fically in the reﬂi@ftﬂfeeco{'r@na%ﬂs' &l kdberred
may be substi_n%ut ed b¥f 1. or. 2 sub t%{)uents in_depen_entl% of one o
10anot her <QMBIALRPSt Horpdicels o Eﬁﬁ%‘? AS idetifef g Pest|vE ol the particular combinations
trifluor onahdiydted By@E xtals alY B @3RN OMMHic AN other combinations.

(C1l-A4) - al koxycarbonyl, or R4A and R48together with the carbon atom

to which t%are attached forma 3- to 6- nenbered carbocycle or a

4- to 6- mertFEPERIARS: oF DS OF &uore 8 gbqvpaensiongd, pisterradisunees) aayey gypeicalarly
and the 54- grei®edrenber ed heterocycle may be substituted by 1 or 2
substituents independently of one another selected fromthe group
consisting Qf fluqgrine and (Cl-C4)-al kyl, R5Arepresents hydrogen,
fluorine, (‘CE-BYUG Eﬂhe%‘?"r?ﬁ@?”é‘?ﬁﬁ,Pr‘R5§r1@bP@§§Htgsthﬁ§ﬂP%Ié¢ﬁ of the formula (I)
fluorine, (dedordifig tothdiker@ibn, lchirhdid+REORRENY lomBRRY bERE &RHHL $hy dr ogen

or fluorine, R2represents benzyl,

in which R' and R* each have the meanings given above,

10 [A] is reacted in an inert solvent in the presence of a suitable base with a compound of the
formula (1)

© (am,
in which L has the meaning given above and
T represents (C,-Cy)-alkyl,

15 to give a compound of the formula (IV)



wher e benzyWwGi201Z0BE868tuted by 1 to 3 fluorine substituent ®CT/EP2011/061305
T4represents (Cl-C4)-alkyl, and to their salts, solvates and sol vates

of the salts. 25The present invention fugthernore provides conpounds

of the formula (XIIl) - 17 - in which (XII1), represents a group

*- CRAARANCRSA, ,sa \ _44 n )13 r where Sreprgsents the point of
attachnment to the carbonyl group, represent/s the point of attachnent

to the triazine ring, represents a @adlr 1 or 2, R4Arepresents

hydr ogen, fluorine, (Cl-C4)-alkyl

hydr ogen, fluorine, (Cl-C4)-al k¥{l1 A sagbnet hyl, (Cl-C4)-al koxy-
N
N7\
— NHZ
HN7]/L
© vy,

in which L, R" and R? cach have the meanings given above,

this is then converted with isopentyl nitrite and an jodine equivalent into a compound of
the formula (V)

R2
/

N
Be
R’ 4
73 N

-

— {
HN)/L

5 | © V),

in which L, R and R? each have the meanings given above,

and this is subsequently reacted in an inert solvent in the presence of a suitable transition

metal catalyst to give a compound of the formula (I-A)



10car bony| aWDr261560436&nyl , where (Cl -C4)-al kyl may be substpdnered: ge130s
1 or 2 substituents independently of one another selected fromthe
group consisting of fluorine, trifluoromethyl, hydroxyl,

hydr oxycar bonyl and (Cl-C4)-al koxycarbonyl, O 15R4A and

12413t ogether with the carbon atomto which tgey are attached forma
3- to 6- nmenbered carbocycle or a 4- toN6-nenbered het er ocycl e, where
the 3- to 6-nenbered carbocycle and t 6- menber ed heterocycle
may be substituted by 1 or 2 substitu+nts i ndependently of one

anot her selected fromthe group copRsksii fluorine and
(C-CA)-al kyl, 20R5Arepresents hyéﬁogen, flugrine, (C-C4)-alkyl or
hydr oxyl, WO 2012/ 004258PCT/ EP2011/ 061305 - N RS5Brepresents
hydrogen, fluorine, (Cr-C4)-alkyl or trifludrfongjhyl, represents

hydrogen or fluorine, R2represents benzyl, re/benzyl is
substituted by 1 to 3 fluorine substituents represents
(Cl-4)-alkyl, and to their salts, soIvaté@JandLsoIvates of the
salts. In the context of the present inventiyf, preference is also
gi ven to conpounds of the formulae (Xl1) aan(XV) in which

(I'A-) s

in which L, R' and R? each have the meanings given above,
or

[B] is reacted in an inert solvent in the presence of a suitable base with a compound of the

5 formuia (VI)
T2
l H
OGN
-
L
NC VD,
in which

L' represents a group *-CR*R*-(CR*R*®),#,

where

10 * represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine or triazine ring,
p represents a number 1 or 2,

R*  represents hydrogen, fluorine, (Ci-Cy)-alkyl or hydroxyl,
R represents hydrogen, fluorine, (C;-Cy)-alky! or trifluoromethyl,

15 or



represent s WOGH002/p04258 RAARABACR5AR513\ Art, 10where repr esaUEERING1/061305
poi nt of attachment to the carbonyl group, represents the point of
attachnent to the triazine ring, represengs a nunber 0, 1 or 2, wt
represents hydrogen, fluorine, nethyl, ethyl or hydroxyl,

15R4srepresent s hydr ®fémd KF uotdgaer wieh thlcarbei Mk 16 kvhichithdyUes SR h&Wform an
O 124A and R4Btogether with the carbon atomto which they are

attached form a 0xo group, a 3- to 6-membered carbocycle or a 4- to 6-membered
cycl opropyl, cycl obutyl, cycl openRétyloc@ret i di nyl, pyrrolidinyl,
tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring,

20R5Ar epresent s hydrqgen, fluorine, nethyl, ethyl or hydroxyl,

R5Br epr esent s hydr oggﬁ, flr?Pé?SFW%?ydﬁ‘@FﬁfFlP“%% @r&bﬁlkyqur %(Y‘Eﬁ’ﬁ%met hyl ,
represents hydrogen or fluorine, R2represents benzyl, where benzyl is
substituted by 1 or R°FI uespratentshylisdged, URBLifS, (C,-C,)-alkyl or trifluoromethyl,

and
T represents (C,-C)-alky!,

to give a compound of the formula (IV-B)

h
N
'
N

R' #~4
N
N7\

—_— NH,
HN7]/L1
© (IV-B),
10 in which L', R! and R? each have the meanings given above,

and this is then reacted further analogously to process [A] to give a compound of the
formula (I-B)

© (-B),

in which L', R’ and R? each have the meanings given above,



- 19 - T4r epPeeN0&268t hyl or ethyl, and to their salts, sS®CTAREDIHOS305
solvates of the salts. In the context of the present invention,
preference is also given to conpounds of24he formulae (XI11) and (XV)

in which 5 Lrepresents a group *-cRAArt4NcRSADSB \ " )Ifir where
represents drhe point of attachnment to the carbonyl group, represents
the point of attachnent to the triazine ri ng, represents a nunber O,

10R4Ar epre RABr epres th and thelr salts,

sol vat es ars@ﬁ]soll‘i'/’fie g%éti) 44 RE §%V?n mﬁ"ﬁ 8%8&';?@%5‘ basf, &/ith Acomppound of the
i nvention, prefévenuteMIB al so given to conpounds of the formnul ae

(XI11) and (XV) in which 15 Lrepresents a group

- CRAARAB4ACR5ARsa) p4t, where represents tkt(; poi nt of attachnment to

t he carbonyl group, represents the pojjnt attachnment to the

triazine ring, represents a nundg O,

0 R®
3 /O\ﬂ/L
© (VID,
5 in which L and R® each have the meanings given above and

T represents {C;-C,)-alkyl,
to give a compound of the formmia (VIII)

2

F
N
B!
R1- A~
N
NN,
— /R
HO
L
o\\<
T3/
o)

VI,
in which L, R', R% R® and T each have the meanings given above,

10 this is then converted with phosphoryl chloride into a compound of the formula (IX)



20124A and WR{Bi03Ze04268 with the carbon atomto which they @a/EP2011/061305
attached forma cycl opropyl or cyclobutyl ring, where the cycl opropyl
and the cyclobutyl ring may be substitutesi-by 1 or 2 substituents

i ndependently of one another selected fromthe group consisting of
fluorine and methyl, - 20 - The definitiong?of radicals indicated
specifically in the respective conbi ngtions/or preferred conbinati ons
of radicals are replaced as desired 4 tive of the particul ar
conbi nati ons indicated for the radi | sognby definitions of

radi cal s of other conbinations. 4 ons of two or nore of the
abovenenti oned preferred ranges Bre very pakticularly 5preferred. The
i nvention furthernore provides a process fo/ feparing the conpounds
of the formula (1) according to the inventNon, \characterized in that
a conpound of the fornmula (I1) in which R\.an each have the
meani ngs gi ven above, 10[A]is reacted in imert solvent in the
presence of a suitable base with a conpd@nd ofjthe formula (IIl) in
whi ch L has the meaning gi ven above and Ty esents (Cl-C4)-al kyl,
15to give a conpound of the fornula (I} - -

(IX),
in which L, R', R%, R* and T each have the meanings given above,

this is subsequently converted in an inert solvent into a corresponding azide compound and

this is reduced directly to a compound of the formula (X)

X,
in whick L, R', R?, R® and T each have the meanings given above,

and this is then reacted in an inert solvent in the presence of a suitable base to give a

compound of the formula (I-C)



in which L, WRI20a¥@0R38each have t he neani ngs gi ven above, tPOTHER2D11/061305
then converted with isopentyl nitrite and an iodine equivalent into a
conpound of the formula (V) (V), 1in whikeh L, R and R2 each have

t he neani ngs gi ven above, and this is subsequently reacted in an

inert solvent in the presence of a suitablegkransition netal catalyst
to give a conpound of the fornula (I-ﬁ? - 22 - (1-A), inwich L,

Rl and R2 each have the neanings gi or

R
NN
— /R
HN L
© (I-C),

in which L, R', R? and R® each have the meanings given above,
or

D] is reacted in an inert solvent in the presence of a suitable base with hydrazine hydrate to

5 give a compound of the formula (XI)
/Rz
N
o
N
P/,
R
NH
HN
\
NH,
(XD,

in which R' and R? each have the meanings given above,

this is then reacted in an inert solvent with a compound of the formuila X1

o)
TN La O~
0 T T

O O

10 in which L has the meaning given above and

(XID,

T represents (C;-Cy)-alkyl,

to give a compound of the formula (XIII)



[B] i s reactwe 20m2/atv268ert sol vent in the presence of a sui trhlEr2as661305
wi th a conpound of the 5forrmula (VI) in which (VlI) , Llrepresents a
group *- CRAAR4AB. (CR5AD5B) p-#, where 10repyesents the point of

attachment to the carbonyl group, represents the point of attachment

to the pyrimdine or triazine ring, representg a nunber | or 2, - 23

- ICA and RIB together with the carbon atom 0 which they are

attached forman oxo group, a 3- to 6 d carbocycle or a 4- to

6- menber ed heterocycl e, R5Arepresents ogemny fluorine,

(C-CA)-al kyl or hydroxyl, 5RSBreR hy4¢r ogen, fluorine,

(C1l-A)-al kyl or trifluoromethyl, Na

A
pRhe

(X1,

in which L, R', R? and T? each have the meanings given above,

this is subsequently converted with phosphoryl chloride into a compound of the formula

(XIV)
RZ
' /
N
B!
=3 Z~4
/4
W
="
————
|
C L
S O\\<
5 O

(XIV),

in which L, R', R? and T* each have the meanings given above,

and this is reacted directly with ammonia to give a compound of the formula (XV)



to give a CoEOUINA04EB8t he formula (I1V-B) H2 (1V-B), 10i npdtyesroll/o61305
RI and R2 each have the neani ngs given above, and this is then

reacted further anal ogously to process [#-to give a conpound of the
formula (1-B) (1-B), in which LI, RI and R2 each have the neani ngs

gi ven above, - 24 - O [(Clis reacted in an igrert solvent in the
presence of a suitable base with a corrpﬁund gf the formula (VII)
(VM 1), X N\
| P
R' Z
72\
N \!
)=~
—————
H,N ]
o\\<
T/
O @),

in which L, R', R? and T* each have the meanings given above,

and finally cyclized in an inert solvent in the presence of a suitable base to give a

compound of the formula (I-D)

R2
/
N
Be!
R Z~4
N
R\

H "
ey
HNYL

QO

in which L, R' and R? each have the meanings given above,

(I-D),

and the resulting compounds of the formulae (I-A), (I-B), (I-C) and (I-D) are optionally converted

with the appropriate (i) solvents and/or (ii) acids or bases into their solvates, salis and/or solvates

of the salts.

10 Together, the compounds of the formulae (I-A), (I-B), (I-C) and (I-D) form the group of the

compounds of the formula (I) according to the invention.

Inert solvents for the process steps (II) + (III) and (VI) — (IV) are, for example, alcohols such as
methanol, ethanol, n-propanol, isopropanol, n-butanol or tert-butanol, ethers such as diethyl ether,
dioxane, dimethoxyethane, tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethyl

15 ether, hydrocarbons such as benzene, xylene, toluene, hexane, cyclohexane or mineral oil



5i n whi ch LWeiP1R80448h have the neani ngs gi ven above and PCT/EP2011/061305
T3represents (Cl-C4)-alkyl, to give a conpound of the formula (VIII)
(MIT1), in which L, R, R2, R3 and T3 eaegh-have the meanings given
above, 10this is then converted with phosphoryl chloride into a
conpound offrdctiensf or mbkmso{deXs sueh 26 dimethyl formaktiih(DMF)RdimdiR] shighaidk TMSO),

have t eapi nNgs gi ven this is subsequently converted in
n nert SO R Re d B H g VAEBYEBRBBEN A MRl PHFdng o scctomtile
reduced di rsaiphblind & efseGaRgIY RthRfpoksie toksBiRAuleXbf fh&bolvdnts MHtGRed- Preference
R, R2, R3 and T3 each h?ve the nmeani ngs given above, and this is
then react ¢8R RhcTPste! ¥anefmel i n the presence of a suitable base
to give a conpound of the formula (1-C - 26 -

5 Suitable bases for the process steps (II) + (III) and (V1) — (IV) are alkali metal hydroxides such as,
for example, lithium hydroxide, sodium hydroxide or potassium hydroxide, alkali metal carbonates
such as lithium carbonate, sodium carbonate, potassium carbonate or 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 ethoxide or

10 potassium tert-butoxide, or organic amines such as triethylamine, diisopropylethylamine, pyridine,
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) or 1,5-diazabicyclo[4.3.0]non-5-ene (DBN). Preference

is given to potassium tert-butoxide or sodium methoxide.

The reactions (1) + (II) and (VI) — (V) are generally carried out in a temperature range from
+20°C to +150°C, preferably at from +75°C to +100°C, if appropriate in a microwave, The
IS5 reaction can be carried out at atmospheric pressure, at elevated pressure or at reduced pressure (for

example at from 0.5 to 5 bar). In general, the reaction is carried out at atmospheric pressure.

The process step (IV) — (V) is carried out in the presence or absence of a solvent. Suitable
solvents are all organic solvents which are inert under the reaction conditions. The preferred

solvent is dimethoxyethane.

20 The reaction (IV) — (V) is generally carried out in a temperature range from +20°C to +100°C,
preferably in the range from +50°C to +100°C, if appropriate in a microwave. The reaction can be
carried out at atmospheric pressure, at elevated pressure or at reduced pressure (for example in the

range from 0.5 to 5 bar). In general, the reaction is carried out at atmospheric pressure.

The process step (IV) — (V) is generally carried out using a molar ratio of 10 to 30 mol of
25 isopentyl nitrite and 10 to 30 mol of the iodine equivalent per mole of the compound of the
formula (IV).

A suitable source of iodine for the reaction (IV) — (V) is, for example, diiodomethane or a

mixture of caesium iodide, iodine and copper(]) iodide.

Inert solvents for the process step (V) — (I-A) are alcohols such as methanol, ethanol, n-propanol,
30  isopropanol, n-butanol, tert-butanol or 1,2-ethanediol, ethers such as diethyl ether, dioxane, tetra-
hydrofuran, glycol dimethyl ether or diethylene glycol dimethyl ether, or other solvents such as
dimethylformamide (DMF), dimethyl sulphoxide (DMSO), N, N'-dimethylpropyleneurea (DMPU),



(1-C, inWRAi20R/004258, R2 and R3 each have the neani ngs gimerEPabw@@Bos
O [Dlis reacted in an inert solvent in the presence of a suitable

base with hydrazine hydrate to 5give a esmpound of the formula (XI)

HN \ NH2(XI), in which Rl and R2 each have the neani ngs given above,
this is thenmebgipyesdidone @MPNEridirepdce@niirilvit $lsetwRGTRXHNS REsBIOS use mixtures

formila ( Xlolf zhe sgﬁ%r{tg entioned. Preference is given to DMF.

The reduction (V) — (I-A) is carried out using hydrogen in association with transition metal
catalysts such as, for example, palladium (10% on activated carbon), Raney nickel or palladium
5  hydroxide.

The reaction (V) — (I-A) is generally carried out in a temperature range from +20°C to +50°C.
The reaction can be carried out at atmospheric or elevated pressure (for example in the range from

0.5 to 5 bar). In general, the reaction is carried out at atmospheric pressure.

Inert solvents for the prdcess step (I) + (VII) — (VIII) are, for example, alcohols such as
10 methanol, ethanol, n-propanol, isopropanel, n-butanol or tert-butanol, ethers such as diethyl ether,
dioxane, dimethoxyethane, tetrahydrofuran, 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 (DMF), dimethyl sulphoxide (DMSO),
N,N'-dimethylpropyleneurea (DMPU), N-methylpyrrolidone (NMP), pyridine or acetonitrile. It is
15 also possible to use mixtures of the solvents mentioned. Preference is given to methanol or

ethanol.

Suitable bases for the process step (II) + (VII) — (VII[) are alkali metal hydroxides such as, for
example, lithium hydroxide, sodium hydroxide or potassium hydroxide, alkali metal carbonates
such as lithium carbonate, sodium carbonate, potassium carbonate or caesium carbonate, alkali
20 metal bicarbonates such as sodium bicarbonate or potassium bicarbonate, alkali metal alkoxides
such as sodium methoxide or potassium methoxide, sodium ethoxide or potassium ethoxide or
potassium tert-butoxide, or organic amines such as triethylamine, diisopropylethylamine, pyridine,
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) or 1,5-diazabicyclo[4.3.0Jnon-5-ene (DBN). Preference

is given to sodium methoxide or sodium ethoxide.

25  The reaction (II) + (VII) — (VIII) is generally carried out in a temperature range from +50°C to
+120°C, preferably from +50°C to +100°C, if appropriate in a microwave. The reaction can be
carried out at atmospheric or elevated pressure (for example in the range from 0.5 to 5 bar). In

general, the reaction is carried out at atmospheric pressure.

The reactions (VIII) — (IX) and (XIII) — (XIV) can be carried out in a solvent which is inert

30 under the reaction conditions, or in the absence of a solvent. The preferred solvent is sulpholane.

The reactions (VIII) — (IX) and (XIII) — (XIV) are generally carried out in a temperature range
from +70°C to +150°C, preferably from +80°C to +130°C, if appropriate in a microwave. The



10i n whi ch WOrQ42/0¢/@5%eani ng gi ven above and T4represents PCI/EP2011/061305
(Ca-A)-al kyl, to give a conpound of the formula (XIIl) - 27 -
(XI11), in which L, R, R2 and T4 each have the neani ngs given above,
this is subsequently converted wth phosphoryl chloride into a

conpound ofredchien faprbwichaied Xht\éy atnfoX¥phdic of ¢levattid @hesture Rbr, exBApd el thE4ar@8Edm 0.5

have the nqggl gén\é?a tﬁ‘edre Qﬁo?%gcg?%?ﬁ%aéat re;g}lg&?g{ugectly wth

anmoni a to grve onpoun

Especially preferably, the reaction (XIII) — (XIV) is carried out in the absence of a solvent in a

temperature range from 0°C to +50°C at atmospheric pressure.

5  The process step (IX) — (X) takes place by reaction with sodium azide with intermediate
formation of the azide derivatives, which are directly reduced to give the corresponding amines.
Inert solvents are the azide formation are, for example, ethers such as diethyl ether, dioxane,
dimethoxyethane, tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethyl ether,
hydrocarbons such as benzene, xylene, toluene, hexane, cyclohexane or mineral oil fractions, or

10 other solvents such as dimethyiformamide (DMF), -dimethyl sulphoxide (DMSO0), N,N'-
dimethylpropyleneurca (DMPU), N—methyipyrrolidone (NMP), pyridine, acetonitrile or
sulpholane. It is also possible to use mixtures of the solvents mentioned. Preference is given to
DMEF.

The azide formation is generally carried out in a temperature range from +50°C to +100°C,

15 preferably from +60°C to +80°C, at atmospheric pressure.

The reduction takes place in an inert solvent such as, for example, alcohols such as methanol,
ethanol, n-propanol, isopropanol, n-butanol, tert-butanol or I1,2-ethanediol, ethers such as diethyl
ether, dioxane, tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethyl ether, or other
solvents such as dimethylformamide (DMF), dimethyl sulphoxide (DMSOQ), NN'-
20 dimethylpropyleneurea (DMPU), N-methylpyrrolidone (NMP), pyridine, acetonitrile or else water.

It is also possible to use mixtures of the solvents mentioned, Preference is given to DMF.

The reduction takes place at from +10°C to +30°C using hydrogen in combination with transition
metal catalysts such as, for example, palladium (10% on activated carbon), platinum dioxide or

palladium hydroxide, or without hydrogen using tin(Il) chloride and hydrochloric acid.

25 Alternatively, the reaction (IX) — (X) can also be carried out in one step analogously to process

step (XIV) — (XV).

The process step (XIV) — (XV) is carried out in a solvent which is inert under the reaction
conditions. Suitable solvents are, for example, ethers such as diethyl ether, dioxane, tetrahydro-
furan, glycol dimethyl ether or diethylene glycol dimethyl ether, or other solvents such as
30  dimethylformamide (DMF), dimethyl sulphoxide (DMSO), N, N-dimethylpropylencurea (DMPU),
N-methylpyrrolidone (NMP), pyridine, acetonitrile or else water. It is also possible to use mixtures

of the solvents mentioned. Preference is given to acetonitrile.



(XV), in WWOROL/0RE;8 R2 and T4 each have the meani ngs gi veoTHIOVE1/061305
and finally cyclized in an inert solvent in the presence of a _

sui tabl e base to give a conmpound of the-gprmula (1-D) 5 (I-D), 1in
which L, RI and R2 each have the neani ngs gi ven above, and the

resul ting coBpeLRESXOV) L& V) ey fibaly dabriclout i b t@perdnlre he@6n tho%Q) 0@ 6oeC,
optionally converted w th theoapgroprl_ate (i) solvents and/or (il).
aci ds or b&EdeblyfIEMIHATG tosif0VatiedpPrapEnte &n aREprYavesThgagastionnfan bh garried out at

sal ts. 10TqggdspRiic &%vﬁ@&?%ﬁ?@ (6 edailel AriIkAge Gbir¥ 5 td %_tg))z 1l Eén@a], the
and (I1-D) formthe group of the conpounds of thé fornula (I .
accor di ng tecHPReis cHveheut afrtmesaberic psesfwent s for the process steps (11)
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use mixtures of the solvents mentioned. Preference is given to THF.

Suitable bases for the process steps (X) — (I-C) and (XV) — (I-D) are alkali metal hydroxides
such as, for example, lithium hydroxide, sodium hydroxide or potassium hydroxide, alkali metal
15  carbonates such as lithium carbonate, sodium carbonate, potassium carbonate or 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
ethoxide or potassium tert-butoxide, or organic amines such as triethylamine, diiso-
propylethylamine, pyridine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) or 1,5-diazabicyclo[4.3.0]-

20  non-5-ene (DBN). Preference is given to potassium tert-butoxide.

The reactions (X) — (I-C) and (XV) — (I-D) are generally carried out in a temperature range from
0°C to +50°C, preferably from +10°C to +30°C, if appropriate in a microwave. The reaction can be
carried out at atmospheric or elevated pressure (for example in the range from 0.5 to 5 bar). In

general, the reaction is carried out at atmospheric pressure.

25  Alternatively, the cyclization to (I-C) or (I-D) takes place directly during the reduction of the azide
to the corresponding amine (X) or during the reaction (XIV) — (XV) without addition of further

reagents.

In an alternative practice of the processes [C] and [D], the reactions (IX) — (X) — (I-C) and XD
+ (XII) - (XIII) — (XIV) — (XV) = (I-D), respectively, are carried out simultaneously in a one-

30  pot reaction without isolation of the intermediates.

Preferably, the reactions (XII) — (XIV) — (XV) — (I-D) are carried out simultaneously in a one-

pot reaction without isolation of the intermediates.



for exanpl evaiothoesesydr oxi de, sodi um hydroxi de or pot asSipdfTVEP2011/061305
hydr oxi de, al kali netal carbonates such as lithium carbonate, sodium
carbonat e, potassium carbonate or caesiungcarbonate, al kali netal

bi carbonates such as sodi um bi carbonate or potassi um bi carbonate,
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carried outettmholat nospheric pressure. The process step (IV) -> (V) is
carried out in the presence or absence of a solvent. Suitable

sol vents arg all v are.inert under the reaction
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pressure, kndleMaicactioniLatiHI®UOL aftospiRAb pREUR! essure (for exanple in
the range from0.5 to 5 bar). In general, the reaction is carried out

at atm)sph ric B,essure The process step (IV)(V) is generally
carried out nqugqo §™a Irdferogesistep (B 16K i%ie Jor axernplafalBpls syshas yethanol, ethanol,
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compound of ‘the formula (1V). suit source of 1 odine
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sul phoxi de ( N, N - di net hyI propyl eneurea (DWPU), WO

2012/ 09625%11% EI:IJ:;%Qslf%{' 8.% ]p‘ri')’oocgss step (II) — (XI) are alkali metal hydroxides such as, for example,

lithium hydroxide, sodium hydroxide or potassium hydroxide, alkali metal carbonate such as
lithium carbonate, sodium carbonate, potassium carbonate or caesium carbonate, alkali metal
bicarbonate such as sodium bicarbonate or potassium bicarbonate, alkali metal alkoxides such as
sodium methoxide or potassium methoxide, sodium ethoxide or potassium ethoxide or potassium
25 tert-butoxide, or organic amines such as triethylamine, diisopropylethylamine, pyridine, 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU) or 1,5-diazabicyclo[4.3 O]non-S -ene (DBN). Preference is

given to triethylamine.

The reaction (II) — (XI) is generally carried out in a temperature range from 0°C to +60°C,
preferably from +10°C to +30°C. The reaction can be carried out at atmospheric or elevated
30  pressure (for example in the range from 0.5 to 5 bar). In general, the reaction is carried out at

atmospheric pressure.

The preparation processes described can be illustrated in an exemplary manner by the synthesis

schemes below (Schemes 1 to 4):



N- et hyl pyrwolJ0donet268MP) , pyridine, acetonitrile or el se watregp20hi/061305
is also possible to use m xtures of the solvents nentioned.

Preference is given to DWVF. The reductgon (V) --> (1-A) is carried

out using hydrogen in association with transition netal catalysts

such as, f @&chaxanple, palladium (10% on activated carbon), Raney

ni ckel or palladi um 5hydroxi de. The reaction (V) -> (I-A) is

generally carried out in a tenperature range from +20C to +50C. The
reacti on can be carriedFout at atnospheric or el evated pressure T or
exanple in the range fromQ0 to 5 bar). kn eral, the reaction
carried out at atnospheri gssure. |lnert
step (I1) + (M) -4 ( e, for exa ~Ci&l cohol s s%fh as/ 10
met hanol , ethanoﬁ, n- gr oparot”, i sopr&fanolf, ‘gsbut anol

tert-butanol, ch as diethyl ethep, dioxane,
t et rahydrof ural), gllycg/N di met hyl ether or di et hylene
et her, hydr ch as benzene, xyleng) tqueneF hexane,
cycl ohexane or mneral\_oil fractions, or other solvents such
di et hyl f or mam de ;b Nili meHfgtogul phoxi de (DVSO), N
[V, NI - di met hyl prop Bneurea (DMPU), N-nethyl pyrrolidone (NVP)
pyridine or acetonitrile. It is 15also possible to use n1xt%$
t he sol vents nentioned. Preference is given to nethanol or
Sui t abl e bases for the process step (H) + (M1) -> (M1l) are
met al hydroxi des such as, for exanple, |ithium hydroxide, sodpum ~ *
hydr oxi de or potassi um hydroxi de, al kali netal carbonates such as

| it hium carbonat e, sodi um carbonate, potassium carbonate or caesium
carbonate, alkali 20 netal bicaFponates such as sodi um bi car Ponat e
or potassium bi carbonate, al kali nge al koxi des such as sodiu

nmet hoxi de or potassi um net hoxi de, m et hoxi de or potassi um

gr organi ¢ am nes such /as

triethylam ne, diisoprop am ne, pyridine, N N

1, 8- di azabi cycl o[ 5. 4. 0] fund€¢- 7-\gne (DBU) or
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exanple in the range from0.5/t0{5 bar). In general, the r lon is
carried out at atnospheric PNess
(XI1r)y -> (XI1v) can be carrie
30under the reaction conditiops,
preferred sol vent is sul phol ane.

t
sin the absence of a sol¥entCHsThe

)

[2): KOt-Bu, tert-butanol; b): diiodomethane, isopentyl nitrite; ¢): Pd/C, hydrogen, DMF].



WO 2012/ 004%S8RCT0ER3811/ 061305 -31 - reacti on can be carr iPEJ/ERIO1 BD61305
at nospheric or elevated pressure (for exanple in the range fromO0.5

to 5 bar). In general, the reaction is eadsried out at atnospheric
pressure. Especially preferably, the reaction (XII1) -> (XIV) is
carried outSchemé he absence of a solvent in a tenperature range from

0OC to +50C at atnospheric pressure. 5The process step (I X)(X) takes

pl ace by reaction with sodiumazide,wth internediate formation of

t he azide derivatives, which are di bctlg_ﬁﬁduced to give the
correspondi ng am nes. WaEN sol vents\are the® azide formation
exanpl e, ethers such g gt hyl ef her, 'Qxane, di met hoxyet ha
t et rahydr of uran, gl et hyl "ét h di et hyl ene gl ycol~di
et her, hydrag opg such as benzene, xyNene, toluene _nhexahe,
cycl ohexanefjor | oil fractions, or°10 ot her s@l vEpts\such as
di met hyl f or kanj ), di nethyl sul phoxi de ( bvVBO) N

formation i s general

carried out in a tenperature range\fro
to +100C, 15prefera&

%Ckron1+6oc to +80C, at atnospheric
al cohol s such as nethanol, ethanol, n-propanol, isopropanol,
n- butanol, tert-butanol or 1,2-ethanediol, ethers such i et hyl

et her, di oxane, tetrahydrofuran, glycol dinethyl ether or diethylene
gl ycol dinmethyl ether, or othergsolvents such as di nethyl fqrnmam de
(DMF), dinethyl sul phoxide ( 3 V, N - 20di net hyl pr opyl eng
(DMPU), N-net hyl pyrrolidone (NW ) i dine, acetonitrile or
water. It is also possible to us ¥t ures of the sol vent i3 fined.
Preference is given to [WVF.- e redacti on takes plagp at

+30C usi ng hydrogen inc rigtion with transitio

such as, for exanple, (10% on activated karb n
di oxi de or pall adium h
chl ori de and hydrochl oric aci
can al so be carblied out in
-> (XV). The process step ( XV) is carried out Nn a Wol vent
which is inert under the re nditions. Suitable s nts are,
for exanple, ethers such agf di e\hyl ether, dioxane, tgkfahyyro-

Ncat al ysts
),Nplati num

[a): NaOMe, methanol, 65°C, b): Csl, L, Cul,, isopentyl nitrite, 1,2-dimethoxyethane; ¢): Pd/C,
hydrogen, DMF].



furan, glycH®D 201004298 et her or diethyl ene glycol dinethyl petEr2010061305
ot her sol vents such as 30 di net hyl f ormam de (DWVF), di nethyl

sul phoxi de (DMSO), /V, N -di net hyl propyl esgur ea ( DVPU)

N-net hyl pyrrolidone (NWP), pyridine, acetonitrile or else water. It

is al so poskhéthe3to use m xtures of the solvents nentioned.

Preference is given to acetonitrile. - 32 - The reaction (XIV) -->

(XV) is generally carried out in a E@nppraéure range from +20C go
+100C, preferably from F0C to +70C apjpropriate in a mcrowavg
The reaction can be carri gyt at a
(for exanple in the range
reaction is carried o

(X) ->(1-0Q a 'f
inert under the|reafti
such as net hanotN €
tert-butanol, ethers

0.5t . In general, the
2 nnsphe(gi pressure. 5The ¢ Bii zal i ons
N{ D) are carrtdd ut in a solven| mhlch\N

condi t rens—steh—as—for—ewanphe, ~algghol s

nol, n-propanol, igppropanol, n-butanol
ch as di et hyl ether dloxane di met hoxyethane,
t et rahydr of ur an (THE@ gMigol di net hyl ether or di et hyl ene
di et hyl ether, hydrocarbons such as benzene, xylene,
hexane, cyclohexane PR,08ctef al oil fractions, or other sol
such as dlnethylfornanlde (DVMF), dimethyl sul phoxide (DVSO),
/'V, N1- di et hyl propyl eneurea (DMPU), N-nethylpyrrolidone (hméﬁ,
pyridine, acetonitrile or sulpholane. It is also possible to ugge_ ,
m xtures of the solvents nentioned. Preference is given to THE
Sui tabl e bases for the procegs steps (X) -> (1-C and (XV) -> (1-D)
are al kali metal hydroxides sigh=as, for exanple, |ithiugibydroxide,
sodi um hydr oxi de or potassiun1 pxi de, al kali netal
car bonat e, potassi uprta,bdhate or

caesi um car bonate, al
bi car bonat e or pot as rbonate, alkali
sodi um net hoxi de or ¥ssium net hoxi de, sodi u
et hoxi de or_potgssiumtert-+butoxide, or organic
triethylam ne, diisopropyl gr-hyl am ne, p r|d|ne
1, 8- dlazablcﬂﬁlo[S 4. 0] unfjec- Xy ene. (DBG§ or 1,5- d|a156|
20non-5-ene (DBN). Prefere
The reactions (X) -> (1 and (XV) -> (I-D) are erally carried
out in a tenperature range fr
+30C, if appropriate in aOFKCr owave. The reaction ¢ e carried out
at atnospheric or el evated phessftle (for exanple in thé ra from
0.5 to 5 bar). In general, the reaction is carried out at™” atnospheric
pressure. 25Alternati ver, the cyclization to (I1-C or (I-D) takes

pl ace directly duri t he reduction of the azideF{o the correspondi ng
am ne (X) or during tf caction (XIV) -4 (XV) w ket addition of

xi des such as
e or potassium
such as

further reagents. an gfternative practice of LI bcesses [C] and
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one-
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[a): NaOMe, MeOH; b): POCLs; sulpholane; c): NaN;, DMF; d): Pd/C, H,, DMF; e) KOt-Bu,
THF].



30pot reactWoreonk/odvaas i sol ation of the internediates. - 333 TYEH0®1/H61305
solvents for the process step (XI) + (XI1)(XII1) are, for exanple,

al cohol s such as net hanol, ethanol, n-pcgpanol, isopropanol,

n- but anol or tert-butanol, ethers such as diethyl ether, dioxane,

di met hoxyetdahgg; 4 t et rahydrof uran, glycol dinethyl ether or diethyl ene
gl ycol dinmethyl ether, hydrocarbons such as benzene, xylene, toluene,
hexane, cycl ohexane or mneral oil 5 fractions, or_other solvents

such as di net hyl f or i de { DMF), di net hyl sulphOX|oe (DVBO)

N, N1- di mer hyl pr opyl ene a6 (DWPU), N-nethyl pyr one (NNP) 0
pyridine or acetonitri t is also possible e m X of Lt heow,
sol vents nenti oned. : 2nce is given to petNhy oﬁééth noI THe
reaction (X),+ (XI/1) I11) is generall ed out im@HMHC CH

ef erably from +50C tao -
+100C, if approprigie in a mcrowav Mction can be carried out

at at nosphemnN evated pre&sure exanpl e in the range fppm

0.5 to 5 bar). eneral, the reaction is gariied out at atnospheric
pressure. Inert s NHs fercit he process %II)(XI) are, for

exanpl e, al coholBNsuch as nmethanol, ethanol, npp{opanol i sopropanol ,

n- butanol or tert-butanol, ethers such as dlethyl et her, dioxane, 15

di met hoxyet hane, tetrahyd&ofuran gl ycol dinmethyl ether_or diethylene
gl ycol dinethyl etheF, hyflrocarbons such as benzene, xyfene, t ol uene,
hexane, cycl ohexane orr al oil fractions, or ot

as di net hyl f or mam de di met hyl sul phoxi de ( DM V, N1-
dlnethylpropyleneurea NOMBLT), N-net hyl pyrroli dope pyri di ne or
t

acetonitril ¢ al so possible to use mntur e solvents
ment i oned. reﬁgp is given to ethanol abl e bases for the
process st A> (XI) are alkali met roxldes such as, for

exanpl e, |ithum hydroxide, sodium.hydroxi
al kali netal carbopatg such as Idthium carbonate) sodi um carbonate,
pot assi um car bonage on caesi um carbonate, al kal; al bicarbonate
such as sodi um bi Mat e or potassium bi carbofatenN al kali netal

ot assi-um hydr oxi de,

al koxi des such as/sodi um et hoxi de or potassiu oxi de, sodi um
et hoxi de or poﬂggsiu ghmxide or potassium Zyter ﬁbgoxide or
organi c am nes su h S CH%ethyIanine di i soprop %Hanlne
pyridine, 1,8- d¥ i cyc 0[5 4. 0] undec- 7-ene (

1, 5- dlazablcy5%9[4 3.@] non-5-ene (DBN). Prefereﬁce is givento
triethylamne. The reaction (I1) -> (Xl) is generally carried out in

a. tenmper at Fg):eiqyﬁraz € hyérgt }91193, 1"EtOH g) %tOH c): 1. POCl;; 2. conc. NH; acetonitrile].

Further compounds according to the invention can also be prepared by converting functional
5  groups of individual substituents, in particular those listed under L and R’ starting with the
compounds of the formula (I), (EX) or (XIV) obtained by the above processes. These conversions
can be carried out by customary methods known to the person skilled in the art and include, for
example, reactions such as nucleophilic and electrophilic substitutions, oxidations, reductions,
hydrogenations, transition metal-catalysed coupling reaxctions, eliminations, alkylation,
10 amination, esterification, ester hydrolysis, etherification, ether cleavage, formation of
carboxamides, and also the introduction and removal of temporary protective groups. The
synthesis schemes below (Schemes 5, 6, 11 and 12) illustrate preferred conversions in an

exemplary manner;



pref erabl y WP@M20@I258 0 +30C. The reaction can be carried ®II/ER2011/061305
at nospheric or elevated 30pressure (for exanple in the range fromO0.5
to 5 bar). In general, the reaction is e€d8+ied out at atnospheric

pressure. - 34 - Schene 1 [a): KOX-Bu, tert-butanol; b):
di i odonet hdlthemd Sopentyl nitrite; c¢): Pd/C, hydrogen, DW]. - 35 -
Schene 2
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[a): selenium dioxide, dioxane; b): MeMgBr, THF c): CsF, (trifluoromethyl)trimethylsilane,

dimethoxyethane].



[a): NaOMe, Woetohzo®258 65C, b): Csl, 12, Cul 2, isopentyl ni tdVEe2011/061305
1, 2-di met hoxyet hane; c): Pd/C, hydrogen, DVF]. WO
2012/ 004258PCT/ EP2011/ 061305 - 37 - Schepe_4 HNNH2 x  HCl HNNH2

Scheme 6
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[a): NaH, dibromoethane, DMF; b): 1. NaNs, DMF, 2. Pd/C, H;, DMF, 3. KOt-Bu, THF].



c) HO CH3 We0HZ®R5D [a): hydrazine hydrate, NEt3, EPQHHPR011/061305
EtOH c): 1. POCl13; 2. conc. NH3, acetonitrile]. Further conpounds
according to the invention can al so be p#@pared by converting

functional 5 groups of individual substituents, in particular those

| i sted undéxhdmealid R3, starting with the conpounds of the formula

(r)y, (rxX)y or (XIV) obtained by the above processes. These conversions
can be carried out Qy customary net hods konn to the person skilled

in the art and incl ude or exanpl e, reactioQs_such as nucl eophilic

and el ectrophilic subg tions, oxidations, aycti ons,
hydr ogenati ons, tr a# n net al - cat al yseg—cy ’ng reaxctions,
esterification, ester

elimnations nall
formati on of

hydrol ysi s, [fet

car boxam de renmoval of tenporary
protective g el ow (Schenes 5, 6, 11 and
enpl ary Eaner: - 38 -

The synthesis sc

—_—

12) illustrate preperyed conversions in a

[2): acetic acid, NaNO,, H,0, RT; b): TFA, Zn dust, RT; ¢): CIC(=0)OCH;, pyridine, RT].

Scheme 12
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Scheme 5 WO Z043/00428% eni um di oxi de, dioxane; b): MeMyBr, PER/ED2011/061305
CsF, (trifluoromethyl)trinethylsilane, dinethoxyethane]. - 39 -
Schene 6 [@): NaH, dibronoethane, DMF#1b): 1. NaN3, DWMF, 2. Pd/C,

H2, DM, 3. KO-Bu, THF]. - 40 -
[a): piperidine, RT; b): trimethylsulphoxonium iodide, NaH, DMSO, RT — 50°C 1.

The compounds of the formula (II) are known from the literature (see, for example, WO

03/095451, Example 6A) or can be prepared by cyclizing a compound of the formula (XVD)

N\ Cl
1 Z

5  in which R’ has the meaning given above,

in an inert solvent with hydrazine hydrate to give the compound of the formula (X VII)

H
N
B!
R’ 2~
NH2

(XVID),
in which R' has the meaning given above,

then reacting this in an inert solvent in the presence of a suitable Lewis acid first with isopentyl
10 nitrite to give the corresponding diazonium salt and then converting this directly with sodium

iodide in the compound of the formula (XVIII)

Z3

N

”

NS

N
1 /
(XVIID),

in which R' has the meaning given above,

subsequently converting this in an inert solvent in the presence of a suitable base with the

15 compound of the formula (XIX)

2
=X ),
in which R? has the meaning given above and

X! represents a suitable leaving group, such as, for example, halogen, tosylate or mesylate,



[a): aceti cWaclod2/0pEBNER2, 1120, RT; b): TFA, Zn dust, RT; CPCT/EP2011/061305
Clc(-0)0C113, pyridine, RT]. Schene 12 WO o
2012/ 004258PCT/ EP2011/ 061305 - 41 - [a) -4pi.peridine, RT; b):
tri met hyl sul phoxoni um i odi de, NaH, DMBO, RT -> 50C 1. The conpounds
of the for nnfoa combyundo€thk fnmalaf(kam t he literature (see, for exanple,
WO 03/ 095451, Exanple 6A) or can be prepared by cyclizing a conpound
of the fornula (XVI) NG | (XVl), 5 in which R has the meaning given
above, in an inert solvent wth hydrazine h)}ﬁzrate to give the
conmpound of the formula (XVIl) NH N\ N
\
N
1 | Y
),
in which R' and R? each have the meanings given above,

then reacting this in an inert solvent with copper cyanide to give a compound of the formula {(XXI)

2

h
N\ N\
R’ | = 7
5 CN xxm),

in which R' and R? each have the meanings given above,
and finally reacting this under acidic conditions with one equivalent of ammonia.

Inert solvents for the process step (XVI) — (XVII) are alcohols such as methanol, ethanol, n-
propanol, isopropanol, n-butanol, tert-butanol or 1,2-ethanediol, ethers such as diethyl ether,
10 dioxane, tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethyl ether, hydrocarbons
such as benzene, xylene, toluene, hexane, cyclohexane or mineral oil fractions, or other solveﬁts
such as dimethylformamide (DMF), dimethyl sulphoxide (DMSO), N,N'-dimethylpropyleneurea
(DMPU), N-methylpyrrolidone (NMP), pyridine, acetonitrile or else water. It is also possible to

use mixtures of the solvents mentioned. Preference is given to 1,2-ethanediol.

15 The reaction (XVI) — (XVII) is generally carried out in a temperature range from +60°C to
+200°C, preferably at from +120°C to +180°C. The reaction can be carried out at atmospheric
pressure, at elevated pressure or at reduced pressure (for example at from 0.5 to 5 bar). In general,

the reaction is carried out at atmospheric pressure.

Inert solvents for the reaction (XVII) — (XVIII) are, for example, halogenated hydrocarbons such
20  as dichloromethane, trichloromethane, carbon tetrachloride, trichloroethylene or chlorobenzene,
ethers such as diethyl ether, dioxane, tetrahydrofuran, glycol dimethyl ether or diethylene glycol
dimethyl ether, or other solvents such as dimethylformamide (DMF), dimethyl sulphoxide



2 (XVI1), WOWRiIZo04RE8 has t he neani ng gi ven above, t hen PETMA2001/061305
this in an inert solvent in the presence of a suitable Lewis acid

first with isopentyl 10nitrite to give tie correspondi ng di azoni um

salt and then converting this directly with sodiumiodide in the

conpound of(DMs®)f v, Mudigne (1tdpyEneuteXVibMPL),i V- giByRlidbgs NIVEP)TERAMIRE or

gi ven above ubsequently converting this in an inert solvent
in the preﬁéﬁ%trﬁ?%& EﬂcFéFtﬂ“@thQMFwth the 15 conpound of the
formula (XIX) R2 xI (XIX), in which R2 has the nmeani ng gi ven above

and Xl repr eagls Laws clda Bbetht %ﬁ%és@&t@r( @L{mlﬁ-)sare fbgfonecﬁﬁﬁmld@dwwl ether

hal ogen, tosylate or nesylate, - i nt npound he tor

( XX) complex, cerium(IV) ammonium mtrate (CAN) t1n(II) chlorlde lithium perchlorate, zinc(IT)
5 chloride, indium(Il) chloride or indium(Ill) bromide. Preference is given to boron

trifluoride/diethyl ether complex.

The reaction (XVII) — (XVIII) is generally carried out in a temperature range from -78°C to
+40°C, preferably at from 0°C to +20°C. The reaction can be carried out at atmospheric pressure,
at elevated pressure or at reduced pressure (for example at from 0.5 to 5 bar). In general, the

10  reaction is carried out at atmospheric pressure.

Inert solvents for the reaction (XVII) + (XIX) — (XX) are, for example, halogenated
hydrocarbons such as dichloromethane, trichloromethane, carbon tetrachloride, trichloroethylene
or chlorobenzene, ethers such as diethyl ether, dioxane, tetrahydrofuran, glycol dimethyl ether or
dicthylene glycol dimethyl ether, or other solvents such as dimethylformamide (DMF), dimethyl
15 sulphoxide (DMSO), N N'-dimethylpropyleneurea (DMPU), N-methylpyrrolidone (NMP),

pyridine, acetonitrile. Preference is given to DMF.

Suitable bases for the process step (XVIII) + (XIX) — (XX) are alkali metal hydrides such as
potassium hydride or sodium hydride, alkali metal carbonates such as lithium carbonate, sodium
carbonate, potassium carbonate or caesium carbonate, alkali metal bicarbonates such as sodium
20  bicarbonate or potassium bicarbonate, alkali metal alkoxides such as sodium methoxide or
potassium methoxide, sodium ethoxide or potassium ethoxide or potassium tert-butoxide, amides
such as sodium amide, lithium bis(trimethylsilyl)amide, sodium bis(trimethylsilyl)amide or
potassium bis(trimethylsilyl)amide or lithium diisopropylamide, organometallic compounds such
as butyllithium or phenyllithium, or organic amines such as triethylamine, diisopropylethylamine,
25  pyridine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) or 1,5-diazabicyclo[4.3.0Jnon-5-ene (DBN).

Preference is given to caesium carbonate.

The reaction (XVIII) + (XIX) — (XX) is generally carried out in a temperature range from 0°C to
+60°C, preferably at from +10°C to +25°C. The reaction can be carried out at atmospheric
pressure, at elevated pressure or at reduced pressure (for example at from 0.5 to 5 bar). In general,

30  the reaction is carried out at atmospheric pressure.

Inert solvents for the process step (XX) — (XXI) are, for example, ethers such as diethyl ether,
dioxane, tetrahydrofuran, glycol dimethyl ether or diethylene glycol dimethyl ether, hydrocarbons
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reacting this in an inert solvent with copper cyanide to give a
compound of the formula (XXI') 5CN (XXl )a44in which R and R2 each
have the neani ngs gi ven above, and finally reacting this under acidic
condi ti ons stk Bs AR OLiidne] BRknc) hexaRRTRME ShexARES: tmiRQAIVEINE-RtHRT of Hifer solvents

rocess step (XVI)(XVI]) are alcohols such as_nethanol, ethanol, n-
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fractions, or other solvents such as dinethylformm de (?&/gé%

di et hyls sufphexlidlecOENEQkx1YiVadferal CREVPHLARYLERRME S 0°C to +180°C
N- net hyl pyrroli d(;ne( (NI\/P;-@,(Xp;r%dirﬁg% acet (_)n{nj[ rié( Igelpor _ezl%ée wat er . ﬁpt . ’
i s al so posy¢ieiablyapiromer189°%: tard60°6F iftahpyopridtamret micromays. d"lhe:d:actlon can ble Icarrled
Preference (] I = ol . T r.eagtion - >

i s general |d§f§ ?:%ﬁ{fsglé&%&# Slalrﬁ%tgp‘f%e\%n%g?getsﬁu%egor:lgfleglewefq om . %‘é% e%%np'l%%réf\ém b5t
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Suitable acids for the formation of the amidine (II) are inorganic acids such as, for example,

15 hydrogen chloride/hydrochloric acid, sulphuric acid, polyphosphoric acid or phosphoric acid, or

organic acids such as, for example, acetic acid, trifluoroacetic acid or formic acid. Preference is

given to using hydrochloric acid or acetic acid.

The preparation process described can be illustrated in an exemplary manner by the synthesis

scheme below (Scheme 7):



- 43 - ( DVBED,200p/bb4268 et hyl propyl eneurea (DVPU), N-met hyl pyiryepbin 4086 305
(NWP), pyridine O acetonitrile. Preference is given to DW. Suitable

Lew s acids for the process step (XVII)(x3/L11) are boron
trifluoride/diethyl ether conpl ex, ceriun(lV) amoniumnitrate
(CAN), fin(dchgmenl oride, lithium perchlorate, zinc(ll) 5chloride,
indium(111) chloride or indiun(lll) bromde. Preference is given to
boron trifluoride/diethyl ether conplex. The reaction (XvVIl) ->
(XVI1l) is genemglly Farrled out in_H tedﬁerature range from-78C to
+40C, preferabty ?ronloc to +20f(. e reaction can be carried out
at atnospheri ¢| prepgsure, —at—el evat d‘p:es e o+—ab reduced pressure
(for exanplg .5 tg 5 bar). g€Reral, bhe 1lOreaction is
carried out at atnospheric pressure. Inerty$olvents for the reaction
(XVIT1) + (XIX) -> (XX) are, for exanple, hdl ogenated hydrocarbons
such as di chl oronet hane, trichl oronet hane, cgrbon tetrachl ori de,
trichl oroethyl ene or chl orobenzene, ethers sugh _as diethyl ether,

di oxane, tetrahydrofuran, glycol dinethyl di et hyl ene glyco
di nret hyl ether, or other solvents such as .'-\\ f or mam de (DWF),

di mret hyl 15 sul Lie (DVSO), N,N'-qhneth | pr Opyt eneur ea (DVPU),

N- et hyl pyrr ol (h%@%, pyriding axetoONitrile. Prefegence is
given to DWVF, pabl/e bases™for t E proce N step (XVIghl) + (XIX) ->
(XX) are alkali hydrd)des sp PO .SS|un1hydr|de or sodi um
hydri de, al kali netal I carbonates such as |¥thium carbonate, sodium
carbonat e, potassium carbonate or caeS|un1éarbonate al kali netal

bi car bonat es such as sodi um 20 bi carbonate or potassi um bi carbonat e,
al kali netal al koxi des gsuch as sodi um net hoxi de or Mot assi um

met hoxi de, sodi um et hoxige—t [ [ [
tert-butoxide, amdes s
bi s(trinethylsilyl)an

organonet al | i
organi ¢ am ne

x HyCCO,H

[a): hydrazine hydrate, 1,2-cthanediol; b): isopenty] nitrite, Nal, THF; b): 2-fluorobenzyl bromide,
Cs,CO; DMF; d): CuCN, DMSO, €): 1. NaOMe, MeOH, 2. NH,Cl, acetic acid].

5  Alternatively, the preparation of the compounds of the formula (II) is carried out as shown in an

exemplary manner in the synthesis scheme below (Scheme 13):



25pyri di ne, WO BMdiegaRi cycl o[ 5. 4. 0] undec- 7-ene (DBU) or PCT/EP2011/061305
1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene (DBN). Preference is given to
caesi um carbonate. The reaction (XVI11) . 4(XIX) -> (XX) is generally
carried out in a tenperature range fromOC to +60C, preferably at

from +10C tsxhed®@ The reaction can be carried out at atnospheric
pressure, at elevatgd pressure or at reduced pressure (for exanple at
fromO0.5 to 5 bar). Nn_general, 30the reaction is carried out at

at nospheri c pressure. 4 - such as benzene, xylene, toluene,
hexane, cycl ohexan eral oil fractions, or other solvents sug
as dinethylﬁgqna ifde ), dimethyl sul phoxide (DVSO),

N, N -di net hyl p g§4eneurea (DVPU), Nrmet g pyrrol dydone ( ,
pyridi ne or acelo Nrile. I+ is al so osgi Bl e touse m xfluré oﬁNthe

sol vents nmentionéy. Preference is O 5 The ny/ ( XX)
-> (XXI') is gener carried out Un a tenpefature range f¥om +R0C to
+180C, preferablyg”at \from +100C to +160C, if appropriate in a
m crowave. The reactioncean be carried out at atnospheric pressure,

at el evated pressure or at reduced pressure (for exanple at from 0.5 CH,
to 5 bar). In general, the reaction is carried out at atnospheric
pressure. The reaction (XXI) -¥ is carried out using nethods

known to the person silled in theg in a 10 two-step process

with formation of the imno este
at 0C to +40C and subsequent
of amoni a such as, f
suitable acid with for
+150C. Suit abl?® aci ¢
i norgani ¢ acids such as, for |l e, 15 hydrogeng
chl ori de/ hydrochl oric acid, ric acid, polyphosphoric id or
phosphoric acid, or organic acids such as, for exanple, acetic acid,
trifluoroacetic acid or formc acid. Preference is given to using
hydrochl oric acid or acetic acid. The preparation process described
can be il | ust TBAgdloxane; din Nebelpifaoybacaio agydhye]t he synt hesi s schene
bel ow (Schene 7): - 45 -

the anmdine {111) at

formati on ofc¢)t he am di

5  The compound of the formula (XVI) is known from the literature [cf,, for example, Winn M., J.
Med. Chem. 1993, 36, 2676-7688; EP 634 413-Al; CN 1613849-A; EP 1626045-Al; WO
2009/018415] or can be prepared analogously to procedures known from the literature or as shown

in the synthesis scheme below (Scheme 8):

Scheme §
Cl
Cl N Cl N\ cl
| X
/ F z
F CN 2) b)
o)
N Cl
~ N cl
| X
AN, —
F L
c) F CN
10 O

[2): sulphuric acid; b): zinc, methanol, glacial acetic acid; c): trifluoroacetic anhydride,

dichloromethane].
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The compounds of the formulae (II) and (VI) are commercially available, known from the
literature or can be prepared analogously to procedures known from the literature or as shown in

an exemplary manner in the synthesis schemes below (Schemes 9 and 10):

Scheme 9

H,C—Q H,C—0 I Ketete
>=o
4 ycw
o~ ON

[a): 1. LIHMDS, -78°C, THF, 2. NBS; b): NaH, 50°C, THF].

Y

Scheme 10

O
N =N H.C /“WF ' |
N = + 3~ _—
O
\/ F - 2

[a): NaOMe, MeOH, 65°C].

O—0
ZT

A

The coinpounds of the formulae (VII) and (XII) are commercially available, known from the

literature or can be prepared analogously to procedures known from the literature.

The compounds according to the invention act as potent stimulators of soluble guanylate cyclase,
possess valuable pharmacological properties, and have an improved therapeutic profile, for
example with respect to their in vivo properties and/or their pharmacokinetic behaviour. They are

therefore suitable for the treatment and prophylaxis of diseases in humans and animals.

The compounds according to the invention bring about vessel relaxation and inhibition of
thrombocyte aggregation and lead to a lowering of blood pressure and to an increase in coronary
blood flow. These effects are due to direct stimulation of soluble guanylate cyclase and an increase’
in intracellular cGMP. Moreover, the compounds according to the invention intensify the action of
substances that raise the cGMP level, for example EDRF (endothelium-derived relaxing factor),

NO donors, protoporphyrin IX, arachidonic acid or phenylhydrazine derivatives.



b) NH
| sopentyl
d): CuCN,
5Al t er nat i

HNOXOHB @084 [ a) : hydrazi ne hydrate, 1, 2-ethanediplr/EB®)11/061305
nitrite, Nal, THF, b): 2-fluorobenzyl brom de, Cs2CO3, DVF;

DVBO e): 1. NaOMe, MeOH, 2. NEg4Cl, acetic acid].
vely, the preparation of the conpounds of the formula (I1)

is carried 'E}idho@:%oﬁﬂ@%cdrdln@lib Ex%ETNALY aPBARNGHle 11 (HR GNP ERd ﬁzoghy_(laxis of

schene bel

10

15

20

25

30

35

ow (Schene 13 WO 2012/ 004258 PCT/ EP2011/ 061305
cardiovascular, pulmonary, thromboembolic and fibrotic discases.

The compounds according to the invention can therefore be used in medicinal products for the
treatment and prophylaxis of cardiovascular diseases, for example high blood pressure
(hypertension), resistant hypertension, acute and chronic heart failure, coronary heart disease,
stable and unstable angina pectoris, peripheral and cardiac vascular diseases, arrhythmias,
disturbances of atrial and ventricular rhythm and conduction disturbances, for example
atrioventricular blocks of degree I-III (AVB LIII), supraventricular tachyarrhythmia, atrial
fibrillation, atrial flutter, ventricular fibrillation, ventricular flutter, ventricular tachyarrhythmia,
torsade-de-pointes tachycardia, atrial and ventricular extrasystoles, AV-junction extrasystoles,
sick-sinus syndrome, syncopes, AV-node reentry tachycardia, Wolff-Parkinson-White syndrome,
acute coronaty syndrome (ACS), autoimmune heart diseases (pericarditis, endocarditis, valvulitis,
aortitis, cardiomyopathies), shock such as cardiogenic shock, septic shock and anaphylactic shock,
aneurysms, Boxer cardiomyopathy (premature ventricular contraction (PVC)), for the treatment
and prophylaxis of thromboembolic diseases and ischaemias such as myocardial ischaemia,
myocardial infarction, stroke, cardiac hypertrophy, transient ischaemic attacks, preeclampsia,
inflammatory cardiovascular diseases, spasms of the coronary arteries and peripheral arteries,
development of oedema, for example pulmonary oedema, cerebral oedema, renal oedema or
oedema due to heart failure, peripheral perfusion disturbances, reperfusion injury, arterial and
venous thromboses, microalbuminuria, myocardial insufficiency, endothelial dysfunction, for
preventing restenoses such as after thrombolysis therapies, percutaneous transluminal angioplasty
(PTA), transluminal coronary angioplasty (PTCA), heart transplant and bypass operations, and
micro- and macrovascular damage (vasculitis), increased level of fibrinogen and of low-density
LDL and increased concentrations of plasminogen activator inhibitor 1 (PAI-1), and for the

treatment and prophylaxis of erectile dysfunction and female sexual dysfunction.

In the sense of the present invention, the term heart failure comprises both acute and chronic
manifestations of heart failure, as well as more specific or related forms of disease such as acute
decompensated heart failure, right ventricular failure, left ventricular faiture, total heart failure,
ischaemic cardiomyopathy, dilatated cardiomyopathy, hypertrophic cardiomyopathy, idiopathic
cardiomyopathy, congenital heart defects, heart failure with valvular defects, mitral valve stenosis,
mitral valve insufficiency, aortic valve stenosis, aortic valve insufficiency, tricuspid stenosis,
tricuspid insufficiency, pulmonary valve stenosis, pulmonary valve insufficiency, combined
valvular defects, heart muscle inflammation (myocarditis), chronic myocarditis, acute myocarditis,
viral myocarditis, diabetic heart failure, alcoholic cardiomyopathy, storage cardiomyopathies,

diastolic heart failure and systolic heart failure.
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2676-7688; EP 634 413-Al; CN 1613849-A; EP 1626045-A ; WO
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Moreover, the compounds according to the invention can be used for the treatment and prophylaxis
of primary and secondary Raynaud phenomenon, microcirculation disturbances, claudication,
peripheral and autonomic neuropathies, diabetic microangiopathies, diabetic retinopathy, diabetic
limb uleers, gangrene, CREST syndrome, erythematous disorders, onychomycosis, rheumatic

10 diseases and for promoting wound healing.

Furthermore, the compounds according to the invention are suitable for treating urological
diseases, for example benign prostatic syndrome (BPS), benign prostatic hyperplasia (BPH),
benign prostatic enlargement (BPE), bladder outlet obstruction (BOO), lower urinary tract
syndromes (LUTS, including feline urological syndrome (FUS)), discases of the urogenital system
15 including neurogenic overactive bladder (OAB) and (IC), urinary incontinence (UI) for example
mixed, urge, stress, or overflow incontinence (MUI, UUL SUI, OUI), pelvic pains, benign and

malignant discases of the organs of the male and female urogenital system.

Furthermore, the compounds according to the invention are suitable for the treatment and
prophylaxis of kidney diseases, in particular acute and chronic renal insufficiency, and acute and
20 chronic renal failure. In the sense of the present invention, the term renal insufficiency comprises
both acute and chronic manifestations of renal insufficiency, as well as underlying or related
kidney diseases such as renal hypoperfusion, intradialytic hypotension, obstructive uropathy,
glomerulopathies, glomerulonephritis, acute  glomerulonephritis, glomerulosclerosis,
tubulointerstitial diseases, nephropathic diseases such as primary and congenital kidney disease,
25 nephritis, immunological kidney diseases such as kidney transplant rejection, immune complex—
induced kidney diseases, nephropathy induced by toxic substances, contrast medium—induced
nephropathy, diabetic and non-diabetic nephropathy, pyelonephritis, renal cysts, nephroscierosis,
hypertensive nephrosclerosis and nephrotic syndrome, which can be characterized diagnostically
for example by abnormally reduced creatinine and/or water excretion, abnormally increased blood
30 concentrations of urea, nitrogen, potassium and/or creatinine, altered activity of renal enzymes
such as e.g. glutamyl synthetase, altered urine osmolarity or urine volume, increased
microalbuminuria, macroalbuminuria, lesions of glomeruli and arterioles, tubular dilatation,
hyperphosphataemia and/or need for dialysis. The present invention also comprises the use of the
compounds according to the invention for the treatment and prophylaxis of sequelae of renal

35  insufficiency, for example pulmonary oedema, heart failure, uraemia, anacmia, electroiyte
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10 The compounds described in the present invention are also active substances for controlling
diseases in the central nervous system that are characterized by disturbances of the NO/cGMP
system. In particular, they are suitable for improving perception, capacity for concentration,
capacity for learning or memory performance after cognitive disturbances, such as occur in
particular in situations/diseases/syndromes such as mild cognitive impairment, age-related learning
15 and memory disturbances, age-related memory loss, vascular dementia, head injury, stroke, post-
stroke dementia, post-traumatic head injury, general disturbances of concentration, disturbances of
concentration in children with learning and memory problems, Alzheimer's disease, Lewy body
dementia, dementia with frontal lobe degeneration including Pick's syndrome, Parkinson's disease,
progressive nuclear palsy, dementia with corticobasal degeneration, amyotrophic lateral sclerosis
20 (ALS), Huntington's disease, demyelinatioh, multiple sclerosis, thalamic degeneration, Creutzfeldt-
Jakob dementia, HIV-dementia, schizophrenia with dementia or Korsakoff psychosis. They are
also suitable for the treatment and prophylaxis of diseases of the central nervous system such as
anxiety, tension and depression, CNS-related sexual dysfunctions and sleep disturbances and for

controlling pathological eating disorders and use of luxury foods and addictive drugs.

25 Furthermore, the compounds according to the invention are also suitable for controlling cerebral
perfusion and are effective agents for combating migraines. They are also suitable for the
prophylaxis and control of consequences of cerebral infarctions (apoplexia cerebri) such as stroke,
cerebral ischaemias and head injury. The compounds according to the invention can also be used

for controlling pain states and tinnitus.

30 In addition, the compounds according to the invention possess anti-inflammatory action and can
therefore be used as anti-inflammatory agents for the treatment and prophylaxis of sepsis (SIRS),
multiple organ failure (MODS, MOF), inflammatory diseases of the kidney, chronic intestinal
inflammations (IBD, Crohn's disease, UC), pancreatitis, peritonitis, rheumatoid diseases,

inflammatory skin diseases and inflammatory eye diseases.
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arrhyt hm asguriflbridop Qﬁé"%&ﬁ RhdAbL R egaﬂnd eCREdGH | F hEnrat'ﬁg (ireatment and
conducti on di sturbances, or exanp atrioventricu cks

degr ee | - | IPFoRyEs pf fiprptic dl@ﬁ&ﬁﬁsaﬁ@nurrtﬁrodloagans,a@rwanplhyf therdwag, }ahntlladlney, bone
flbrlllathﬁhna,tghalll pti idlation.-ventricul
flutter . vent rOI Cu a t é yg?%}ﬁ\{tﬁ Bﬂcf:d’élrrﬁ%tolog% flgrose S glbl‘()[ disedses of the eye.
tac hycar di dn the séra¢ chArthe pesdnt jigvehtam, ebet reamyﬁirmice&seaééd qommbesoin particular the

Cachyoar i s g S Rbtte SUAC Fa MTBRE Buapivs Tebvbnarymimte frosts

(ACS), aut @]ﬁphmpa@yhgbnmnﬂhnsﬁﬂme&n(emtmlcmhﬂIﬂblré‘ms EBEbEIC Adsthink 1a8 2 consequence of

val vulitis, rtltls card opat hi e. shock. such as cardi ogenic
shock, septdila%gs oK® AR §E%F 6?8 Sb‘mz%ofé otie, ﬁ‘é‘?ﬁ'ﬁ?ﬁs eroggtpay morphea, keloids,
car di ormopa:wmr@ﬂme rmtmsr @nvlemhgl aftdr arsuRony, r agdv Omle(ba‘iéc) setindp@thy! NSroliferative
treatnent _15 an %EP oggil axi s of thr orrboerrbol i ¢ di seases and

i schaeni as Y&tFeRY fopneniive Usshedisrases (3 Seand@esi®): i nfarcti on,
stroke, cardiac hypert rophy, transient ischaem c attacks,

pr eecl anpsiFasthdrmbleanBRb0pYnELIDbraing 36 tedhvediiSPas &ﬁtab&ﬁ@lsé&tr&flmé B&stoperative
coronary arteries and %Hftoggeral arteries, devel opnment of oedeng, fp

exanpl e pulFiolHr §EFEEE PUAPA PPEUNBTm, renal oedema or oedemm due
to heart failure, peripheral perfusion disturbances, reperfusion

injury, ar Utﬁélcﬂ»bp&&ds aREorii Qb Sthé MERABGS 8 allh Q{eoé‘s’eg%rﬁé’dc‘aﬁy for ageing and
nmyocar gl al kl nsuffici.ency, endothelial dysfunction, for preventing

r est endes “CEUNZEESKHt er t hr onbol ysi s therapi es, percut aneous

transl um nal angi opl asty (PTA), translum nal coronary angi opl asty
(PTCA), hea,[dredvé@ﬂﬁmbﬁﬁéunaﬁéic&ﬂﬁgwth@Bﬂ'éﬂtoh(ﬂfb%mt@@fomhg £Qatm@dnd prophylaxis
macr ovascul % mag % vasculitis), .increased |evel of fibrinogen ahd

of | ow dendf §SPatitis TeoRESTH eterReroais et pdkgrgTosaresis. pl asni nogen

activator inhibitor 1 (PM1), and for the 25treatnent and prophyl axis

of erecti| @hely@bddnBmién®ion Andled BIARE & 15EXWRK 1 ¥SHABIREY RPordihp td HEISENRE for the
of the present i nv‘gntl on, the termheart failure conprises oth acut e

and chr oni EeHmARtERRS praplodixs o dispases 10 Hegicular the aﬁgem@emnee\ﬁlsmﬁse specific

or related forns of disease such as acute deconpensated heart

failureo rirghpresaingdnioh AthEabhids & thd ﬁsfefoftﬁe ES&IBO%H&@JCCJ@&]%W i mﬂzﬁ&tﬁh for the
heart failure, ischaenm ¢ cardi omyopathy, | at'at ed car

hyper t r ophiTeatigtane ppaipdasisof heg altehartgmaw@ct@m i nsrigrsivat MOnaw hypertensmn
congeni t al ISbﬁa%ﬁﬁasd\?afsﬁﬁatr%lseﬂ@@rrénaf ?Jfﬂélgnc 3R d]lsggs £ %?dtwrgmeases and
val ve stenosis, mtral valve insufficienty, aortic valve St encs

aortic val 9@%%@@9% ciency, tricuspid stenosis, tricuspid

insufficiency, pulnonary valve stenosis, puInDnary val ve

i nsuffici engy preeMvBRG VAL 8k t | fla
(nmyocarditis), rechr oni c T nmyocar é?itﬁegg gjglftgrenpmﬁg Eccg}&?n(‘g s twmvfn o flor use in a
myocar @bt i @ethdii dbetthe Uﬁ@taletlt fed |peopdylagik cqfhbdartcfadanedlaogrya)pmtbys, hypertensmn

near t rai | by O ABe ST SRR ko1 hrisBs Rl appemboti

t he conpoudld@sacﬁbmhh digpasen atdrterinacndsison can al so be used for the

treatment and prophylaxis of arteriosclerosis, disturbances of |ipid

met abol i s sl ipi

hypertri g@c%gg%gieﬁ%ga{stﬁk %&%Fgla%es&g% B ,Ofﬂi C@Plg?nlg'ld%?fcg?dﬂﬂgat@ i ipvention for
producing a medicinal product for the treatment and prophylaxis of diseases, in particular the

30  aforementioned diseases.



10di seases wia2(l0/004258n0t i ng wound heal i ng. Furthernore, th&T/EP2011/061305
conpounds according to the invention are suitable for treating

urol ogi cal diseases, for exanple benign_ppastatic syndronme (BPS),

beni gn prostatic hyper plasia (BPH), benign prostatic enlargenent

(BPE), bl adtlies predehd iatenabs hirthed deRfts (BEuse bOWE Lotpduddy %c&rﬁﬁ% %o the invention for
syndrones (LUTS, including feline urological syndrone

di seases ofPfPﬁ@%raora%%proé% firihe treptmens ﬁEfHPfﬁ@Y#?é@r@éeaﬁ @llwmal peetoris,
bl adder ( OABpedidiof,! ghlmoﬂﬁr&nﬁﬁﬁéﬂbﬂ}fbgntlbdﬁgaﬁgs (%éul%oﬁ1s%€§rplleﬁal uﬁﬁﬁicmncy
urge, stress, or overfl ow i nconti nence Uul ’
pai ns, bem@?‘i’n}i’ﬁﬂn‘?ﬁéllcldg??é?ﬁb fipjogediscases g @It?elﬂssﬂegjeﬁnﬁs of the male and

femal e urogenital system Furthernore, the conpounds according to the

i nvention arg p?bk'eﬁﬁmeﬁtlctrpfhrtﬁé}@el&té@@tamﬁaﬁodafagthgE@Bm{&%?& @rogltl 1’5&195&8&‘ seases, in
di seases, in particular acute and chronic renal 1nsu nd
acute and PPOIEKF Bisiaforeraquspnefl dispasese usingart ﬁéects@mg@um:fofaﬁeaspomm compounds
invention, fR&dhEEdMhe Qgitmhnsuffl ciency conprises both acute and

chroni c mani festatl ons of renal insufficiency, as well as underlying

or related ki dney di seases such as renal hypoperfusion, intradialytic
hypot ensi o nThe@B@?IFtWFW futhep eldtss, to gmsthed fir dlettdaingst and prophylaxis of heart failure,
gl orrer ul ongpPsi tisS rul oscl erosis

t ubul oi nt ers? |{nt |%I ! | se sret%SBHEBﬁ%ngg;gr?hwg&éfn%g%slesg SR SasCR figkpes, renal
and con@enllnellfﬁmrmnetyrombgmep dispen dpintictdisases nmlinratiogicads, kiidpay effective
di seases s Iant re L ne conpl ex-i nduced

ki dney di sebgﬁsbé@%fﬁ{e%%?%%aotf R Jﬁ%}r%fng%? e Wm'?’toances cont r ast

medi um i nduced nephropat hy, diabetic and non-di abetic nephropat hy,

pyel onephr i Hiesompemdb accysiing,to ﬂepimreoecmi @ndosiused eﬂlgﬂﬁeﬁ' irecuBibiRtion with other active

nephr oscl er nd _nephro ndro n be haract rized |
di agnost i caﬁ?gtﬁ?%rlggicg%ﬁ elrg yP re oY wé) IP]\}% ‘F‘Hil o fa/cgptammg at

wat er excr dtaspoge (ﬁblnmcmr@bwryis amrdeegaedhdolhmdon &Qi (ﬁﬁ@e fHote fatth@Asti@f substances,
i ni.ne, red activity of

urea, nitrao t uma d/or
r enal nlr?zynlg Etucgﬁ %r © trea Ipr%@ﬁlf‘ﬂétoést e alrgmpqniignedy qliffases. As suitable

osnol ari ty comblifidheactied Mﬂi‘hncd:s[lﬁé 8ap Qﬂntiﬂn%r%btﬂpl%ﬁﬂﬁrkﬁfably
macroal bum nuria, |esions of glomeruli and arterioles, tubular

di latation, er phosphat aem a and/ or need for djalysis. The present

i nvention &l # 5’n‘ﬂ?r?tgse dtaﬁg -dgaes. oPT PRI RGBT BisTopiesisied nitrgelyepring ésosorbide
i nvention f oimdnBsitrhte Sdsomie dtehtd) LRRMAkR 3 SBY- 1%@%51%&01% nbenal

35i nsufficiency, for exanpl e puI monary oedemm, heart failure,

uraem a, anaem a, electraol WO 2012/ 004258PCT/ EP2011/ 061305 - 50 -

di st ur bances CPEPEnds, jhas gy 1‘aél?ﬁ deeradptiom af cxdini sipnesing wpnepbesbbate dsGMR), for
bone ang car Ryl t mre

according to theﬂl %gﬁ%oﬁggéégﬁéﬁl?g&%{ﬁ ab 1 gEr]é}tS%:?CIﬂBQM 3 %DE Sdnhlbltors
prophyl axi s &Pchassidentiilcvagiestdsedtadgefilnonary arterial hypertension

(PAH) and other forms of 5 pulmonary hypertension (PH), corrprl Si ng

pul nonary Ry 0 eptri.cul ardi HV,

si ckle cell gﬁg%%}ﬂ%b{?@ ?stgéerﬁ%xgﬁfj r)(a(g)fr E%h)bﬁ( é}ar ctg? §osPs’ OF R gperegation
pul monary fi brhaiioss, amglepagmlants obpbfibrirtolywie syhstanomar y di sease ( COPD),

acute respiratory distress syndronme (ARDS), acut e lung injury (A_LI),

al pha-| - ant,i [ T fibrosis, Im) ar

enphysema (etaEty‘Q aqsés fglﬁ uce%é o %%?r'% ?fé@ﬁﬁ? gﬁtﬁ’ 12y #?‘E‘ the @%“P of
fibrosi2§ (CF):alcmﬁleneigmusmeugldsnsdiesﬂraniagdusm AIOBEinpibi&s§ Rhddrive Iahﬂagnshm’ié @enin
al so active Sﬁbésgo%ma:f%ﬁa {:Iockel%ogeta fockersg mineralocorticoid receptor antagonists and diuretics;

and/or

* active substances that alter fat metabolism, for example and preferably from the group of
thyroid receptor agonists, cholesterol synthesis inhibitors such as for example and preferably

30 HMG-CoA-reductase or squalene synthesis inhibitors, ACAT inhibitors, CETP inhibitors, MTP
inhibitors, PPAR-alpha, PPAR-gamma and/or PPAR-delta agonists, cholesterol absorption



di seases i rwole1zemssl nervous systemthat are characteri peq/dEpso11/061305
di sturbances of the NO cGW system 1In particular, they are suitable
for inproving perception, capacity for cencentration, capacity for

| earning or nenory performance after cognitive disturbances, such as
occur in par tiaabitodd, lipibe hibidksl UThEHc R 3618 A8MRREONRSacRUEbs@idH tnflibitors and -
cognitive inpairnent, age-related |earning 15 and nenory

di st ur bances lPagetHE) gF@EPor y | oss, vascul ar denentia, head

injury, stroke, post-stroke denentia, post-traunmatic head injury,
general di SngkediBRR @fnt€ HRGRIRERY kPBe uilentddtban ufRdis ﬁ:&ﬁ"ﬂ%r%f)? bPNatelet
in children with | earning and nenory probl ens, Al zheliner's diSease,

Lewy body de¥esatirainhipdpsmntigoagrlens ernsefitainolyipeibetengener at i on i ncl udi ng

Pi ck's syndrone, Parkinson's disease, progressive nucl ear pal sy,

denenti @ Wih b RfdHc QhtsadmeAlegensratd ' & A the inventi
sclerosis 20 (?ALS) ~Huntin ton'.gledliﬁgéggg%,ﬁ%%%%ﬁ%tg?égﬁ%lﬂnﬁl %hlepllngemm are
scl erosi s, *ARERsPd iy g ot 2 Clatelet ARgrkeitign ldiibivsnfenexample and preferably
HI V- denment i gyiris Gly ' j : i.a or Korsakoff psychosis.

They are al gpo §SP{’D§%%{’?§Pﬁ€%B{%@§?§n§%' and prophyl axi s of di seases

of the central nervous system such as anxiety, tension and

depr essi on I @NSefeard eapodiariiapt dy sihvanten, ohs campoustie e@oudlingt tor thanipestion are
and for co i-0g: ot g di f b uxur

Foods and e TvarGeuoasfg ERl ¢ REMID ARt 46 Sald o eflarl Hilagon.
t he i nv€@nt idaigaisap, mélagstrany pivalirhidin bo€legamt r ol | i ng cerebral perfusion

and are effective agents for conbating m graines. They are al so
suitable f t ' . nsequenc (o] er.ebr al

i nfarcti on;M ¢ aﬁr}g%%%%g% létg?r% r?f?ﬂgﬁgﬁaggﬁ’ st? "IF 8&%{) OUCer Ebr 1?I%ngi é’c%‘ﬁe‘&v |on are
and head i afiministerethie comhipaiomdsithac GBI Tagantagotifiefor exaeptel ama pesdatataly sieofidan or
used for coptroliing pain states and tinnitus. 30 In addition, the
conpounds according to the invention possess anti-inflammtory action
and can therefore be used as anti-inflanmmatory agents for the

treatnent &nd prbphyleakodmeft desiisvep@iiRShe corpdundd eccordgmntofl dklidv@tion are

( MODS, i nfl amat o di sease f $he %i dney, chronic inptestinal
nt Lamiatt S e Sha QSR8 & uci fa Vil R er€ Soc e RieBH tyigonaben
r heurmat oi d (BA¥e&96939)j nbUaTiRt apixatslj notathixsase SfidRdbah,N frhARARRA, O ¥n @Y &inux,

compounds SEEBEPAd VT He st Ban AL e OOH- o MIRadsL. DX 50650,

treat ment BRd 90600V XSSR-0H65eIbrESENYRE2g]i seases. Furthernore, the
conpounds according to the invention are suitable for the treatnent

and prophykaxi ) %faJi bé%i C difstﬁases of the internal organs, for
exanpl e of 1 APTFGHT, SRBAFTRtG R yEveRde the; compaupdy agserding igathe jiayangpn are
of the20i vedminBretddecsmbiniion iR hedatib bOSRY Adlebulak Bedhd (Emﬁ&géﬁﬁde%aﬁve.
the eye. In the sense of the present invention, the termTibrotic

di seases c rises jn particular the followng terns: hepatic

fibrosis, ﬁbngaﬁf?fgff%‘i F?lﬁ?ié‘?’?,t ‘}f&%ﬁﬂ?\"éf:‘?"r‘f ithy _6%‘%&",“n‘é§n%i¥9@gaf9d‘ihalinvemi0n are
fibrosis, aepbikRRALNYomIGhAOR Kith RN K dnSagohiftl RF Stabpledhd pRAbIy coumarin.
fibrosis, fibrotic | esions as a consequence of di abetes, bone marrow

fibrosis agﬁ sim Ifar fihrotic, di seases, scleroderma, norphea,
kel oi ds, 16 pEPEBplerereeblped pressire s Ayfeasbhete Renderipyd anegagounds from the

di abetic rgbifepaldim aftsRhnistseinploteSin Wit irﬁa%roﬁiﬁtls,Wm%itgﬂgfknﬁaﬂaﬁpﬁéﬁgmsm
ti ssue_di seases (e.g. sarcoi dosi s%. Furthernore, the conpounds ’
accor dfhg e8in HeMipifRye nelpbiblgsksrss (hatablpekersor mingratocertitdidripcenset apageantisty eand
scarring, gulticasS a result of glaucoma operations. The conpounds
according to the invention can also be used cosnetically for ageing

and

In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a calcium antagonist, for example and preferably nifedipine,

amlodipine, verapamil or diltiazem.



15ker at i ni ZWOQOsKOOM258br eover, the conpounds accordi ng to ta8/EP2011/061305
invention are suitable for the treatment and prophylaxis of

hepatitis, neoplasns, osteoporosis, glaugpnma and gastroparesis. The
present invention further relates to the use of the conpounds

accordi ng tie 4 pRfirRdediidoainchObf keinterRidh, MRt cofPturRE Q@@&‘&:ﬁ’g‘ kS 4Rl invention are
di seases, a@ particul ar the aforenentioned di seases. 20The present

i nvent i on fAYPYTHEFCY f foBRirdon HEh ¥e alpha- iecertommbloils faceemiflenapd greferably
the inventigaobipr the treatment and prophyl axis of heart failure,

angi na pectoris, hypertension, pulnonary hypertension, ischaem as,

vascul ar dlseases renal |nsuff|0|ency thronboenbollc di seases,

fibrotic di'8eaBElrs  erhodiuenoet ther w¥srsion,The jemeetnds areepding o fhef tvetion are

rel at es st 0 JR@EIGSEPRLILSindGHOL i an&tatlﬂoctkgxe gc%(r'gﬁﬁg}}lé 8’@ g}%}éralﬂ? Biro hﬁnglol %énolol

met hod for the treatnent and prophyl axis rt ure
pectoris, Hineslt eriadodel, rienriniararpispelel t penbiiol)], ibspheddoli am¢t1pm19hlll,l ardolol,

di seases, rlﬁéfbﬁidolopsddiafzblgf &BG1, il P%@H%lblc ot (ﬁgis%%bpr foEr %rteo(iol esmolol,
Fve PartRer

di seases and arteriosclerosis. esent ntion
rel ates t o latstalahgervedilalrdamrolnh badidisl, adumloit wgnctloi or hecindolognt i on for
produci ng a nmedi ci nal product for the treatnent and pr ophyl axi s of

di seases, iy p I 0, i
2019/ 00a250nEHEREEY bl g" H0HL, 'ﬂg%g% SRS SRorapy jo fepiapention are

rel at eslOt o afmmisiged of comingionpuitnds aagmfcnsuh @Gl tigagohst, |ﬂmve;ratmph:naﬂd)preferably
produci ng %sgﬁgf gdn.'a@gartgl{ ngﬁ%n 18l lste"lga?ntotrleeg%rg%nt and prophyl axi s of

heart failure, angina péctoris a“pul nonary hypertensi on,
i schaem as, vascul ar di seases, renal i nsufficiency, thronmboenbolic
di seases, fli t&rmefeuediiegé)aéiesntanfdtl‘armmntimsctﬂlercompamdﬁltmfcﬁmge&efHe invention are

invention fy ho or e treatne

pr ophyl axi $ o#nhs(? re({agljl (acégglln%tloﬁla‘rw tr & ‘gpﬁ Ibg?r rféﬁwpg%éﬁpﬁfe§%§§§§nalaprll
usi ng an efh@girilMesimpol rimigfl, dlaptib &sinopriieqifiopkil) @eGIFPAILA EendE{IOr di Ng

to the invention. The present invention further relates to a nethod

for thgstreat h S ear failur j.na pectoris,
hyper t grsm 21?1‘ n%eferrrrtg)gar y %%p%tr ?fxﬁgll%en P %éﬂ?‘ﬁ@mg‘bé@:@ ing toythe eiguention are
r enal administered in combination with an endothelin antagonist, for example and preferably bosentan,

darusentan, ambrisentan or sitaxsentan.

In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a renin inhibitor, for example and preferably aliskiren, SPP-600
20 or SPP-800.

In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a mineralocorticoid-receptor antagonist, for example and

preferably spironolactone or eplerenone.

In a preferred embodiment of the invention, the compounds according to the invention are
25  administered in combination with a loop diuretic, for example furosemide, torasemide, bumetanide
and piretanide, with potassium-sparing diuretics for example amiloride and triamterene, with
aldosterone antagonists, for example spironolactone, potassium canrenoate and eplerenone and

thiazide diuretics, for example hydrochlorothiazide, chlorthalidone, xipamide, and indapamide.

Agents altering fat metabolism are preferably to be understood as compounds from the group of
30 CETP inhibitors, thyroid receptor agonists, cholesterol synthesis inhibitors such as HMG-CoA-
reductase or squalene synthesis inhibitors, the ACAT inhibitors, MTP inhibitors, PPAR-alpha,



10i nsuf fi ciwocpl2/btwegboenbol i ¢ di seases, fibrotic di seasespcqmbzoumﬁww
arteriosclerosis, using an effective anount of at |east one of

conpounds according to the invention. Thesconpounds accordi ng to the

i nvention can be used alone or in conbination with other acti ve

subst ances pHARIREESS M dor PPAR- (ﬂ:lt@%?d’h st @Mﬁé’ﬁér&f&béo%tfohq{ihlﬁl Hc bile acid
medi ci nal products_containin ast one of the conpounds a di ng

to the i nveidsqrbas RHeadhiecaksp whibiipas Hipesednhibijass andisha Imﬁﬁ@@ln(a)ﬁmtagomsts

particular for the treatnment and prophyl axis of the aforenentioned

di seases. Af 5 idiaRliCntRiRicAabl @R RCLIHYE, ﬁﬁb‘tl%ir@&ﬁﬁ§ 1ac%§ dif Yo ?%nhlivgrﬂion are

for exanple and preferably: organic nitrates and nor s,
exanpl e sodiFINFES BrrionbLRdn widh 8 CEEP yrbéhiton fori exersple Bhdierefemhbyriatocaamsh, BAY

i sosor bisde @igzbi LAl ER06,OfcER N, 1. and inhal ational NO
conpounds that inhibit the degradation of cyclic guanosine

nmonophosphate (cGW), for 20exanple inhibitors of phosphodi esterases
(PDE) 1, 2 Tarfdpesicrsd embogient efiher inpgios, fhatropeunds aswwedingaso the invention are

si | denafi | !adfﬁﬁﬁﬂﬁg@ 1'1 lcoﬁ@iﬁat;oﬂd@lt@fa'tkyrmdal%c%pw}rﬂ%%&t et &gr%plte and' Preferably D-

exanpl e and preferably fromthe group o aggr ega
i nhi bi t or s,thaprinGoatniadthyrenin (FAFGAHT 23405 yrtaxmrgru:bSIWM) active
substances for |owering blood pressure, for exanple and preferably

fromthe QVIQLQP eneﬁ%n%%hﬁ{em?g‘}e?ﬁlgﬁn%ﬂ Sth acgglh ﬁpsa%:&)rﬂ% to the invention are

ant agoni st s, ibitors n’an
i nhi bi tl®rs admiqﬁﬁe;ﬂbinommr@tlommthalﬂMGk@rﬁs-yedmtmmaihlmtmtﬁtomcm diasseefepitms, for

ant agoni st ?Eg ve substa hat alter fat .
met abol i sm%X %&JF‘}% era%? nl(?@&?a/g eSngB S¥alu TN RGD g oif’f)a B¢ at?rﬁﬁag’indmsuvaﬂatm
recept or agopitatgatinchol est er oI synt heS| s i nhibitors such as for

exanpl e and preferably 30HMS CoA-reduct ase or squal ene synthesis

i nhi bitors, é% [tor CE&" nhi.bi t i nhi bj.tors

PPAR-al pha." fel“@@m%?"é% 8 TpBRRR R P tﬁ&&ﬁiﬂﬁ?@ds BRI & Hro invention are

absorption adrmmstered in combinatlon with a squalene synthesis inhibitor, for example and preferably BMS-
15 188494 or TAK-475.

In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with an ACAT inhibitor, for example and preferably avasimibe,

melinamide, pactimibe, eflucimibe or SMP-797,

In a preferred embodiment of the invention, the compounds according to the invention are
20  administered in combination with an MTP inhibitor, for example and preferably implitapide,
BMS-201038, R-103757 or JTT-130.

In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a PPAR-gamma agonist, for example and preferably

pioglitazone or rosiglitazone.

25 In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a PPAR-delta agonist, for example and preferably GW 501516
or BAY 68-5042.

In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a cholesterol-absorption inhibitor, for example and preferably

30  ezetimibe, tiqueside or pamaqueside.



WO 2012/ 0042688 NHdB8911/ 061305 -53 - inhibitors, |ipase i @’@Tﬁiﬁzﬁﬁﬁoswos
polyneric bile acid adsorbers, bile acid reabsorptlon i nhi bitors and

| i poprotein(a) antagonists. Antithronbotkg_agents are preferably to
be understood as conpounds fromthe group of platel et aggregation

i nhi bitors,p a&”bfe?e%%g@nﬁﬂalﬁleﬁtr oPhRf ﬁlpernlngﬁ) | t¥1£ ICBH‘EHR§§ %@c%?cﬁrclﬁ’ dd t}e2 {nvel%tﬁm are

preferred enbodi nent of the invention, the compounds acc
i nvention é‘ﬁ’é‘lr&“mﬁ%lil"§P@b@@thnr?ﬂ&1@rﬁwwatlhlbltpwﬁot ¢xamploland pab@tabagghﬂgat i on
i nhibitor, for exanple and preferabl y aspirin, clopidogrel,

ticlopidi ng,qr pAfes | LagBhent of h@ ﬁveﬂﬁl Ilf}]eﬁlé dm 5&89'&%9&1 %Ec tfe {nventr&n are

i nvention, the conpounds accord e |1 nve tlon are
in conbi naBRBiskirec it cquphientipn nVlihnfhpt'ingmc bflonciéxdsopice, @ndxm;éé endlpteferably

xi mel agat rg%e%ﬁgﬁﬂ% %¥e§tﬁ:ﬁd cgi%io%ﬂjr &ﬁ@esttgﬁ_‘re\/@ dol elétgz{n or dexane. In a

preferred ment” o € 1 nvent e conpoun & accordi ng to the

invention are adm nistered in conbination W|th a GPlib/llla

ant agoni st In fapprefxadnsimbodimgnipefefheriatsngion, ﬂhc)bemacmnds actooding pAkhe inmemion are
referred t] t accor

|pnvent| on gr e %iégw%lrré% %}bgsr{agcr’de ?E b(lzlg%%ldnra rﬁt % Sﬁor gét%?‘mélg an‘?pre?erably

i nhi bi tor, ASKT (eXBAD) ehibiierspre AEDAIR0Y, Srsazarmabarm(mwam%} SC-635.

DU- 176b, api xaban, otam xaban, fidexaban, razaxaban, fondapari nux,

VN T021 B ok epelen o P gt iGe R SpREY seckidig g invention r

In a priéf eedmiisemdsodi rmmbm@ﬂiont dthi o ipapiotn(a)t hitagdaidy) Ofon dSardfle Odrdi Bferably

to the invgg&ui)a%n ar %@\?H%{Q stered i n, conbi nation with heparin or a

CNe Or 11
| ow nol ecufFar "Weig parlC " i%Yvative. In a preferred

enbodi nent of the |nvent|on t he conpounds according to the invention
are adm ni $he pederit inveotidi fuathéramlatsk td medicinblagfoducts st @ganmi &tleast Ofic compound

exanpl e and fe E counmar i Th s for lowering blood
pressure aré pcfn {3% %?(Ve?tgnb‘ésugwdt@gg?%q’ﬂma@m%Wé‘hH’8§ RAGRTIE rRbagRasically
of cal ci ums@nbegetipishts, andngithdresTSorIhoAlfbrembitRga Yugioses. ACE i nhi bi tors,
endot hel i n ant agoni st s, 25ren|n i nhi bitors, al pha-bl ockers,
bet a- bl gckeﬂ] m ner al oc ;[ i d-receptor antagoni sts_ and
€ tompounds accor mg o the invention can have systemic and/or local action. For this purpose
they can be applied in a suitable way, e.g. by oral, parenteral, pulmonary, nasal, sublingual,
lingual, buccal, rectal, dermal, transdermal, conjunctival, or otic administration or as implant or

stent.

For these routes of application, the compounds according to the invention can be administered in

20  suitable dosage forms.

Dosage forms functioning according to the prior art, for rapid and/or modified release of the
compounds according to the invention, which contain the compounds according to the invention in
crystalline and/or amorphized and/or dissolved form, e.g. tablets (uncoated or coated tablets, for
example with enteric coatings or coatings with delayed dissolution or insoluble coatings, which
25  control the release of the compound according to the invention), tablets or films/wafers that
disintegrate rapidly in the oral cavity, films/lyophilizates, capsules (for example hard or soft
gelatin capsules), sugar-coated pills, granules, pellets, powders, emulsions, suspensions, aerosols

or solutions, are suitable for oral application.

Parenteral application can take place avoiding an absorption step (e.g. intravenous, intraarterial,
30  intracardiac, intraspinal or intralumbar) or including absorption (e.g. intramuscular, subcutaneous,

intracutaneous, percutaneous or intraperitoneal). Injection and infusion preparations in the form of



diuretics. wo2alpoehsgred enbodi nent of the invention, theP@‘ﬁﬁl‘%ﬁ‘%Guos
according to the invention are admnistered in conbination wt

cal ci um ant agoni st, for exanple and prefefably nifedipine,

anm odi pi ne, verapam' | or diltiazem WD 2012/ 004258PCT/ EP2011/ 061305

- 54 - 1In %oﬂfl&fsewsﬁtglsﬁffp@glh@ﬁ% dﬁ{phﬂl@zﬁeé &Vs@'é?ﬁé gd%rsoliskh?e Eiﬂﬁplguz[}ﬁ&gnothers, as

according to the invention are admnistered in Ination Wt
al pha- | - r eclopnes formp fu parentembapplisetibl e and preferably prazosin. In a
preferred enbodi nent of the invention, the conpounds according to the

i nvention Qﬁ}ﬁied%lﬁﬂﬁacal&&leffoﬁl% AL NREDb AR BRaidfst Bop 11%%%5 %ag’%%ﬁ@%r solhts or

exanpl e and preferabl f/ propranol ol , “at enol ol , tino
al prenol ol SPExprbkes § ms/vﬁé%m@p&yles fasingeabohlinguahet blppa—:lnpplmht;on suppositories,

nadol ol ;5 Mg BQQ&Q 371' (gﬁf’dﬁ%()lv%l al 5&915191 c%l ’a%v.fg%ﬁﬁo ngg%n(qonf lzfé 19‘1%.(50 5 akim(,ﬁ mixtures),

celiprolol, bisopr carteo esnol carve
adapr ol ol , llpamlnml@pensmbuommmts ceqaalﬁ,oﬂr@llsde@malhhemmm Systems (e. Ignpaches), rmlk,

Prvent | on re 15anm A PRyt SN ne b THBRER Sa GRG0 £t fods o

ant agoni st adipstrettempl e and preferably | osartan, candesartan,
val sartan, telmsartan or enmbursatan. In a preferred enbodi ment of

the invent 'Cgﬁ or}::!l}gn% @?H&g{& %tpf'le grgeh, tc?alltﬁp)gail I?Qgs ic Qt Lon are

admini stered in' co ron w %8r exanpl e and
preferably enalapril, captopril, lisinopril, ram pr| |, delapril

f osi nopfi | Thewemppmids acqetingthofhe iihveptiort cmbb)paﬁsfonnacﬁltmtta a;fdslelfnaftfoaeld dosage
enbodi nent i pve on the co ds according to the._invention
are adni ni s@%‘r egﬁ | n&co% AP o BT anﬂneﬁ)gbtp?fef‘? 7Y afiPXEtgo il ¢ Inett, pon-toxic,

exanpl e anqihq;rmecﬁeaha&lﬂywubﬂﬁeeaxmentajmhaﬁemmntsaﬂ&nﬂes ﬁﬂfﬁrad]zaOd’arners (for example
si taxsent an.. erred enbodi nent of the invention,

conpounds HieEss Ttagdnet ﬁlﬁ%se {FANET ol ataleRiSs (oF elavidy %YPS}YF%‘H ghycols),

Wi th a renimuisifletsbiahdr dlsﬁe@srantex azﬁmre@tl@ndig&{t@f @srakkampd | Shifid &ddecyl sulphate,
SPP- 60ﬂ8200r SPP- fed enbodi nent of the invention, the

conpourds Ry ﬁﬁant 8 eta'i’?g Flﬁ §1t( OB nexamBien Ay HPEpUFAlidone swfistinaandopatural
Wi th a m nesigmesqFdri ckample RBGHR)OfaiAleA0RR. Shtiox{dhts SRR BcARE acid), colorants

preferably Sé)l ronol act one or epl er.enone.
inorganic pigments, for example iron oxides) and taste and/or odour correctants.
In general, it has proved advantageous, in the case of parenteral application, to administer amounts
of about 0.001 to 1 mgrkg, preferably about 0.01 to 0.5 mg/kg body weight to achieve effective
20 results. For oral application, the dosage is about 0.01 to 100 mg/kg, preferably about 0.01 to

20 mg/kg body weight and very particularly preferably 0.1 to-10 mg/kg body weight.

Nevertheless, it may optionally be necessary to deviate from the stated amounts, namely depending
on body weight, route of application, individual response to the active substance, type of
preparation and time point or interval when application takes place. Thus, in some cases it may be
25  sufficient to use less than the aforementioned mininum amount, whereas in other cases the stated
upper limit must be exceeded. When applying larger amounts, it may be advisable to distribute these

in several individual doses throughout the day.

The following practical examples explain the invention. The invention is not limited to the

examples.

30 The percentages in the following tests and examples are percentages by weight, unless stated
otherwise; parts are parts by weight. Proportions of solvents, dilution ratios and concentrations for

liquid/liquid solutions refer in each case to the volume.



I n a preferwedoenbodsgent of the invention, the conpounds aegarmiongosizos
to the invention are 25 admnistered in conbination with a |oop
diuretic, for exanple furosem de, toraseggde, bunetani de and
piretanide, with potassiumsparing diuretics for exanple am |l oride
and triant egene EMdplesal dost erone ant agoni sts, for exanple

spi ronol act one, potassi um canrenoate and epl erenone and thi azi de
diuretics, far exanpl e hydrochl orothiazide, chlorthalidone, xipam de,
and i ndapa eviation 0 3ring fat netabolismare preferably to
be understood as conpounds fromthe group of 30CETP inhibitors,

thyroi d reegptor agoni st squestiboREber ol synthesis inhibitors such as
HVG- CoA- reductase or squal ene synthesis inhibitors, the ACAT

i nhi bit or s,°¥¥TP i nhi bi t of¥CUBHAR al pha, WO

2012/ 004258R¢ET/ EP2011/ 06 136% cheniea] fonfzitR-(BAWER and/ or PPAR-del ta

agoni sts, chol esterol -absorption inhibitors, polynmeric bile acid
adsor bers, e acid reab’lg’éﬂﬂﬁ'ﬂfpmﬁﬂﬁ%i bitors, lipase inhibitors and
the |ipopraipgsn(a) ant agqgﬁggﬁﬁsulpho;{ﬁea preferred enbodi nent of the

i nvention, the compounds according to the invention are adm ni stered
i n conbi nat®lon with a CEF@ivadmitor, for exanple and preferably

dal cet r api BAY 560- 552 ! r TP-vaccine (CETi-1). In a
preferred gir%odi ment of %Egﬁ%@ vg%"gllﬁgtﬁé%(ﬁhhg conpounds according to the
i nvention dte adninisteretdyin conbination with a thyroid receptor
agoni st, fqr exanple and gTFSB erably D-thyroxin,

3,5,3 -triiodothyronin (H CGS 23425 or axitirome (CGS 26214). In a
preferred éidédi ment of hige-perfrenddediqpidichenamappnds according to the

i nvention %ﬁﬁ\{fs 10 admi ni ﬁt E_r ed, [.n conbi n&ti on wth a

HMG- CoA-r edlictase i nhi bi 6P TFPBHYT RES SPSEE™EY statins, for exanpl e
and preferabicy | ovast ati gonceitmredst atin, pravastatin, fluvastatin,

at or vast at iLg:(MFosuvastat :l.n Qr i tavastatin,. In a preferred

enbodi nent he i nvent PBHY CHrABARGARI T AYRled BRHSBSHE™MED t he i nventi on
are adm ni gfilemed i n conbiimain RRaméthy) dRilgAsal ene synt hesi s inhibitor,
for exanpl %and preferably BMS- 15188494 or TAK-475. In a preferred
enbodi nment the invent P! t he conmpounds according to the invention
are adm ni sdiered in combipgatdgn with an ACAT inhibitor, for exanple
and prefer %}I:)SI y avasi m be, nelinam de, pactim be, eflucimbe or

SMVP- 797. mass spectrometry
NMR nuclear magnetic resonance spectrometry
Pd/C palladium on activated charcoal (10%)
Ph phenyl '
RT room temperature
R, retention time (in HPLC)
t-Bu tert-butyl
TFA trifluoroacetic acid
THF tetrahydrofuran
uv ultraviolet spectrometry
viv volume fo volume ratio (of a solution)

XPHOS dicyclohexyl-(2',4',6"-triisopropylbiphenyl-2-y1)-phosphine



I n a preferwodoentmdsgrent of the invention, the conpounds ae¢@pdbhiQos1305
to the invention are 20adm nistered in conbination wth an MIP
inhibitor, for exanple and preferably inogitapi de, BMS- 201038,

R- 103757 or JTT-130. In a preferred enbodi nent of the invention, the
conpounds gauMThieds® the invention are adm nistered in conbination
with a PPAR-ganma agoni st, for exanple and preferably pioglitazone or
rosiglitazqone, 25ln a preferred enbodi nent of the invention, the
conmpounds %@@M@ft he invention are adm nistered in conbination
with a PPAR-delta agoni st, for exanple and preferably GW501516 or _
BAY 68- 504 2nstrumedtNWatehy £EQUITHS@PRAUIOSREm ol WS ALLAY UPL eSS T3 1,8 1

conpounds according to the invention are adm nistered in Conbination
with a choP8stigrs neleahpeifsd lioARatei t 825 mf o 998« siippsth fermik aside rebidophpse B: 1
30ezet i Bi b of fdeRHRSE D . BIm | gferormeid; gradient: in 90% A — in 59
2012/ 004258PCT B30T/ 601308 > mac |nm§¥\§?gﬁ=gé?dr1?& BB it "o P A
i nvent i on, —¢R& BIBAHOMRYS: 20U KleiviTetet bAQ hidming U rdeieotiona? B -adffinmi. st er ed

in conbination with a lipase inhibitor, for exanple and preferably
orlistat. Mdubdd @EeNig):red enmbodi ment of the invention, the conpounds
according to the 1tnvention are admnistered in conbination with a
polynmeric bile acid adsorber, for exanple and preferably

5chol est yr & Helrursyt wae:i Weters 265 HPEE) insifmmettinee dedas | 1) Seciot; dB¢ Dl eolumn:

In a pref ergthCHRRAINEOLD Af |\ t AP 8NhihOfhobild aSeOKPE%‘F%vaF};?%O(SQ' W%¢ 50%
to the invention are adnmnistered in conbination wth a bile acid

r eabsorlpt i gHenghnfopnic @eid, mobileedasepBel hnflataitdleab Dy nISBTS004stteBAT)formic acid;
i nhibitors ol A S -40 ARL 2741, SC.435 or -
sc o35, SR Par I0R A m e aD Rt or neRAA Srer oR Do pawmin
accor di ng Y ddrstipméhhon are 10admini stered in conbination with a

| i poprotein(a) antagonist, for exanple and preferably

Method 3 (LC-MS):

Instrument: Micromass Quattro Premier with Waters UPLC Acquity; column: Thermo Hypersil
15 GOLD 1.9 p 50 x 1 mm; mobile phase A: 1 1 of water + 0.5 ml of 50% strength formic acid,
mobile phase B: 11 of acetonitrile + 0.5 ml of 50% strength formic acid; gradient: 0.0 min 0% A
— 0.1 min 90% A — 1.5 min 10% A — 2.2 min 10% A oven: 50°C; flow rate: 0.33 ml/min; UV

detection: 210 nm.

Method 4 {LC-MS):

20  Instrument: Waters ACQUITY SQD UPLC system; column: Waters Acquity UPLC HSS T3 1.8 il
' 30 x 2 mm; mobile phase A: 11 of water + 0.25 ml of 99% strength formic acid, mobile phase B: 1
1 of acetonitrile + 0.25 ml of 99% strength formic acid; gradient: 0.0 min 90% A — 1.2 min 5% A

— 2.0 min 5% A oven: 50°C; flow rate: 0.60 ml/min; UV detection: 208 — 400 nrm.

25



gentabene c&O0uH0E4258 1027) or nicotinic acid. The present pcnviEaioh 0961305
further relates to nedicinal products that contain at |east one
conpound according to the invention, usughly together with one or

nore inert, non-toxic, pharmaceutically suitable excipients, and use

t her eof f orsthiimeah0680EMd REPRedidicpOoSes. 15The conmpounds according to
the invention can have system c and/or |ocal action. For this purpose

t hey can b% aggléfd in a suitable way, e.g. by oral, parenteral,

pul nonary, ubl i ngual , lingual, buccal, rectal, dermal,
transdernal, conjunctival, or otic adm nistration or as inplant or
stent . 1-BHludrbteasyly- RS20 3, ApykigRt B irbokiRtlaEERQERER ogdC Or di Ng

to the invention can be admnistered in 20 suitable dosage forns.
Dosage forms functioning according to the_prior art, for rapid and/or
nodi fied rel ease of the conpounds accordi fig to the i nvention, which
contain the conpounds according to the invefToQ in crystalline
and/ or anor phi zed and/or dissolved form elg abl ets (uncoated or
coated tablets, for exanple with enteri ¢ %idhs or coatings with
del ayed di ssol ution or insol ubl e€&atimgs, which 25 control the

rel ease of the conpound accordi theyi nvention), tablets or
films/wafers that disintegrate #n the oral cavity,
films/lyophilizates, capsules (for“exanple hard or soft gelatin
capsul es), sugar-coated pills, granuleg, .Eblet81 owders, emul sions,
suspensi ons, aerosols or solutions, g sul abl & r oral :
application. Parenteral application can take place avoiding an
absorption step (e.g. intravenous, intraarterial, 30intracardiac,

i nt r aspiSnalThesyritlresis af tiszampowd id deséribed mgW QOSAOHL51 ORxafrBlegbA.

i ntramuscul ar, subcutaneous, intracutaneous, percutaneous or
intraperitj§§@@%¥#£njection and i nfusion preparations in the form of
WO 2012/ 00 P2011/ 061305 - 57 -- solutions, suspensions,

enul sions, |yophilizates or sterile powders are suitable, anong

ot hers, as ZfoSablerctpfingofiontingaident er al appl i cation. |nhal ed

phar maceuti cal forns (including powder inhalers, nebulizers), nasal
drops, solutions or sprays, tableisg, fi&ns/ fers or capsules for

| i ngual , sublingual or buccal appli suppositories, 5 ear or
eye preparations, vagi nal capsul es, ueolis suspensions (Il otions,
shaki ng m xtures), |ipophilic Suspg ] ~QoiAitent s, creans,
transdernmal therapeutic systens (e.g. patchgs), mlk, pastes, foans,
dusting powders, inplants or stents for example are suitable for

ot her routes of adm nistration.

A suspension of 25 g (130.90 mmol) of 2,6-dichloro-5-fluoro-3-cyanopyridine in conc. sulphuric
10 acid (125 ml) was stirred at 60-65°C for 1 h. After cooling to RT, the contents of the flask were
poured into ice-water and extracted three times with ethyl acetate (100 ml each). The combined
organic phases were washed with water (100 ml) and then washed with saturated aqueous sodium
bicarbonate solution (100 mi), dried and concentrated on a rotary evaporator. The material

obtained was dried under high vacuum.

15 Yield: 24.5 g (90% of theory)
"H NMR (400 MHz, DMSO-dg): §=7.95 (brs, 1H), 8.11 (br s, 1H), 8.24 (d, 1H).

Example 3A

2-Chloro-5-fluoronicotinamide



Oral or parwotzetrbo4application is preferred, especially orabT/EP2011/061305
application. 10 The conmpounds according to the invention can be
transforned to the af orenenti oned dosagegforns. This can take place

in a manner known per se by mxing with inert, non-toxic,
pharmaceutically suitable excipients. jJhesecexcipients include inter
alia carriers (for exanple mcrocrystal yfe cel |l ul ose, | actose,
mannitol), solvents (e.g. liquid pol ycols), emulsifiers

and di spersants or wetting agents g odi um dodecyl

sul phate, 15 pol yoxysorbitan ol eate), bindfrs (for exanple

pol yvi nyl pyrrolidone), synthetic and naturaP polyners (for exanple

al bum n), stabilizers (e.g. antioxidants such as ascorbic acid),
colorants (g. i,nNo i C_pi f or. exanpl e iron oxi des) and )
Faste ands o8 Boit GaTro EPER Y 24 feneR G B tradE i agost to 3 Suspension of
advant ageous 9 g (331 femeabef gific paneminer @07 apphitiatatianis.3 Ml)adeiizh SHEd, and the

anounts of about 0.001 to [ kq, .preferab about 0.01 to 0.5 ngy/kg
body wei ght™FE a4 HE¢Ed étf.rfé%’in%{}légtﬁﬁﬁ%g‘ﬁﬁf@: Jréo?on&nﬁl"fél&pfﬂqﬂé Hereghen fqganted
dosage i5s dtvatiithe Qind lettiyd adkRide (A4 k) anBis@hRfca Rl YeoaDRItunDiOstbdnBte 20184 kG4 mI)

body wei ght and. ver articularly preferably 0.1 to 10 ng/ kg body _
wei ght . NeV&Ft WéF‘ﬁ@ét ¢ RXGES Wabhiting A x1gotpugle Thecwistyrs Wasitenddipred ol Withhsnction

the stated tiaoBihiSselgHRRH Yv-diRRaRdé Rehe® With QY1 YRI5 7 'f]‘f?'éﬁ(fﬁg.ofhe organic phase
application, individual response to the active substance, e o%

3 P _
prepar at i oV 3aREP2ERLTHEIdTRe BpucouspBRsparTas HeiPd i dtivA eectne (24R ad). Plhacembined
Thus, in SQRERNRFIERs WereRkh&oncd With Whititafdd@Rliedu® sdtiiEn b oﬁa@%l&tgﬁ (414 ml)
af orementi oned mi ni num amount, whereas In other cases the state ’
upper 11Pni tdripd, gpd pencenteésddender wiaeedappisytenBichipragesthanei3fft m)) wis added be the
advi sabl e t.QdisSdtdiRutE i ' L Q] v s _t hroughout
the day. TRESF sk ndgéﬁlggﬁﬁé&g’{hngggﬁ%‘?éems& g%o eflRtg A998 TR DML were
i nvent i on iogcerorre filterpd eff with sudtien endawgshealswitlGl&ng cther mentdgédryi n t he
following tests and exanpl es are percentages by weight, unless stated
ot her wi se; yRakt ) wei ght. Proportions of solvents,
dilution ratidé%gﬁgggggﬁgﬁgggtions for liquid/liquid solutions refer
in each case to the volune. - 58 -- A Exanples Abbreviations and
acronyns: g NMdRi 6490 31150 DMIDe): 8= 7.87 (brs, 1H), 7.99 (dd, 1H), 8.10 (br s, 1H), 8.52 (d, LH).

15 Example 4A

2-Chloro-5-flucronicotinonitrile
N Cl
™~
=
F \\N
81.2 ml (582.25 mmol) of triethylamine were added to a suspension of 46.2 g (264.66 mmol) of 2-
chloro-5-fluoronicotinamide in dichloromethane (783 ml), and the mixture was cooled to 0°C.
20 With stiring, 41.12 ml (291.13 mmol) of trifluoroacetic anhydride were then slowly added
dropwise, and the mixture was stirred at 0°C for another 1.5 h. The reaction solution was then

washed twice with saturated aqueous sodium bicarbonate solution (391 ml each), dried and

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

25  'HNMR (400 MHz, DMSO-dg): = 8.66 (dd, 1H), 8.82 (d, 1H).



cal c. cal cul
DVFdi met hyl

woeh 1 Dohadisg ect chemi cal i oni zaf[ i on (I n |VS) PCT/EP2011/061305
f ormam de DVBQdi met hyl sul phoxi de eq. equi val ent ('s)

ESl el ectrospray ionization (in M) Etethyp_hhour(s) .
HPLChi gh- performance |iquid chromat ography HRMBhi gh-resol uti on nmass

spectronetr
mass spectr

Bxapipiesgoncentrated LG MSliquid chromat ography-coupl ed
onetry LiflIVIDSIithium hexamet hyl disilazide Menethyl

m nm nut e(s) _MSmass spectronetry NMRnucl ear nmagnetic resonance
spect r onet r sFluoro-1H-pyrazolo[3,4-b]pyridine-3-amine

10

15

20

H
N
B
N
P,
F
NH

2

A suspension of 38.5 g (245.93 mmol) of 2-chloro-5-fluoronicotinonitrile was initially charged in
1,2-ethanediol (380 ml), and hydrazine hydrate (119.6 ml) was then added. With stirring, the
mixture was heated at reflux for 4 h. On cooling, the product precipitated out. Water (380 ml) was
added to the crystals, and the mixture was stirred at RT for 10 min. The suspension was then
filtered off with suction through a frit and washed with water (200 ml) and with -10°C-cold THF
(200 ml). Drying under high vacuum over phosphorus pentoxide.

Yield: 22.8 g (61% of theory).
'"H NMR (400 MHz, DMSO-dg): 8 = 5.54 (s, 2H), 7.96 (dd, 1H), 8.38 (m, 1H), 12.07 (m, 1H).
Example 6A

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

N

==

N
==

10 g (65.75 mmol) of 5-fluoro-1H-pyrazolo[3,4-b]pyridine-3-amine were initially charged in THF
(329 ml), and the mixture was cooled to 0°C. 16.65 ml (131.46 mmol) of boron trifluoride/diethyl
ether complex were then added slowly. The reaction mixture was cooled further to -10°C. A
solution of 10.01 g (85.45 mmol) of isopentyl nitrite in THF (24.39 ml) was then added slowly,
and the mixture was stirred for a further 30 min. The mixture was diluted with cold diethyl ether
(329 ml) and the resulting solid was filtered off. The diazonium salt prepared in this manner was
added a little at a time into a solution of 12.81 g (85.45 mmol) of sodium iodide in acetone (329
ml) at 0°C, and the mixture was stirred at RT for 30 min. The reaction mixture was added to ice-
water (1.8 1) and extracted twice with ethyl acetate (487 ml each). The collected organic phases

were washed with saturated aqueous sodium chloride solution (244 ml), dried, filtered and



Pd/ Cpal | adiwmn2/eefbyat ed charcoal (10% Phphenyl RTroom pefRahal Y66 305
Rtretention tinme (in HPLC) t-Butert-butyl TFAtrifluoroacetic acid

THEt et r ahydr of uran UVul travi ol et spectrogetry v/vvolunme to vol une
ratio (of a solution)

HOSd I o R, 5 a <
39 LG M e hots: Nethodr 1 e R RRST U P e ooy Tt OB o e

UPLC systerﬁmdﬁyrqﬁ#ﬁwwaé@émwm@emﬁcms T3 1,8 p 50 x 1 mm
nobil e phase A- 1 1 of water + 0.25 m of 99% strength form c acid,

nobi | e phage . Bis (Meﬁzlad@ﬁ %gq_tégmilt,ri le + 0.25 m of 99% strength formc
acid; gradient: 0. 0% A ->1.2 mn 5%A

MS (ESIpos): m/z = 264 (M+H)+

5 Example 7A

5-Fluoro-1-(2-fluerobenzyl)-3-iodo-1H-pyrazolo[3,4-b]pyridine

F
N
NN
Pwi

12.1 g (about 39.65 mmol) of the compound from Example GA were initially charged in DMF (217
mi), and 8.25 g (43.62 mmol) of 2-fluorobenzyl bromide and 14.21 g (43.62 mmol} of caesium
10 carbonate were then added. The mixture was stirred at RT for two hours. The reaction mixture was
then added to water (1.17 1) and extracted twice with ethyl acetate (502 ml). The collected organic
phases were washed with saturated aqueous sodium chloride solution (335 ml), dried, filtered and
concentrated. The residue was chromatographed on silica gel (mobile phase: petroleum ether/ethyl
acetate 97:3) and the product fractions were concentrated. This gave 9.0 g (61% of theory) of the
15  title compound as a solid. The solid was taken up in ethyl acetate and washed with 10% strength
aqueous sodium thiosulphate solution and then with saturated aqueous sodium chloride solution,

dried and concentrated.
LC-MS (Method 2): R, = 2.57 min
MS (ESIpos): m/z =372 (M+H)"

20 1H NMR (400 MHz, DMSO-d6): 8 = 5.73 (s, 2H), 7.13 - 7.26 (m, 3H), 7.33 - 7.41 (m, 1H), 7.94
(dd, 1H), 8.69 - 8.73 (m, 1H).

Example 8A

5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-blpyridine-3-carbonitrile



-*2.0 mn 5%pA010yenss 50C, flow rate: 0.40 ml/mn; WY det egli@ns
-400 nm Method 2 (LGMS): M instrunment type: Waters ZQ WZOQQMSOS

instrument type: Agilent 1100 Series; UV¢DAD, colum: Therno Hypersil
GOLD 31.1 20 mm x 4 nmm nobile phase A: 11 of water + 0.5 mM of 50%
10 strength formc acid, nmobile phase B: 11of acetonitrile + 0.5 m
of 50% strength formc aC|d gradient: 0.0 m Q0% A -> 3.0 mn 10%
A 4.0 mn 10%A, oven: 55C flowrate 2 mM/m X detection: 210 nm
Met hod 3 (LC-MS): Instrunent: M cronass Qu emer with Waters
UPLC Acquity; colum: Therno Hypersi], 15 @GOLD ¥ p 50 x 1 mm nobile
phase A: 11 of water + 0.5 m of 5 th formc acid, nobile
phase B: 11 of acetonitrile + 0.5 I|T‘| strength formc aci d;
gradient: 0.0 min 90% A -> 0.1 $ 1.5 min 10%A 2.2 min 10%
A oven: 50C flowrate: 0.33 m/mn; UV dgtection: 210 nm Method 4
(LCG-M5): 20 Instrunent: Waters ACQUI TY SQRWUPLC systeny col um:
Waters Acquity UPLC HSS T3 1.8 it 30 x 2 nobi | e phase A: 11 of
water + 0.25 m of 99% strength form c acid, nobile phase B: 1 1 of
acet oni tri e suspensh ofl 16063 9995.5% rewdit & §-Hlusiod - (amud;ob@f@IdJSﬂBdo-l}ﬂgﬁaiﬂldls 4-

90% A -> 1. 0 5% ven: flowrate: 0.6
ol / ni n: bipé’{ldm T 381 %5169% (550 v, oF Spapr oAy deaes intially aged in
i nt er medi A4S0 (B@aﬂp hd dtifred at 150°C for 2 h. After coohng, the contents of the flask were cooled

1-(2-Fl benz azol o[ 3, 4-b] pyri di ne- 3-car boxi m dani de
hyc(jr o Chllg ori ebou}/;f8°c LP gc{ into a solution o conc ammonia water (90 ml) and water (500 ml), ethyl

acetate (200 ml) was added and the mixture was stirred briefly. The aqueous phase was separated
off and extracted two more times with ethyl acetate (200 ml each). The combined organic phases
were washed twice with 10% strength aqueous sodium chloride solution (100 ml each), dried and

concentrated under reduced pressure. The crude product was reacted without further purification.

10 Yield: 11.1 g (91% of theory)

'H NMR (400 MHz, DMSO-dg): 8 = 5.87 (s, 2H), 7.17 - 7.42 (m, 4H), 8.52 (dd, 1H), 8.87 (dd,
1H).

Example 9A

5-Fluoro-1-(2-fluorebenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidamide acetate

F
N
T
/
O NF
NH

HN

s x CH,COOH

11.1 g (41.07 mmol) of 5-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[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 ammonium chloride and acetic acid
(9.17 ml) were added, and the mixture was heated at reflux overnight. The mixture was then

20 concentrated to dryness, and the residue was taken up in water (100 ml) and ethyl acetate {100 ml)



HNNH2 x HCIw® 20Theo4syet hesi s of this conpound is described pot/MBp11/061305
03/ 095451, Exanple 6A. Exanple 2A 2,6-D chl oro-5-fluoronicotinam de

A suspension of 25 g (130.90 nmol) of 65— . .
2, 6-di chl oro-5-fl uoro-3-cyanopyridine in conc. sulphuric 10 acid (125

m ) was stidnieguatd @%H@@wa@Nllqﬁbouﬂoﬁﬁfn lﬁfﬁf&dd@ golﬁt@onRi:hehr eg.mg QI SRS at RT

of the flask were poured into icCe-water and extracted tinmes
with ethyl at:?éloa&leh (The oespifing guspension es Blarer oféwith sugtion andpbesbaiswitbesthy! acetate

washed w t rwﬁt@@(}@hﬁ) ﬁlﬁ%ﬂf:&ﬁ%ﬁ%ﬁhﬁﬁé&‘ﬁ%ﬁ%ﬁ g@ﬁ Clﬂgelﬂi’lﬁmg tré%gﬂggvlés dried over

sodlunlblcarbonaie sol uti on
rotary evapdpwhers pentxideandari vabum ned was dried under high vacuum
15Yield: 24.5 g (90% of theory) 1HNMR (400 MHz, DVMSO-d6): 5 = 7.95

(br S, XH) ,viBaldes L Pfges ftﬂéd}y .24 (d, 1H). Exanple 3A
-Chl oro-5 #Iuoro%?zot?nanl e - 61 -

MS (ESIpos): m/z = 288 (M-+H)"

1H NMR (400 MHz, DMSO-ds): 8 = 1.85 (s, 3H), 5.80 (s, 2H), 7.14 - 7.25 (m, 3H), 7.36 (m, 1H),
8.42 (dd, 1H), 8.72 (dd, 1H).

Example 10A

10 Methyl 3,3-dicyano-2,2-dimethylpropanoate

N N
X =
H.C
) O\CH
H,C 3
0

3 g (45.411 mmol) of malononitrile were added slowly to 1.816 g (45.411 mmol) of sodium
hydride (60% in mineral oil) in THF (91 ml). 5.876 ml (45.411 mmol) of methyl 2-bromo-2-
methylpropancate were then added, and the mixture was stirred at RT overnight. Another 5.876 mi

15 (45.411 mmol) of methyl 2-bromo-2-methylpropanoate were then added, and the mixture was
heated at 50°C overnight. Another 1.762 ml (13.623 mmol) of methyl 2-bromo-2-
methylpropanoate were then added, and the mixture was heated at 50°C for another 4 h. Saturated
aqueous sodium bicarbonate solution was then added, and the mixture was extracted three times
with ethyl acetate. The combined organic phases were washed with saturated aqueous sodium

20  chloride solution, dried with sodium sulphiate, filtered and concentrated to dryness. This gave 8.9 g
of erude product which was purified by chromatography on silica gel (cyclohexane/ethyl acetate
4:1).

Yield: 6.47 g (85% of theory)
1H NMR (400 MHz, DMSO-d6): 8 [ppm] = 1.40 (s, 6H), 3.74 (s, 3H), 5.27 (s, 1H).

25 Example 114

Methyl 3-bromotetrahydrofuran-3-carboxylate



At RT, 44 gwO2n02/6@2580l ) of 2, 6-di chl oro-5-fluoronicoti narpg?{%yg@r]@/oﬁ]g,os
added to a suspension of 21.9 g (335.35 mmol) of zinc in nethano

(207 nl). Acetic acid (18.5 nm) was thenggdded, and the m xture vvas
heated at reflux with stirring for 24 h. The contents of the flask
were then decanted 5 fromthe zinc, ethgH acetate (414 m ) and

sat urat ed aqueous sodi um bi car bonate soII uf’l on (414 m) were added and
the mixture was stirred vigorously. TheO @re was then filtered off
wi th suction through kiesel guhr and washed Biree tinmes with ethyl
acetate (517 m each). The organi c pha s separated off and the
aqueous phase was washed with ethyl acgtatle (258 nl). The conbi ned
organi ¢ phases were washed once with s at ed aqueous sodi um

bi carbonate solution (414 m ), 10 dried and concentrated under

reduced pressure. Dichloronmethane (388 ml) was added to the crystals
obt ai ned i rf-4 Igi G8AEhmemcl) aﬂmemhbtwaWtMn-%amoiyﬂaté Woainedoff Ofgazid Uhd’ﬂmst

The crystal e f n
di et hyl et hl??é"ﬁzﬁg())gﬂegi 3 ed 0 ZJ@D lc?ch% aﬁ‘wéo{ll %48 %gggf?ﬂ% ?'%j 83 mmol) of
NI\/R (400 M-HIS,(triDl\e‘EE@lsﬁthtBum a?mdb?(l(MhnSEHEb H)ere meQQddeddAﬁele,mﬁ AA0786DY 1026 g

s, f1 uoroni cotinonitrile
5.2 i (585 S5 I §f BroreP RO NP Tt Shor i e Sorowb: The
46.2 g (264n1ﬁiﬁiremmd )heﬁfallawecbh)l A & RITUSESIHNE OWVLIRAN2H @ddel, and the mixture was
di chl or onet hane ( and th% m xture was, cooled to OC. 20 Wth

stirring, £ ai%‘at?ni'iﬁlF)P BFS VPIPRIGICARE thecaaniiy ahasel avanerteacted two
t hen sl ow ynoiid dees thl@@ﬁh&l&@etat@nﬂletdaﬁlbfﬂed( bigkBe ﬁ@a%ess&éré %@&e@&vﬂg galttglﬁ'fed aqueous

anot her 1. The reaction solution was then washed tw ce

sat ur at ed é&%}%&@OQ%ﬁOW%P@dPW@@GPWm Sviplans filterpd endclancentiated The crude
and conge ntphﬁﬁl@tdwdd rﬁdﬁﬁed’ Wﬁﬁ&td@iﬁﬁ? Wk Silica’ e Hobifd Dhase gd:éh?(g'{ﬁlghane) This gave

theory). - anpl e
5- Fl uor o- 1I49b9’ﬂé§6I05[h3°11)?ﬂtWFtled’PWémBﬁam ne

1H NMR (400 MHz, CDCl;): 8 [ppm] = 2.49 (ddd, 1H), 2.74 (ddd, 1H), 3.83 (s, 3H), 4.034.10
(m, 1H), 4.11-4.17 (m, 2H), 4.31 (d, 1H).

Example 12A

15 Methyl 3-(dicyanomethyl)tetrahydrofuran-3-carboxylate

N N
N =
O
o) @]
H,C

440 mg (11.00 mmol) of sodium hydride (60% in mineral oil} were initially charged in 30 ml of
THF, and 726 mg (11.00 mmol) of malononitrile were added a little at a time. 2.3 g (11.00 mmol}
of the compound obtained in Example 69A in THF (50 ml) were then added. The mixture was
20  stirred at RT for 6 h and then heated at 50°C overnight. After cooling, saturated aqueous sodium
bicarbonate solution was added, and the mixture was extracted three times with ethyl acetate. The
combined organic phases were washed with saturated aqueous sodium chloride solution and then
dried with sodium sulphate, filtered and concentrated. The residue (2.66 g) was dried under high

vacuum for 1 h and then reacted without further purification.



A suspensi ogoQb1 884259 (245.93 mmol ) of _ PCT/EP2011/061305
2-chl oro-5-fluoronicotinonitrile was initially charged in 5

1, 2-ethanediol (380 nl), and hydrazine hygrate (119.6 m) was then
added. Wth stirring, the m xture was heated at reflux for 4 h. On
cooling, th&.phpddat precipitated out. Water (380 ml) was added to
the crystal's, and tThe mxture was stirred at RT for 10 m n The
suspension was_then filtered off wth suction through a fit and
washed wi t H-Watner-l £6duerrhenayihl upyiazela[da-tdpiridiniHi -6 36limetiy)l-5, Diikrydrgr6H-
under high . Rhasphor us pentoxi de. 10Yield: 22.8 g (61% of
t heor y) 11f¥rﬁ|%§&?4%%ﬁi§{w0&w%0cls): 5 =554 (s, 2H), 7.96 (dd, 1H),
8.38 (m 1H), 12.07 (m 1H). Exanple 6A

5- Fl uor o- 3-i od- 1H pyr azol o[ 3, 4-b] pyri di ne F1510 g (65 75 mmol) of
5-fl uoro- 1H pyrazol o[ 3, 4-b] pyri di ne-3-am ne wefs_ initially charged in
THF (329 m ), and the m xture was cooled to 6.65 m (131.46
nmol ) of boron trifluoride/diethyl ether were then added

slowy. The reaction m xture was c¢cdl ed
of 10.01 g (85.45 mmol ) of isope rtrNte in THF (24.39 m) was

as sgirred for a farther 30 mn.

ether 20 (329 m) and the

then added slowy, and the m xtu

The m xture was diluted with col d deth

resulting solid was filtered off. The digzopiumsalt prepared in this

manner was added a little at a time intg”7a ol ution of 12.81 g (85.45

mmol ) of sodiumiodide in acetone (329 and the m xture was

stirred at RT for 30 min. The reaction re was added to ice-water

(1.8 1) and extracted twice with ethyly H(487 m each) The

col | ected organi c phases were washed w turated aqueous sodi um

chloride solution (244 m), dried, filtgfed @ggd WO

2012/ 004258PCT/ EP2011/ 061305 - 63 - concentrated. This gave 12.1 g

(86% pure, 60% of theory) of the title conmpound as a solid. The crude

product _wa acted without further purification. LC M (Method 2):

Rt = 1 88 AR ﬁ'é} %-%Q%g‘j 91!‘ Fepple g werenpitigly chargedipgpisbytanol (50 mi), and 2.593 g
(23.107 mmol) of potassium tert-butoxide were added. 3.2 g (19.256 mmol) of Example 10A in

tert-butanol (25 ml) were then added dropwise, and the mixture was heated at reflux overnight.
The next day, another 0.64 g (3.851 mmol) of Example 10A were added, and the mixture was
heated at reflux for another day. After cooling, a precipitate was filtered off and washed with
10 diethyl ether. The precipitate was then slurried in water, filtered off once more and washed with

diethyl ether. Drying under high vacuum gave 6.65 g of the title compound (85% of theory).
LC-MS (Method 1): R, = 0.90 min; MS (ESIpos): m/z= 404 (M+H)"

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 1.35 (s, 6H), 5.82 (s, 2H), 6.82 (br s, 2H), 7.14-7.25
(m, 3H), 7.33-7.40 (m, 2H), 8.63 (dd, 1H), 9.03 (dd, 1K), 10.98 (s br, 1H).

15  Example 14A

4-Amino-2-[5-fluoro-1-(2-fluorobenzyl)- 1 H-pyrazolof3,4-b]pyridin-3-yl]-5,5-dimethyl-5, 7
dihydro-6H-pyrrolo[2,3-d]pyrimidin-6-one



5- Fl uor o- 1-W&-Joli2r0042b€nzy1) - 3-i odo- 1H pyr azol of 3, 4- 1Thyr i dipeg/rrbd1 Lo 305
(about 39.65 mmol ) of the conmpound from Exanple 6A were initially
charged in DM (217 ml), and 8.25 g (43_.g@_mmol) of 2-fluorobenzyl

brom de and 14.21 g (43.62 nmol) of caesium 10 carbonate were then
added. The m xture was stirred at RT for twg hours. The reaction

m xture was then added to water (1.171) and € acted twice with
ethyl acetate (502 ml). The coll ected organic es were washed with
sat urated aqueous sodi um chl ori de sol uti on£33 , dried, filtered
and concentrated. The residue was chyomat dgraphed on silica gel
(rmobi | e phase: petrol eum ether/eth §4e 97:3) and the product
fractions were concentrated. This N (61% of theory) of the
15 title conpound as a solid. T s taken up in ethyl acetate
and washed with 10% strength aqueous sodi umthi osul phate sol uti on and
then with saturated aqueous sodi um chl ori | ution, dried and
concentrated. LGMs (Method 2): It, = 2. M5 (ESIpos): mz = 372
(MtH) 201H NWR (400 MHz, DMSO-d6): 8 = 5. ,bi1), 7.13 - 7.26 (m
3H), 7.33 - 7.41 (m 1H), 7.94 (dd, 1H), - 8.73 (m 111).
Exanpl e 8A HN CH,

5- Fl uoro-1-(2-fl uorobenzyl) - 1H pyrazol o[ 3}4- bgyridine-3-carbonitrile
- 64 - A suspension of 16.03 g (43.19 1) 3

5-fl uoro-1-(2-fluorobenzyl)-3-iodo-1H pyrazol o[ 3,4- 1Thyridine
(Exanple 7A) and 4.25 g (47.51 mmol ) of copper cyanide was initially

charged i n ABEN(sk20 thd pre@irioss bf Exablal, 4130G 10085 ﬁmf&lc): o@\ﬂi&ﬁﬁplﬁQﬁ'Wé?Qreacted
, - pourea | nto a

the contents_ o he sk re cooled 5 to about 40 )

sol ution of""‘glo"rt'lag.i ga{ﬁ%ﬁ. E“&ﬁtogrExel%le N0 2R gk &2 eschariye cemneppd (73% of
acet ate (2Qkkor)) was added and the mixture was stirred briefly. The
aqueous phase was separated off and extracted two nore tinmes with

et hyl acet at m _each). The conbined organic phases were washed

twi ce 'th%ﬁ%@ﬁ@%h%ﬁh@%ﬁ%ﬂ%‘%ﬁ#ﬁ%}ﬁ%? 32 &4l on (100 m

each), dried and concentrated under reduced pressure. The crude

product wasHNeR (86D MHZNOMSOLAL: BBpmPHN Izl (6 &H) 0981 (s, 2H), 6.85 (br s, 2H), 7.13-7.25

(m, 3H), 7.36 (m, 1H), 8.69 (dd, 1H), 8.84 (dd, 1E), 10.96 (s br, 1H).

Example 15A

4-Amino-2'{1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-4,5-dihydrospiro[ furan-3,5'-
10 pyrrolo[2,3-d]pyrimidin]-6'(7'H)-one ‘

F
N\ N\
N
| P
N
N7\
— /NH,
HN
@]



10Yi el d: 11WO 2912/026®f t heory) NVR (400 MHz, DMVBO d6): p8THER0BII061305
(s, 2H), 7.17 - 7.42 (m 4H), 8.52 (dd, 1H), 8.87 (dd, 1H). Exanple

9A -69—

5- Fluoro-1-(2-fl uorobenzyl) - 1H pyrazol of 3, 4- b] pyri di ne- 3- car boxi m dam

i de acet at eAnaldgbldly kbike @ripaiaih 34 Edargpld 434,07 25MPI() 39F mmol) of Example 1A were
5-fl uoro- 1-%2-f| u rg%gnz(%%g 1H-8yr zolp%%B, 4-b] pyridi ne-3-carbonitrile
(Exanpl e 8AYEMEN (74§ ({-d52mB9 @fé‘w 128Dy sie 566 mephtheditla sxnpang (7%
met hanol ( 2fthedly)., and the mixture was stirred at RT for 2 h. 2.64 g
(49.29 mmol ) of ammonium chloride and acetic acid (9.17 m) were

added, and .t L xture was heated at_ reflux overnight. The m xture

was t hen zc}égﬁé@r{é@a#ib\ﬁfaoggm%s (EXRpsk ez 7 932 MEHhas taken up in
water (100 m) and ethyl acetate (100 mM) - 65 - and adjusted to pH

10 wi ths2 Niaguequsm e DIBOYEY bR -SDb0it b P, JHE M 6t WEE 398%. 1
stirred at RT for about 1 h, ;ﬂ%e)ﬁ?%gul ti ngHsggpﬁ’si onea\’/vasffi I ?%r g&’ 104,

of f with sd&®idr-habaldhet®ist Ble Oy I(bras eHat7d 2(71350maBH), Aidt ] (nLOBI), 8.64
n) and onggs, mRY,®.0MGd) 1ﬁ§,h¥.|96?50&tﬁ-§).e (100 nl). The residue was dried
over phosphorus pentoxi de under high vacuum 5Yield: 9.6 g (78% of

t heory) Ms_(ESI POS - mz = 288 (M+tH) 1H NVR (400 MHz, DMSO-d6): 8 =
1.85 (s, 3ppamy s, 2H), 7.14 - 7.25 (m 3H), 7.36 (m 1H), 8.42
(dd, 1H), 8.72 (dd, 1H). Exanple 10A 10Met hyl

3, 3-di cyangdy ?2-{”—(‘1&1&&%91&99@H%&aezolo[SA-b]pyridin-?)-yl]-4-hydroxypyrimidin-5-y1}acetate

F
N\ N\
| Pwi
N
N7\
— CH3
10 o

7.519 g (327 mmol) of sodium were added to ethanol (660 ml) and, under argon, reacted
completely. 50.00 g (163.53 mmol) of Example 1A and, after 5 min, 40.45 g (188.01 mmol) of
diethyl 2-formylbutanedioate (synthesis described in WO 2005/73234, page 43} were then added.
The mixture was then heated at reflux for 12 h. After cooling, the water and then 1 N hydrochloric

15 acid were added to the reaction mixture. The precipitate that formed was filtered off with suction
and washed successively with water/ethanol (1:1, 200 m), ethano.l (100 ml) and finally with
diethyl ether. Drying under high vacuum gave 58.0 g of the title compound (83% of theory).

LC-MS (Method 1): R, = 1.00 min; MS (ESIpos): m/z = 408 (M+H)"

'H NMR (400 MHz, DMSO-dg):  [ppm] = 1.19 (t, 3H), 3.48 (s, 2H), 4.09 (q, 2H), 5.87 (s, 2H),
20 7.15 (t, 1H), 7.24 (t, 1H), 7.34-7.39 (m, 2H), 7.46 (dd, 1H), 8.10 (s br, 1H), 8.71 (dd, 1H), 8.74 (d,
1H), 12.83 (s br, 1H).



g (45. 411wormdli)/oef258al ononitrile were added slowly to 1. 3’1:@/@2011/061305
(45 411 mol ) of sodium hydride (60%in mneral oil) in THF (91 m).
5.876 m (45.411 mol ) of nethyl 2-bronog@- nethyl propanoate were

t hen added, and the mi xture was stirred at RT overni ght. Another

5.876 mM 1%iadipldidh Mol ) of nethyl 2-brono-2-nethyl propanoate were
t hen added, and the m xture was heated at 50C overni ght. /nother

1.762 m ( mol ) o t hyl 2-brono-2- nethyl propanoate were
t hen addedjg’%)ﬁggf ﬁlef%%}'iéf{%'r A Faaraap loBgb P Sidine gt mmiding y1} acetate
Sat ur at ed aqueous sodi um bi carbonate sol uti on was then added, and the
m xture was extracted three times wwth gthyl acetate. The conbi ned
organi ¢ phases were washed w th saturated !eous sodi um 20 chl ori de

solution, dried with sodium sul phate, fil and concentrated to
dryness. This gave 8.9 g of crude prodg h was purified by
chromat ography on silica gel (cygl ohexane/ yl acetate 4:1). Yield:
6.47 g (85% of theory)

400 MHz, DIVISOd6): 8 [ppmM =
1.40 (s, 6H), 3.74 (s, 3H), 5. 2127 ( 25 Exanpl e 11A Met hyl
3- br onot et r ahydr of ur an- 3- car bo

- 66 - 5.0 g (38.419 mmol ) of
met hyl tetrahydrofuran-3-carboxylate (Mournal of Organic Chem stry;
1996; 2690) were dissolved in 200 m F and cooled to -78C, and
76.83 m (76.83 nmol) of bis(trimethWl silyplithiumamde (1 Min THF)
were then added After 30 mn at -78C 6 g5 (9fy63 nmml) of

N- br onbsucci ni m de, suspended in 5 of THp.were *added slowy. The
m xture was then allowed to warmto RT o ght. Water was added,

and the m xture was extracted with ethyl acdtate. The phases were
separated and the aqueous phase was extracte@ two nore tines with
ethyl acetate. The conbi ned organi c phases were washed with saturated

aqueous so rid ut i 0 nd then drjed Wlt sodi um sul phat e
filtered a%éldg]gn@é g%x g?‘gd@riwltﬁ?lﬁahﬁé ed\ja su BIEHI?HIel (&ef ‘Bp and 41,40 g
chr omat 6gr mmymmm) Sif lph@;ph(gﬂ| chiof@® et FHAaSE The GhigiHeQr RATBRINRRRY at m;@ for 1 h.

gave 491 6% t eor of t 3 title conpound. 1H NMR (400
cDCl 3): 5 ng, e 2toma er (iﬁ.IBO mh agd theg negrplized with solid

4.03-4.10 (stﬂlun'i char%nélt& "H}e]pzecﬁﬂiﬁateahat, foﬂne%lwz(s%lte;éd) off with suction and washed with
water. The product was then purified further by chromatography on silica gel (mobile phase:

cyclohexane/ethyl acetate 3:2). Drying under high vacuum gave 43.0 g of the title compound (73%
10 oftheory).

LC-MS (Method 1): R, = 1.20 min; MS (ESIpos): m/z = 426 (M+H)"

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 1.21 (¢, 3H), 3.96 (s, 2H), 4.15 (g, 2H), 5.90 (s, 2H),
7.16 (t, 1H), 7.22-7.27 (m, 2H), 7.36-7.39 (m, 1H), 7.49 (dd, 1H), 8.71 (dd, 1H), 8.84 (dd, 1H),
8.96 (s, 1H).

15 Example 18A

Ethyl {4-azido-2{1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-ylJpyrimidin-5-yl } acetate



Exanpl e 12AwvtEikthyi258- (di cyanonet hyl )t et rahydr of ur an- 3- ca@@p@@ﬁﬁgm6mo5
zo H3C 440 ng (11.00 mmol) of sodium hydride (60%in mneral oil)

were initially charged in 30 m of THF, .apd 726 ng (11.00 mmol ) of

mal ononitrile were added a little at a time. 2.3 g (11.00 mmol) of

t he conpound obtained in Exanple 69A in gHF (50 m) were then added.

The m xture was 20 stirred at RT for 6 h gnd~then heated at 50C
overnight. After cooling, saturated aqueOJ g¢i um bi car bonat e

solution was added, and the m xture wag ed three tines with

ethyl acetate. The conbined orgagi c phases fe washed with saturated
aqueous sodi um chl ori de sol uti Nben dried with sodi um sul phat e,
filtered and concentrated. The||resi|dug N2.66 g) was dried under high
vacuum for 1 h and then reacte further purification. - 67 -
Exanpl e 13A
4- Am no- 241- ( 2-f 1 uor obenzyl) - 1H—pyraz 4-Db] pyridin-3-y1] -5, 5-di ne
thyl-5, 7-di hydro-611- pyrrol o[ 2, 3-d] yrln\dln 6- one

CH,
o/

10.00 g (23.482 mmol) of Example 17A were initially charged in DMF (200 ml), and 2.290 g
(35.223 mmol) of sodium azide were added. The mixture was then heated at 60°C for 1 h. After
cooling, the reaction mixture was added to water and extracted three times with ethyl acetate. The
5  organic phases were combined and washed once with saturated aqueous sodium chloride solution,
then dried over sodium sulphaté, filtered and concentrated. The residue was used without further

purification for the next step.
LC-MS (Method 1): R, = 1.16 min; MS (ESIpos). m/z = 433 (M+H)"

Example 19A

10 Ethyl {4-amino-2-1-(2-fluorobenzyl)-1 H-pyrazolo[3,4-b]pyridin-3-yl}pyrimidin-5-yl } acetate

F
o
N
P/,
N
N7\
= CH,
HzN oy

10.15 g (23.482 mmol) of the crude product from Example 18A were hydrogenated overnight in
DMF (400 ml) using palladium on carbon (10%) at a hydrogen pressure of 1 atmosphere. The



55. 887 g (WO2962/684368 of Exanple | A were initially charge®@CrI/EP2011/061305
tert-butanol (50 m), and 2.593 g (23.107 mml) of potassium
tert-butoxide were added. 3.2 g (19.256-mmwl) of Exanple 10A in
tert-butanol (25 m) were then added dropwi se, and the m xture was

heat ed at mekhuexwavbentiigdred thidugh Gelkt atl@yoncatRted eThelre§dueOnds @DV ithd® frther
of Exanpl e 10@ wer e ddedt, and the m xture was heated at reflux for

anot her day A8 *EHGKG*Pa precipitate was filtered off and washed
wi th 10di ethyl ether. The precipitate was then slurried in water,
filtered oflfC-biSqdictind e): &pd 0\wastie dIVESpE): @by l40eien)y” Dryi ng under

hi gh vacuum gave 6.65.g of the title compound (85% of theory). LC M5
(Method 1):. R I 290 mn; MsS (ESIpos): mz = 404 (MtH) + 11-1 NWMR

(400 MHz, =5 [ppm = 1.35 (s, 611), 5.82 (s, 211), 6.82 (hr

s, 2H), 7.14-7.25 (m 311), 7.33-7.40 (m 2H), 8.63 (dd, 1H), 9.03

(dd, 1Hp, H®y98 (& {Hrhlotbk)]1-(2Hubnsbenayie 1 Wohrazolo[3,4-blpyridin-3-yllpyrimidin-5-y1}cyclo-
4- Am no- 245-f| uor o- 1-1%2-“ uor obenzyl) - 1H pyrazol o[ 3, 4- b] pyri din-3-y1

-5, 5- di met RPPEF PR dr o- 6H pyrrol of 2, 3-d] pyri mi di n-6-one - 68---

Anal ogously to the preparation of Exanple 2, 4.18 g (12.035 mmwol) of
Exanpl e 9A were reacted with 2.20 g (13./R239 nmol) of Exanple 10A.

This gave 3.72 g of the title conpound (7$%nf theory). 5 LC M5

(Method 1): R=0.98 mm M (ESIpos): niz )
MHz, DMSO-d6): 8 [ppn] = 1.34 (s, 6H), : 3, 2H), 6.85 (br s, 2H),
7.13-7.25 (m 3H), 7.36 (m 1H) ,N8. 69N(dd , 8.84 (dd, 1H), 10.96
(s br, 1H). Exanple 15A R
42- Am no- 2' 41- (2-f1 uorobenzyl)
hydr ospi ro[ furan-3, 51- 10pyrro

| o 3, 4-b] pyridin-3-yl]-4, 5-di
]pyrimdin]-6"(7H)-one

1.00 g (2.348 mmol) of Example 17A were initially charged in THF (15 ml) and DMF (15 ml), 469
mg (11.741 mmol) of sodium hydride (60%) were added and the mixture was stirred at RT for 15
10 min. 0.607 ml (7.054 mmol) of 1,2-dibromoethane was then added, and the mixture was stirred at
RT for a further 30 min. Water and ethyl acetate were added to the mixture, the phases were
separated and the organic phase was extracted twice with ethyl acetate. The combined organic
phases were washed once with saturated aqueous sodium chloride solution and dried with sodium
sulphate, filtered and concentrated. The title compound obtained in this manner (1.38 g, 75% pure)

15 was used without further purification for the next step.
LC-MS (Method 1): R, = 1.26 min; MS (ESIpos): m/z = 452 (M+H)"
Example 21A

Ethyl 1-{4-azido-2-[1(2-fluorobenzyl)-1H-pyrazolo[ 3,4-b]pyridin-3-yl|pyrimidin-5 -ylicyclo-

propanecarboxylate



- 69 - Analwgoesbyoddgt he preparation of Exanple 13A, 2. 257P@"/]§E720?f§/861305
mmol ) of Exanple A were reacted with 1.434 g (7.382 mmol ) of

12A. This gave 566 ng of the title conpqoypd (17% of theory). LC-I\/B
(Method 1): R=0.84 min; M5 (ESIpos): mz = 432 (MtH) 5NWVR (400 MHz,
DVMBO-d5): 8 [ppnl = 2.20-2.37 (m 2H), 371 (d, 1H, 3.90 (q, 1H),
4.10 (d, 1H), 4.25-4.31 (m 111), 5.82 (s ), 6.57 (br s, 2H),
7.12-7.25 (m 3H), 7.33-7.41 (m 2H), 1H), 9.02 (dd, 1H),
11.96 (s br, 1H). Exanple 16A Ethyl

{241- (2-fl uor obenzy1l) - 1H pyr azol %[3,4-1\) AR Yded 1
of sodium were added to

di n-5-yl }acetate 10 7.519 ¢

et hanol (660 m ) and, under ar reachied conpletely. 50.00 g
(163.53 mmol ) of Exanple | A and 5 mn, 40.45 g (188.01 nmol)
of diethyl 2-fornylbutanedi oate (synthesis described in WO

2005/ 73234, page 43) were then added. m xture was then heated at
reflux for 12 h. After cooling, the terWand then 1 N hydrochloric
15 acid were added to the reaction m xtur€. The pr(?ﬁl pitate that
formed was filtered off with SUCt'OFJ washgd successively with
wat er/ et hanol (1:1, 200 m), ethand and finally with

di ethyl ether. Drying under high Phcuu 58.0 g of the title
conmpound (83% of t heory). LC—I\/BNIVEt hod DX, = 1.00 mn; M
(ESIpos): mz = 408 (MtH) 11-1 NWR (400 MHz, DIVSOdS) 5

, = 1. 4.09 2 5.87 (s,
[28?1115 (t, %?Rf?g, @%ﬁ"? “{iiﬁtj) OIZE pje §@Ag‘1ﬁf6 2??)‘~ted Znalgequgly tOJ}“ ) prgeduge of
(s br, 1H) Ex8mfgit l@ddThelhﬂe co&pZﬁnc(&talﬁéd)m tth@ mBrhet Svablised Whthdut further purification

for the next step.

5 LC-MS (Method 1): R, = 1.23 min; MS (ESIpos): m/z = 458 (M+H)"
Example 22A

Ethyl 1-{4-amino-2-[1 -(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yllpyrimidin-5-yl } cyclo-

propanecarboxylate
F
00
N
P/,
N
N7\
—= CH,
H2N O\/

10 418 mg (0.913 mmol) of Example 2]1A were hydrogenated analogously to the procedure of

Example 19A. The title compound obtained in this manner was used without further purification

for the next step.

LC-MS (Method 1): R; = 0.86 min; MS (ESIpos): m/z = 433 (M+H)"



- 70 - Exanpbeolydosssdy| . . PCT/EP2011/06}305
{4-chl oro-241-(2-fl uorobenzyl)-1H pyrazol o[ 3, 4-b] pyridin-3-yl ] pyrim dl
in-5-yll acetate 55.00 g (135 mmol) of _Exanple 16A were initially
charged in sul pholane (220 m), and 41.40 g 5 (270 nunol) of
phosphoryl 5hh@id 4@ were added. The mixture was then heated at 120C
for 1 h. After cooling, the mxture was added to warmwater (1500 m)
and then neutralized with solid sodi um bi carbonate. The precipitate
that f or med-ddduorehepgieldi-pyrrzolld.frotayedingA-cathoximidohatiazidet h wat er . The
product was then purified further by chromatography on silica gel
(nmobi | e phase: cycl ohexane/ ethyl acetate 3g2). Drying under high
vacuum gave 43.0 g of the title conmpound (73%.2Qof theory). LC M5
(Method 1): R, =1.20 min; Ms (ESIpos): niz 5 (M-H) + 11-1 NWR
(400 MHz, DMSO-d6): 8 [ppm = 1.21 (t, 3 (s, 2H), 4.15 (q,
211), 5.90 (s, 2H), 7.16 (t, 111), Nf.22-7. 211), 7.36-7.39 (m
111), 7.49 (dd, 1H), 8.71 (dd, 1 (dd, 1H), 8.96 (s, 111). 15
Exanpl e 18A Et hyl N

{4-azi do-241-(2-fl uorobenzyl)-1H /[ 3,4-b] pyridin-3-yllpyrimdi
n-5-yl}acetate - 71 - 10.00 g (23.482 L) of Exanple 17A were
initially charged in DWW (200 m), and N g (35.223 nmmol) of

sodi um azi de were added. The mixture Wi$ the Hheat ed at 60C for 1 h.
After cooling, the reaction m xture was added to water and extracted
three tines with ethyl acetate. The

20.000 g (65.414 mmol) of the compound from Example 1A were dissolved in 320 ml of ethanol
5 and, at 0°C, 26.477 g (261.656 mmol) of triethylamine and 4.093 g (65.414 mmol) of hydrazine

hydrate (80% strength solution in water) were added. The mixture was stirred at RT overnight and

then concentrated on a rotary evaporator. This gave 26.84 g (100% of theory, 69% pure) of the title

compound.
LC-MS (Method 3): R, = 0.64 min; MS (ESIpos): m/z = 285 (M+H)"

10 Example 24A

Diethyl 2-(difluoroacetyl)butanedioate

o q
F
HG” o
H,Cu O F
0

0.52 g (14.296 mmol) of sodium hydride (60% in mineral oil) was initially charged in THF (30
ml), and at 0°C a solution of 2.00 g (11.437 mmol} of ethy! 4,4-difluoro-3-oxobutyrate in THF (20
15 ml) was then added dropwise. After warming to RT and a further 30 min at this temperature, 2.865
g (17.156 mmol) of ethyl bromoacetate in THF (15 ml) were added and the mixture was then
heated at reflux overnight. After cooling, saturated aqueous ammonium chloride solution was
added and the mixture was then extracted three times with ethyl acetate. The combined organic

phases were dried with sodium sulphate, filtered and concentrated. After 5 min at high vacuum, the



5 organic pdu@s;@m/mgg conbi ned and washed once with satur atpgq 5?9
sodi um chl ori de solution, then dried over sodi um sul phat e, ilter 1305

and concentrated. The residue was used wythout further puri f| cati on
for the next step. LC-MS (Method 1): R4 = 1.16 mn; MS (ESIpos): niz
= 433 ( M+rHy; t 9 .
{4 am no- Zéf?eé | uor %Jf%enzy!l%) &{Anglilllreé % %[gB alzloult:)]58¢r FLHG) b uT’e]dpv;‘/”rﬂimr]ﬁJt |rther
n- 5- y| } acetpaiicatignfor OeeRiGEp5 8 PCT/ EP2011/ 061305 - 72 - ni xture was
then filtered through Celite and concentrated. The residue was used
wlthout f urg g idosal fication for the next step. LCG-M5 (Method 1): itt
= 0.83 nin Wb {ESTpos): nlz = 407 (MrH)t Exanple 20A 5Et hyl 1-
{4-chl oro-241-(2-fl uorob enz pyrazol o
[ 3, 4- b] pyr |Fd|1PYr1| 3-yii4- byﬂ#qwfﬁﬁtgbdbz-ﬁl-ﬂz-%vmb@lzybﬂHﬂmrrcegla[%k]ymie3-yl]-&hﬂmoxy-
g (2.348 ﬁmﬂh% £ 17A were initially charged in THF (15 m)
and DVF ( m) ngy (11 741 mol) of sodium hydride (60% were
added and the m xture was stirred at RT for 15 10 mn. 0.607 ml
(7.054 mmol ) of 1, 2-dibronoet hane was t henFadded, and the mixture was
stirred at RT for a further 30 min Water and | acetate were added
to the mxture, the phases were separated a g organi c phase was
extracted twice with ethyl acetate. The ¢gonb d/ organi ¢ phases were
washed once with saturated aqueous i chl oride solution and dried
wi th sodi um sul phate, filtered a rated. The title conmpound
obtained in this manner (1.38 g, 15was used wi t hout further
purification for the next step.

Analogously to Example 16A, 1.521 g (4.973 mmol) of Example 1A were reacted with 2.885 g
(about 5.719 mmol) of Example 24A. After work-up, the product was purified by preparative
HPLC (mobile phase: acetonitrile/water, gradient). This gave 600 mg (26% of theory) of the title

10 compound.
LC-MS (Methed 1): R, = 1.08 min; MS (ESIpos): m/z= 458 (M-+H)"
Example 26A

Ethyl {4-chloro-6-(difluoromethyl)-2-[ 1-(2-fluorobenzyl)-1H-pyrazolo[ 3,4-b]pyridin-3-y1]-
pyrimidin-5-yl}acetate



LG M5 (Met oo 2D)2/06%25& 1.26 min; M5 (ESIpos): mz = 452 ( MedrEP2011/061305
Exampl e 21A Et hyl 1-

{4-azi do-241- (2-fl uorobenzyl)-1H pyrazolg§3, 4- 1Thyri di n-3-yl ] pyri m di
n-5-yl}cycl o- propanecarboxylate - 73 - 550 ng (about 0.913

nrnol ) of Exanple 20A were reacted anal ogogsly to the procedure of
Exanpl e 18A. The title conpound obtained in R anner was used

w thout further purification for the next st ; LC- M5 (Method 1):

R, =1.23 min; M5 (ESIpos): mz = , Bl e 22A Et hyl 1-

{4-am no-241- (2 fl uor obenzyl)-1Hp azol b7 pyridin-3-yl ] pyrimdi
n-5-yl }cycl o- propanecarboxyl ate 48y (0.913 mmol ) of Exanple
21A were hydrogenat ed anal ogousl N ocedur e of Exanple 19A
The title conpound obtained in thihsh 2r was used without further

purification for the next step. LC M (
(ESIpos): rn/lz = 433 (MtH+ - 74 -

600 mg (1.312 mmol) of Example 25A were reacted analogously to Example 17A. This gave 1.7 g

of the title compound (about 36% pure, contaminated with sulpholane).
LC-MS (Method 1): R, = 1.25 min; MS (ESIpos): m/z= 476 (M+H)"

5 Example 27A

Ethyl 2- {4-chloro-6-(diﬂuoromethy1)—2—[1-(2—ﬂuorobenzyl)-1H-pyrazolo[3,4-b}pyridin-3-yl]-
pyrimidin-5-yl}-2-methylpropanoate

Analogously to 20A, 1.7 g (about 1.31 mmol) of Example 26A were reacted with methyl iodide.
10 This gave 1.24 g of the title compound (about 36% pure, contaminated with sulpholane).

LC-MS (Method 1): R, = 1.33 min; MS (ESIpos): m/z= 504 (M-+H)*



Exanpl e 23AV0 2012/004258 PCT/EP2011/061305
1- (2- Fl uorobenzyl) - 1H pyrazol o[ 3, 4- b] pyri di ne- 3- car boxi m dohydr azi de

HN NH2 20.000 g (65.414 nmmol ) of the cooppund from Exanple | A were

di ssolved in 320 mM of ethanol 5 and, at 0C, 26.477 g (261.656 nmol)

of triethylpainpe ad 4.093 g (65.414 mol) of hydrazine hydrate (80%
strength solution in water) were added. The m xture was stirred at RT

over ni ght d then copcentrated on a rotary evaporator. This gave
26.84 g (1%’@)6% tr?ég‘{]%‘y‘%s‘{a%dfﬁ{?fsoé‘)eﬂm)%%e(2tﬂu?HOEer@b‘Prémezo19@4%@yndm-3-y1]—
(Method 3) :pyRknidin-SyB84-RibdylpMpardole! pos): mz = 285 (MrH) 10 Exanple

24A Di et hyl 2-(difﬁuoroacety ) but anedi oat e 0.52 g (14.296 mmol) of
sodi um hydride (60%in mneral oil) was initially charged in THF (30
m), and at 0C a solution of 2.00 g (11.435 nmol ) of et hyl

4, 4-di fluoro-3-oxobutyrate in THF (20 15 ml) t hen added dropwi se.

After warmng to RT and a further 30 mn at tenperature, 2.865 g
(17.156 mml ) of ethyl brompacetate in T ) were added and the

m xture was then heated at refl ux ower pqht. After cooling, saturated
aqueous ammoni um chl ori de sol uti ¢ ;

5 1.24 g (about 1.312 mmol) of Example 27A were reacted analogously to Example 18A. This gave
the title compound (contaminated with sulpholane) which was reacted further without

determination of the yield since the azide-containing solution was not concentrated any further.
LC-MS (Method 1): R, = 1.27 min; MS (ESIpos): m/z= 511 (M+H)"

Example 29A

10 1-(2,4-Difluorobenzyl)-3-iodo-1H-pyrazolo[3,4-b]pyridine

F
F
IN\ h
N
P/,

Analogously to the synthesis of Example 7A, 54.00 g (215.98 mmol) of 3-iodo-1H-pyrazolo[3,4-
b]pyridine (synthesis described in WO 2006/130673, Example 4) were reacted with 50.18 g
(237.578) of 2,4-difluorobenzyl bromide. Ice-water was added to the crude product, the mixture



added and tW® 2i120M258was then extracted three tinmes w th gidytp2011/061305
acetate. The conbi ned organi c phases were dried wi th sodi um sul phat e,
filtered and concentrated. After 5 m n atghi gh vacuum the WO

2012/ 004258PCT/ EP2011/ 061305 - 75 - title conpound obtained in this

]Eran nteII:] (3. OPasfiltcddobt wiB ¥udtidh Ghd WRSpreE@thtaMvid bkhed With R&broBAol b€ BB and
or e nex

%%{i{eg%& | e 25A . i

Et hyl { 4- ( di PFUYIOHB %ﬁﬁﬁymmﬁmf 861 O &19% e yitle pppRpuad (0% of theory).

[ 3, 4-b] pyridin-3-yl]-6-hydroxy- 5pyrimdin-5-yl acetate Anal ogously

Lo Examl e GAls M&RA 19 419750k EDfoskragmizes b pr @ reacted with
2.885 g (about 5.719 mmol) of Exanple 24A. After work-up, the product
was purified by preparative HPLC (nobil e phase: acetonitrile/water,

gradi ent). RYAUEMEBI MG Ordks 9670 7 1t (R@BDyA 040708 fie 1HD.41.25 - T 6dmnpalAds (dd,
LG MS (Met hnd, 4.45 (R gpl. 08 min; M5 (ESIpos): mz = 458 (Mr11)+

Exanpl e 26A

Et hyl { 4- chl or o- 6-§0di fluoronet hyl)-241-(2-fl uorobenzyl)-1H pyrazol of 3,

4- b] pyri di rExampla 304y i nj di n- 5- yHacet at e

1-(2,4-Difluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carbonitrile

F
F
S
N
= Y/
CN

76.00 g (204.78 mmol) of Example 29A were reacted analogously to Example 8A. This gave 57.00
10 g (94% pure, 97% of theory) of the title compound.

LC-MS (Method 1): R, = 1.07 min; MS (ESIpos): m/z = 271 (M'+H)+

'H NMR (400 MHz, DMSO-dg): 8 = 5.86 (s, 2H), 7.07-7.12 (m, 1H), 7.27 - 7.32 (m, 1H), 7.44-
7.50 (1, 1H), 7.55 (dd, 1H), 8.49 (dd, 1H), 8.81 (dd, 1H).

Example 31A

15 1-(2,4-Difluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidamide acetate

x CH,COOH



-76-- 600 Wig2Q12/084228rmol ) of Exanpl e 25A were reacted anadgermsiy/o61305

to Exanple 17A. This gave 1.7 g of the title conmpound (about 36%

pure, contani nated vm'th sul phol ane) . -78CG M5 (Method 1): 12, = 1.25

mn; M5 (ESIpos): mz = 476 (MtH) 5 Exanple 27A

gt Zy |b ]2 { 4- g:m a@é o{B7(di flﬂmmy ohBtanple) 3@4%1((3??]&:@1%@1@@&%%5% “Ekbnp 1922 Ot gave
pyri nmet hyl pr opanoat e

Anal ogousl| yig‘[’b(? gz‘%/fhle tit{%foﬂp‘(‘ﬁﬂg%ﬁ@” %flgefnﬁm)l ) of Exanple 26A were

reacted with nethyl iodide. 10 This gave 1.24 g of the title conpound

(about 36%1@%3(mmudammatoeamﬂmuhsmlpﬁwlnaﬂe)zas bes (Method 1): R
= 1.33 mn; M5 (ESIpos): mz 504 (M+H) - 77 - Exarrple 28A

Et hyl 2-{ 4- fl b I

01 ool AL D0 )80 s ot e p el 99
(gbout hJs 312nmmi-y 49tm,Exp el 1gde, 14 vedod8 a6t ed anal ogously to Exanple
18A. Thi s gave

Example 32A

Ethyl {2-[1-(2,4-difluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3 -yl]-4-hydroxypyrimidin-5-yl}acetate

F
F
N
S, N\
| N
~Z
N
N\
== CH,

15 g (43.187 mmol} of Example 31A were reacted analogously to the procedure of Example 16A.
10 This gave 14.30 g of the title compound (75% of theory).

LC-MS (Methed 1): R, = 1.03 min; MS (ESIpos): m/z= 426 (M+H)"

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 1.17 (t, 3H), 3.43 (s, 2H), 4.08 (g, 2H), 5.81 (s, 2H),
7.04 (ddd, 1H), 7.28 (ddd, 1H), 7.40-7.46 (m, 2H), 8.00 (s, 1H), 8.67 (dd, 1H), 8.77 (d, 1H), 12.73
(s br, 1H).

15 Example 33A

Ethyl {4-ch10ro-2-[1-(2,4-diﬂuorobenzyl)—1H-pyrazolo[3,4—b]pyridin-3-yl]pyrimidin—S -yl}acetate



the title cwomoundodesent ami nated with sul phol ane) whi ch wascam@aobedosizos
further without determnation of the yield since the azide-containing
solution was not concentrated any furthegg_LC- M5 (Method 1): R = 1.27
mn; M5 (ESIpos): mz = 511 (MtH) Exanpl e 29A

101- (2, 4-Di fl uor obenzyl) - 3-i odo- 1H pyr azol o[ 3, 4- b] pyri di ne

Anal ogously to the synthesis of Exanple ™,_—-54.00 g (215.98 mmol ) of
3-i0do- 1H pyrazol o[ 3, 4- Db] pyridine (synth¢ degcribed in WO

2006/ 130673, Exanple 4) were reacted w 8 g (237.578) of

2, 4-di fl uorobenzyl brom de. Ice- as acdded to the crude product,
the m xture WD 2012/ 004258PCT, ?"061305 - 78 - was filtered off
with suction and the precipita S hed wi th isopropanol and

pent ane and then dried under hi m This gave 76.7 g of the

title conpound (89% of theory). LGMs {Method 1): R=1.17 min; M5 .
(ESlpos): mz = 372 (M+H) + *NNNVR (400 MHz, DMSO416): 8 =
5.71 (s, 2H), 7.04-7.08 (m 111), A\36 (m 3H), 7.96 (dd, 51H),
8.65 (dd, 1H). Exanple 30A —
1- (2, 4-Di fl uorobenzyl) - 1H pyrazol o[3/4-b pyrigi\ny%_-]ficar bonitrile
76.00 g (204.78 nmmol ) of Exanple 29A wer edcted anal ogously to
Exanpl e 8A. This gave 57.00 10 g (94% pure, \97% of theory) of the
title conpound. LCG-M5 (Method 1): R = 1.07 nbn; M5 (ESIpos): rn/z =
271 (M+H) +

14.20 g (33.380 mmol) of Example 32A were reacted analogously to the procedure of Example
17A. This gave 13.20 g of the title compound (88% of theory).

LC-MS (Method 1): R, = 1.23 min; MS (ESIpos): m/z= 444 (M+H)"

5 'HNMR (400 MHz, DMSO-dg): § [ppm] = 1.21 (t, 3H), 3.95 (s, 2H), 4.15 (q, 2H), 5.87 (s, 2H),
7.06 (ddd, 1H), 7.29 (ddd, 1H), 7.36 (ddd, 1H), 7.48 (dd, 1H), 8.71 (dd, 1H), 8.83 (dd, 1H), 8.96
(s, 1H).

Example 34A

1-(2,3-Difluorobenzyl)-3-iodo-1H-pyrazolo[3,4-b]pyridine

- F
N
NN
P,

Analogously to the synthesis of Example 7A, 54.00 g (215.98 mmol) of 3-iodo-1H-pyrazolo[3,4-
b]pyridine (synthesis described in_WO 2006/130673 Example 4) were reacted with 50.18 g
(237.578) of 2,3-difluorobenzyl bromide. Ice-water was added to the crude product, the mixture
was filtered off with suction and the precipitate was washed with isopropanol and pentane and

15 then dried under high vacuum. This gave 73.00 g of the title compound (85% of theory).

LC-MS (Method 1): R; = 1.13 min; MS (ESIpos): m/z = 372 (M+H)"



"H NVR (400wWigHm 1200338 d6): 8 = 5.86 (s, 2H), 7.07-7.12 (m pHMEP2612661305
- 7.32 (m 1H), 7.44- 7.50 (m 1H), 755(dd 1H), 8.49 (dd, 1H),

8.81 (dd, 1H). Exanple 31A

151- (2, 4-Di fl uor obenzyl) - 1H pyrazol o[ 3, 4- b] pyri di ne- 3- car boxi m dam de
acetate NHzy XMRHAGSOA T, / 0

g (207.221 mol ) of Exarr%igeszg %ﬁézégseac{ Eﬁzg figg?s?;?ot(% E}{()nggO% (m,
9A. This ga&t, 188 Bd, YDof.6¢ tid, tHt | e conpound (26% of theory). LC-I\/IS

(Method 1): R = 0.60 nin; MS (ESIpos): mz = 288 (MFElT "H NMR
(400 |sz, MVEQH6)sa 5 = 1.81 (s, 3H), 5.80 (s, 2H), 7.03-7.08 (m
1H), 7.26 - m 52H), 7.41-7.44 (m 114), 8.61 (dd, 1H), 8.69

(dd, 1 : | e 32A Et hyl

(241- (2 4- d]iEr?;]airfbla@hmlyiﬂm@}@la{éd&ipﬁlmb}@mmm 3-y1] - 4- hydr oxypy
rimdin-5-yllacetate 15 g (43.187 nmmol) of Exanple 31A were
reacted anal ogously to the procedure of Exanple gd6A. 10This gave
14.30 g of the title conmpound (75% of theofFy). UC-MS (Method 1): R =
1.03 min; M5 (ESIpos): mz = 426 ( M+H) +

N
B
N
//
5 CN

72.00 g (194.002 mmol) of Example 34A were reacted analogously to the synthesis of Example
8A. This gave 50.00 g (93% pure, 88% of theory) of the title compound.

LC-MS (Method 3): R, = 1.24 min; MS (ESIpos): m/z =271 (M+H)"

'H NMR (400 MHz, DMSO-dg): § = 5.94 (s, 2H), 7.14-7.21 (m, 2H), 7.39 - 7.46 (m, 1H), 7.55 (dd,
10 1H), 8.51 (dd, 1H), 8.81 (dd, 1H).

Example 36A

1-(2,3-Difluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidamide acetate

F
F
N
T W™
P/,
NH,
HN
x CH,COOH

49.00 g (181.318 mmol} of Example 35A were reacted analogously to the synthesis of Example
15 9A. This gave 29.00 g of the title compound (46% of theory).

LC-MS (Method 1): R, = 0.62 min; MS (ESIpos): m/z = 283 (M+H)"



"H NVR (400witdn;2/004568 d6) : 5 [
(g, 214), 5.81 (s, 2H), 7.04 (
2H), 8.00 (s, 1H), 8.67 (dd, 1
15 Exanpl e 33A Et hyl
{4-ehloro-2 , i At u S - ridi n=.3- ri

i di n-5-yl | agigﬁ%? e(ﬂO(?MfgoZ’ -Bmw‘i]ffﬁsjz%léhf%ﬁgég‘%%}?’ ﬂ‘péxfa'ﬂp?é?sﬁg ),
wer e react ed3hél oyatdI3o3tdd, ttHy 8gdddbdt).e of Exanple 17A. This gave
13.20 g of the title conmpound (88% of theory). LCMS (Method 1): R =
1.23 min;, NB.GER $0s):= 444 (MrH) + 511-1 NWR (400 MHz, DMSO-d6): 8

[ppm] = 1. % , 3.95 (s, 2H), 4.15 (q, 2H), 5.87 (s, 2H), 7.06
(ddd, 1H), 7.29 (ddd, 1H), 7.36 (ddd, 111), 7.48 (dd, 1H), 8.71 (dd,
1H), 8.83 (! {34Hh-(2.BdifsorpbenzyiH) H-pHreniqlB.é-bBaaidin-3-y!]-4-hydroxypyrimidin-5-yl}acetate
1- (2, 3-Di fl uorobenzyl) - 3-i odo- 1H pyrazol o[ 3, 4- b] pyri di ne 10

Anal ogously to the synthesis of Exanple 7A, 34.00 g (215.98 mmol ) of
3-iodo- 1H pyrazol o 3, 4- b] pyridine (syntfhesi g described in WO

2006/ 130673 Exanple 4) were reacted with $9=48 g (237.578) of

2, 3-di fl uor obenzyl brom de. Ice-water was d to the crude product,
the m xture was filtered off with suct
washed wi th isopropanol and pentgpne agd

= 1.17 (t, 3H), 3.43 (s,
o 17 58 (o, g & pepepaty Bl
14), 8.77_.¢d. 1H), 12.73 (s br, 111).

T,
g VA
N
NT A
== CH,
HO O—/
5 O

15 g (43.187 mmol) of Example 36A were reacted analogously to the procedure of Example 16A.
This gave 13.20 g of the title compound (69% of theory).

LC-MS (Method 1): R; = 1.03 min; MS (ESIpos): m/z = 426 (M+H)*

'H NMR (400 MHz, DMSO-dg):  [ppm] = 1.19 (t, 3H), 3.48 (s, 2H), 4.09 (q, 2H), 5.90 (s, 2H),
10 7.13-7.18 (m, 2H), 7.36-7.43 (m, 1H), 7.47 (dd, 1H), 8.11 (s, 1H), 8.72-8.75 (m, 2H), 12.83 (s br,
1H).

Example 38A

Ethyl {4-chloro-2-[1-(2,3-difluorobenzyl)-1H-pyrazolo[3,4-b] pyridin-3-yl[pyrimidin-5-yl}acetate



15t hen dri egrouwndgnodzsgh vacuum This gave 73.00 g of the tllﬂ’d’I@EPZOIIfO61305
conmpound (85% of theory). LCM5 (Method 1): R = 1.13 mn;

(ESlIpos): mz 372 (MtH)+ WD 2012/ 0042%8PCT/ EP2011/ 061305 - 81 -

11-1 NVR (400 M—Iz, DMSO-do): 8 = 5.79 (s, 2H), 7.04 (t, 1H, 7.14 -

7.20 (m 1H), 7.33-7.43 (m 2H), 7.98 (dd, 1Hr, 8.66 (dd, 1H.

Exanpl e 35A F

1-(2,3-Difluorobenzyl)-1H pyrazol o[ 3, 4- b] ppr#\di ne- 3-carbonitrile 5
72.00 g (194.002 muol ) of Exanple 34A wer g art ed anal ogously to the
synthesis of Exanple 8A. This gave 50. 00 g% pure, 88% of theory)
of the title conmpound. LC M ( ) R 1.24 mn; M5 (ESIpos):
infz = 271 (M+H) + NVR (7400 \DIVBOdG) 8 594(s 2H) ,
7.14-7.21 (m 2H), 7.39 - 7.46 (m/ll—l)/N7 55 (dd, 101H) 8.51 (dd,
1H) 8.81 (dd, 1H). Exarrpl e 36A

acetate HNNH2  x CH3COO—| /4 \

13.10 g (30.795 mmol) of Example 37A were reacted analogously to the procedure described in
Example 17A. This gave 12.10 g of the title compound {(88% of theory).

LC-MS (Method 1): R, = 1.23 min; MS (ESIpos): m/z= 444 (M+H)"

5 'HNMR (400 MHz, DMSO-dg): § [ppm] = 1.21 (1, 3H), 3.96 (s, 2H), 4.15 (g, 2H), 5.95 (s, 2H),
7.07-7.09 (¢, 1H), 7.15-7.19 (m, 1H), 7.37-7.43 (m, 1H), 7.49 (dd, 1H), 8.71 (dd, 1H), 8.84 (dd,
1H), 8.96 (s, 1H).

Example 39A

Ethyl 2-{4-chloro-2-[1-(2,3-difluorobenzyl)-1H-pyrazolo[ 3,4-b]pyridin-3 -yllpyrimidin-5-y1}-2-
10  methylpropanoate

F
F
N\ N\
[ N
=
N
N7\
== CH,
Cl (o N4
H,C



49.00 g (18¥WBAB2MH4158 of Exanpl e 35A were reacted anal ogoustTyErI®11/061305
synt hesi s of Exanple 159A. This gave 29.00 g of the title conpound
(46% of theory). LC-M5 (Method 1): R =-8462 mn; M5 (ESIpos): in/lz =
288 (M+H) WD 2012/ 004258PCT/ EP2011/ 061305 - 82 - 11-1 NWR (400 WMHz,
DNSO]_ d6) : 8Am-11<ig0851y (sExandf)e 203, %80 sy ( 1%?_& jx-mﬂol)gﬁesligx'famd%@?l\ieré@eéc(teg wA® methyl
(3r7nA E'lt_?’l | Qlde Tz%us g(an; 1. 6(5_% (punty 4 g’the tﬂ:'le compound which was reagtéd furtl?errrp without any
{241- (2 3- dﬁuﬂha@ﬁ@b@ﬂ&yl) 1H pyrazol of 3, 4- b] pyri di n- 3-y1] - 4- hydr oxypy
rimdin-5-yll acetate 15 g (43.187 nmmol) of Exanple 36A were

react ed an t pr.oce npl e 16A. This gave 13. 20
g of the ti ‘?%@%Mﬁ&‘?a& d*f‘lnﬁﬁﬁz?%}?OS)L@zws‘*?@M%d 1): 124= 1.03
mn, M5 (ESIpos): mz = 426 ( MtH) 111 NMR (400 MHz, DMBSO-d6): 8

[18$rr]13-7511£91 MR @b Mf& E&as(csas)% ~01914((€1 3 H)asge 89), ﬁ%a{@'d)ﬂ) 59@ (s, 2H),
8.72-8.75 (7nf§7n@h5H) 125§§0@§s HTI) (7mﬁ)7 44%&5)8 dad, EtPHwS 72 (dd, IH) 8.83 (dd, 1H),
{4-chl or o- 24ds 218 di f | uor obenzyl) - 1H-pyrazol o 3, 4-b] pyri di n-3-yl | pyr
imdin-5-yl}acetate

Example 40A

Ethyl 2-{4-azido-2-{1 -(2,3-difluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl[pyrimidin-5-y1} -2~
10 methylpropanoate

F
F
N
T
P,
N
N7\
== CH,
"N O\/
N HC
N~ H3C O

1.00 g (about 1.80 mmol, 84% pure) of Example 39A was reacted analogously to Example 18A.
The title compound obtained in this manner was reacted further without further purification. It was

not possible to determine the yield, since the azide-containing solution was not concentrated to

15  dryness.

LC-MS (Method 1): R, = 1.27 min; MS (ESIpos): m/z= 479 (M+H)"

Example 41A

Ethyl 2- {4-amin0-2-[1~(2,3-diﬂuorobenzyl)—1H-pyrazolo[3,4-b]pyridin—3-yl]pyrimidin—S-yl}-2-

methylpropanoate



- 83 - 13. W0 p1£B82§95 mol) of Exanple 37A were reacted Wm@ ¥ 305
to the procedure described in Exanple 17A. This gave 12.10 g o E

title conpound (88% of theory). LC-MS (Mgthod 1): 121= 1.23 mn, VS
(ESIpos): mz = 444 (M+H) 51H NWVR (400 MHz, DMSO-d6): 8 [ppm = 1.21
(t, 3H), 3.96 (s, 2H), 4.15 (q, 2H), 5.95 (s,g2H), 7.07-7.09 (t, 1H),
7.15-7.19 (m 1H), 7.37-7.43 (m 111), #A49 (dd, 1H), 8.71 (dd, 1H),
8.84 (dd, 1H), 8.96 (s, 1H). Exanple 39A BttrN 2-

{4-chl oro-241- (2, 3-di fl uor obenzyl) - 1H pyr g} 3, 4- 1Thyri di n- 3-yl ] pyr
imdin-5-y1}-2- 10 net hyl propanoat e Anal ogously to Exanpl e
20A, 800 ng (1.802 mml) of Exa JA were reacted with nethyl

i odide. This gave 1.00 g (puri of the title conmpound which was
reacted further w thout any fuplthe Nfication. LCMS (Method 1): R
= 1.30 mn; M5 (ESIpos): mz = H) 511-1 NWR (400 MHz,
DMSO-d6): S [ppn] = 1.14 (t, 3H), 1.65 (s, 6H), 4.13 (g, 2H), 5.95
(s, 2H, 7.07 (t, 1H, 7.15-7.20 (m .37-7.44 (m 1H), 7.49
(dd, 1H), 8.72 (dd, 1H), 8.83 (dd, 1 6 (s, 1H).

The solution obtained in Example 40A was hydrogenated analogously to Example 19A. The crude
compound obtained in this manner (0.863 g, about 94% pure) was used without purification for the

next step.
5  LC-MS (Method 1): R, = 0.90 min; MS (ESIpos): m/z = 453 (M+H)*

Example 42A

4-Ethyl 1-methyl 2-(cyclopropylcarbonyl)butandioate

O O

H3C\O

H,C_ O

N~
O

2.00 g (14.069 mmol) of methyl 3-cyclopropyl-3-oxopropionate were reacted analogously to
10 Example 24A. This gave 3.62 g (about 80% pure) of the title compound which was used withont

purification for the next step.
LC-MS (Method 1): R, = 0.78 min; MS (ESIpos): m/z = 229 (M-+H)"
Example 43A

{4-Cyclopropyl-2-[ 1-(2-fluorobenzyl)-1H-pyrazolo[ 3,4-b]pyridin-3 ~yl]-6-hydroxypyrimidin-5-
15 yl}acetic acid



Exanpl e 40AVEXIE/004258 PCT/EP2011/061305
{4-azi do-241- (2, 3-di fl uorobenzyl) - 1H pyrazol o[ 3, 4-b] pyridin-3-yl | pyri

m di n-5-y1) -2- 10 net hyl propanoat e 1800 g (about 1.80 nunol, 84%
pure) of Exanple 39A was reacted anal ogously to Exanple 18A. The

title conpound obtained in this manner wasFreacted further w thout
further purification. It was not possible to—getierm ne the yield,

since the azide-containing solution was not gntrated to

15dryness. LCG-Ms (Method 1): 121= 1.27 nj NG /'Slpos): mz = 479
(MtH) + Exampl e 41A N
Et hyl 2- 14- am no- 241- (2, 3-di f | uor f&lk#pyrazolo[3,4-b]pyridin-3-
yl ] pyrimdin-5-y1 -2- nethyl propgano N 85 - The solution

anal ogously to Exanpl e 19A
The crude conpound obtained in this manngr (0.863 g, about 94% pure)
t ep.

Analogously to Example 16A, 3.74 g (12.234 mmol) of Example 1A were reacted with 3.211 g of
Example 42A. Work-up gave 763 mg (14% of theory) of the title compound.

LC-MS (Method 1): R; = 0.95 min; MS (ESIpos): m/z = 420 (M+H)"
5 Example 44A

Methyl {4-cyclopropyl-2-{1 ~(2-fluorobenzyl)-1H-pyrazolo[3,4-b)pyridin-3-y1]-6-
hydroxypyrimidin-5-yl}acetate

762 mg (1.817 mmol) of Example 43A were initially charged in methanol (20 ml), and 3 drops of
10 conc. sulphuric acid were added. This gave a slurry which became stirrable again by further

addition of methanol (15 ml). The mixture was heated at reflux for 1 h. After cooling, the mixture



Exanpl e 42A 4-Ethyl 1-nethyl 2- (cycl opr opyl car bonyl )but andi oat e

2.00 g (14.069 mml) of nethyl 3-cyclopr.gpyl-3-oxopropionate were
reacted anal ogously to 10 Exanple 24A. This gave 3.62 g (about 80%

re) of thgagt : r ths -
Fﬁe |)'1ext s S ﬂliLekCe:@ %p%gﬁgom%d%smsw% gth%ﬁqoi QIQP& eggﬁﬁlgr h?g% v 8;11211];.2[%13 gave

229 (M+H) + EXaaffeo 08 eOrY)OfﬂEQltlt@emwﬂépyl 24142 fI uorob
enzyl) - 1H pyrazol of 3, 4- b] pyri di n- 3-y1] - 6- hydr oxypyri m di n-5- 15yl |

aceti ¢ aci d.cMBMethod AR, AW Shi¥: MO RIS, 1 g (12.234 mmol )
of Exanple 1A Vs\g% roea?:lt ed with 3. 2& }gﬁgﬁﬁxg%gla%r A. Work-up gave

763 ny (14% of theor of the title conpound. LCG-M5 (Method 1): R
= 0.95 nin; P &12 DMiCzdsx: Gfppm{ MiHH)1+1.65 % 201 b16H1AD (m, 2H), 2.12-2.16 (m,

I\/bt hyl { 4 cyg}o (;R-Fhu ) 3
Vet VLU CUShOPLORYdmp Snl ok oReRRY s LR 2L s RPN 8 i,
Exanpl e 43A-4Rdé 1ithi & 3548yt Hyfeitged 1D, 1260 amol HX 20 n ), and 3 drops

of 10conc. sul phuric acid were added. This gave a slurry which becane

stirrable a@%hﬁléjﬁﬁ urther addition of nethanol (15 ml). The m xture

was heat ed for 1 h. After cooling, the mxture

Methyl {4-chloro-6-cyclopropyl-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-blpyridin-3-yl]pyrimidin-
S-yl}acetate

10 O

683 mg (1.576 mmol) of Example 44A were initially charged in phosphoryl chloride (2.423 ml),

470 mg (3.151 mfnol) of diethylaniline were added and the mixture was heated at 90°C for 2 days.

After cooling, the mixture was added to warm water and the precipitate formed was filtered off

with suction, washed with water and dried under high vacuum. This gave 724 mg (100% of theory)
15 ofthe title compound.

LC-MS (Method 1): Ry = 1.25 min; MS (ESIpos): m/z = 452 (M+H)"

Example 46A

Methyl 2-{4-chloro-6-cyclopropyl-2-[ 1-{2-fluorobenzyl}-1H-pyrazolo[3,4-b | pyridin-3 -yl]-
pyrimidin-5-yl}-2-methylpropanoate



WO 2012/ 004¥03RCT0ERP2811/ 061305 - 87 - was filtered of f w tPoTEI®LI 0061305
and washed w th net hanol and dried under high vacuum This gave 685

ng (87% of theory) of the title conmpoundggLC- M5 (Method 1): R = 1.07
mn; M5 (ESIpos): mz = 434 (M+H) + 11-1 NWR (400 MHz, DVMSO-d6): 8
[ppn] = 1.01-1.05 (m 211), 1.16-1.19 (m 211) 2.12-2.16 (m 51H)

3.63 (s, 3H), 3.72 (s, 2H), 5.85 (s, 2H), 7 , 1H), 7.20-7.25 (m
1H, 7.31-7.39 (m 211), 7.49 (dd, 1H), y 1H), 8.70 (dd, 1H),
12.57 (s br, 1H). Exanple 45A Met hyl
(4-chl oro- 6-cycl opropyl1-241-(2-f1 ugg obenzyl ) -

n-3-yl ] pyrimdin5-yl acetate 10 683y (1. 576 nnDI) of Exanple 44A
were initially charged in phosphgryl
(3.151 nmol) of diethylaniline were
at 90C for 2 days. After cooling, the m
and the precipitate formed was filtered
wat er and dried under high vacuum Thi &
150f the title conpound. LC-MS ( Met hod
mz = 452 (MtH) Exanpl e 46A Met hyl 2-
{4- chloro 6- cycl opropyl-241-(2- quoré%enzy
n-3-ylk pyrimdin-5-yl1-2-nethyl propan

C
3 O

ture was added to warm wat er
Nwi th suction, washed wth
(100% of theory)

5 mn; M5 (ESIpos):

Analogously to Example 204, 712 mg (1.576 mmol) of Example 45A were reacted with methyl
iodide. This gave 867 mg (about 75% pure) of the title compound which were used without

purification for the next step.
5  LC-MS (Method 1): R, = 1.39 min; MS (ESIpos): m/z = 480 (M+H)"
Example 47A

Methyl 2-{4-azido-6-cyclopropyl-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin- 3—y1]pyr1m1d1n—
5-yl}-2-methylpropanoate

10 867 mg (about 1.355 mmol) of Example 46A were reacted analogously to the procedure of

Example 18A. The title compound obtained in this manner was used without further purification



- 88 --  An&ORpone042580 Exanpl e 20A, 712 ng (1.576 mmol) ofpc@ ™ £061305
45A were reacted with nethyl iodide. This gave 867 ng (about 75%

pure) of the title conpound which were uged w thout purification for

the next step. 5 LGMS (Method 1): R, =1.39 mn; Ms (ESIpos): nlz =
480 (MrH) Esampl fxé by MeitldAvas not determined, since the azide-containing solution was not
{4-azi do-6-cycl oEr yl-241-(2-fl uorobenzyl)-1H pyrazol o[ 3, 4-b] pyridin
-3-yl ] pyri rﬁoé‘?eﬁg- “d5yn53t hyl propanoate WO

2012/ 004258PCT/ EP2011/ 061305 - 89 - for the next step. The yield was

not det er mmeMs @iAca 1):Fe =221 e 020 (NI Gy/s 0l 48y ipnuyras  not

concentrated to dryness. LG MS (Met hod 1?: R =1.31 mn; M (ESIpos):
mz = 487 (%VHHr Exanpl e 48A 5Et hyl 2-

{4-chl or o- z i fl uorobenzyl)-1H pyrazol o[ 3, 4- b] pyri di n-3-yl i pyr
imdin-5-y1 -2- nethyl propanoate Anal ogously to Exanpl e 20A,
800 ng (51. G8rylnuNDK)-clbroRXATDY QifR3ALYREB- 1 HEASL 6 3-8y fiRE - By 1p B8 HEs y13 -2-
This gave 1.05 g (78% pure) of the title conpound which were used
wit hout purTSRABPFBAR0f or t he next step.
F
F
N
S \
P W,
N
N7\
S CH,
Ci O~/
H,C
HyC 0

Analogously to Example 20A, 800 mg (1.802 mmol) of Example 33A were reacted with methyl
iodide. This gave 1.05 g (78% pure) of the title compound which were used without purification
10 for the next step.

LC-MS (Method 1): R; = 1.31 min; MS (ESIpos): m/z= 472 (M+H)"
Example 49A

Ethyl 2-{4-azido-2-[1-(2,4-difluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]pyrimidin-5-y1}-2-

methylpropanoate



LC- M5 ( Met &P 2002/004268= 1. 31 nmin; MS (ESIpos): mz = 472 ( MCEHEP2011/061305
Exanmpl e 49A Et hyl 2-

{4-azi do-211-(2, 4-di fluorobenzyl)-1H pyraael o[ 3, 4-b] pyri din-3-yl ] pyri

m di n-5-yl) -2- nethyl propanoate - 90 - 1.05 g (about 1.736 nmol)

of Exanpl e 48A were reacted anal ogously Ro the procedure of Exanpl e

18A. The title conmpound obtained in this hasner was used w t hout

further purification for the next step. T was not determ ned,
since the azi de-containing solution fncentrated to 5dryness.
LCM5 (Method 1): R = 1.27 mn; mz = 479 (MtH) + Exanpl e
50A Et hyl 2-
{4-am no-241- (2, 4-di fl uorobenzyl) - azol o[ 3, 4-b] pyri din-3-yl ] pyri
m di n-5-yl) -2- nethyl propanoat he sol ution obtained in

Exanpl e 49A was hydr ogenat ed anal ogous to the procedure of Exanple
19A. The title conpound obtained in S nner (0.755 g, about 76%
pure) was used w thout further purif ign for the next step.

CH,
00—/

1.05 g (about 1.736 mmol) of Example 48A were reacted analogously to the procedure of Example
18A. The title compound obtained in this manner was used without further purification for the next
step. The yield was not determined, since the azide-containing solution was not concentrated to

5  dryness.
LC-MS (Method 1}: R; = 1.27 min; MS (ESIpos): m/z = 479 (M+H)"

Example 50A

Ethyl 2-{4-amino-2-[1-(2,4-diflucrobenzyl)- 1H-pyrazolo[3,4-b]pyridin-3-yl Jpyrimidin-5-y1}-2-

methylpropanoate
F
F
S
N
P/,
N
N7\
== CH,
H,N O~/
H,C
H,C 0O

10

The solution obtained in Example 49A was hydrogenated analogously to the procedure of Example
I9A. The title compound obtained in this manner (0.755 g, about 76% pure) was used without

further purification for the next step.



- 91 - LG WO(M/MSQ.) Rt =0.91 mn; M5 (ES' pOS): mz =P6§$EP2011/061305
(M FE) + Exanpl e 51A o o

2- Met hoxy- 4- met hyl - 6- oxo- 1, 4, 5, 6-t et rahygy opyri di ne-3-carbonitrile CH

3 HO NO CH3 5The synthesis of the conpound has been descri bed:

Het er ocycl g56-MEYBRihod 1B R, =514 nin RIQMEISsP A2 = 453 (v+E)* o

2- Met hoiy-gﬁﬁi- Et rifl uo?c])ﬁrret hyl )ggigl%,sg?%%tet ré%yg;opyrl di ne-3-carb
onitrile CH3 HCF3 Wth ice cooling, 7.47 g (138.39 mol ) of sodium
net hoxi de iExappledldo| (85 m) were initially

5

10

15

20

2-Methoxy-4-methyl-6-0xo-1,4,5,6-tetrahydropyridine-3-carbonitrile

g

H
O N 0

N

CH,

The synthesis of the compound has been described: Heterocycles, 1985; 1135 — 1141.

Example 52A

2-Methoxy-6-oxo-4-(trifluoromethyl)-1,4,5,6-tetrahydropyridine-3-carbonitrile

With ice cooling, 7.47 g (138.39 mmol) of sodium methoxide in methanol (85 ml) were initially
charged, and 6.04 g (91.44 mmol) of malononitrile were added. With stirring, 11.84 g (76.84
mumol) of methyl 4,4,4-triftuorocrotonate were then added dropwise, and the mixture was stirred at
RT for 30 min and then heated at reflux for 1 h. Under reduced pressure, the mixture was then
concentrated to dryness. Water was added to the residue, and the mixture was extracted four times
with ethyl acetate. The combined organic phases were dried with sodium sulphate, filtered and
concentrated. Further purification was carried out by chromatography on silica gel (cyclohexane/

ethyl acetate 3:1). This gave 1.95 g of the title compound (11% of theory).
LC-MS (Method 1): R, = 0.61 min; MS (ESIpos): m/z = 221 (M+H)"
Example 53A

4-Amino-2-[1-(2—ﬂuorobenzy1)-1H—pyrazolo[3,4-b]pyridin-3—yI]-S-methyl—S,8-dihydropyrido[2,3-
d]pyrimidin-7(6H)-one



10 char ged, Ward@150@25¢ (91.44 mmol ) of malononitrile were a@ddatb20¥¥/061305
stirring, 11.84 g (76.84 mmol) of nethyl 4,4,4-trifluorocrotonate

were then added dropwi se, and the m xtur@2was stirred at RT for 30

mn and then heated at reflux for 1 h. Under reduced pressure, the

m xture was then concentrated to dryness. Water was added to the
residue, and the m xture was extracted four Y&ams Wwth ethyl acetate.
The conbi ned organi c phases were dried with sul phate, filtered

i i ed out by

chromat ography on silica gel (cycl ghexang ' acetate 3:1). This
gave 1.95 g of the title conpoun o\ t heory). LC-MS (Method 1):

Rt = 0.61 mn; M5 (ESIpos): mz + Exanpl e 53A

i 3,4-b]pyridin-3-yl]-5-nmethyl
-5, 8-di hydropyrido[ 2, 3- 20d]pyrimdin-7(6H) -one - 92 - 2.174 g

(7.112 nmol ) of Exanple A and 1.3 g (7 Nmmol ) of Exanple 51A were
initially charged in 20 m of nethanol, 2 Hg (7.823 mol ) of

sodi um met hoxi de were then added a |ittl a tise at RT. The

m xture was stirred at RT for 10 nm heated at refl ux

overnight. 5 After cooling, acetic acid (O ) and water (20 m)
were added and the m xture was cool ed } icé bath. The precipitate
was filtered off with suction, washedow th water and net hanol and

t hen dried under high vacuum This gave 2.51 g of the title conpound
(87% of th%pry) " 1LC-M5 (Method 1): 0.85 mn; MS (ESIpos): mz =

404 ( MrH) + 21737 (14 IRppngly o Exppple rbr%/@@ide% g (3323 pjoD)=of Exgmpiech | A3wpre initially
2.31 (d, 11—eﬂ}z)rged2m 29 ni1dg meﬂh"pxol a%d 432 311_?3(9 Sﬁj'%m%g Yrlodign ﬁéth%ﬁ\ae aEe th S added a

(br s, 2H) 12-7. 25 r‘[} 11), 8.62
9.14 (dd, j_que at g Gmg gt ]6 hfp.;)mture was stirred at RT for 10 min and then heated at reflux overnight.

5  After cooling, acetic acid (0.5 ml) and water (20 ml) were added and the mixture was cooled in an ‘
ice bath. The precipitate was filtered off with suction, washed with water and methanol and then

dried under high vacuum. This gave 2.51 g of the title compound (87% of theory).
LC-MS (Method 1): R; = 0.85 min; MS (ESIpos): m/z= 404 (M+H)"

"HNMR (400 MHz, DMSO-dq):  [ppm] = 1.04 (d, 3H), 2.31 (d, 1H), 2.79 (dd, 1H), 3.13-3.19 (m,
10 1H), 5.81 (s, 2H), 6.93 (br s, 2H), 7.12-7.25 (m, 3H), 7.34-7.37 (m, 2H), 8.62 (dd, 1H), 9.14 (dd,
1H), 10.56 (s, 1H).

Example 54A

4-Amino-2-{1-(2-fluorobenzyl)-1H-pyrazolo[ 3,4-b]pyridin-3-yl]-5-(trifluoromethyl)-5,8-
dihydropyrido[2,3-d]pyrimidin-7(6H)-one



Exanpl e 54AV0 2012/004258 PCT/EP2011/061305
4- Am no- 211- ( 2-f 1 uorobenzyl) - 1H pyrazol o[ 3, 4-b] pyridin-3-y1]-5-(trifl
uoronet hyl ) -5, 8- di hydropyrido[ 2, 3-d] pycbmidin-7(6H)-one - 93 - 694
ng (2.271 mol ) of Exanple A and 500 ng (2.271 mmol ) of Exanple 14A
were initially charged in 10 m of tert-buganol, and 305 ng (2.725

mmol ) of potassiumtert-butoxide were then added a little at a time

at RT. The mxture was stirred at RT for 10 and then heated at
reflux 5 for 2 days. After cooling, wate

added to the reaction mxture. The \reci Was filtered off with
suction. The filtrate was concentq at , little ethyl acetate and
di ethyl ether were added and the if pi e fornmed was filtered off
wi th suction. The combi ned solids ~0ns were then dried under

© mz = 458 (MrHr 111
1), 3.19 (dd, 1H),
m NH4), 8.63 (dd, 111),

10 LG M5 (Method 1): R = 0.92 mn;
NMR (400 MHz, DVMBO-d6): 8 [ppml = 2.63
4.16-4.20 (m 1H), 5.83 (s, 2H), 7.13-7.}
9.15 (dd, 1H), 10.85 (s, 1H). Exarrplei_I
241- ( 2- Fl uor obenzyl) - 1H pyrazol o[ 3, 4-D

g-yl]-44odo-5,5-dineth
y1l-5, 7-di hydro- 6H 15pyrrol o[ 2, 3-d] pyr}

n-62Ghe - 94 -

694 mg (2.271 mmol) of Example 1A and 500 mg (2.271 mmol) of Example 14A were initially
charged in 10 ml of tert-butanol, and 305 mg (2.725 mmol) of potassium tert-butoxide were then
added a little at a time at RT. The mixture was stirred at RT for 10 min and then heated at reflux

5 for 2 days. After cooling, water and ethyl acetate were added to the reaction mixture. The
precipitate was filtered off with suction. The filtrate was concentrated, a little ethyl acetate and
diethyl ether were added and the precipitate formed was filtered off with suction. The combined
solids fractions were then dried under high vacuum. This gave 588 mg of the title compound (53%
of theory).

10 LC-MS (Method 1): R, = 0.92 min; MS (ESIpos): m/z = 458 (M+H)"

1H NMR (400 MHz, DMSO-d6): § [ppm] = 2.63 (d, 1H), 3.19 (dd, 1H), 4.16-4.20 (m, 1H), 5.83
(s, 2H), 7.13-7.40 (m, 7H), 8.63 (dd, 1H), 9.15 (dd, 1H), 10.85 (s, 1H).

Example 55A

2-[1-(2-F1uorobenzy1)—1H-pyrazolo[3,4-b]pyridin-3-yl]—4—iodo-5,5—dimethyl—S,7-dihydro-6H—
15 pyrrolo[2,3-d]pyrimidin-6-one



5.00 g (12.B0R0¥O04258f Exanpl e 13A were initially charged HOT/EP2011/061305
i sopentyl nitrite (35.87 m) and diiodonethane (1.16 nol, 93.71 nm),

and the m xture was heated at 85C for 129h.. After cooling, the solids
were filtered off and the filtrate was concentrated and then purified
by chromat ography 5on silica gel (nobile plrase: first

cycl ohexane/ di chl or omet hane gradi ent, then diyebhoro- net hane/ net hanol
gradient). This gave 5.50 g of the t|tIe co (67% of theory).

LCM5 (Method 1): Rt = 1.19 mn; \ /z = 515 (M+tH) + I H

NVR (400 MHz, DMSO-d5): 8 [ppm = g 5.88 (s, 2H),
7.13-7.26(m 3H), 7.34-7.38 (m T 111), 8.69 (dd, 1H),
8.79 (dd, 1H), 11.78 (s br, 1H).
245- Fl uor o- 1- (2-f 1 uor obenzyl) - 1H [ 3, 4-b] pyridin-3-yl]-4-iodo-
5, 5-di met hy1-5, 7-di hydr o6H pyrrol o] 2, 3-d]\yri m di n- 6- one WO

2012/ 004258PCT/ EP2011/ 061305 - 95 - 7.890 rrrml) of Exanpl e
14A were reacted anal ogously to Exarrpl h| s gave 3.65 g of the
title conpound (87% of theory, 61% pure) \L VB! (Met hod 1) R =1.26
mn; M5 (ESIpos): mz 533 (M+1l) + H | NVR (400 MHz, DMSO-d6): 8
[ppni = 1.42 (s, 6H), 5.87 (s, 2H), M 7 3H), 7.37 (m 51H),
8.48 (dd, 1H), 8.77 (dd, 1H), 11.76 (s b Exanpl e 57A

3

5.00 g (12.394 mmol) of Example 13A were initially charged in isopentyl nitrite (35.87 ml) and
diiodomethane (1.16 mol, 93.71 ml), and the mixture was heated at 85°C for 12 h. After cooling,
the solids were filtered off and the filtrate was concentrated and then purified by chromatography
5 on silica gel (mobile phase: first cyclohexane/dichloromethane gradient, then dichloro-

methane/methanol gradient). This gave 5.50 g of the title compound (67% of theory).
LC-MS (Method 1): R; = 1.19 min; MS (ESIpos): m/z= 515 (M+H)"

'H NMR (400 MHz, DMSO-dy): 8 [ppm] = 1.42 (s, 6H), 5.88 (s, 2H), 7.13-7.26 (m, 3H), 7.34-7.38
(m, 1H), 7.48 (dd, 1H), 8.69 (dd, 1H), 8.79 (dd, 1H), 11.78 (s br, LH).

10 Example S6A

2-[5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-bJpyridin-3-yl]-4-iodo-5,5-dimethyl-5 ,7-dihydro-
6H-pyrrolo[2,3-d]pyrimidin-6-one



2' 41- ( 2- Fl uwootvenaydbys 1H- pyrazol of 3, 4-b] pyridin-3-y1]-4' -i @%Ebzgtf‘zbétsos
ydrospiro[furan-3,51- pyrrolo[2,3-d]pyrimdin]-6"(7" H)-one 1056

(1.305 mmol ) of the conpound obtained ingkxanple 15A were initially
charged in 1,2- dinethoxyethane (7.5 m), and 339 ng (1.305 rrm)l) of
caesi um i odi g8, o FR00 Hhof

of copper(f) i Ogd(l de were)(bf@g%mgggle%“Qfesﬂg%ggth;ﬁ/?la%%#ﬁ%gga 9 vélre%s
t hen added,8 i titlkeompound (& %velshevsa v e pate).60C for 2 days. After

cool i ng, the nixture was fi Itered, the filter cake was washed with

ethyl acet atenvaAcie 157, L12b&iNags RN . c83 ﬂ+5% 15 strength
aqueous sodi um thi osul phat e sol uti on once WI turated aqueous
sodi um chl gride sol ution. The organic phase was then dried over

sodi um sul pRat R (#00 MBzaMaRdlek: 6 7 bi@. ¢, A8Y (e8H), 7THE . 26dsi, AUk 7.37 (m,
was purisfi PG ( oni,frile/water (+0.05% formc

aci d) grSadelg{r%tb%MgD{rﬁQ@f)’gé;\]/?\e@&g %%@%ﬁéwitle conmpound (14% of

theory). LCGMs (Method 1): Rt = 1.07 mn; MS (ESIpos): no/z = 543

(MrHr - odixamplelS7VR (400 MHz, DMSO-d6): 8 [ppm :223229(m

1H), 2.50 (1H, partially under DMSO peak), 3.93 (d, 1H), 4.04 (q,

1H), 4.16 ( 8 '

3H) . 7. 34- s éhi}luorébe%éytﬁ}?éy % d & mpyggﬁgg‘ﬁ]%’ é‘g@ﬁ% Z‘h‘éf’s%%“?%%‘d‘("mﬁ)
11.80 (s brPyHQIP[[Zﬂ d]EXramdi 65 BA)-one

5241- ( 2- Fl uorobenzyl) - 1H pyrazol o[ 3, 4- b] pyri di n- 3-y1] - 4-i od- 5- met hy1-
5, 8-di hydropyrido[2,3- d]pyrimdin-7(6H-ope 530 ng (1.314 mmol) of
Exanpl e 53A were reacted anal ogously to theNprocedure of Exanple 57A.

This gave 171 ng of the title conpound (25%eory) 10 LC- M5

(Method 1): R =1.13 mn; M (ESIpos): rrl (M+H) + "H NVR (400
MHz, DMb046): 8 [ppm = 1.12 (d, : | partially under
sol vent 1H), 3.01 (dd, 1H), 3.1 NQ 1H) 5.88 (s, 2H),
713714(m 2H), 7.24 (t, 1H), |7347 8 (m 1H), 7.45 (dd, 1H)),
8.67 (dd, 1H), 9.09 (dd, 1H, 11.83 ~4H). Exanple 59A

10 563 mg (1.305 mmol} of the compound obtained in Example 15A were initially charged in 1,2-
dimethoxyethane (7.5 ml), and 339 mg (1.305 mmol) of caesium iodide, 165 mg (0.652 mumol) of
iodine and 74 mg (0.391 mmol) of copper(I) iodide were then added. Isopentyl nitrite (1.04 ml)
was then added, and the mixture was heated at 60°C for 2 days. After cooling, the mixture was
filtered, the filter cake was washed with ethyl acetate and the filtrate was washed twice with 5%

15 strength aqueous sodium thiosulphate solution and once with saturated aqueous sodium chloride
solution. The organic phase was then dried over sodium sulphate, filtered and concentrated to
dryness. The residue was purified by preparative HPLC (acetonitrile/water (+0.05% formic acid)
gradient). This gave 98 mg of the title compound (14% of theory).

LC-MS (Method 1): R, = 1.07 min; MS (ESlIpos): m/z = 543 (M+H)"



15241- ( 2- Flworob®oe2is - 1H- pyr azol 0[3 4-b] pyridin-3-y1] - 440@@‘;5313(2@“/631305
uor onet hyl ) -5, 8-di hydro- pyrido[ 2, 3-d] pyrim din-7(6H)-one -

556 ng (1.216 nmmol ) of Exanple 54A were_.pgacted anal ogously to

Exanpl e .57A. This gave 605 ng of the title conpound (87% of theory).
LC'NS(NE'[HHQ\IN{RﬁbMPﬂzﬂ)@I a3 &Slms@ 94321 P59 etk

NVR (400 Mz, DNEO o). 8 ziﬁ) Wy E R (9%5%‘“’5 r DMSO
4.17-4. 24 (H?iik)slﬁ-i)% (& 15y 404, (q= 4176@41P17),&2111ﬁ7(12r1)1i), 326, TH), 7.1Hy.26 (m, 3H),
113207( 40 (1134 Ak @, ?Hf% 4@1&1 188%:69a 8 9uS, 4%0 (), 9186 (%1 11)

5- Fl uor o- 1- 52 fI uor obenzyl) 1H pyrazol o[ 3, 4- b] pyri di ne- 3- car boxi m doh
ydrazi de 1GXa g (66.22 mmol) of Exanple 9A were dissolved in

322 mM of ethanol, and 26.804 g (264.88 mnol) of triethylamne and

6. 027 g 5(66.322 MRkbeRinh bides Al a3 SR éﬁ% S

water) were [ag e&&) ﬁﬁ{eﬁ%h ijur g8\/615 s{ylﬁrir{)ggts ngcgll’ kﬁ’ﬁ?d(ﬁ

t hen added dﬂW@@&ﬁ(@)@ﬂea 10% strengt h agueous sodi um chl ori de
solution and extracted twice with ethyl acetate. The 15conbi ned

organi c phases were washed with 10% strenggh aqueous sodi um chl oride
solution, dried - 98 -

530 mg (1.314 mmol) of Example 53A were reacted analogously to the procedure of Example
57A. This gave 171 mg of the title compound (25% of theory).

10 LC-MS (Method 1): R, = 1.13 min; MS (ESIpos): mz= 515 (M-+H)"

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 1.12 (d, 3H), 2.46 (signal partially under solvent, 1H),
3.01 (dd, 1H), 3.16-3.19 (m, 1H), 5.88 (s, 2H), 7.13-7.14 (m, 2H), 7.24 (t, 1H), 7.34-7.38 {m, 1H),
7.45 (dd, 1H), 8.67 (dd, 1H), 9.09 (dd, 1H), 11.33 (s, 1H).

Example 539A

15 2-[1-(2-Fluorobenzyl}-1H-pyrazolo[3,4-b]pyridin-3 -yl]-4-iodo-5-(trifluoromethyl)-5,8-dihydro-
pyrido[2,3-d]pyrimidin-7(6H)-one



over sodi unVOREE0ER58Nnd concentrated on a rotary evapor at @CT/HH011/061305
residue was purified on silica gel (nobile phase:

di chl or onet hane/ net hanol, 95:5). This ga%&-15. 000 g (75% of theory)

of the title conmpound. LCG-Ms (Method 1): R, = 0.58 mnm MsS (ESI pos):

mz = 303 (MFH)+ 5" H NW\R (400 MHz, DVBO-df): 8 [ppm = 5.38 (s, 2H),
5.54 (s, 2H), 5.72 (s, 2H), 7.10-7.15 (m 2Hy=X 20-7.25 (m 1H),
7.32-7.38 (m 111), 8.21 (dd, 1H), 8.64 (dd, . Exanpl e 61A Met hyl
2-{345-fl uoro-1-(2-fl uorobenzyl)-1H pyrazofo b] pyri di n-3-y1] - 5- hy
droxy-1, 2,4-triazin6-yll-2-nethyl prgpanggte 100 CH3 11.780 g (38.97
mol ) of Exanple 60A were dissol vigd ™NY"353 ml of ethanol, and 14. 667
g (77.94 mol ) of dinmethyl 2,2-di xobut anedi oate (descri bed
inJ. Am Chem Soc. 12404), 3680- 1;7%002) were added. The m xture
was heated at reflux overnight. After codling, the solid was filtered
off with suction and washed with a litt] anol and the filtrate
was concentrated. The 15resi due was purifie n silica gel (nobile
phase: dichl or omet hane/ acet one, 95:5). ; gavé 10. 000 g (58% of
theory) of the title conpound. LG MS 1): R=1.07 mn; M
(ESIpos): tn/z = 441 (MtH)+ - 99 --

556 mg (1.216 mmol) of Example 54A were reacted analogously to Example 57A. This gave 605
mg of the title compound (87% of theory).

LC-MS (Method 1): R, = 1.15 min; MS (ESIpos): m/z= 569 (M-+H)"

5 'HNMR (400 MHz, DMSO-dy): 8 [ppm] = 2.74 (d, 1H), 3.38 (dd, 1H), 4.17-4.24 (m, 1H), 5.90 (s
2H), 7.14-7.17 (m, 2H), 7.24 (t, 1H), 7.33-7.40 (m, 1H), 7.48 (dd, 1H), 8.69 (dd, 1H), 9.01 (dd
1H), 11.60 (s, 1H).

3

>

Example 60A

5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidohydrazide

F
an
N
/.
F s,
H
a7\
10 NH2

23.000 g (66.22 mmol) of Example 9A were dissolved in 322 ml of ethanol, and 26,804 g (264.88
mmol) of triethylamine and 6.027 g (66.22 mmol) of hydrazine hydrate (55% strength solution in
water) were added at 0°C. The mixture was stirred at RT overnight and then added to 1.715 1 of a
10% strength aqueous sodium chloride solution and extracted twice with ethyl acetate. The

15 combined organic phases were washed with 10% strength aqueous sodium chioride solution, dried



1- (2, 3-Di f | Wor2sHh0428% - 5-f | uor o- 3-i odo- 111- pyr azol o[ 3, 4- b] POTVER20€1/061305
10.000 g (38.02 mml) of Exanple 6A were dissolved in 270 m of

di met hyl formam de, and 8.658 5 g (41.829mvpl) of

1- (bromonet hyl ) -2, 3-di f | uor obenzene and 13.627 g (41.82 mmol) of

caesi um cardensidemeiipthatacidé doncdinatedi ottatbRrivéap&htbr. TRE redidud I Wurified on silica

or gani . phatee Cgie s e Biro e R dtoRel Bl 3o e L EOULE (st pidbrem) of e

t hree ti nesitkicolmpaindy! acetate. The conbi ned organi c phases were
dri ed over sodium sul phate and concentrated on a rotary evaporator.

Thi s gave f ). he t rget ound. 10The

resi due mﬁ%%ﬂ%gﬁoﬁ(ﬁ]% ’r"tq:}g ¥%§ ’#] 6n 3[‘)8EMnﬁé next step.

LC-M5 (Method 1): R =1.24 mn; l\/IS(ESIpos) mz = 390 (M:tH) 11-1 NWR
(7 4(1)g g/l—lgo DNEBOVES}00 BIHzpDMlSOrdﬁﬁ S Bprh B~ 53&*)(5 2171) 8375 }&g @&g(mz %FﬁH)i7 10-7.15 (m,
Exanpl e 63&5% 7158725 (m, lH) 732 7(3r’g(m F?-I 821 (dd (IH),864( d 1H). .

151- (2, 3-Di fl uor obenzyl) - 5-fl uoro- 1H pyrazol o[ 3, 4- b] pyri di ne- 3-car bon
itrile 8. 4%Qnpld AL 25 ol ) of Exanple 62A were dissolved in 59 m

of di met hyl sulphOX|de and 2.093 g (23.37 mol) of copper (1) cyanide

wer e added. TH@ n{;ﬁ% t| rred at_ 150C for 5 . h and then

diluted wit RgoT “alﬁ’dl Qb@m{)ﬂ%wwole@ﬁ]@yn%é W S-roxy dics-triazin-
was washed gafit-n- nﬁHﬁ{y’l}ﬁMhoate— 100 - and the filtrate was concentrated

on a rotary evaporator. The residue was taken up in ethyl acetate and
washed twice with a m xture of saturated agqueous ammoni um chl ori de
solution and 25% strength aqueous amonia SQlution (v/v = 3:1) and

al so with saturated aqueous sodium chloride gort{ion. The organic

phase was separated off, dried over sodium.g 4t e and concentrated

on a 5Srotary evaporator. This gave 5.750/g ( of theory, purity

about 94% of the target conpound X N\

| N

/

e =

v N
!
\ N

————,

HO O
H,C oH
10 > OcH,

11.780 g (38.97 mmol) of Example 60A were dissolved in 353 ml of ethanol, and 14.667 g (77.94
mmol) of dimethy! 2,2-dimethyl-3-oxobutanedioate (described in J. Am. Chem. Soc. 124(14),
3680-3691; 2002) were added. The mixture was heated at reflux overnight. After cooling, the solid
was filtered off with suction and washed with a little ethanol and the filtrate was concentrated. The
15 residue was purified on silica gel (mobile phase: dichloromethane/acetone, 95:5). This gave 10.000

g (58% of theory) of the title compound.
LC-MS (Method 1): R, = 1.07 min; MS (ESIpos): m/z = 441 (M+H)"

'H NMR (400 MHz, DMSO-dg): & {ppm] = 1.45 (s, 6H), 3.56 (s, 3H), 5.91 (s, 2H), 7.16 (dt, 1H),
7.22-7.31 (m, 2H), 7.36-7.41 (m, 1H), 8.41 (dd, 1H), 8.83 (dd, 1H), 14.58 (s, 1H).



The resi duewaemizoedpssi t hout further purification for the qexmﬂgmqg@EBOS
LCM5 (Method 1): R = 1.32 mm M5 (ESIpos): mz = 289 (M+H).

(400 MHz,
7.40-7. 47

DVMSO-d6): 8 [ppmi = 5.93 (s, 2bh,. 7.13-7.24 (m 211),
(m 1H), 8.53 (dd, 1H), 8.88 (dd. 111). 10 Exanpl e 64A

1-(2,3-Difl @m&yl)-S-fluoro-lk#pyrazolo[3,4-b]pyridine-3-carboxim
i dam de acetate COOH Alittle at a time, 0.433 g (18.81 mmwol)

of sodi um were

into 133 m of nethanol After the evol ution

d
of gas had ]c@a%ﬁlﬂ %'@"ﬂ(‘l%’ -RipdonhdioyraglolBdaipirding3A wer e added

gradual |y,

and the 15 m xture was stirred at roomtenperature for 2

h. 1.208 g (22 57 mmol ) of ammoni um chloride and @#.394 g (73.17 mol)

of acetic
over ni ght .

evaporator and ethyl acetate and 1 N aqueous §
solution were added to the residue,
solid. The solid was filtered off
acetate and dried under high 20 v

QS bgiled under reflux
ated on a rotary
ym hydr oxi de

resul tfng he formation of a
i sugtion, washed with et hyl

}Ss gave 5. 860 g (83% of

acid were added, and the m xture
After cooling, the m xture was congs

t heory) of the target conpound. LCHMS _(IMe d1l): Rt =0.60 mn; M

(ESIpos)

1-(2, 3- D'fluorobenzyl) 5-fl uoro- 1FprrazoI

i dohydr azi

m z 306 (M C2H302) +F~-
p[ 3, 4- b] pyri di ne- 3- car boxi m

de 5.680 g (15.55 mml) of the conpound from Exanpl e 64A

were dissolved in 76 mM of ethanol, and

10

15

10.000 g (38.02 mmol) of Example 6A were dissolved in 270 ml of dimethylformamide, and 8.658
g (41.82 mmol) of 1-(bromomethyl)-2,3-difluorobenzene and 13.627 g (41.82 mmol) of caesium
carbonate were added. The mixture was stirred at room temperature for 2 h, and ethyl acetate and
water were then added. The organic phase was separated off and the aqueous phase was extracted
three times with ethyl acetate. The combined organic phases were dried over sodium sulphate and
concentrated on a rotary evaporator. This gave 8.460 g (56% of theory) of the target compound.

The residue was used without further purification for the next step.
LC-MS (Method 1): R; = 1.24 min; MS (ESIpos): m/z= 390 (M+H)"

'H NMR (400 MHz, DMSO-dg): & [ppm] = 5.78 (s, 2H), 7.03-7.08 (m, 1H), 7.15-7.20 (m, 1H),
7.36-7.44 (m, 1H), 7.95 (dd, 1H), 8.72 (¢, 1H).

Example 63A

1-(2,3-Difluorobenzyl)-5-fluoro-1H-pyrazolo[ 3,4-b]pyridine-3-carbonitrile

F
F
B
N
/
N
CN

8.470 g (21.25 mmol) of Example 62A were dissolved in 59 ml of dimethyl sulphoxide, and 2.093
g (23.37 mmol) of copper(I) cyanide were added. The mixture was stirred at 150°C for 1.5 h and

then diluted with methanol and filtered through Cetite. The filter cake was washed with methanol



5 6.293 g (W2209200a253 of triethylanmine and 0.973 g (15.55 F@‘lﬂ%ﬁzo‘?fmﬁmos
hydrazi ne hydrate (80% strength solution in water) were added at

The m xture was stirred at RT overni ght_gpd then concentrated on a
rotary evaporator. This gave 5.850 g (99% of theory, purity 84% of

the title coERURNdate The Ctﬂfc&ﬁilldﬁsﬁ oﬂ@-?oth'@ee%ﬂ%e;t&o@ﬂe JeHHﬁehge[s I\/%é\é E%} C&ﬂ%l%@etate
for the next steﬁ) C M5 (Me

rn/z = 321 a(n t“E’i@aWﬁlll @ r@gmrq\,gﬁ ﬁzy_'ratgd aqueous ammomum ‘chloride solution and 25%
{441 (2, 3 dubhdiPbgRENZNorms LdtiRh Qud Ry [ gj

hydr oxyphenyl }o- ‘Szm (%r opanoa?‘e 1)6%%%2598@81 Sag‘]‘%‘{séﬂlé rsn%roo ' 1110(:1321 loride
t he conpourf@lufipiy rﬁhExwﬁip!CeP B85 Avapseparatidsd b ldvedioven sddign suifhatf anétcharatrated on a

Ciesor e P oty Sy, This ES 80  fro%c O Mot SN B e pmgouna
and the m x'lfhmremdnagvastlsedM@hom\ﬁe’thnnginnﬁcat'ﬁhéorsbdnedt ftgr med was filtered
off with suction and washed with a little ethanol and the filtrate

was b5 con & L hyl et her,
filtered of h&%@g;[? q%b@rﬁr?é%gﬁﬁﬁdsf SBEMQF et her and

dried under h| gh vacuum Thi s gave 2.060 g (29% of theory) of the

title conpolrdMRLEOWSHABMIRI))S [fRm] = 193)& Py ;7. 188 . J4681, 0013,) 7.40-NAZ (%, 1H),
459 (M FH7 11-1 NWR (400 MHz, DMSO-d6): 8 [ppm =
1.45 (s, 6t GhethE38@HIMs 94" (s 2H), 7.10-7.21 (m 102H), 7.42

(g, 1H), 8.42 (dd, 1H), 8.83 (s, 1H), 14.53 (s br, 1H . Example 67A 1

- (2, 4- DOf | JExaoipdniebAl ) - 5-f | uoro-3 -i odo-1H pyrazol o [ 3, 4-b] pyridi ne
10.000 g (38.02 mmol) of Exarrple 6A were dissolved in 270 m of

di et hyl f or

1- (br omomet 1)‘9@“9{% ﬁhg B2 %‘gwiazawﬁgﬁgfmﬁ%mgg A ROxIDidamige pocggte

caesi um car bonate were added. The m xture was stirred at room
tenperature for 2 h, and ethyl acetate and water were then added. The
organi ¢ phase was separated off and the abyeouf phase was extracted
three tines with ethyl acetate. The conbi neg=eihgani c phases were

dried over sodium sul phate and concentr at eg d rotary evaporator.

This gave 8.340 g (53% of theory, purit
conmpound. The residue was used w urther purl fication for the
next step.

x CHyCOOH

A little at a time, 0.433 g (18.81 mmol) of sodium were stirred into 133 ml of methanol. After the

evolution of gas had ceased, 5.750 g (18.81 mmol) of Example 63A were added gradually, and the
15 mixture was stirred at room temperature for 2 h. 1.208 g (22.57 mmol) of ammonium chloride and

4.394 g (73.17 mmol) of acetic acid were added, and the mixture was boiled under reflux

overnight. After cooling, the mixture was concentrated on a rotary evaporator and ethyl acetate and

1 N aqueous sodium hydroxide solution were added to the residue, resulting in the formation of a

solid. The solid was filtered off with suction, washed with ethyl acetate and dried under high
20 vacuum. This gave 5.860 g (83% of theory) of the target compound.

LC-MS (Method 1): R, = 0.60 min; MS (ESIpos): m/z= 306 (M-C,H;0,)"

'H NMR (400 MHz, DMSO-dg): & = 1.83 (s, 3H), 5.85 (s, 2H), 7.04 (t, 1H), 7.13 - 7.19 (m, 1H),
7.36-7.43 (m, 1H), 8.44 (dd, 1H), 8.45 (s br, 2H), 8.74 (s, 1H).



WO 2012/004258 '
LC- M5 (Method 3)> R-Z 1.45 mm MS (ESIpos): in/z = 390 (MERTRORES1305

(400 MHz, DMSO-d6): 5 [ppm = 5.71 (s, 241), 7.07 (dt, 1H), 7.27 (dt,
1H, 7.33-7.39 (m 1H), 7.94 (dd, 111), 8.72 (t, 111). Exanple 68A
251- (2, 4- Di%_@;lﬁﬁggzyl) -5-fluoro-1H pyrazol o[ 3, 4-b] pyri di ne- 3-car bon
itrile - - CN 8.340 g (20.07 nmol) of Exanple 67A were

di ssolved in 56 m of dinethyl sul phoxide, and 1.977 g (22.07 nmol)
of copper (1 2gyRifuoebenayly5-ddowe H-Theoh X4-tipsridias3 sirboximdionydraaBC f or
1.5 h and then diluted with methanol and filtered through Celite. The
filter cake was washed with nethanol 5 and the filtrate was
concentrated on a rotary evaporator. The red due mas taken up in
ethyl acetate and washed twice with a m xture at urat ed aqueous

§ ammoni a sol ution
gri de sol ution. The
organi ¢ phase was separated off, drigd ovgr sodium sul phate and
concentrated on a rotary evaporatof. s \gave 5.270 g (83% of
theory, purity about 919% of the t ound. 10The resi due was
used without further purificati next step. LC- M5 (Met hod
1): R=1.09 mm M (ESIpos): mz = 289 (NHH NVR (400 MHz,
DMSO-d5): 8 [ppm = 5.85 (s, 2H), 7.10’% , , 7.30 (dt, 1H),
7.45-7.51 (m 1H), 8.52 (dd, 1H), 8.88 N, o1 HzExarrpIe 69A

5.680 g (15.55 mmol) of the compound from Example 64A were dissolved in 76 ml of ethanol, and
3 6293 g (62.19 mmol) of triethylamine and 0.973 g (15.55 mmol) of hydrazine hydrate (80%
strength solution in water) were added at 0°C. The mixture was stirred at RT overnight and then
concentrated on a rotary evaporator. This gave 5.850 g (99% of theory, purity 84%) of the title

compound. The product was used without further purification for the next step.
LC-MS (Method 1): R, = 0.68 min; MS (ESIpos): m/z = 321 (M+H)"

10 Example 66A

Methyl 2-{4-[1-(2,3-difluorobenzyl)-5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-yl]-2-hydroxyphenyl } -
2-methylpropanoate

F
F
N
T
/
£ NF
N
N
e
HO O
H.C



151- (2, 4- Di VPO HBEH2$ 1) - 5- 1 uor o- 1H pyr azol of 3, 4- b] pyri di RETERAL HEK 305
I m dam de acetate x CH3COOH A little at a time, 0.383 g (16.68 mmol)
of sodi um were stlrred |nto 118 m of net%Banol. After the formation

of gas had ceased, 5. about 16.68 nmol) of Exanple 68A were
added in por$0cnd>. 49ﬁanqlh@"t sqrepondyiigm dxpmple §5 Atverodimobiedyre 18tk f ethanol,

for 2 h. 1.3 % F(O%Qi Igéolmld)mé?ﬁyl @mﬁkﬂ‘lw 3-0x c?mﬁnedloggl L6030, %rrggﬁ-lem

g (64.86 mol) acetic acid were added re was bo
under ref | BSecol(H) gF80-388k 000wk rﬁgdedtih@ thi xtixines wesssticed eeerhight. éihe solid

on a rotar yfoﬁlYeapQIisa}iﬁére@gg @@b%ﬁctfﬂ %ﬁtﬁasgéhdw?th'\i ﬁ’ﬁltéeé%}%’a%op%?l%%ﬁg filtrate was

hydr oxi de sol ution were e resi resu
formati dn obneens@pd The Tsiive vlas stirvedswifhi dicthyletheqfifltewid tolff mnlc tuiction, wiakddedith a

th ethyl h uum i S ve 640
(o35 of | nanfelRhf g a?%#%% §H£§ﬂ%%unofu9fc¥%éw T P 5 Beg e e
mn; M5 (ESopesnd. n z 306 (M C2H302)' NVR (400 MHz, DMSO d5). 8
:1.83(3, 3H), 587(s 2H), 7.06 (t, 1H), 726-737(m 2H), 8.43

dd, 1H), o Ex
(101 (2,2-Di (ﬁ?{or ‘Etehrjclﬂg_')1 ?@&ﬁ? yﬁﬁsp%osﬁ%? o[4§9&Mbi{byr| di ne- 3- car box
I m dohydra2| de RN NH2
'H NMR (400 MHz, DMSO-dg): § [ppm] = 1.45 (s, 6H), 3.56 (5, 3H), 5.94 (s 2H), 7.10-7.21 (m,

10 2H), 7.42(q, 1H), 8.42 (dd, 1H), 8.83 (s, 1H), 14.53 (s br, LH).

Example 67A

1-(2,4-Difluorobenzyl)-5-fluoro-3-iodo-1H-pyrazolo[3,4-b]pyridine

F
F
N
B
N
PN/,

10.000 g (38.02 mmol) of Example 6A were dissolved in 270 ml of dimethylformamide, and 8.658
153 g (41.82 mmol) of 1-(bromomethyl)-2,4-difluorobenzene and 13.627 g (41.82 mmol) of caesium
carbonate were added. The mixture was stirred at room temperature for 2 h, and ethy! acetate and
water were then added. The organic phase was separated off and the aqueous phase was extracted
three times with ethyl acetate. The combined organic phases were dried over sodium sulphate and
concentrated on a rotary evaporator. This gave 8.340 g (53% of theory, purity about 93%) of the

20 target compound. The residue was used without further purification for the next step.
LC-MS (Method 3): R, = 1.45 min; MS (ESIpos): m/z = 390 (M+H)"

'HNMR (400 MHz, DMSO-dy): 8 [ppm] = 5.71 (s, 2H), 7.07 (dt, 1H), 7.27 (dt, 1H), 7.33-7.39 (m,
1H), 7.94 (dd, 1H), 8.72 (t, 1H).

Example 68A

25 14(2,4-Difluorobenzyl)-5-fluoro-1H-pyrazolo[3,4-b]pyridine-3-carbonitrile



5.640 g (15. ?42012/0%258f Exanpl e 69A were dissolved in 76 mPC(T{EPmW%B%
et hanol, and 6.249 g (61.76 mmol) of trlFOt;hyI am ne and 0.966 g (15.44
nmol ) of hydrazi ne hydrate (80% strength 'solution in water) were
added at OC. The mi xture was stirred at RT_overni ght and then
concentrated on a 15rotary evaporator. Thi E\gave 5.30 g (100% of
theory, purity 93% of the title conpound. Tfre pKoduect was used

w thout further purification for the next Q CM (Method 1): R =
0.67 mn; M5 (ESIpos): nlz = 321 (M-H) np AN Met hyl
2-{441- (2, 4-di fl uorobenzyl)-5-flu n;byr azol o[ 3,4-b] pyridin-3-yl]-
2- hydr oxyphenyl | - 20 2-met hyl prgpano te \ 105 - 5.300 g (about
15.42 nmmol ) of Exanpl e 69A were In 140 mM of ethanol, 5.805
g (30.85 mmol) of dinethyl 2,2Fdi mefhyl- 8- oxobut anedi oate (descri bed
inJ. Am Chem Soc. 12404), 3680-3691; Z2) were added and the

m xture was stirred overnight. The solid formed was filtered 5 off

with suctian % gvashed with alittle ethanol, and the filtrate was
concent r at P40 BHE0-PLEMelof Fample 614 waredisseivesi iaShyl obdimsthyl fulphpeidednd 1.977

of f with syuctbonmmap Mpﬂ@r(?by@mhé %Eﬂe%d&gdeﬁ‘mﬁnxﬁ#@@?]e&@gd 9{ e lf&'dle§ h and

hi gh vacuum Thi s gave a@g 32% of theory) e conp
LC- M5 ( Met He dlljltedmflthmqhae}sl Atltengg tirmehfesdije: Thmﬁlzerfakta@s(wwwmth methanol

é 1- 3 é (NE/B (231'?@ tHgl'flﬁbratpb@gdill@ntraéd bR B l?3tary e@ap%ﬂhtc(rsrheqmdue:%ﬂaé ?akgn? up %I_Qtl’lyl acetate

and washed twme w1th a mixture of saturated aqueous ammonium chloride solution and 25%

strength aqueous ammonia solution (v/v = 3:1) and with saturated aqueous sodium chloride
solution. The organic phase was separated off, dried over sodium sulphate and concentrated on a

rotary evaporator. This gave 5.270 g (83% of theory, purity about 91%) of the target compound.

10 The residue was used without further purification for the next step.
LC-MS (Method 1): R; = 1.09 min; MS (ESIpos): m/z = 289 (M+H)*

"H NMR (400 MHz, DMSO-dy): & [ppm] = 5.85 (s, 2H), 7.10 (dt, 1H), 7.30 (dt, 1H), 7.45-7.51 (m,
1H), 8.52 (dd, 1H), 8.88 (t, 1H).

Example 69A

15 1+(2,4-Difluorobenzyl)-5-fluoro-1H-pyrazolo[3,4-b]pyridine-3-carboximidamide acetate

F
F

S
N

/

N
NH
H,N
x CH,COOH

A little at a time, 0.383 g (16.68 mmol) of sodium were stirred into 118 ml of methanol. After the
formation of gas had ceased, 5.270 g (about 16.68 mmol) of Example 68A were added in portions,

and the mixture was stirred at room temperature for 2 h. 1.070 g (20.01 mmol) of ammonium



107. 30 (dt, WDi2012/004248 (g, 111), 8.43 (dd, 1H), 8.81 (s, 1HCI/HRRO45061305
(s br, 111). Exanple 72A o

5-241- (2- Fl uor obenzyl) - 1H pyrazol o[ 3, 4- bl®@y+i di n- 3-y1l] -5H pyrrol o[ 2, 3
-d] pyrimdine-5,6(7H)- dione 5-oxine -106- 700 ng (1.943 mol) of
Exanpl e 4 wditaids @sqbéﬁﬂ@g (641866&030]1) (Df a@'tid aéid&vel’d Jddedafd ﬁﬁl:nlﬂ@re(‘éaﬂ;(ﬂled under

) of so |t s of water re added. After
o L Ok CGRBTL bl Re8rSofd S SHERE B8 Rl P S0t riy
with water a&n{dtetdnéri Nrak:_[ﬂmbusmuﬂlﬁﬁn hy@dsm&amlmﬂm v&'erél' hddsd gaune r@s‘ﬁﬁleﬁﬁsﬂﬁng in the

}\/ge ( EIS} lpgs)c i %n@?llélnq %f éé@t{% %e'_ﬁoilg gggr’ﬁ}ggg ?g h suctlon walghed with et(i)lylgaocetate and dried

5- Ami n0-524 hung@- tﬁgmemermng)werkMpgr(ambﬁ{hsarﬂ)&]ﬂwa%cemﬁmﬁ&] -5, 7-di hy
dro-6H pyrrol o[ 2,3-d] - pyrimdin-6-one HN r NH2

2012/ 004258RCT rERRHLY 195 2930 i Vs (Estpos)y: miz = 306 (M-Ci11,0,)"

'H NMR (400 MHz, DMSO-dg): 8 = 1.83 (s, 3H), 5.87 (s, 2H), 7.06 (t, 1H), 7.26 - 7.37 (m, 2H),
8.43 (dd, 1H), 8.73 (s, 1H).

Example 70A

10 1-(2,2-Difluorobenzyl)-5-fluoro-1H-pyrazolo[3,4-b]pyridine-3-carboximidohydrazide

5.640 g (15.44 mmol) of Example 69A were dissolved in 76 ml of ethanol, and 6.249 g (61.76
mmol}) of triethylamine and 0.966 g (15.44 mmol) of hydrazine hydrate (80% strength solution in
water) were added at 0°C. The mixture was stirred at RT overnight and then concentrated on a
15 rotary evaporator. This gave 5.30 g (100% of theory, purity 93%) of the title compound. The

product was used without further purification for the next step.
LC-MS (Method 1): R, = 0.67 min; MS (ESIpos): m/z = 321 (M+H)"
Example 71A

Methyl 2-{4-[1-(2,4-difluorobenzyl)-5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-yi}-2 -hydroxyphenyl}-
20  2-methyipropanoate



m xt ure wasWPr@h2/8eiéént rat ed and the crude material (aboutPCTEP20G)/061305
was used without purification for the next step. LC-M5 (Method 1):

12, = 0.69 mn; M5 (ESlIpos): mz = 376 {MeH) + Exanpl e 74A

51- (2, 3-Di fl uorobenzyl) - 1H pyr azol o[ 3, 4- 1Thyri di ne- 3- car boxi m dohydr a
zide HN NH2 10.00 g (28.791 mmol) of Exaffipl e 36A were reacted

anal ogously to Exanple 70A. This gave 11.74y the title conpound
ina purity of about 60% (81% of theory). T polind was used

wi t hout further purification for the nex . /A0 LC-M5 (Method 1):

Rt = 0.57 mn; M5 (ESIpos): rn/z =N Exanpl e 75A

Met hyl 2- { 341- (2, 3-di fl uor obenzyl PSPy azol of 3, 4- bl pyri di n-3-y1] -5-h
ydroxy-1,2,4-tr azin-6- yl}-2-ne op.Noate -108- 10.67 g

(about 21.355 ranol) of Exanplge
et hanol, 8.037 g (42.710 mol) of dineth
2, 2-di met hy1l- 3- oxobut anedi oate (descri he#d |
124(14), 3680-3691; 2002) were added and théqnlxture was stirred at
50C overnight. After cooling, a precipipate/was filtered off and
washed wi th ethanol. The residue wasgpncentrated and 5t hen taken up
in methanol (50 nl) and acetonitrile (9 r~agd purified by
preparative HPLC (acetonitrile:water gradj This gave 0.75 g (8%
of theory) of the title conpound. 3 CL“CHS

Am Chem Soc.

5.300 g (about 15.42 mmol) of Example 69A were dissolved in 140 ml of ethanol, 5.805 g (30.85
mmol) of dimethyl 2,2-dimethyl-3-oxobutanedioate (described in J. Am. Chem. Soc. 124(14),
3680-3691; 2002) were added and the mixture was stirred overnight. The solid formed was filtered

5 off with suction and washed with a little ethanol, and the filtrate was concentrated. The residue
was stirred with diethyl ether, filtered off with suction, washed with a little diethyl ether and dried
under high vacuum. This gave 2.290 g (32% of theory) of the title compound.

LC-MS (Method 1}: R, = 1.03 min; MS (ESIpos): m/z = 459 (M+H)"

"H NMR (400 MHz, DMSO-d¢): & [ppm] = 1.44 (s, 6H), 3.55 (s, 3H), 5.86 (s, 2H), 7.07 (dt, 1H),
10 7.30 (dt, 1H), 7.42 (q, 1H), 8.43 (dd, 1H), 8.81 (s, 1H), 14.45 (s br, 1H).

Example 72A

5-2-[1-(2-Fluorobenzyl)-1 H-pyrazolof3,4-b]pyridin-3-yI]-5H-pyrrolo[2,3-d]pyrimidine-5,6(7H)-

dione 5-oxime



LG M5 (Met WO@ 2032/00R258 0. 98 nin; MS (ESIpos): mz = 441 ( M+BOEEBR@NII6E305
76A

1-(2,4-Di fluorobenzyl)-1H pyrazol o[ 3, 4--106yri di ne- 3- car boxi m dohydr az
i de 10 10.00 g (28.791 mml) of Exanple 31A were reacted

anal ogously to Exanple 70A. This gave 9.31Fg of the title conmpound in
a purity of about 82% (87% of theory). The ¢&gmpqQund was used wi t hout
further purification for the next step. V5 (Method 1): R =
0.56 mMmm Ms (ESIpos): mz = 303 (MtH) + 15 ATplie 77A Met hyl 2-
{341-(2, 4-di fl uor obenzyl) - 1H pyraz@ yr1di n- 3-y1] - 5- hydr oxy-1,
6.80 g (about 18.446
M m of ethanol, 6.942 g

nmmol ) of Exanple 76A were disso
(36.892 mmol ) of dinmethyl 2,2-di
inJ. Am Chem Soc. 124(14), 3680-3691;12002) were added and the
m xture was stirred at 50C overni ght.
was filtered off and washed with et hanoy.
a large quantity of ethanol, resulting s
solid. This was filtered off and masqg th et hanol and di et hyl

ether. The solid was dried and corres ed to the title conmpound

2.21 g (26% of theory). The filtrate wag/conodentrated and then

purified by preparative HPLC (acetonitriy e: r:water +1%FA -

40: 55:5). This gave an additional 0.64 g (7% of theory) of the

10title conmpound. In total, 2.85 g (33% of theory) of the title
conpound weeemglgl.8d¢nehol) of Example 4 were suspended in acetic acid (14 ml), and 281 mg (4.079

e residue was taken up in
e formati on of anot her

mmol) of sodium nitrite and a few drops of water were added. After 30 min at RT, water was
added and a precipitate was filtered off, washed with water and then dried under high vacuum.

5  This gave 756 mg of the title compound (99% of theory).
LC-MS (Method 1): Ry = 0.90 min; MS (ESIpos): m/z= 390 (M+H)"
Example 73A

5-Amino-2-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5,7-dihydro-6H-pyrrolo[ 2,3-d]-
pyrimidin-6-one

10

NH,
o

124 mg (0.319 mmol) of Exampie 72A were initially charged in trifluoroacetic acid (2.5 ml), 41

mg (0.637 mmol) of zinc dust were added and the mixture was stirred at RT overnight. The



LC- M5 (Met h8P 3912/004258 1. 03 min; M5 (ESIpos): mz = 441 ( MHMIBEP2011/061305
Exanpl e 78A

5- Fl uoro- 3-i odo-1-(2, 3,6-trifluorobenzyt)97lH pyrazol o[ 3, 4- b] pyri di ne
1510.0 g (38.021 nmol ) of the conpound from Exanple 6A were initially
charged i n DNRure 156 theh , coasedir@ed! hng) thel tni2 3marendl ) (alafut 150 mg) was used without
2,3,6-trifl .de and 13.62 g (41.82 mml) of caesium
carbonat e W@’?{aﬂ% %ﬁxétggé%ﬂ%e m xture was stirred at RT overnight.

The reaction mxture was - 110 - then added to water (200 m) and
stirred forlL@3¥iMethodl PrRici Pi% mineMEdESThbd)t refzed3 T (M)t h sucti on,

washed with water and subsequently dried under high vacuum This gave
12.1 g of the, tijkkgs conpound (78% of theory). LC- M5 (Method 1):

R =1 24 m‘n—r@‘&%“%ESI pos): mz = 408 (MFH)+ 1H NVR (400 MHz,

DMSO-d6): 8 = 5.78 (s, 2H), 7.16 -7.22 (m 1H), 7.51 -7.59 (m 1H),

7.92 (ddd 1H2.3-Bif@rqbenzy DHH-pyEbzalefll,£bJp9udine-3-carboximidohydrazide
5-Fluoro-1-(2,3,6-trifluorobenzyl)-1H pyrazol of 3F4- b] pyri di ne- 3-car bo
nitrile 10 12.1 g (29.72 mol) of Exanple 78A were reacted

anal ogously to Exanple 8A. This gave 9.35 g e title conpound in

a purity of 79% (81% of theory). LC-M5 (Meth y R=1.08 mn M
(ESIpos): mz = 307 (M+H) +

N
T W
= y/
H
HN N\
NH2

10.00 g (28.791 mmol) of Example 36A were reacted analogously to Example 70A. This gave
11.74 g of the title compound in a purity of about 60% (81% of theory). The compound was used

without further purification for the next step.
10 LC-MS (Method 1): R, = 0.57 min; MS (ESIpos): m/z = 303 (M+H)"

Example 75A

Methyl  2-{3-[1-(2,3-difluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-hydroxy-1,2,4-triazin-6-
yi}-2-methylpropanoate

- F
N\ N\
N
P/,
N
N\
N
———
HO O
H,C
H.C



151H NWR ( M90 20H/004RMB0- d6): 8 = 5.91 (s, 2H), 7.21 -7.23 PaI/EBED11/061305
7.57 -7.61 (m 1H), 8.51 (dd, 1H), 8.89 (t, 1H). Exanple 80A
5-Fluoro-1-(2,3,6-trifluorobenzyl)-1H pywazol o[ 3, 4- b] pyri di ne- 3-car bo

xi m dam de acetate - 111 - HNNH2 X CH3COCH 9.1 g of the crude
conmpound of10EL sgrpibeut 7248 56agol) ea@mﬁblanahog@usﬁsyowsa A RhICoO9Ahanbl)i 5037 g

gave 117 9uphig RechLid SpeRP ANt (BT Sl pt et MR (PO see
5- Fl uor o- 1-102(13), B680- Béglmaoazpwyaadea%wn@zf@mfe%a@ By i 09T SoEREROA frer

i m dohydr az HNNH2. 10 7. 20.271 nmmol ) of Exanple 80A were
react e)d/ anéP‘gﬁ’@u% Plycipitate pas éﬁﬁ"t g %?Shﬁ(‘ﬁ’ﬁ‘b?than‘?bﬂhe TPRidee yeneongengsted and

of the it ligenClokaROWE H&RHP{50tHB AR heetdr il GURAY A6 W&S@?p atrQ%tHPLC
further purlflcat%for thetnex? ste b Il\/g l\/gthdl1 r\% 0.59
mn; M ( EéqCﬁ@g)mle ter gradiguy). (TMS@)W,&: (E}éﬁﬁf’/eofg@qqry) of the title compound

LC-MS (Method 1): R, = 0.98 min; MS (ESIpos): m/z= 441 (M+H)*

Example 76A

1-(2,4-Difluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboximidohydrazide

10

10.00 g (28.791 mmol) of Example 31A were reacted analogously to Example 70A. This gave 9.31
g of the title compound in a purity of about 82% (87% of theory). The compound was used without
further purification for the next step.

LC-MS (Method 1): R, = 0.56 min; MS (ESIpos): m/z = 303 (M+H)"

15 Example 77A

Methyl  2-{3-[1-(2,4-difluorobenzyl)-1H-pyrazolo[3,4-b]lpyridin-3-yl]-5-hydroxy-1,2,4-triazin-6-
yl}-2-methylpropanoate



15Met hyl WO 2012/004258 PCT/EP2011/061305
2-{345-fluoro-1-(2,3,6-trifluorobenzyl)-1H pyrazol o[ 3, 4-b] pyri di n-3-y

1] - 5- hydroxy-1, 2, 4- triazin-6-yl}-2-nmethy9propanoate -112- 6.85 ¢
(20.271 mmol ) of the conpound from Exanpl e 81A were dissolved in 300

m of ethanol, 7.629 g (40.542 mol) of dFpethyl

2, 2-di met hy1l- 3- oxobut anedi oat e (described =M\ A

124(14), 3680-3691; 2002) were added and t 2
50C overnight. After 5 cooling, a precipit\
washed with ethanol. The filtrate ,
by preparative HPLC (nethanol: :&5). This gave 3.30 g (33% of
theory) of the title conpound. Yhod 3): It, =1.24 mn; M
(ESIpos): mz = 477 (MtH) Exanpl ATX0OEt hyl
{2[5-fluoro-1-(2-fluorobenzyl)-1H pyraz§l o] 3, 4-1Thyri di n- 3-y1] - 4- hydr
oxypyrimdin-5-yl) - acetate - 113 - 2. g (5.73 mol ) of Exanple

9A and 1.42 g (6.58 mmol) of diethyl | but anedi oate (synthesis
described in WO 2005/ 73234, page 43) nitially charged in 50 m

of ethanol. 4.27 m sodi um et hoxi depygpl utilon (1% strength in

ethanol, 11.5 nmol) were then added dippwt he m xture was then
heated at reflux for 9 h. After cooling 5 water and then 1 N
hydrochloric 5 acid were added to the réacti@mgixture. The
precipitate that formed was filtered off with suction and washed
successively with nethanol (20 m) and with diethyl ether (20 m).

Dryi ng undex80hy @bow ag.dtmingaly ef Dxauipled76af wirb €isidifcden SMIH RSB0 ; (36.892

t heory). : .
y) mmol} of dimethyl 2,2-dimethyl-3-oxobutanedioate (described in J. Am. Chem. Soc. 124(14),
3680-3691; 2002) were added and the mixture was stirred at 50°C overnight. After cooling, a

nF Chem Soc.
e was stirred at
as filtered of f and

5 precipitate was filtered off and washed with ethanol. The residue was taken up in a large quantity
of ethanol, resulting in the formation of another solid. This was filtered off and washed with
ethanol and diethyl ether. The solid was dried and corresponded to the title compound 2.21 g (26%
of theory). The filtrate was concentrated and then purified by preparative HPLC
(acetonitrile:water:water +1%TFA — 40:55:5). This gave an additional 0.64 g (7% of theory) of the

10 title compound. In total, 2.85 g (33% of theory) of the title compound were obtained.

LC-MS (Method 1): R, = 1.03 min; MS (ESIpos): m/z = 441 (M+H)"

Example 78A

5-Fluoro-3-iodo-1-(2,3,6-trifluorobenzyl)- | H-pyrazolo[3,4-b]pyridine
F

15 10.0 g (38.021 mmol) of the compound from Example 6A were initially charged in DMF (170 ml),
and 9.41 g (41.823 mmol) of 2,3,6-trifluorobenzyl bromide and 13.62 g (41.82 mmol) of caesium

carbonate were then added. The mixture was stirred at RT overnight. The reaction mixture was



LC- M5 ( Met HEE@ 20)2/0R258 1. 04 nmin; MS (ESIpos): mlz = 426 ( M-BEC4/EP20114061305
NVR (400 MHz, DMSO-d6). 8 [PPmM = 1.19 (t, 3H), 3.48 (s, 2H), 4.09
(q, 2H), 5.86 (s, 2H), 107.16 (t, 1H), -A1R4 (t, 1H), 7.31-7.34 (m
2H), 8.11 (s br, 1H), 8.48 (d, 1H), 8.78 (s, 1H), 12.88 (s br, 1H).
Exanpl e 84Ahen added to water (200 ml) and stirred for 15 min. A precipitate was fiitered off with suction,

o el (P et Ll el T
83A wer e i rbinpalniy78thafigedy) n 3. 35 n (36.0 mmol ) of phosphoryl
chloride. 0.684 m (5.40 nmmol) of N, N-dinethylaniline was then added.

The m xt ur sequently reacted in an oil bath at 150C for 1 h.
The vol ati ﬁ“gj@%r@%ﬁ‘é’ﬁ?g%ﬂé‘l%‘bar ated off on a rotary evaporator and
the residue was then carefully stirred into 50 m of 2 M aqueous

sodi um 30 4% (ESkadse nso+4dos meH)The m xture was stirred for 15 mn and
the solid was filtered off. The solid was taken up in ethyl acetate

and washed u chlorlde solution, and t
organi c pha{geﬁ@&gs&wp@{f %“fﬁ‘ﬁ) ?e\ﬁggineggg P phi&te 221 181 A8t 7- @Qa(én IH), 7.92
separ at ed @dd, 1y, 8disgt, th).ati on WO 2012/ 004258PCT/ EP2011/ 061305 - 114

- under reduced pressure and the residue was dried under high vacuum
overni ght. Th| S %ve 1.44 g of the title conmpound (90% of theory).

LC- M5 (Met 24= 1.28 mn; M5 (ESIpos): mz = 444 (M+H)t
5-Fluoro-1-(2,3,6-trifluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carbonitrile

. F

N

N N\ F

| N
. =

N

10
12.1 g (29.72 mmol) of Example 78A were reacted analogously to Example 8A. This gave 9.35 g

of the title compound in a purity of 79% (81% of theory).
LC-MS (Method 1): R;= 1.08 min
MS (ESIpos): m/z = 307 (M+H)"

15 IHNMR (400 MHz, DMSO-d6): 8 = 5.91 (s, 2H), 7.21 - 7.23 (m, 1H), 7.57 - 7.61 (m, 1H), 8.51
(dd, 1H), 8.89 (t, 1H).

Example 80A

5-Fluoro-1-(2,3,6-triflucrobenzyl)-1 H-pyrazolo[ 3,4-b]pyridine-3-carboximidamide acetate



111 NVR (4000MB20B0ED do): 8 [ppml = 1.21 (t, 3H), 3.99 (PCIAHRO11/061305
4.15 (q, 2H), 5.90 (s, 2H), 57.17 (dt, 1H), 7.21-7.31 (m 2H), 7.38

(m 1H), 8.55 (dd, 1H), 8.79 (dd, 1H), 81196 (s, 1H). Exanple 85A

Et hyl 1-{4-chl oro- 215-f | uoro- 1- (2-fl uor obenzyl) - 1H pyr azol o[ 3, 4- b] pyri

di n-3-yl ] pyri mdin-5- yl}cycl opropanecar boxyl atle 101.44 g (3. 24

mmol ) of Exanple 84A were initially charg
=1/1). 410 ng (16.2 mol, 95% pure) of sod Rydri de were then
added a little at a time. The resulting sg '
about 30 min (until the evolution of gag

mol ) of 1, 2-di bronoet hane was t 3 dthe m xture was
stirred at roomtenperature for | e&cti on m xture was
hydrol ysed with 50 m of water tratted with 50 mM of ethyl 15

acetate. The organic phase wa t herm wasRed with 50 i water. The
conbi ned aqueous phases were extracted y§ 1Bl hyl acetate (2 x 30 m)
and the conbi ned organi c phases were en waghed with saturated
aqueous sodi um chloride sol ution. After dryipgigygiogagnesi um

sul phate, the solvent was separated off on a rotaary evaporator. This

gave 1.51 @.10f ofthecridd doRnpoOiiRsTEREmpID 79A Pldfel rbabte@fanABQM Sty ROR20NE A ThAYnve
of theory). _The crude material was used w thout further work-up for

t he 20next 75%6%’.”}?@-‘[]!980’('%?%é%f‘yfﬂf:thql?}'y}: 1.36 min; M5 (ESIpos): mz =
470 (MrH  -115- 1H NVR (400 MHz, DMSO-d5): 5 [ppni = 1.10 (t, 3H),
1.46 (M 2H)C-ME.(SBth6aN): 214D.614i08 (g, 211), 5.90 (s, 211), 7.17 (t,
1H), 7.21-7.29 (m 2H), 7.37 (m 1H), 8.53 (dd, 111), 8.79 (m 111),

8.94 (s, 1 anple 8 Et hyl 1-
{4- azi do- 2%5 f'fsﬁ%gﬁffﬁz (gﬁ" a%‘?)obenzyl) - 1H pyr azol o[ 3, 4- b] pyri di n- 3-yl
] pyrimdin-5- yl} cycl opropanecar boxyl ate

Example 81A

5-Fluoro-1-(2,3,6-trifluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-carboximidohydrazide

10 7.77 g (20.271 mmol) of Example 80A were reacted analogously to the synthesis of Example 70A.
This gave 6.85 g of the title compound (99% of theory). The compound was used without further

purification for the next step.
LC-MS (Method 1): R; = 0.59 min; MS (ESIpos): m/z = 339 (M+H)"

Example §2A

15 Methyl 2-{3-[5-fluoro-1-(2,3,6-trifluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y1]-5-hydroxy-1,2,4-
triazin-6-yl}-2-methylpropanoate



1.51 g (2. 5VQaRIPPOEI8Exanpl e 85A were initially charged i PCAUEPA010M61305
DMF. 217 nmg (3.34 mol ) of sodium azide were then added. The m xture
was then stirred at 60C overnight. Afterllooling, 10 150 m of water
wer e added and the reaction m xture was extracted with ethyl acetate

(3 x 70 m). The conbi ned organi c phases mqge t hen washed with

sat urated aqueous sodi um chl oride sol ution.

magnesi um sul phate, the sol vent was separat eg on a rotary
evaporator. This gave 1.15 g of the title d in a purity of
about 68% (93% of theory). The crude matefi al\wa8 used w t hout
further work-up for the next step, - M5 (fethod 1): R = 1.33 nin;
M5 (ESIpos): mz = 477 (M+H) + Exaljpl e 87Aﬁq-116- 1.15 g (2.41 mol)
of Exanple 86A were initially ch edlin/B80 M of DVF. 500 ng (109
of pall adium on activated carbdn were thdn added. The mi xture was
subsequent |y hydrogenated at a hydrogen ure of 1 atnosphere for
3 h. The reaction mxture was filtered gHrough Celite. The 5 filter
cake was washed with DMF and the vol atilye coMonents were separat ed
off on a rotary evaporator. The crude BFal obtained in this
manner was dried under high vacuum ovié®ni ghd. S gave 1.28 g of
crude material which contained the titl#H,&0 Nnd in a purity of
about 90% (LC-M5). The material obtained HYCthits manner was used

wi thout further purification. LCM (Method 3):"PCH,= 1.11 nmin; M
(ESlpos): mz = 451 (MtH)4 10 - 117 - Working exanples: Exanple 1

241-(2-Flu%£§9en 1%-1%# yrazol o[ 3, 4-b] pyri di n-3-y1] -5, 5-di met hyl-5, 7

- di hydr o- 622 _%@?/28 g[lq?lg(_)f %}T BYRROMG frpin ple §1A were dissolved in 300 ml of ethanol,
7.629 g (40.542 mmol) of dimethyl 2,2-dimethyl-3-oxobutanedioate (described in J. Am. Chem.
Soc. 124(14), 3680-3691; 2002) were added and the mixture was stirred at 50°C overnight. After

5  cooling, a precipitate ‘was filtered off and washed with ethanol. The filtrate was concentrated and
then purified by preparative HPLC (methanol:water—75:25). This gave 3.30 g (33% of theory) of

the title compound.
LC-MS (Method 3): R, = 1.24 min; MS (ESIpos): m/z= 477 (M+H)"
Example 83A

10 Ethyl {2-[5-ﬂuoro-1—(Z-ﬂuorobenzyl)-1H~pyraz'olo[3,4-b]pyridin—3-yl]—4-hydroxypyrimidin-5-y1}—

acetate

F
N
T
/4
N
N
N7\
= CH,



425 my of pHPI2AKA26H carbon (10% were added to 1.00 g (PCIEP20hi0§1305
of Exanple 55A in DMF (50 m), and the miXxture was hydrogenated at

at nospheri c hydrogen pressure for 4 h. THé-m xture was then filtered
through Celite and concentrated to dryness. The residue was purified

by prepar atZ-80eg HRIT nred e v O Rkdnmrild 8Awatier.4 £((6.08%hdy of diethgl Aformylbutanedioate

di ent 0 _co 66% .0f the
ErC?I\/IBe?I\/zat h%}%&@g@ﬁé@mf?&%q%g% %OSHI%ZE) E%%e 43ij;vere ngglp_y @% Lf Mé&)rq:l f} Ml 4.27
(400 Mz, mﬂ@@hdﬁ)etho&dp quul]on:(2n%318€n@ﬂl, in 611-!)1101518673111221) wgﬂceil)theilldde'ﬂBd}%Iivﬁse The

34-.7.39 1 : : ,. 8. _
(s 11y, o bl G neelhpyfoniich ol AR ofahy S5l iy inaiadhis & Bidoptori
245- Fl uér oamd(v@aré hdded abthe andt)on]dﬂxmw EyiT0) blgb@mgc b;}apﬁbhhéill \i?asfﬁt\éﬂeh'o?f 5nld bd®tion
d d 6H in one
a1 oS P45 Lo St S oy e
1. This gawecwxﬂ{lgan@l 6F g bhe iiild dompGRANEINAS (1€&%H. of theory). LCMS
(Method 1): Rt = 1.10 n1n M5 ( ESI pos) : rn/z = 407 (M+H) + 541 NWR

. 85 2H), 7.14-7.18
(400, . UGBk 90 oF b U b e SR 0Bin 2 15 %5
(s, 1H), 8.75 (dd, lH) 11.58 (s br, lH) Exarrple 3
2' 11- (2- Fl uawhaazoolmmrbmo%}?laqbﬁnﬂ— b]lpxtr 825@4%@32]1{)4459@;' BMSIrSORAL, 2w,

oLfurans3. 3 iRV ks P S O R & I8 L 000, sas 1H), 8.78 (s, 1H), 12.88 (s
br, 1H).

Example 84A

Ethyl {4-chloro-2-[5-fluoro-1-(2-fluorobenzyl)-1H-pyrazolo{3,4-b]pyridin-3-yl]pyrimidin-5-y1} -

acefate

F
N
BP!
/
NG

N

N\
= CH,
Cl o4
15 O

1.53 g (3.60 mmol) of Example 83A were initially charged in 3.35 ml (36.0 mmol) of phosphoryl
chloride. 0.684 ml (5.40 mmol) of N,N-dimethylaniline was then added. The mixture was
subsequently reacted in an oil bath at 150°C for 1 h. The volatile components were separated off
on a rotary evaporator and the residue was then carefully stirred into 50 ml of 2 M aqueous sodium
20  carbonate solution. The mixture was stirred for 15 min and the solid was filtered off. The solid was
taken up in ethyl acetate and washed with saturated aqueous sodium chloride solution, and the

organic phase was dried with magnesium sulphate. The solvent was separated off by distillation



10 WO 201YP04%8%186%, EP2011/ 061305 - 119 - LC VB (et hod PHIVERR01H061305
0.92 mn; M (ESIpos): mz 417 (MHH) + NVR (400 MHz, DMSO-d6): 5
[ppr] = 2.23-2.29 (m 1H) 2.34-2. 41 (mllfH) 3 89 (d 1H), 3.97 (d,
111), 4.07-4. 11 %g} , 4.12-4.18 (m Fg s, 2H), 7.13-7.17

(t, 1H), 7.yferre Hﬁessmand?hesa&dPGWS(dﬁf e hlzh aapup@@vem@t TRisggve 1.44 g
(s, 1H), 8. &l copbund 0BT of Htbry 11.72 (s br, 1H). 5 Exanple 4
2-[1-(2-Fl uorobenzyl) - 1H pyrazol o 3 b] pyridin- 3- yl] 5, 7-di hydr o- 6H
pyrrolo[23d ri mdin-6- one 9.46 (23.276 mmol ) of Exanple 19A
were initiat hpdd)ika= '#ﬁlﬁn(lﬂédﬁsﬁ@ﬁ}?osbﬁ’@fz? H48MgHI'0 (23. 726 nunol)

of pot assi umtert but oxi de were added. The m xture was stirred at RT

for 1 h, wa OGN@H} pRgedd,) W@g@";;ﬁ’?ﬁr(gﬁ%%{ ;ﬁ{)plfasﬁq ‘éﬁb%% s, 2H),

acetic acid and the m xfure was t

m xt ur e Snas’-{Héh HEx{T2act Edm Pl 38 (el $h(dét 1)l 8. 2@t it B, hPtekst HE).
combi ned organi c phases were washed with saturated aqueous sodi um
chloride sqj; salhe organi ¢ phase was then dried over sodium

sul phat e, ere and concentrated to dryness. The 15 resi due was
slurried |n met hanol and filtered off with suction. The filter cake
was washed HtBfeat ddtyhigra-BrlhBedier¢-flaerabanmdh i dipiregole[Aden I;ﬁuidgﬁ-yl&lr)whm«lind-
Thi s gave e conpound as a soli d (78% of theory

LC lvsg(Met ﬁ'l}%}‘il)gprg%i’%%"m%n; MB (ESIpos): mz = 361 (MH) ' H NVR
(400 MHz, DMBO-d6): 5 [ppn 3.68 (s, 211), 5.85 (s, 211), 7.14-7.18
(m 114), 7.21-7.27 20(m 2H), 7.34-7.38 (mF 1H), 7.42 (dd, 111),

8.49 (s, 111), 8.67 (dd, 111). 8 88 (dd, 1H), 8 (s, 111).
N
B!
/4
AN
N
N7\
————
cl
o

10 1.44 g (3.24 mmol) of Example 84A were initially charged in 40 ml of THF/DMF (v/v = 1/1). 410
mg (16.2 mmol, 95% pure} of sodium hydride were then added a little at a time. The resulting
solution was stirred for about 30 min (until the evolution of gas had ceased). 0.587 ml (6.81 mmol)
of 1,2-dibromoethane was then added, and the mixture was stirred at room temperature for 1 h.
The reaction mixture was hydrolysed with 50 ml of water and extracted with 50 ml of ethyl

15 acetate. The organic phase was then washed with 50 ml water. The combined aqueous phases were
extracted with ethyl acetate (2 x 30 ml) and the combined organic phases were then washed with
saturated aqueous sodium chloride solution. After drying over magnesium sulphate, the solvent
was separated off on a rotary evaporator. This gave 1.51 g of the title compound in a purity of
about 80% (yield 79% of theory). The crude material was used without further work-up for the

20 next step.

LC-MS (Method 1): R, = 1.36 min; MS (ESIpos): m/z = 470 (M+H)"



- 120 - Exa%|281%004258 PCT/EP2011/061305
2141- ( 2- Fl uorobenzyl) - 1H pyrazol o[ 3, 4- b] pyri di n-3-yl ] spi ro[ cycl opropa
ne-1,51-pyrrolo[2,3- d]pyrimdin]-6'(7'-HSene 5 394 ng (0.913 mmol)

of Exanpl e 22A were reacted anal ogously to the procedure of Exanple

4. This gavE N¥B (#R9 MHzTPMSOide) & [mporipouifut, (3E0Y%.46F (n, e 1ygs. (ml, CH)VB.08 (q, 2H),

%B“R’ﬂz” Sl Py B2t ?%285%%%%1 Y gk dm A @ gt
2H), 7.16 (). 1H), 7.22-7.27 (m 2H), 7.34-7.38 (m 1H), 7.42 (dd,
1H), 8.39 (s, 1H), 8.67 (dd, 1H), 8.87 (dd, 101H), 11.78 (s br, 1H).

Exanpl e 6 i%%niggﬁﬁluorobenzyl)-lH—pyrazoIo

[ 3, 4-Db] pyri =3 -5,7-di hydro-6H-pyrrolo [2,3-¢e] [ 1,2,4] -
triazin-6-one - 121 - Step (a): Methyl

113- 11- 62- Bthydr obehArézidoid-5piwoaz bl Bilyofetiehpyr iHtbyradbiof 1 1-bfpyhiyid 30X Ypydimain-5-
4-triazi n6- g (14.441 mol) of the conpound from

Exanpl e 23/{)/}“%&@?%13%%&%0?38'% 70 m of ethanol, 5 and 3.351 g (20.929
mol ) of di nethyl 2-oxobutanedi oate (described in Synth. Conmun.

9(7), 603-7; 1979) were added. The m xture Was heated at reflux
overnight. After cooling, the solid was filteyed\off wth suction,
washed with a little ethanol and dried under vacuum (purity
according to L M5 = 43%. Step (b): ;

(5-am no-3-17-(2-fluorabenzyl) - 1H pywazol o[ 3, 4-11pyri di n-3-y1]-1, 2, 4-
triazin-6- 10 yl)acetate 14 m of h6§ onyl chloride were added to
1.100 g (1.199 nmol) of the inter m Step a), and the

m xture was stirred at 100C forg4. ter cooling, the reaction
m xture was stirred into 100 m of concenirated amonia sol ution. The
m xture was stirred at RT for 20 min. The/pr&cipitate fornmed was
filtered off, washed with a little wateryandWried under high vacuum

————
.N
+
N o
" (
O
CH

1.51 g (2.57 mmol) of Example 85A were initially charged in 30 ml of DMF. 217 mg (3.34 mmol)
of sodium azide were then added. The mixture was then stirred at 60°C overnight. After cooling,
10 150 ml of water were added and the reaction mixture was extracted with ethyl acetate (3 x 70 ml).
The combined organic phases were then washed with saturated aqueous sodium chloride solution.
After drying with magnesium sulphate, the solvent was separated off on a rotary evaporator. This
gave 1.15 g of the title compound in a purity of about 68% (93% of theory). The crude material

was used without further work-up for the next step.
15 LC-MS (Method 1): R, = 1.33 min; MS (ESIpos): m/z = 477 (M+H)"
Example 87A

Ethyl 1-{4-amino-2-[5-fluoro-1 ~(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl|pyrimidin-5-

yl}cyclopropanecarboxylate



15 WO 2012/004258 PCT/EP2011/061305
Step(c):31.1-(2-Fluorobenzyl)-1H pyrazol o[ 3, 4- Npyri di n- 3-y] -5, 7-di hyd
ro-6H pyrrolo[2,3-4[1,2,4]triazin-6-onellbhe internediate from Step

b) was dissolved in 350 m of nethanol, and 20 drops of a 1 N aqueous
sodi um hydr oxi de sol ution were added (pH = 6),. The m xture was

stirred at RT overni ght and concentrated on aYest™Nry evaporator. The
residue was purified on silica gel (nobile pha
20di chl or onet hane/ net hanol , 96:4). This gage &K myf (15% of theory) of
the title conmpound. LCG-M5 (Method 1)N.R =\0.83 mn; M5 (Elpos): in/z
= 362 [MtHr. WD 2012/ 004258PCT/ EPE01 61805 - 122 - 11-1 NWR (400
MHz, DMSO-d5): 8 [ppml = 5.03 (s, (s, 2H), 7.14-7.18 (m
111), 7.21- 7.25 (m 2H), 7.34-F%"14 , 8.65-8.67 (m 2H), 11.53
(s br, 1H), 13.55 (s br, 111). Exanple 7
4- (Di fl uoromet hyl)-241-(2-fl uor obenzyl) -

1] -5, 5-di net hy1-5, 7- 5dihydro-6kkpyrro|o%2, ] pyri m di n-6-one The
crude product from Exanple 28A (1.24 g, 1.312 mol ) was

hydr ogenat ed anal ogously to the procequge of \Exanpl e 19A. The m xture
was then filtered through Celite and céncent d. The residue was
purified by preparative HPLC (robile phaSe: onitrile/water with
0.1%formc (a

azol o[ 3, 4-b] pyridin-3-y

CH,

1.15 g (2.41 mmol) of Example 86A were initially charged in 30 ml of DMF. 500 mg (10%) of
palladium on activated carbon were then added. The mixture was subsequently hydrogenated at a
hydrogen pressure of 1 atmosphere for 3 h. The reaction mixture was filtered through Celite. The
5  filter cake was washed with DMF and the volatile components were separated off on a rotary
evaporator. The crude material obtained in this manner was dried under high vacuum overnight.
This gave 1.28 g of crude material which contained the title compound in a purity of about 90%

(L.C-MS). The material obtained in this manner was used without further purification.
LC-MS (Method 3): R, = 1.11 min; MS (ESIpes): m/z = 451 (M+H)"

10



10aci d). ThVO Q%/8“288 ny of the title conpound (17% of t h&6WIEP2011/061305

LCM5 (Method 1): R = 07 mn; M5 (Elpos): rn/fz = 439 [MrHt H NWR
(400 MHz, DMSO-d6): 8 [p n] = 1.44 (s, 6Hy,- 5.89 (s, 2H), 7.08-7.40
(m 5H), 7.47 (dd, 1H), 8.69 (dd, 1H), 8.92 (dd, 1H), 12.00 (s br,

1H) . Exarrpl goggng examples:

152" 11-( 2, 4- D'fluorobenzyl) 1H pyrazol o[ 3, 4-b] pyri di n-3-yl ] spiro[cyc
opr opane- 1,5 gﬁégfrolo[z 3- dlpyrimdin]-6"(7H-one - 123 - Step
(a): Ethyl

1-{4-chl oro- 2- 4- d|fluoroben‘%:% razolo[3 4-Db] pyridin-3-yli
pyri ni di n5 Mi}(%faowéﬁwaﬂéldar%w bleyiisier TYI o Ydimethgl-BD-dgrydro-Bigyrrolo[2,3-
mol ) of hBaig-3Anyer e dissolved in 15 M of DM, 360 nmg 5 (9.012

nmol ) of sodi'um hydride (60% suspension in mneral oil) were added
and the mxture was stirred at RT for 15 mm 1.015 g (5.407 nmmol) of
1, 2-di bronpet hane was then added, and the mxture was stirred at RT
for 2 h. Water and saturated aqueous sodi um i de solution were
ith ethyl acetate.
The conbi ned organic phases were dried oyer m sul phat e and
concentrated on a rotary evaporat [@ gave 848 ng 10(purity 54%
54% of theory) of the internedia \(b): Ethyl

1- { 4- ami no- 2- 11- (2, 4- d{| uor obenz azol o[ 3, 4-b] pyri di n-3-yl | py
rimdin-5- yl}cycl opr opanecar boxyl internediate from Step a)
was dissolved in 13 mM of DW, and 95 ng\W1 461 mmol) of sodium azide
wer e added. The reaction m xture was sqh/re at 60C for 7 h and then,
after cooling, added 15 to water. The e was extracted three
times with ethyl acetate. The conbined i c phases were washed

w th saturated agqueous sodium chloridgy ti and dried over sodium
sul phate, 10 m of DVF were added and t yl 3acetate was renoved
on a rotary evaporator at 80 nbar. 20 niffof E&WF were added to the
product scont ai ni ng DMF sol ution, 250 nygCof pal { adi um (10% on car bon)
wer e added and the m xture was hydrogenated at atnospheric pressure
overni ght.

43_;' reng of palladium on carbon (10%) were added to 1.00 g (1.944 mmol) of Example 55A in
DMF (50 ml), and the mixture was hydrogenated at atmospheric hydrogen pressure for 4 h. The
mixture was then filtered through Celite and concentrated to dryness. The residue was purified by
preparative HPLC (acetonitrile:water (+0.05% formic acid) gradient). This gave 500 mg of the title
10 compound (66% of theory).

LC-MS (Method 1): R, = 1.00 min; MS (ESIpos): m/z= 389 (M+H)"

'HNMR (400 MHz, DMSO-dg): 8 [ppm] = 1.38 (s, 6H), 5.86 (s, 2H), 7.13-7.17 (m, 1H), 7.21-7.26
(m, 2H), 7.34-7.39 (m, 1H), 7.44 (dd, 1H), 8.64 (s, 1H), 8.67 (dd, 1H), 8.87 (dd, 1H), 11.61 (s br,
1H).

15 Example 2

2-[5-Fluoro-1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y1] -5,5-dimethyl-5,7-dihydro-6H-
pyrrolo[2,3-d]pyrimidin-6-one



20 reaction SotUf 8K fas filtered through Celite and the fiAGTRPIO4KR61305

was washed with DMF. The conbi ned organic,_ phases were concentrated on
a rotary evaporator. - 124 - The int ermtdiate from St ep b) was taken
up in 20 m of THF, 109 ng (0.974 mmol) of potassiumtert-butoxide
wer e added under an at nosphere of argon and e mxture was stirred
at RT for 2 h. Water was added, and the pH of jEeN\reacti on m xture
was adjusted to pH =5 with acetic acid. The { ffe was stirred at
RT for 10 mm and the m xture was extracted/ w t\ hyI acetate. The 5
conbi ned organi ¢ phases were dried Rdi um sul phat e and
concentrated on a rotary evapor at of. i due was purified by
preparative HPLC (nobil e phase: a gtrvre/water with 0.1%formc
acid, gradient 50:50 70:30). ThiFS gave 10\ ny of the title conpound
(25% of theory). LC-M5S (Method 1): R = 0.9 in; M5 (Elpos): mz =
405 [MtH]. 1011-1 NWR (400 MHz, DIVBOd6N./8 ppm = 1.62-1.65 (m
2H), 1.85-1.88 (m 2H), 5.82 (s, 2H), 7.0y (dy, 1H), 7.29 (dt, 1H),
7.34-7.44 (m 2H), 8.39 (s, 1H), 8.67 (d, , 8.87 (d, 1H), 11.77 (s
br, 1H). Exanple 9 HN CH
311- ( 2- Fl uor obenzy1) - 1H pyr azol of 3, 4- b] pyyjdi\n-3-y1]-7, 7-di met hy1-5, 7
-di hydro-6Hpyrrolo[2,3 - 15e][1,2,4]triagi n-&HhHne Step (a): Methyl
2-(3-11-(2-fluorobenzyl)-1H pyrazol o] 3, 4-8] pyri di n-3-y11-5-hydroxy-1,
2,4- triazin-6-yl)-2-nethyl propanoate 6.00 g (14.562 nmol ) of the

conmpound fr A dissolved in 7 of . et hanol , d 20
2.740 g (1&?@@%#?%?‘“‘8&&%?@“@%,% HFrﬁﬁaﬁS‘i‘?? %059‘695&‘935%@81’186@&“ gave 644
(descri bed mgweflhe thcofthemd (B of thedy)14) , 3680- 3691; 2002) were added.
The m xture was heated at reflux overnight. After WO

20127 004258 RCH/STRRAGH R&2930 min; MS (ESIpos): miz = 407 vi+)*

5 'HNMR (400 MHz, DMSO-dq): 8 [ppm] = 1.38 (s, 6H), 5.85 (s, 2H), 7.14-7.18 (m, 1H), 7.21-7.28
(m, 2H), 7.35-7.40 (m, 1H), 8.59 (dd, 1H), 8.63 (s, 1H), 8.75 (dd, 1H), 11.58 (s br, 1H).

Example 3

2"-[1-(2-Fluorobenzyl)-1H-pyrazelo[3,4-b]pyridin-3-yl]-4,5-dihydrospiro[ furan-3,5"-pyrrolo[2,3-
d]pyrimidin]-6'(7'H)-one

10 o

96 mg (0.177 mmol) of Example 57A were reacted analogously to Example 1. This gave 51 mg of
the title compound (68% of theory).



0 2012/00425
- 125 - cooling, the §O|Id was filtered off with suction and (HERLH06I1305

with alittle ethanol, and the filtrate ﬂ@s concentrated and dried
under hi gh vacuum Step (b):

341-(2-Flu yrazol.of ridin- 1, 7-di met hyl -
- di hydr o- Ga%jrréﬁnﬁ% ikhf f%énET}$$§§$ﬁpéngﬁe‘ggg%%h)of phosphoryl
chloride were added to the internediate from Step a), and the m xture
vv?s St rredeNMWHgmMHZTWSCBaQt& gj@n:f]‘l—XZ%B’EZQ\gﬁ ﬁ[)sggb, vead (;nnlﬁp@, g9l (d, 11)
of acetonit stirred in
ncentraté%§é§5§ﬁ]§02%tgﬂ ﬁﬂ)gﬁé H%%Fhﬂ%)ﬁﬁ@<§ﬁ?@f@5‘§i7ﬁﬂnﬂe?2?7ﬂ60n
and concentath} B8k-pBY an,NE,aTA4 (@4, aP0847QE,. 1HY¥67 @8 1818, 93, %H)rlﬁei‘i bt ey,
water and ethyl acetate and the aqueous phase was éxtract’ed Wit
et hyl a etﬁée. Ihg conbi ned organi c phases were dried over 10 sodlum
sul phat 2 ntrated on a rotary evaporator. The residue was
purified by preparative HPLC (nobil e phase: nethanol /water, gradient
30: 70 -> 9@-[QR-Flubkibsnghviel [73@&]2016[;8 4- Q]%_%uﬁfl 3tynenT-Nihy&b- 6H$§rrr'blofj ﬁgpyrmudm -6-
conpound. LCG-Ms (Method 1): R ) nm M5 ( El pos)
[ MtH] t " H NMVR (400 MHz, DI\/BOdS) 8 [ppn] = 1.45 (s, 6H), 5.89
(s, 2H), 7.15 (dt, 1H), 7.21-7.27 (m 152H), 7.34-7.40 (m |IH), 7.48
(dd, 1H), 8.71 (dd, 1H), 8.86 (dd, 1H), 12F16 (s, 1H). Exanple 10
21-[1- (2, 3-Di fl uorobenzyl) - 1H pyrazol o[ 3, 4- DlpyKi
propane-1,5"'-pyrrolo[2,3- d]pyrimdin]-6" (7
argon, 0.80 g (1.802 mml) of the conpoune
were dissolved in 15 m of DVF, 36Qnmy (
(60% suspension in oil) were add e mxture was stirred at RT
for 15 mn. 1.015 g (5.407 mmol) ronoet hane were then
added, and the m xture was stirre 2 h. Water and saturated
aqueous sodiumchloride 5 solution wereladded, and the m xture was
extracted three tines with ethyl acetateyg ThNe conbi ned or gani ¢ phases
were dried over sodium sul phate and co entAated on a rotary
evaporator. This gave 902 ng (purity 70 Yo of theory) of the
internmediate. Step (b): Ethyl
1- 14- am no- 2- 11- (2, 3-di f | uor obenzyl) - H pypazol o[ 3, 4-b] pyridin-3-ylip
yri m di n-5- yl kycl opropanecar boxyl at e:

2

)

9.46 g (23.276 mmol) of Example 19A were initially charged in THF (400 mi), and 2.612 g

10 (23.726 mmol) of potassium tert-butoxide were added. The mixture was stirred at RT for 1 h,
water was then added, the pH was adjusted to pH=5 using acetic acid and the mixture was then
stirred at RT for 10 min. The mixture was then extracted three times with ethyl acetate and the
combined organic phases were washed with saturated équeous sodium chloride solution. The
organic phase was then dried over sodium sulphate, filtered and concentrated to dryness. The

15  residue was shuried in methanol and filtered off with suction. The filter cake was washed
repeatedly with methanol and then dried under high vacuum. This gave 6.61 g of the title
compound as a solid (78% of theory).

LC-MS (Method 1): R, = 0.82 min; MS (ESIpos): m/z = 361 (M+H)"

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 3.68 (s, 2H), 5.85 (s, 2H), 7.14-7.18 (m, 1H), 7.21-7.27
20 (m, 2H), 7.34-7.38 (m, 1H), 7.42 (dd, 1H), 8.49 (s, 1H), 8.67 (dd, 1H), 8.88 (dd, 1H), 11.58 (s,
1H).



10 The i nt Y {HE41%0%258 om Step a) was dissolved in 13 n of PEMEP28HA061305
131 ng (2.020 nmml ) of sodium azide were added. The reaction m xture

was stirred at 60C for 7 h and, after coléprng added to water. The

m xture was_extracted three times with ethyl acetate. The conbi ned

organi ¢ phds@BBlest e washed with saturated aqueous sodi um chlori de

solution and dried over sodium 10 ml of DWMF were added and the ethyl

acetate Wa'-feRaLotRAzyH- OEES10Y AFRIALIAN. v plﬁ,@cyeiaafolaal%q ﬂﬂpy.?cft 23.

DVF wer e adgied to the roduct - cont ai ni ng sol ution, ?

pal | adi um @RY@}HTBW]C%@ 1?P° wer e added and the mixture was hydr ogenat ed

at at nospheric pressure for 2 h. The reaction solution was filtered

through Celite and the filter cake was washed with DMF. The conbi ned

organi ¢ phases were concentrated on a rotar\wewaporator. Step

(e):

2V1- (2, 3-Di fl uorobenzyl) - 1H pyrazol o[ 3, 4- \

pane-1,5 '- 20 pyrrolo[2,3-cl]pyrinjdinTbl 7" H~=0ne The resi due was

taken up in 25 m of THF, 151 ny ; pl ) of potassium

tert-butoxi de were added under a sphbdre of argon and the m xture

was stirred at RT for 2 h. Vater d to the reaction m xture

and the pH was adjusted to pH = 5 using qcetic acid. The m xture was

stirred at RT for 10 min and extracted wthNet hyl acetate. The

combi ned organi c phases were dried ovel 25\sodi um sul phate and

concentrated on a rotary evaporator. Thg-tegl due was purified by

preparative HPLC (nobil e phase: acetoniArilie/water with 0. 1% formc

acid, gradient 50:50 --> 70:30). Thi sHﬂ ng of the title

conmpound (42% of theory). LC-M5 ( Met hod : = 0.93 mn; M (Elpos):

mz = 405 [ MrH t "H NVR (400 Mz, d5): 8 [ppm = 1.62-1.65

(m 2H), 1.85-1.88 (m 2H), 5.90 (s, 2H), 307.06-7.10 (m 1H),

7.15-7.21 (m 1H), 7.37-7.46 (m 2H), 8.39 (s, 1H), 8.68 (dd, 1H),

2428( (2 dgi 19@ mgX0.9 FBmfre]) bif Exddle 224 w]aféﬁeacéed@ﬁ@lﬂ%ﬂu@ly%& thf]pr%ce%lured of Exahmplle 4,
uo azo ridin-3-y i met hy

-5, 7-di hyd F—?ES‘B? %%g‘eéﬁa%wqu gﬁgﬁ’%f I&ﬁ]‘igx 5 0.86 g (about 1.800

nmol ) of the conpound obtai ned in Exanple 41A was reacted anal ogously

to the protedus @ethoEXarp: @954mmTM$Egmzsg 1%&1: By @f+mhe title conpound

(45% of theory). LC-M5 (Method 1) 0.98 mn; IVB (EI pos) : ra|z =

407 [ M+ 0

(s, by |7 bShe gt ﬁ@%@ﬁ%ﬁnﬁ)—w ELi 0P 28, 716
(dd, 1H), SHRY.2s7.2714, 215, 681 88, i), 7.82 &R, (933D, 118,89 (daS 1135,8.87 (dd,
H. 10 1H), 11.78 (sbr, 1H).

Example 6

3-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y1}-5,7-dihydro-6H-pyrrolof2,3-¢][ 1,2,4]-

triazin-6-one



10 Exanpl e T2 2012/004258 PCT/EP2011/061305

4- Cycl opropyl1-241-(2-fluorobenzyl)-1H pyr.azol o[ 3, 4- 1Thyri di n- 3-y1] - 5,
5-di met hy1-5, 7- di hydr o6H pyrrol o[ 2, 3-d] pyrim di n-6-one - 128 - The
sol ution obtained in Exanple 47A was hydrogenated anal ogously to
Exanpl e 19A. Purification by preparative HPhC (nobile phase:
acetonitrile/water wwth 0.1%formc acid) ga ng of the title
conpound (7% of theory). 5 LC-Ms (Method 1) 1.14 mm M5
(Elpos): nmz = 429 [MHt 11-1 NMR (400 50-d6): 8 [ppn] =
1.14-1.18 (m 2H), 1.27-1.30 (m x-M8 (s, 6H), 2.23-2.27 (m
1H), 5.84 (s, 2H), 7.12-7.25 (m 7.38 (m 1H), 7.45 (dd,
1H), 8.39 (s, 1H), 8.66 (dd, 1H), 1H), 11.52 (s br, 1H).
Exanpl e 13 o _
10241- (2, 4-Di f|l uor obenzyl) - 1H pyrazol o[ 3, pyridin-3-y1] -5, 5-di neth
yl -5, 7-di hydro-6H pyrrol o[ 2, 3-d] pyrimg one WO

2012/ 004258PCT/ EP2011/ 061305 -129- 0.75\ g (About 1.269 nmol) of the

conmpound obtai ned i n Exanpl e 50A was re anal ogously to the
procedure of Exanple 4. This gave 193 oflthe title conmpound (37%
of theory). LCGM (Method 1): R= 0 97 mw; (Elpos): mlz = 407

[ MtH] t K

Step (a): Methyl {3-[1-(2-fluorobenzyl)-1H-pyrazolof3,4-b]pyridin-3-yl]-5-hydroxy-1,2, 4-triazin-
6-yl}acetate

5.950 g (14.441 mmol) of the compound from Example 23A were dissolved in 70 ml of ethanol,

5 and 3.351 g (20.929 mmol) of dimethyl 2-oxobutanedioate (described in Synth. Commun. 9(7),
603-7; 1979) were added. The mixture was heated at reflux overnight. After cooling, the solid was
filtered off with suction, washed with a little ethanol and dried under high vacuum (purity
according to LC/MS = 43%)),

Step (b): Methyl {5-amino-3-[1-(2-fluorobenzyl)-1H-pyrazolof3,4-b]pyridin-3-ylJ-1,2,4-triazin-6- -
10 yllacetate

14 ml of phosphoryl chloride were added to 1.100 g (1.199 mmol) of the intermediate from Step
a), and the mixture was stirred at 100°C for 1.75 h. After cooling, the reaction mixture was stirred
into 100 ml of concentrated ammonia solution. The mixture was stirred at RT for 20 min. The

precipitate formed was filtered off, washed with a little water and dried under high vacuum.

15  Step (c): 3-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b] pyridin-3-yl]-5, 7-dihydro-6H-
pyrrolof2,3-e][1,2,4]triazin-6-one

The inteymediate from Step b) was dissolved in 350 ml of methanol, and 20 drops of a 1 N aqueous
sodium hydroxide solution were added (pH = 6). The mixture was stirred at RT overnight and
concentrated on a rotary .evaporator. The residue was purified on silica gel (mobile phase:

20  dichloromethane/methanol, 96:4}. This gave 67 mg (15% of theory) of the title compound.

LC-MS (Method 1): R, = 0.83 min; MS (Elpos): m/z = 362 [M+H]".



NVR (400 MU O 2BAER485: 5 [ppmi = 1.38 (s, 6H), 5.83 (s, 2PFT/EP26pL061305
(ddd, 1H), 7.26-7.38 5(m 2H), 7.43 (dd, .1H), 8.64 (s, 1H), 8.68 (dd,
1H), 8.87 (dd, 1H), 11.59 (s br, 1H). Ex#fple 14

241-( 2- Fl uqr.obenzyl) - 1Hn8é1r azol qf 3, 4- b] %ri di n- 3- %8-5- nmet hy1l-5, 8-di h
ydr opyr i do[ &, "8V COGYIHznPHISP-de): dHprwha -@isagHarg?-% s, 2H), TbT )18 G, 1H), 7.21-
Exanpl e 584 mere21pach odaanadpooysk. afyl | ng of
the title cozrggound)e(%% ogﬁt r@gr%u[@@’(%ﬁ%‘# !L%H’]h%ﬁl@ﬁg%% m n;

M5 (ESIpos): rn/z = 389 (MH)+ "H NVR (400 MHz, DVsSO-d6): 8 [ppm =
1.27 (d, 3fxamplez (qq 1H), 2.76 (dd, 1H), 3.21-3.27 (m 1H), 5.85

(s, 2H), 7.12-7.26 (m 3H), 7.33-7.43 (m 2H), 8.61 (s, 1H), 8.66

(dd, 1H), Q-@Ardodsinet D1-2 Mo BerlzHl)- Ob16yridm-3-yi3%-di _
(1.061 nmol )(Q)(ﬂ)ﬁ1 t he %?u_?m(nd _obt_aﬁ%éﬁiwgraéxag%p%ﬁg%d% %ﬂ?%%gg@ghsw
anal ogods| yihyarosthmpradold.3-dnyrimidicfena 74 ng of the title conpound (37%
of theory). LC-M5 (Method 1): R=1.01 min; M5 (ESIpos): mz = 443
(MtH) + 51H NVR (400 MHz, DVMBO-d6): 8 [ppmig= 2.75 (d, 1H), 3.29

(signal partially under water signal, 1H), X 4.40 (m 1H), 5.87

(s, 2H), 7.13-7.26 (m 3H), 7.34-7.40 (m 1 44 (dd, 1H), 8.68

(dd, 1H), 8.77 (s, 1H), 9.06 (dd, 1H), 1157 1H). Exanple 16

The crude product from Example 28A (1.24 g, about 1.312 mmol) was hydrogenated analogously
to the procedure of Example 19A. The mixture was then filtered through Celite and concentrated.
The residue was purified by preparative HPLC (mobile phase: acetonitrile/water with 0.1% formic

10 acid). This gave 101 mg of the title compound (17% of theory).
LC-MS (Method 1): R;=1.07 min; MS (Elpos): m/z = 439 [M+H]".

H NMR (400 MHz, DMSO-d): 8 [ppm] = 1.44 (s, 6H), 5.89 (s, 2H), 7.08-7.40 (m, SH), 7.47 (dd,
1H), 8.69 (dd, 1H), 8.92 (dd, 1H), 12.00 (s br, 1H).

Example 8

15 2'-[1-(2,4-Difluorobenzyl)-1 H-pyrazolo|3,4-b]pyridin-3-yl]spiro[cyclopropane-1,5’-pyrrolo[2,3-
d]pyrimidin]-6'(7'H)-one



- 241- (2- FI uo? SEIVW 1 pyr azol of 3, 4- b] pyri di n- 3-y1] - 5H py PFEER291 0305
] pyri mdine-5,6(7H)- 10dione - 131 - 0 g (5.550 nmol ) of Exanple

4 were initially charged in di oxane (2001 , 3.079 g (27.751 mol)

of sel eni um di oxi de were added and the m ture was heated at refl ux

for 2 h. After cooling, the mxture was fid{tered and the filtrate was

concentrated and purified by chromatogr aphy| Lgca gel (nobile
¢ ga\y

phase: cycl ohexane/ethyl acetate 1:1). 890 ng of the title
conmpound (42% 5of theory). LC M5 ( Met hodl ) 0.93 mn; M
(ESIpos): mz = 375 (MrH) 1H NVRAA¥ » DVSO- d6) : 8[pprr] = 5.91
(s, 2H), 7.17 (ddd, 1H), 7.21-7 7.27- 7.31 (ddd, 1H),
7.35-7.41 (m 1H), 7.51 (dd, 1 111), 8.87 (s, 1H), 8.89
(dd, 1H) 12.21 (s, 111) 10 ExanpTe 1

fydi n-3-y1] - 5- hydroxy-5-neth
% None At 0C, 200 ngy (0.534
n THF (10 m ), and 0. 356
de (3 Msolution in

the m xture was heated

yl- 5 7-di hydr o- 6prrro| o[ 2, 3-d] pyrlmqsu
nmmol ) of Exanple 16 were initially cha
m 15 (1.069 nmol) of nethyl magnesi um
di ethyl ether) was added. After 15 mm at {0C
at RT for 1 h. The m xture was then ad sat urated agueous

anmoni um chl ori de solution and extract ee times with ethyl
acetate. The organic phases were conbifed and washed once wth wat er
and once with saturated aqueous sodium chloride solution. The organic

0concent r SILd TR BF IS G VRt ey Sl U Haptign- - lpprimicin

(acetoni t r ish&cydieopdpaddrBafaeor mi ¢ acid) gradient). This gave 55 ny
of the title conmpound (53% of theory). LC-MS (Method 1): R= 0.81 mn;

M (ESI pOS)U:ndgfl azrgo:n, %%9] g( JYI%B“Z’ mmol) of Example 33A were dissolved in 15 ml of DMF, 360 mg

3 (9.012 mmol) of sodium hydride (60% suspension in mineral oil} were added and the mixture was
stirred at RT for 15 min. 1.015 g (5.407 mmol) of 1,2-dibromoethane was then added, and the
mixture was stirred at RT for 2 h. Water and saturated aqueous sodium chloride solution were
added and the mixture was extracted three times with ethyl acetate. The combined organic phases
were dried over sodium sulphate and concentrated on a rotary evaporator. This gave 848 mg

10 (purity 54%, 54% of theory) of the intermediate.

Step (b): Ethyl 1-{4-amino-2-{ 1-(2,4-difluorobenzyl)- 1 H-pyrazolof3,4-b] pyridin-3-yl] pyrimidin-5-
yijeyclopropanecarboxylate

The intermediate from Step a) was dissolved in 13 ml of DMF, and 95 mg (1.461 mmol) of sodium
azide were added. The reaction mixture was stirred at 60°C for 7 h and then, after cooling, added
I5  to water. The mixture was extracted three times with ethyl acetate. The combined organic phases
were washed with saturated aqueous sodium chloride solution and dried over sodium sulphate, 10
ml of DMF were added and the ethyl acetate was removed on a rotary evaporator at 80 mbar. 20
ml of DMF were added to the product-containing DMF solution, 250 mg of palladium (10% on
carbon) were added and the mixture was hydrogenated at atmospheric pressure overnight. The
20  reaction solution was filtered through Celite and the filter cake was washed with DMF. The

combined organic phases were concentrated on a rotary evaporator.

Step  (¢): 2"-[1-(2,4-Difluorobenzyl)-1 H-pyrazolo[3,4-b]pyridin-3-yl] spiro{cyclopropane-1,5 -
pyrrolof2,3-d]pyrimidin]-6'(7'H}-one



132--- 1117 O PUE5 Mz, DVBO-d6): 5 [ppn] = 1.50 (s, 3HPCTERRHIE61305
2H), 6.29 (s, 1H), 7.16 (ddd, 1H), 7.21-7.26 (m 2H), 7.34-7.39 (m

1H), 7.44 (dd 1H), 8.61 (s, 1H), 8.68 (](?é 1H), 8.87 (dd, 1H), 11.53

s, 1H). 5 2- Fl uor obenzyl razol o .
E3 4- ll;?pyr' f%“’g?ﬁjatezfsf’%‘%P Bxiassaken pp in a% fﬁwpﬁ’@g ©9¢ mypgP gf potassium
6H pyrrol O[té’rI-Buthhﬂy ivbidiadded-RdQNA atrf¥spiidle ofPEdnMBd (HA - Qedire v?a@‘%h)recpét RT for 2 h.
Exanpl e 16 re initial charged in_ 1, 2-di net hoxyet hane (3 and

6 mg (0. 04 Yasgydd ‘Efjaé%qy P oL FeAEH GRSV P f 5. v@@lzacmc)d The
of (trifl uokionms B¥d MirreHOatt KT #E&L Ty hn®i htﬁﬂﬁle"iﬁl&ﬁaré fedn eﬂ&gﬁg vg{hlo‘fﬂé\g' Sa%etate The

and the mxture was stirred at RT overnight. Mre of
reagent S wESMPiTEh AgRAHSd phasesy werenerieto eyt spivn (s2lphdty and aeeseentirattd umr Bd®tary

(20 ng) andvigdorded:! weL ﬁﬁ@ﬁé’%@ﬁu’hﬁ@@ﬁ{'ﬂeﬁ%&%%II‘L%?(?noU&Q phapg oL G with

ni ght, nore caesium fl uoride

(trifluororfelt’hyorte pqidtdmadiest S&AR —¢ 70401 Tids, ga@e 50 Mrigrof EhF)itlavesmspoadd €25% of
The reactiqp. y@s stirred for another 2 days and then allowed to stand

at RT without stirring for 2 nore days. The m xture was 15t hen
concentrated and the residue was purified by preparative HPLC

(acet oni t r ilCeMadMesthod 1 RO59O8 orimiMS ddpet): ngzadDE[M}H] This gave 8 ng of
the title conmpound (4% of theory). LGMS (Method 1): R=1.01 min; M

5. aa (20 ory Ry it yesa ks W%“ﬁ?z ?‘é‘%m%sg%% s B 1P, s, 21,

7.47 (dd, THy (48160 728 (dllH)) 7.387.45 (10, 2H),18D9 (sS1H)18.60d, 111)HB87§1 16),(13.77 (s b,
111), 8.87 ¢dd, 111), 2012.28 (s, 111). - 133 - Exanple

Example 9

3-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y1]-7,7-dimethyl-5 ,7-dihydro-6H-pyrrolo[2,3-
15  ¢][1,2,4]triazin-6-one

Step  (a):  Methyl 2-{3-[1-(2-fluorobenzyl)-1H-pyrazolo[3,4-b] pyridin-3-ylj-5-hydroxy-1,2,4-
triazin-6-yl}-2-methylpropanoate

6.00 g (14.562 mmol) of the compound from Example 23A were dissolved in 70 m] of ethanol, and
20 2.740 g (14.562 mmol) of dimethyl 2,2-dimethyl-3-oxobutanedioate (described in J. Am. Chem,
Soc. 124(14), 3680-3691; 2002) were added. The mixture was heated at reflux overnight. After
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341- (2- Fl uorobenzyl) - 1H pyrazol o[ 3, 4-b] pyri di n-3-y1] -7, 7-di ne{%PZfI]j/OGIBOS

-di hydro-6Hpyrrolo[2,3- e][1,2,4]triazi{ys6-one 5 50 m of
phosphoryl chl oride were added to 9.700 g (22.025 nmmol ) of the
conpound f r QRkifX aRb R Q1R 5

over ni ght . Thé@r(eactl on-m xt u(ragi\{;/\!gls cﬁ%gllsé(%?vecg%d%t&g&ﬁ% eﬁlaPﬁTandthe filirate was
acet oni t ri | eenegntfatedyindlried endsokh vaguurst i rred into a mixture of 1337 m

of concentrated aqueous ammoni a solution (35% strength) and 1300 m

of acetoni tgi] eq) . The 0o t I f

daye. 300 o &1 Cadi et or PaBR P AR S AR ST Tt Byt oro-en
The 10 or ganinelaphdel el irepekared of f and concentrated to dryness.

The residue was taken up in ethyl acetate (150 ml) A preci pltate
formed and a5 & lbsinEd e [ rou The fil

cake was washed tdh %re g’ll msénﬁ&’% \?\&/éh%grté)gjﬁdgt eﬁflr néts r?g n\%ﬂﬁmxmre was
et hyl acet atied Sverhight. The rq’:ae@mdunemwasvadrdmdvamdeﬁommgbf weetanitile Ak, Svith ice

4.58 % the t nd. LGNS (Met hod
geus 4. SR Esioly o e STt LSAE Ll 1
DVBO-d6) @ 5 fngpodeentratedd a(etarybddipordior8Bho(18sidZHas sifreckBwith WAer(afil eBYD acetate and

E;(gﬁ;)l Z' 42% tl(lenAqueous )phase w5a§ e)gtracfed wl_t% eth% a7cetat(e ?he combme& grg:alfn8lc p}?as?srwere l(_i?'led over

341- (2,13 Dsbdhumrsolpamz yrid edhednlrited on iﬂ&arﬂ)&ﬁ@&ﬁ&dﬁ[ﬁre‘l‘esﬁﬁu@W&h ghﬁ'ﬁe% bé?rep?aratwe
7-di met hyl ﬂa%dr@ﬁGHp rroI 0[2 3-e _g]]trlazm - one

22 m of ;ﬂ?" Qe ctendlevsraga aﬂtt-’@ 6680:40) Ihwggarvmﬂp negf (25% of
t he conpmmgboﬁggmhgﬁagmlﬁpoﬁgﬁ and the m xture was stirred at RT

overnight. The reaction m xture was dissolved in 100 m of

acetonitrile and, with ice coolin stirred into 290 ml of
concent raté&@&d%%déh%nPQGW @‘?$ GHposk B5NSIMHERGt h) . The reaction

m xture was stirred at roomtenperature for 2 h and then at 50C for 7

h and subseguenklavooans amiselaed . S|

was stirred wt h(wat er and etﬁ 88:l(%gfe]lt a?iggsyﬁ ﬁ@?g@&ﬁjﬂ}gﬁas@ b%%ﬂ (m,
extractléd WHH B (mad B 148 (ddr ), 8dittdd éH), Brégddd, ¢ HpHAZ 6 &, WHY.e dr| ed

over sodium sul phate and concentrated on a rotary evaporator. The
resi due vva;;xgﬁ,'F;eqroat ed with diethyl ether, filtered off with suction,

washed wit | e diethyl ether and dried 10 under high vacuum
Thi s gave 748 g 37% of theory) of the title conpound. LC- M5 (Met hod
3): = 1226( ' lflwsolzeer)ﬂbH)I—pyrﬁzoioE&%ﬁsrr@ma-ﬁlispm[cﬂclmawu@’ -ihimlo[2,3-
Dl\/ISOd6 AdyRRdinTT ¢l 204 S 5.94 (s, 2H), 7.09-7.21 (m 2H),
7.41 (q, kﬂﬂyﬂ S (}6 i . : 80 (s, 1H). 12.18 (s br, 1H).
F
F
e
N
P/
N
N\
——
HN
]

20 Step (a): Ethyl I—{4-ckloro~2-[]-(2,3-d§ﬂuorobenzyl)—]H—pyrazolo[3,4—b]pyridin—3-yl]pyrimidin—
5-yl}cyclopropanecarboxylate:
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Exampl e 21

15341- (Z4- D f |l uor obenzyl)-5-fl uoro-1H p;_/r?ﬁi_ol o[ 3, 4-Db] pyridin-3-yl]-7,
7-di met hyl-5, 7-di hydro-6H pyrrol o[ 2, 3- e]1 ,2,4]triazin-6-one -135-

25 nl of horvl. £hl orj.de re added to 2.290 (5.000 nmmol ) of
2 ot PRI G QL Po2died 10 2,200, 9 (2,000, oL ©f i
over ni ght . fhef DEECIG0ang (904R hinBol NS0l SIOHNRA60% s %‘mﬂn ig]@ﬂ) were added and the

itrile. i Lh | ling, sti dinto 3 _
Concont r at GG B0 Hh ik 180l Lifiron 015 § Got%] SEERgE hp-dromvecebese v then

m Xt ur e wasaddkd, rah€ theahixfu@OWhd ﬁgﬁﬂraﬁR‘Frfgrt bar Wéteg Sgd:%tt-%%}@@@r emrégsgfl%‘gl;ch?oﬁde
tl centrated on a rotary evap or. ‘

N5t 1 1T och PR i GOk RS Bt YK B AR ey eyitst. Tmcombined

extracted Mr@ﬁi@&ﬁhﬁés REERLE ovel NBAIEARIPASE 208 JARLGrRRAASES {0@%{' %Sf%ré)lra%&. This

over sodi um sul phate and concentrated on a rotary evapor at _
resi due wasEd'¥ ?&ﬁéfpéﬂtyvﬁo%\78¥’@fW9‘PTYbeH’E‘-‘r1,ntefmﬂdta@r- ed off with suction,
washed with a little diethyl ether and dried 10 under high vacuum

i . 0 ; V)2 it 12, conpound. ———
o e (e s L B PR b
DVBO- yeigon argoxyi S, , 5. S, . 7. , ,

7.“”*3@ (dt, 1H), 7.5}?&?111, 1H), 8.55 (dd, 1H), 8.79 (s, 1H), 12.19 (s

br, 1H10 ExgBh@miediate from St dissolved in 13 ml of DMF, 131 2 1) of
152-[ lil) (2- Fl uor obenlzayel) ??H- %p ar‘)avz%(l)sl olfsg vﬁ- [}ﬂ pyrml di n-l\/élf yaff- g ﬁ%? 0@(239-%1%) ©

henyl-5, 7- Cfpﬁlylaqu;idg Hyer?,?qlqeg cregetigh pyikiure easnstifredae60°C for 7 h and, after cooling,
added to water. The mixture was extracted three times with ethyl acetate. The combined organic

phases were washed with saturated aqueous sodium chloride solution and dried over sodium, 10 ml

of DMF were added and the ethyl acetate was removed on a rotary evaporator at 80 mbar. 20 ml of

15 DMEF were added to the product-containing DMF solution, 250 mg of palladium (10% on carbon)

were added and the mixture was hydrogenated at atmospheric pressure for 2 h. The reaction

solution was filtered through Celite and the filter cake was washed with DMF. The combined

organic phases were concentrated on a rotary evaporator.

Step  {(c): 2'—[I-(Z,3~Dg’ﬂu0r0benzyl)-JH—pyrazolo[.?,4—b]lbyridin-3-y{]spir0[cyclopropane-],5 -
20 pyrrolof2,3-d]pyrimidin]-6'(7'Hj-one

The residue was taken up in 25 ml of THF, 151 mg (1.346 mmol) of potassium tert-butoxide were
added under an atmosphere of argon and the mixture was stirred at RT for 2 h. Water was added to
the reaction mixture and the pH was adjusted to pH = 5 using acetic acid. The mixture was stirred
at RT for 10 min and extracted with ethyl acetate. The combined organic phases were dried over

25  sodium sulphate and concentrated on a rotary evaporator. The residue was purified by preparative
HPLC (mobile phase: acetonitrile/water with 0.1% formic acid, gradient 50:50 — 70:30). This
gave 227 mg of the title compound (42% of theory).

LC-MS (Method 1): R, = 0.93 min; MS (Elpos): m/z = 405 [M+H]".

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 1.62-1.65 (m, 2H), 1.85-1.88 (m, 2H), 5.90 (s, 2H),
30 7.06-7.10 (m, 1H), 7.15-7.21 (m, 1H), 7.37-7.46 (m, 211, 8.39 (s, 1H), 8.68 (dd, 1H), 8.88 (dd,
1H), 11.78 (s br, 1H).



- 136 - AVBEOIZM4EP (0.200 mmol) of Exanple 16 were i nit PETBP2011/061305
charged in THE (5 m), and 0.134 m of a 3 Msolution of

phenyl magnesi um bromi de i n diethyl et herlZ(O. 401 mmol ) were added.

After 15 min at 0C, the mxture was warnmed at RT for 1 h. The m xture
was then addd@pledisatyrated 5 aqueous ammoni um chl oride sol ution and
extracted three times wth ethyl acetate. The organi c phases were

conbi ned ang; ,mo@cwé@zyw1%;»@%%{3,ﬁﬂ}ﬁﬁﬂé}ﬁg-ﬂ-wdﬁﬁhﬁiﬁﬁﬁﬁl ARUGPYS

sodi um chl ori de_sol ution.” The ‘organi c phases vere then dri ed over

sodi um sul BHEI2.3¢rqlpyrinidig-64¢ concentrated. The residue was purified

by preparative HPLC (acetonitrile:water (+0.05% form c acid)

gradient). This gave 38 ng of the title conpoung (42% of theory). 10
LC-M5 (Method 1): R=1.03 min; M5 (ESIposf; nmg = 453 (MrH) + 1H NWR
(400 MHz, DMSO-d6): 8 [ppm = 5.87 (d, 2H), R (s, 1H), 7.17 (dd,

1H), 7.22-7.29 (m 2H), 7.33-7.47 (m 7H),
1H), 8.88 (dd, 1H), 11.76 (br s, 1H) . Exarple
5- Fl uoro- 241- (2-fl uor obenzyl) - 1H pwW.azohp[ 3, 4-b] pyri di n-3-y1]-5-meth
| -5, 7-di hydro-6H 15pyrrol o[ 2, 3- ] py*Y™ ¢j n-6-one - 137 - At -78C,
100 nmg (0.256 mml ) of Exanple 17 we i Ntially charged in

di chl oronet hane (4.795 m), and 40s (0.307 nmol ) of

di et hyl am nosul phur trifluoride were addgd. Overnight, the m xture
was then slowy warmed to RT. Another 4@76INill (0.307 mml) of

di et hyl am nosul phur \ :

e

<

HN CH,

CH,

O

5 0.86 g (about 1.800 mmoel) of the compound obtained in Example 41A was reacted analogously to
the procedure of Example 4. This gave 331 mg of the title compound (45% of theory).

LC-MS (Method 1): R, = 0.98 min; MS (Elpos): m/z = 407 [M+H]".

'H NMR (400 MHz, DMSO-dg): & [ppm] = 1.38 (s, 6H), 5.91 (s, 2H), 7.05 (t, 1H), 7.14-7.20 (m,
1H), 7.36-7.41 (m, 1H), 7.44 (dd, 1H), 8.65 (s, 1H), 8.68 (dd, 1H), 8.88 (dd, 1H), 11.59 (s br, 1H).

10  Example 12

4-Cyclopropy1-2-[l—(2-ﬂuorobenzy])-1H-pyraz010[3,4-b]pyridin—3-y1]-5,5-dimethyl-5,7—dihydro—
6H-pyrrolo[2,3-d]pyrimidin-6-one
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S5 trifluoride were then added, and the m xture was stirred a(g /EPQIOI#%UOS

anot her night. The reaction was then dil ytged wi th dichl oronethane and
extracted with saturated aqueous sodi um bi carbonate sol ution. The
organi ¢ phase was dried over sodium sul phate, filtered and
concentrated. The residue was purified by pirepakative HPLC
(acetonitrile:water (+0.05% form c acid) graf
of the title conpound (42%of theory). 10-+€
mn; M5 (ESIpos): in/z 393(I\/HrH)+NIHN( , DMBO-d6): 8
[ppn] = 1.82 (s, 3H), 588(s 2 , 7.21-7.28 (m
2H), 7.34-7.40 (m 1H), 7.46 (dd, : 1H), 8.86-8.89 (m
2H), 12.01 (s, 1H). Exarrple 24

. This gave 42 ny
Met hod 1): 124= 0.96

(5 m), 1.087n1 of a 1 Msolution of bi I silyl)lithium

am de in THF were added and the m xture/wa [ d at -45C for 30
mn. 126 ng (1.087 mol) of tert-butykN gy dissolved in 5 nl of
THF) were then 5 added dropw se. The m xyUr vva§ warnmed to RT and
stirred at this tenperature overnight er ®Hs added to the
reaction, and the m xture was adjusted {0 pH=4 using acetic acid. The
m xture was then extracted three tines with ethyl acetate. The

conbi ned ormns@uqmmasetsmwn@ BAGHERA4M t Pad V& bRy Zaﬂ&lyéﬁ%lg %H%ﬁ;&ﬁ% 19A.

sodi um chl ol;dm(ile solution, dried over sodium su %phat

concent r at ed™HHHED bé’sﬂr?:ﬂi‘éﬁ%gpbg r(FlP]Plé"cPhé% E‘Feé?%lﬂrlét’ww VHIPL €1 % fomnc acid) gave

(acet oni t ri4genyeitiRd tiflctQnPoNdl(Pr BF hedPpci d) gradient). This gave 73 ny
of the title conpound (55% of theory). LC-M5 (Method 1): R = 0.96

i {E McH) + ' H NVR (400 MHz, DVBO-d6): 8

T 2 17 (s, W(y%ﬁ@a thm)lg‘nspé‘#s %IPOSZWZ~G2SQ\/I¢H] 1H), 7) 16 (EI,OM
1H), 7.22-7.28 (m 2H), 7.35-7.40 (m 1H), 7.45 (dd, 1H), 8.66 (s,

1H), 8.68 (echivkino0 81H&! DMKD-dJH ppphd 6414518 4h) ol 3 2BXHIALE 287 145 s, 6H),

2.23-2.27 (m, 1H), 5.84 (s, 2H), 7.127.25 (m, 3H), 7.33-7.38 (m, 1H), 7.45 (dd, 1H), 8.30 (s, 1H),
8.66 (dd, 1H), 8.69 (dd, 1H), 11.52 (s br, 1H).

Example 13

10 21 —(2,4-Dif1uorobenzyl)-1H-pyraz_olo[B,4-b]pyridin~3-y1]~5,5-dimethyI-S,7—dihydro-6H-
pyrrolo[2,3-d]pyrimidin-6-one



{241- (2- FI uYPARH2YRP8 11 pyr azol of 3, 4- b] pyri di n- 3- y1] - 5- hy REFER261 HRE 305
-6, 7-di hydro-5Hpyrrol o[ 2, 3-d] pyri m di n-5-yl }acetic acid - 139 - OH

60 ng (0.122 nmol) of Exanple 24 were stiZred at RT in

di chl oronethane (1 m) and trifluoroacetic acid (1 m) for 30 mn.

The mi xt ur &0-Wag (abped - 268 meeah) ofsheengmpetnd obtagried ireExvawle Hdewmasurpacted analogously to
acetonitril t recidl t s fi r of.f,
Rashed w t i Ba e o e R e AR e A Rl B SR B a2
ng of the title conpound (80% of theory). LCMS (Method 1): R = 0.80
mn; M5 (ESHpdE)Mathod 1x Re39.97 men)MS (BlpdgvRve 607 WitrEH] DVSO- d6) : 8 [ ppni
= 3.02 (d, 1H), 3.17 (d, 1H), 5.87 (s, 211), 6.53 (s, 1H), 7.16 (t,

111), 7. 2197 RER( , 43 Y. 1 | d S

1H) . 8. 68 ((Zjld, R0 ’?%ﬂ‘a%f d%l&z’[??ﬁﬁ. £ ?s‘?ﬂ)iﬁogt(‘ gﬁ&‘*&?&ﬁﬂﬁ%@é‘& 7.26-7.38
Met hyl 5 (m, 2H), 7.43 (dd, 1H), 8.64 (s, 1H), 8.68 (dd, 1H), 8.87 (dd, LH), 11.59 (s br, 1H),

{241- (2-fl uorobenzyl)-1H pyrazol o[ 3, 4- b] pyri di n- 3-y1] - 6- oxo- 6, 7-di hyd

ro-5H pyrrqiﬁ! ﬁ:lg’l"l d] pyri mdi n-5-yl}carbamate -140- 0 CH3

2-{1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-yl]-5-methyl-5,8-dihydropyrido[2,3-d]-
pyrimidin-7(6H)-one

F
N
T
N
P/
N
NN
——
HN
CH,
O

10 168 mg (0.327 mmol) of Example 58A were reacted analogously to Example 1. This gave 71 mg
of the title compound (56% of theory).

LC-MS (Method 1): R,=0.95 Iﬁin; MS (ESlpos): m/z= 389 (M+H)"

'H NMR (400 MHz, DMSO-d¢): 8 [ppm] = 1.27 (d, 3H), 2.43 (dd, 1H), 2.76 (dd, 1H), 3.21-3.27
(m, 1H), 5.85 (s, 2H), 7.12-7.26 (m, 3H), 7.33-7.43 (m, 2H), 8.61 (s, 1H), 8.66 (dd, 1H), 9.04 (dd,
15 1H), 11.20 (s, 1H).

Example 15

2-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y1]-5 ~(trifluoromethyl)-5,8-dihydropyrido[2,3-
d]pyrimidin-7(6H)-one



150 gy (abolP W13 R0l ) of Exanple 73A were initially ch&iCJ&ePI041/061305
pyridine (2 m), and nethyl chloroformate (24 j.tl in 1 nm

di chl oromet hane) was then added until cohlflete conversion had been
achi eved. The m xture was then concentrated and the resi due was
purified by preparative HPLC 5(acetonitril &water (+0.05%formc
acid) gradient). This gave 11 ng of the titlg=€ogpound in a purity of
90% (7% of theory). LCMS (Method 1): Rt = n, M5 (ESIpos): mz
= 434 ( M+Hr 11-1 NWR (400 MHz, DWVSO- gb): \8 pm = 3.55 (s, 3H),
5.10 (d, 1H), 5.86 (s, 211), 7.16 M 1), 7.21-7.26 (m 211),
7.35-7.38 (m 1H), 7.44 (dd, 1H), (dy,1H), 8.46 (s, 111), 8.68
(dd, 1H), 8.87 10(dd, 1H), 11.66 /NExarrpIe 27

3-[1-(2, 3-Di fl uorobenzyl) - 1H pyr azo¥o[ 3, %- b] pyri di n-3-y1] -7, 7- di net hy
1-5, 7-di hydr0- 6Hpyrrol o[ 2, 3-€e][1, 2,4] triazin-6-one - 141 - 8 nml of
phosphoryl chloride were added to 0.75 Iq/'( 1703 mmol ) of the conmpound
from Exanpl e 75A, and the m xture was stjirred at RT overnight. The
reaction m xture was then taken up in 1 of acetonitrile and,
with ice cooling, stirred into 72 m el congentrated anmoni a sol ution
(33% CF,

O

603 mg (1.061 mmol) of the compound obtained in Example 59A were reacted analogously to

Example 1. This gave 174 mg of the title compound (37% of theory).
LC-MS (Method 1): R; = 1.01 min; MS (ESIpos): m/z = 443 (M+H)"

5 'HNMR (400 MHz, DMSO-de): & [ppm] = 2.75 (d, 1H), 3.29 (signal partially under water signal,
1H), 4.32-4.40 (m, 1H), 5.87 (s, 2H), 7.13-7.26 (m, 3H), 7.34-7.40 (m, 1H), 7.44 (dd, 1H), 8.68
(dd, 1H), 8.77 (s, 1H), 9.06 (dd, 1H), 11.55 (s, 1H).

Example 16

2-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-y1}-5SH-pyrrolo[2,3d] pyrimidine-5,6(7H)-
10 dione



5 in wat er)YOPREPUE88 i on nixture was stirred at room t enp@CEARZO1 H/@E1305
3 days and then concentrated on a rotary evaporator. The residue was
stirred with water and ethyl acetate andi3he aqueous phase was
extracted twice with ethyl acetate. The conbi ned organi c phases were
washed wi t B-®a (- BPeamelygb Brampodiwem wklaby ICh.ngsloh wicxame @00l ndlhen79 g @751
over sodiu f r

evapor at or %%%Lw}g%ﬁgﬁe&%% i ?Cplg%%%gﬁeeg}rx? éar a }lle\a}te ﬁéﬁ%’x for 2 h. After cooling,
(acetonitr |ﬂheelflwalr@wﬁ&/@teeﬂd and ﬂlfei%éfé:ﬁas cod&nﬁ&ediand pltifisd igesheondaBekraplly 6h silica

the titl %

e L1t1 e SRR O AR e N IR S RS0 T
1. 46 (ss 6idf theryR4 (s, 2H), 7.07 (t, 1H), 7.15-7.19 (m 1H),

7.37-7 42 (m 1H), 7 49 (dd, 1H), 8.72 (dd, 1H), 8.86 (dd, 1H), 12.19

(s br, o N

15341- (2, 4%%?3@ oBenzny)thmb‘ir%Sz 555109 VBT py7 MY 3-y 1] - 7, 7- di net h
y1l-5, 7-di hydro-6H pyrrolo[2,3-e][1,2,4]triazin-6-one - 142 - 29 nl

of phosphorlyﬂNMRl(éﬂﬂMszIHﬂSOaiﬁ}iéc[pmﬂ] 2504 (g 208 7ZZlddHﬂDH) 7Qfl-7t2|66€m 1H), 7.27-

cverniont . "PRACERTRL Fof Tl dau e b Bthe i a0 ok apcaa, 10, 1221

acetonitrikgiHpd, with ice cooling, stirred into 260 m of

concentrated anmonia solution 5 (33%in water). The m xture was

sti rregj1 at I‘OOfot nper ahn overni ght and then concentrated on a rotary
{) Eng_rﬁgeliz

evapor sidue was stirred with water and ethyl acetate and
t he aqueous phase was extracted twice with ethyl acetate. The

combi ned oaqam-mum@ml) mﬂrp@rawsmcb]wﬁdih St R ERdy- 8, 7RI H-
chl oride solu 9; cﬁnd t.he i ed over sodium sul phate, filtered and
concent r at 84" ?{ Eﬂ?‘gﬂng\fﬁ‘ﬁor ator. The residue was stirred with

ethyl acetate and diethyl ether. A solid was 10filtered off with
suction and then washed with diethyl etherpand ethyl acetate. Drying
under high vacuum gave 2.13 g of the title dgspQund in a purity of
94% (79% of theory). LC-MS (Method 1): R = @, n: M5 (Elpos): nz

= 408 [ M+Hr .

At 0°C, 200 mg (0.534 mmol) of Example 16 were initially charged in THF (10 ml), and 0.356 ml
I3 (1.069 mmol} of methylmagnesium bromide (3 M solution in diethyl ether) was added. After 15
min at 0°C, the mixture was heated at RT for 1 h. The mixture was then added to saturated
aqueous ammonium chloride solution and extracted three times with ethyl acetate. The organic
phases were combined and washed once with water and once with saturated aqueous sodiﬁrn
chloride solution. The organic phase was then dried over sodium sulphate, filtered and
20 concentrated. The residue was purified by preparative HPLC (acetonitrile:water (+0.05% formic

acid) gradient). This gave 55 mg of the title compound (53% of theory).

LC-MS (Method 1): R, = 0.81 min; MS (ESIpos): m/z= 391 (M-+H)*



NVR (400 MHYOHNBBHSP: s [ppmi = 1.45 (s, 6H), 5.86 (s, 2PGI/EP2011/061305
7.05-7.10 (m 111), 7.26-7.32 (ddd, 111), 7.34-7.40 (m 1H), 7.48

(dd, 111), 8.71 (dd, 111), 8.85 (dd, 1Hy13%2.19 (s br, 1H. 15

Exanpl e 29

345- Fl uor o- 1H AMB (M0t Y Hr,| MBO1sel Aylppml r p§o bz SHb [SB64s, 1Dy 6.2 (sn 118, y7116-(ddd,

7, 7-di met hy 76191 r Q| Ldal ha 28] rd,8z1 b 65 =

S T of PR STASOA R SR E ke s 3 B8 Rl 5
t he compoun )Bﬂbgﬁ@%pl e 82A, and the mixture was stirred overnight.
The reaction mxture was then taken up in 222 m of acetonitrile and,
withice c | tirred into 133 m of concentrated anmoni a

sol ution (OEJ“?H 1§ water). The reaction mxture was stirred at room
tenperature overni ght and then concentrated on a rotary evaporator.

Et hanol “and?-Waf2dfuapeheazyliddEpyrezslof hé-birasiidtdeyl]-Ahpheg- pitt Bitceorhaiipsl 7-dihydro-
whi ch was fgg. f nd..t hen,washed with diethyl ether. Drying

under hi gh %/Ig%ﬁﬂ%qé’gvdgp%wdl%%g? the title conmpound (70% of theory).
LCGM5 (Method 1): Rt = 1.01 min; MS (Elpos): in/lz = 444 [M+H t.

1011-1 NVR (400 Mz, DVMBO-d6): 8 [ppni = 1/44 (s, 6H), 5.92 (s, 2H),
7.21 (m 1H, 7.57 (m 1H), 8.54 (dd, 1H), 8: dd, 1H), 12.19 (s

br, 1H). Exanple 30

2' 15- Fl uor o-1- (2-fl uorobenzyl) - 1H pyr azol
spiro[ cycl opropane-1,5'- pyrrol o[ 2 d

pyridin-3-yl]
-6' (7H)-one -144-

At RT, 150 mg (0.401 mmol) of Example 16 were initially charged in 1,2-dimethoxyethane (3 ml),
and 6 mg (0.04 mmol) of caesium fluoride were added. 177 pl (1.202 mmol) of (trifluoromethyl)-
10 trimethylsilane were then added dropwise, and the mixture was stirred at RT overnight. More of
the following reagents was then added: 1,2-dimethoxyethane (2 ml), caesium fluoride (20 mg) and
(trifluoromethyljtrimethylsilane (177 pi). After another night, more caesium fluoride (20 mg) and
(trifluoromethyl)trimethylsilane (2.404 ml, 0.5 M in THF) were added. The reaction was stirred for
another 2 days and then allowed to stand at RT without stirring for 2 more days. The mixture was
15 then concentrated and the residue was purified by preparative HPLC (acetonitrile:water (+0.05%

formic acid) gradient). This gave 8 mg of the title compound (4% of theory).
LC-MS (Method 1): Ry = 1.01 min; MS (ESIpos): m/z = 445 (M+H)"

IH NMR (400 MHz, DMSO-d6): § [ppm] = 5.88 (s, 2H), 7.16 (t, 1H), 7.22-7.29 (m, 2H), 7.35-
741 (m, 1H), 7.47 (dd, 1H), 8.61 (s, 1H), 8.15 (s, 1H), 8.71 (dd, 1H), 8.76 (s, 1H), 8.87 (dd, 1H),
20 12.28 (s, 1H).



1.28 g (2.%2MHNPE%f Exanpl e 87A were reacted anal ogousPETHEP20hE061305
procedure of Exanple 4 with 478 ng (4.26 mmol) of potassium
tert-butoxide in 60 mM of THF. This gave3326 ng of the title conpound
(36% of theory). 5 LCM (Method 4): R=1.04 min; MS (ESIpos): nlz =
405 ( M+H) + ExpopleNiR (400 MHz, DMSO-d6): 5 [ppn] = 1.63 (dd, 2H), 1.87
(dd, 2H), 5.85 (s, 2H), 7.17 (dt, 1H), 7.20-7.31 (m 2H), 7.38 (m
]ISI(-;—}TI’)I g' g? 3([511(2-35311%}%6&3@-%H(pq'gazol%wﬂ-b]gyg(?m-gg/ 17,’I]J%Qethyl]—'%7-Zli¥1y&r§>~6?f-pyrr]b|l_g[2,3-
2-[ 1- ( 2- FI @il Sddmzzin-H-obt+ pyr azol of 3, 4- b] pyri di n- 3-y1] - 5- (propan- 2-y1li
dene) - 5, 7-di hydr o- 6H10pyrrol of 2, 3-d] pyri m di n-6-one HNnzCH3 0CH3 -
145 - 500 ng (1.388 mmvl) of Exanple 4 vvereFi nitially charged in
acetone (50 m), 0.274 m (2.775 mol) of piperidi ne was added and

the m xture was heated under reflux for 1 cooling, a
precipitate was filtered off and washed w gcet gne, and the

filtrate was concentrated under red — Thi s residue was
then purified by chronmatography o \gel (nobi l e phase: 5

cycl ohexane/ et hyl acetate gradient]). The nmaterial obtained in this
manner was once nore slurried in tate, filtered off, washed
with ethyl acetate and dried unber hi gh vdcuum This gave 101 ng of
the title conpound as a solid (18% of the N LG MS (Method 4): 12,

= 1.06 mn; M5 (ESIpos): mz = 401 (MtHN W\ NMR (400 MHz,

DMSO-d6): 8 [ppml = 2.41 (s, 3H), 5.86 ( , 7.14-7.18 (m 1H),
7.22-7.28 10(m 2H), 7.33-7.41 (m 1H), /. (dd, 11-1), 8.67 (dd,

1H), 8.83 (s, 1H), 8.90 (dd, 1H), 11.6HN(s,

5 50 ml of phosphoryl chloride were added to 9.700 g (22.025 mmol) of the compound from
Example 61A, and the mixture was stirred at RT overnight. The reaction mixture was dissolved in

150 ml of acetonitrile and, with ice cooling, stirred into a mixture of 1337 ml of concentrated
aqueous ammonia solution (35% strength) and 1300 m! of acetonitrile. The mixture was stirred at
room temperature for 2 days. 300 g of sodium chloride were then added. Two phases formed. The

10 organic phase was separated off and concentrated to dryness. The residue was taken up in ethyl
acetate (150 ml). A precipitate formed and was filtered off with suction through a frit. The filter

cake was washed three times with water and then three times with ethyl acetate (5 ml). The residue

was dried under high vacuum. This gave 4.58 g (51% of theory) of the title compound.
LC-MS (Methed 1): R, = 0.99 min; MS (EIpos): m/z = 408 [M+H]".

15 'H NMR (400 MHz, DMSO-dq): & [ppm] = 1.45 (s, 6H), 5.88 (s, 2H), 7.15-7.30 (m, 3H), 7.35-
7.41 (m, 1H), 8.56 (dd, 1H), 8.79 (dd, 1H), 12.18 (s br, 1H).

Example 20

3-[1-(2,3-Difluorobenzyl)-5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-yl]-7,7-dimethyl-5, 7-dihydro-6H-
pyrrolo[2,3-e][1,2,4]triazin-6-one



Exanpl e 32 WO 2012/004258 PCT/EP2011/061305
2' 41- ( 2- Fl uorobenzyl) - 1H pyrazol o[ 3, 4- b] pyri di n- 3-y1] - 2, 2- di net hyl spi
ro[ cycl opropane-1,5'- pyrrol o[ 2, 3-d] pyr &34 n] - 61( 7H) - one 15 Under
argon, 19.97 ng (0.499 nmol) of sodium hydride (60%in mneral oil)
and 164 ng (0.749 nmol ) of trinmethyl sul phoxoni um Fodi de were
initially charged, and 1.9 ml of DMSO were added./ The m xture was
then stirred at RT for 1 h, and 100 ng (0. 250 /AT of Exanple 31,

di ssolved in DMSO (4.6 m), were then added _d{opw/se. After 1 h at

RT, the m xture was heated at 50C for 6 20h. TRe-€rude m xture was
purified by preparative HPLC (acet L8 water (+ 0.05%formc
acid) gradient). This gave 45 ng o ti t\rL,e conpound (42% of
theory). WD 2012/ 004258PCT/ EP201 4/ 146 - LCGM5 (Method 1): R
= 1.07 min; M5 (ESlpos): mz = 415 ( H NVR (400 MHz, DVBO-d6):
8 [ppm = 1.41 (s, 311), 1.44 (s, 311), 1. jd, 111), 1.92 (d, 1H),
5.85 (s, 2H), 7.14-7.18 (m 1H), 7.22-7.%6 (m\ 211), 7.34-7.38 (m
1H), 7.43 (dd, 1H), 8.47 (s, 111), 8.67 (dd , 8.88 (dd, 111),
11.69 (s, I111). WD 2012/ 004258PCT/ EP201 305 - 147 - B. Assessnent
of the pharnmacol ogi cal activity The phadMracol ogical effect of the
conpounds according to the invention can owHsin the fol | ow ng
assays: B-1.Vessel-relaxing action in vit CH,

th

(o]
O

22 ml of phosphoryl chloride were added to 2.060 g (4.49 mmol) of the compound from Example
66A, and the mixture was stirred at RT overnight. The reaction mixture was dissolved in 100 ml of
acetonitrile and, with ice cooling, stirred into 290 ml of concentrated aqueous ammonia solution
5 (35% strength). The reaction mixture was stirred at room temperature for 2 h and then at 50°C for
7 h and subsequently concentrated on a rotary evaporator. The residue was stirred with water and
ethyl acetate and the aqueous phase was extracted with ethyl acetate, The combined organic phases
were dried over sodium sulphate and concentrated on a rotary evaporator. The residue was
triturated with diethyl ether, filtered off with suction, washed with a little diethyl ether and dried
10 under high vacuum. This gave 748 mg (37% of theory) of the title compound.

LC-MS (Method 3): R, = 1.23 min; MS (Elpos): m/z = 426 [M+H]".

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 1.45 (s, 6H), 5.94 (s, 2H), 7.09-7.21 (m, 2H), 7.41 (q,
1H), 8.57 (dd, 1H), 8.80 (s, 1H), 12.18 (s br, 1H).

Example 21

15 3—[1-(2,4~Diﬂu0robenzyl)-S-ﬂuoro-1H—pyrazolo[3,4-b]pyridin-3-y1]~7,7-dimethy1—5,7-dihydr0-6H-
pytrolof2,3-¢][1,2,4]triazin-6-one



5 Rabbits al'® HA%@d®with a bl ow on the back of the neck &6E/EP2011/061305
exsangui nated. The aorta is renoved, freed from adhering tissue,
separated into rings with a width of 1 5133m and pl aced i ndi vi dual | vy,
with preloading, in 5-m organ baths with carbogen-gassed

Krebs- Hensel eit solution at 37C with the f6ll ow ng conposition (nMin
each case): sodiumchloride: 119; potassium pFFd idE: 4.8; calcium
chloride dihydrate: 1; nmnagnesi um sul phate hgp ydrate: 1.4,

1.2; godi % Hydrogen carbonat e:

pot assi um di hydrogen 10 phosphat e:
25; glucose: 10. The contraction f $
cells, anplified and digitized viE an|Al D, convert er (DAS- 1802 HC,
Keithl ey Instrunents Minich) and eco deggin parallel on a
continuous-line recorder. To pFodu contraction, phenylephrine is
added to the bath cumul atively in increasing concentration. After
several control cycles, the test substap€e ijs added in increasing
dosage in each subsequent pass and 15 the | eMel of contraction is
conpared with the I evel of contraction y, ed in the i Mmediately
precedi ng pass. This is used for cal cyj g the concentration that
is required to reduce the level of the CHyal ue by 50% (1 C50

val ue). The standard application volune ffs igl , and the proportion
of DMBO in the bath solution correspond® to 0.1% Representati ve
| C50 val ues for the conpounds according to the invention are shown in

the 20f ol | qw table (Table 1): Table 1: Exanple No. 1C50 [nM 1 12
2 12 7 45 g?ngﬂ %éphosphorjgl cﬁlorl e wgre added to 2.290 g (S.OO(r)rp mmol) of the compo&ndl\f/‘!rom Example

71A, and the mixture was stirred at RT overnight. The reaction mixture was dissolved in 120 ml of

acetonitrile and, with ice cooling, stirred into 350 m! of concentrated agueous ammeonia solution
5 (35% strength). The reaction mixture was stirred at room temperature for 2 h and then at 50°C for
6 h and subsequently concentrated on a rotary evaporator. The residue was stirred with water and
ethyl acetate and the aqueous phase was extracted with ethyl acetate. The combined organic phases
were dried over sodium sulphate and concentrated on a rotary evaporator. The residue was
triturated with diethyl ether, filtered off with suction, washed with a little diethyl ether and dried

10 under high vacuum. This gave 1.020 g (47% of theory) of the title compound.

LC-MS (Method 4): R, = 1.06 min; MS (Elpos): m/z = 426 [M-FH]".

'H NMR (400 MHz, DMSO-do): 8 [ppm] = 1.45 (s, 6H), 5.86 (s, 2H), 7.09 (dt, 1H), 7.29 (dt, 1H),
7.41 (q, 1H), 8.55 (dd, 1H), 8.79 (s, 1H), 12.19 (s br, 1H).

Example 22

15 2-[1-(2-Fluorobenzyl)-1H-pyrazolof3,4-b]pyridin-3-yl] -5-hydroxy-5-phenyl-5,7-dihydro-6H-
pyrrolo[2,3-d]pyrimidin-6-one
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At 0°C, 75 mg (0.200 mmol) of Example 16 were initially charged in THF (5 ml), and 0.134 ml of
a 3 M solution of phenylmagnesium bromide in diethyl ether (0.401 mmol) were added. After 15
min at 0°C, the mixture was warmed at RT for 1 h. The mixture was then added to saturated
aqueous ammonium chloride solution and extracted three times with ethyl acetate. The organic
phbases were combined and washed once with water and once with saturated aqueous sodium
chloride solution. The organic phases were then dried over sodium sulphate, filtered and
concentrated. The residue was purified by preparative HPLC (acetonitrile:water (+0.05% formic

acid) gradient). This gave 38 mg of the title compound (42% of theory).
LC-MS (Method 1): Ry = 1.03 min; MS (ESIpos): m/z = 453 (M+H)"

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 5.87 (d, 2H), 7.08 (s, 1H), 7.17 (dd, 1H), 7.22-7.29 (m,
2H), 7.33-7.47 (m, TH), 8.48 (s, 1H), 8.69 (dd, 1H), 8.88 (dd, 1H), 11.76 (br s, 1H).

Example 23

5—F1uor0-2-[1—(2-ﬂuorobenz.yl)-1H—pyrazolo[3,4-b]pyridin-3-y1]—5-methy1—5,7 -dihydro-6H-
pyrrolo[2,3-d]pyrimidin-6-one



45 23 15 24 90 56 BAT 27 54 28 103 30 97 B-2. Action on r eREHEPRAHK61305

[ [ f the
uanyl ate cyclase reporter cell line The cellular action o :
gorrpgunds according to the invention is oé?erml ned on a reconbi nant
guanyl ate cycl ase reporter cell line, as de|§cr| bed in F. Winder et
al., Anal. Biochem 339, 104-112 5(2005).

10

15

At -78°C, 100 mg (0.256 mmol) of Example 17 were initially charged in dichloromethane (4.795
ml), and 40.61 pl (0.307 mmol) of diethylaminosulphur trifluoride were added. Overnight, the
mixture was then slowly warmed to RT. Another 40.61 w1 (0.307 mmol) of diethylaminosulphur
trifluoride were then added, and the mixture was stirred at RT for another night. The reaction was
then diluted with dichloromethane and extracted with saturated aqueous sodium bicarbonate
solution. The organic phase was dried over sodium sulphate, filtered and concentrated. The residue
was purified by preparative HPLC (acetonitrile:water (+0.05% formic acid) gradient). This gave
42 mg of the title compound (42% of theory).

LC-MS (Method 1): R, = 0.96 min; MS (ESIpos): m/z = 303 (M+H)*

"H NMR (400 MHz, DMSO-dq): & [ppm] = 1.82 (s, 3H), 5.88 (s, 2H), 7.16 (ddd, 1H), 7.21-7.28
(m, 2H), 7.34-7.40 (m, 1H), 7.46 (dd, 1H), 8.70 (dd, 1H), 8.86-8.89 (m, 2H), 12.01 (s, 1H).

Example 24

tert-Butyl {2-[1-(2-ﬂuorobenzy1)—1H-pyrazolo[3,4—b]pyridin~3-yl]—5-hydroxy-6-oxo—6,7—dihydro-
5H-pyrrolo[2,3-djpyrimidin-5-y1}acetate



Repr esent at'y P08 (MEC = ninimal effective concentrati 8RY/BPEP1k/brd 305
conpounds according to the invention are shown in the follow ng table

(Table 2):

Exanple No. MEC [pM 3 0.03 4

10
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Table 2. Exanple No. MEC [i1%f-1 0.01 2 0.01 - 149 -

F

At -45°C, 100 mg (0.267 mmol) of Example 16 were initially charged in THF (5 ml), 1.087 ml of a
1 M solution of bis(trimethylsilyl)lithium amide in THF were added and the mixture was stirred at
-45°C for 30 min. 126 mg (1.087 mmol) of tert-butyl acetate (dissolved in 5 ml of THF) were then
added dropwise. The mixture was warmed to RT and stirred at this temperature overnight. Water
was added to the reaction, and the mixture was adjusted to pH=4 using acetic acid. The mixture
was then extracted three times with ethyl acetate. The combined organic phases were washed with
water and saturated aqueous sodium chloride solution, dried over sodiumrsulphate, filtered and
concentrated. The residue was purified by preparative HPLC (acetonitrile:water (++0.05% formic

acid) gradient). This gave 73 mg of the title compound (55% of theory).
LC-MS (Method 1}: R, = 0.96 min; MS (ESIpos): m/z = 491 (M+H)"

"H NMR (400 MHz, DMSO-dq): 8 [ppm] = 1.17 (s, 9H), 3.05 (q, 2H), 5.87 (s, 2H), 6.59 (s, 1H),
7.16 (t, 1H), 7.22-7.28 (m, 2H), 7.35-7.40 (m, 1H), 7.45 (dd, 1H), 8.66 (s, 1H), 8.68 (dd, 1H), 8.87
(dd, 1H), 11.64 (s, 1H).

Example 25

{2-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3 -yl]-5-hydroxy-6-0x0-6,7-dihydro-5H-
pyrrolo[2,3-d]pyrimidin-5-yl}acetic acid
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60 mg (0.122 mmol) of Example 24 were stirred at RT in dichloromethane (1 ml) and
trifluoroacetic acid (1 ml) for 30 min. The mixture was then concentrated, the residue was taken up
in acetonitrile and water was added. A precipitate was filtered off, washed with acetonitrile and

dried under high vacuum. This gave 42 mg of the title compound (80% of theory).
LC-MS (Method 1): R, = 0.80 min; MS (ESIpos): m/z= 435 (M+H)"

'H NMR (400 MHz, DMSO-dg): & [ppm] = 3.02 (d, 1H), 3.17 (d, 1H), 5.87 (s, 2H), 6.53 (s, 1H),
7.16 (¢, 1H), 7.21-7.26 (m, 2H), 7.34-7.39 (m, 1H), 7.44 (dd, 1H), 8.66 (s, 1H), 8.68 (dd, 1H), 8.88
(dd, 1H), 11.56 (s, 1H).

Example 26

Methyl {2-[l—(2-ﬂuorobenzy])-1H—pyrazolo[3,4-b]pyridin-3-yl]-6-oxo—6,7-dihydro-5H-pyrrolo[2,3~
d]pyrimidin-5-y1} carbamate '
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150 mg (about 0.319 mmol) of Example 73A were initially charged in pyridine (2 ml), and methy]
chloroformate (24 pl in 1 ml dichloromethane) was then added until complete conversion had been
achieved. The mixture was then concentrated and the residue was purified by preparative HPLC
(acetonitrile:water (+0.05% formic acid) gradient). This gave 11 mg of the title compound in a

purity of 90% (7% of theory).
LC-MS (Method 1): R, = 0.87 min; MS (ESIpos): m/z= 434 (M-+H)"

'H NMR (400 MHz, DMSO-de): 8 [ppm] = 3.55 (s, 3H), 5.10 (d, 1H), 5.86 (s, 2H), 7.16 (t, 1H),
7.21-7.26 (m, 2H), 7.35-7.38 (m, 1H), 7.44 (dd, 1H), 8.21 (d, 1H), 8.46 (s, 1H), 8.68 (dd, 1H), 8.87
(dd, 1H), 11.66 (s, 1H).

Example 27

3-[1-(2,3-Difluorobenzyl)-1 H-pyrazolo[3,4-b]pyridin-3-y1]-7,7-dimethyl-3,7-dihydro-6H-
pyrrolo[2,3-e][1,2,4]triazin-6-one



0.1 22 0.03V93062/8&25%0 2012/ 004258PCT/ EP2011/ 061305 - 150 PCTEBR2OPI/861305
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8 ml of phosphoryl chloride were added to 0.75 g (1.703 mmol) of the compound from Example
75A, and the mixture was stirred at RT overnight. The reaction mixture was then taken up in 120
ml of acetonitrile and, with ice cooling, stirred into 72 ml of concentrated ammonia solution (33%
in water). The reaction mixture was stirred at room temperature for 3 days and then concentrated
on a rotary evaporator. The residue was stirred with water and ethyl acetate and the aqueous phase
was extracted twice with ethyl acetate. The combined organic phases were washed with saturated
aqueous sodium chloride solution and then dried over sodium sulphate, filtered and concentrated
on a rotary evaporator. The residue was purified by preparative HPLC (acetonitrile/water/water -+

1% TFA —40:55:5). This gave 134 mg of the title compound (19% of theory).
LC-MS (Method 4): R; = 0.98 min; MS (Elpos): m/z = 408 [M+H]".

'H NMR (400 MHz, DMSO-dg): & [ppm] = 1.46 (s, 6H), 5.94 (s, 2H), 7.07 (t, 1H), 7.15-7.19 (m,
1H), 7.37-7.42 (m, 1H), 7.49 (dd, 1H), 8.72 (dd, 1H), 8.86 (dd, 1H), 12.19 (s br, 1H).

Example 28

3-[1-(2,4-Difluorobenzyl)-1H-pyrazolo[ 3,4-b] pyridin—S—yl]-?,7-dimethyl-5 ,7-dihydro-6H-
pyirolo[2,3-e]{1,2,4]triazin-6-one



WO 2012/004258 : PCT/EP2011/061305
0.03 28 0.3 29 0.1 30 0.03 77/A 1.0 82A 0.3 B-3. Radiotelengtric

bl ood pressure nmeasurenent on awake, spopbaneously hypertensive rats
The bl ood pressure neasurenent on awake rats descri bed bel ow uses a
comercially available telenetry systemfgomthe conpany DATA

SCI ENCES | NTERNATI ONAL DSI, USA. 5The syst's onsists of 3 main
conponents: inplantable transmtter (Physi TefFenmetry _
Transmtter) receiver (PhysiotelO Receive fghi ch are connected via
a multiplexer (DSI Data Exchange Nhtrix t o Nr—dat a acqui sition
conput er. [y \

29 ml of phosphoryl chloride were added to 2.74 g (6.221 mmol) of the compound from Example

77A, and the mixture was stirred at RT overnight. The reaction mixture was then taken up in 430

ml of acetonitrile and, with ice cooling, stirred into 260 ml of concentrated ammonia solution

5 (33% in water). The mixture was stirred at room temperatur overnight and then concentrated on a

rotary evaporator. The residue was stirred with water and ethy! acetate and the aqueous phasé was

extracted twice with ethyl acetate. The combined organic phases were washed with saturated

aqueous sodium chloride solution and then dried over sodium sulphate, filtered and concentrated

on a rotary evaporator. The residue was stirred with ethyl acetate and diethy] ether. A solid was

10 filtered off with suction and then washed with diethy] ether and ethyl acetate. Drying under high
vacuum gave 2.13 g of the title compound in a purity of 94% (79% of theory).

LC-MS (Method 1): R; = 0.93 min; MS (Elpos): m/z = 408 [M-+H]".

'H NMR (400 MHz, DMSO-dg): 8 [ppm] = 1.45 (s, 6H), 5.86 (s, 2H), 7.05-7.10 (m, 1H), 7.26-7.32
(ddd, 1H), 7.34-7.40 (m, 1H), 7.48 (dd, 1H), 8.71 (dd, 1H), 8.85 (dd, 1H), 12.19 (s br, 1H).

15  Example 29

3-[5-F1uor0-1-(2,3,6-triﬂuorobenzy1)—1H-pyrazolo[3,4-b]pyridin-3~y1]-7,7—dimethy1-5 , 7-dihydro-
6H-pyrrolo[2,3-e][ 1,2,4]triazin-6-one
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pressure, heart rate and body novenent on awake animals in their

usual living space. Animal material -15143-1963 were crossed from

mal e Wstar Kyoto rats with greatly increased bl ood pressure and

females with slightly raised bl ood pressure @nd bre delivered in F13

to the U S. National Institutes of Health. After transmtter

i npl antation, the experinental aninmals are kep di vidual ly in
Mal cr ol on cages, 5type 3. They have free accef standard feed and
water. The day - night rhythmin the testifhg | abetatory is alternated
by the roomlighting at 06: 00 hour N éknDr ing and at 19:00 hours
in the evening. Transmtter inplan i N The TAl11 PA - 40
telenetry transmtters used are | /'urgically in the
experinmental 10ani mal s under asébtic condifions at |east 14 days
before the first test. The aninmals provid yth this instrunmentation

become i ncorporated. For inplantation, th ing aninmals are

anaest heti zed with pentobarbital (Nenmbutaf ,~Ganofi: 50 ng/kg i.p.)
and are shaved and disinfected on a wi diNare qé t he abdonen. After
openi ng the 15abdom nal cavity along the Iy hba, t he
liquid-filled measuring catheter of the s¥steft,s inserted

15 ml of phosphoryl chloride were added to 1.50 g (3.149 mmol) of the compound from Example
82A, and the mixture was stirred overnight. The reaction mixture was then taken up in 222 mi of
acetonitrile and, with ice cooling, stirred into 133 ml of concentrated ammonia solution (33% in

5 water). The reaction mixture was stirred at room temperature overnight and then concentrated on a
rotary evaporator. Ethanol and water were added to the residue. A precipitate formed, which was
filtered off and then washed with diethyl ether. Drying under high vacuum gave 982 mg of the title
compound (70% of theory).

LC-MS (Method 1): R, = 1.01 min; MS (Elpos): m/z = 444 [M+H]".

10 'HNMR (400 MHz, DMSO-dg): & [ppm] = 1.44 (s, 6H), 5.92 (s, 2H), 7.21 (m, 1H), 7.57 (m, 1H),
8.54 (dd, 1H), 8.81 (dd, 1H), 12.19 (s br, 1H).

Example 30

2'-[5-Fluoro-1 4(2-ﬂuorobenzy1)—l H-pyrazolo[3,4-b]pyridin-3-yl]spiro[cyclopropane-1,5'-
pyrrolo[2,3-d]pyrimidin]-6'(7'H)-one
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above the bifurcation in the cranial direction into the aorta

descendens and secured with tissue adhesiage (VetBonD TM 3M. The
transmtter housing is fixed intraperitoneally on the abdom nal wall
muscul ature and the wound is closed |ayer byl ayer.

Postoperatively, an antibiotic is adm nistered _ig prevent infection
(Tardonmyocel COWP Bayer 201 m/kg s.c.) Subst and sol utions

Unl ess descri bed otherwi se, the test subst arce e i n each case

adm nistered orally by stomach tube (o0 a group™f~aninmals (n = 6).
Corresponding to an application voplmes S m/kg body weight, the
test substances are dissolved in syitall e | vent m xtures or
suspended in 0.5% Tyl ose. 25A g, ffmal s treated with solvents
is used as control. Test procedure 152 % The instrumented rats
living in the unit are each assigned theip/ recei ving antenna
(1010 Receiver, DSI). The inplanted tran§m tt@rs can be activated
fromoutside by an in-built magnetic swt hey are switched to
transm ssion at the start of the tests. ignals emtted can be
recorded online by a 5 data acquisitioﬁ* Dat aquest TM AR T.
for WNDOW5, DSI) and processed appropria The data are saved in
each case to a folder opened for this, ch bears the test nunber.
In the standard procedure, the foll ow ng are nmeasured, in each case
for 10 seconds: systolic blood pressure (SBP) - diastolic blood

pressure (DER)g @G4-mmepol Faapleisah vitkeRsddantVBR)ly thaR rock @k SofHiRinple 4 with
478 mg (4.26 mmol) of potassium tert-butoxide in 60 ml of THF. This gave 426 mg of the title
compound (36% of theory).

5  LC-MS (Method 4): R, = 1.04 min; MS (ESIpos): m/z = 405 (M+H)*

'H NMR (400 MHz, DMSO-dg): 3 [ppm] = 1.63 (dd, 2H), 1.87 (dd, 2H), 5.85 (s, 2H), 7.17 (dt,
1H), 7.20-7.31 (m, 2H), 7.38 (m, 1H), 8.38 (s, 1H), 8.59 (dd, 1H), 8.75 (dd, 1H), 11.77 (s br, 1H).

Example 31

2-[1-(2-Fluorobenzyl)-1H-pyrazolo[3,4-b]pyridin-3 -y1]-5-(propan-2-ylidene)-5,7-dihydro-6H-
10 pyrrolo[2,3-d]pyrimidin-6-one



o WO 2012/004258 | .

activity (ACT). Recorgl ng of the measured val ues is repeat ePd:Té]tEPZOW%BOS
5-mnute intervals under conputer control,, The source data recorded

as absolute value are corrected in the di agramvmth t he currently

nmeasur ed 15hqr C S | ent .Pr es ur e, Ref
APR-1) and @gvrggﬁlt érhggl mn%‘l{)w duaf?mé]at 2 e %féﬁdnﬂ, gf’nedéssdﬁl’\ﬁ g 7c7§nm}o@ 775
found in t hmmeb)toép@mchnedwmm atdltbennm‘turb s Hﬁtﬁdftﬁiﬁérbtéﬂifx foPBh) After cooling, 2

Unl ess desc Ect%e% the ﬁl‘!" (? fft t sugstances tgdm ni stered on

the test d o oo TluET off #8) Y6 dna“ 65?@%@? Iffate s Aopgesirated under
descri bed aiadw:ed pregsure aaid ﬁ&ﬁﬂufe@fas Dbnhadfied b;EM@émta&gr%my %Q/éflit:ﬁ gelt(ﬂm%bﬁé%ase
of the t st %ﬁl dual recorded. are sorte

anal ysi s so‘?yf ‘?"3“? ﬂﬁ)ﬁ%ﬁa A ‘materip} phigipgdyinytfag malﬂ?é WES PRS’G mgore sturried

bef ore applincdiyl srtady, GlibrH M, /gsHeMevifal adRdIEhdBle8 undQ HidhacliiE Th1s gave
set. conpri ses the period fromQ7.00 hours on the tes

selected d
day to 09: %?W@eéﬁ etcﬁ’é‘p?l’éﬂﬁs%iﬂld(ﬁgr(eoﬂé?oé}’)are smoot hed for a
pre-settable tinme by nean val ue determ nation (15-m nute average) 25

and transf eLC-BMS @fetioddl: K, l1606tsinAMS (981849 nyedi 4mvihg' pre-sorted and
conpressed neasured val ues are transferred to Excel enpl at es and

presented g I The data recorded are saved per test day in a
specific fomﬁ(gﬂﬂl}i{ﬁz&%ﬁg %}agiﬁr@gf%ﬂn@e}m m&:&@, aMITd8 60, 1H), 7.22-7.28

protocoies aug2fi,les-7.m Rl dar . s
153 - Li te(r’jtaturbe Kl aus €Nt1?§ 5;1(‘;?421( ﬁﬁ}i\]godga g%(%bwd@ 1H), 11.67 (s,

Mi ssig, Ge‘(ﬂ)g Ertl and Bjorn Lenmer: Experlrrental heart failure in
rats: effects on cardiovascul ar circadi an rhythnms and on nyocardi al
f 3- adr ener gisamyiddal i ng. Cardi ovasc Res 47 (2): 203-405, 2000; Kozo
Okanot o: Spon%aneous

2'-[1-(2-Fluorobenzyl)-1 H-pyrazolo[3,4-b]pyridin-3-yl]-2,2-dimethylspiro[cyclopropane-1,5'-
pyrrolo[2,3-d]pyrimidin]-6'(7'H)-one

15 O

Under argon, 19.97 mg (0.499 mmol) of sodium hydride (60% in mineral oil} and 164 mg (0.749
mimol) of trimethylsulphoxonium iodide were initially charged, and 1.9 ml of DMSO were added.
The mixture was then stirred at RT for 1 h, and 100 mg (0.250 mmol) of Example 31, dissolved in
DMSO (4.6 ml), were then added dropwise. After 1 h at RT, the mixture was heated at 50°C for 6

20 h. The crude mixture was purified by preparative HPLC (acetonitrile:water (+ 0.05% formic acid)
gradient). This gave 45 mg of the title compound (42% of theory).
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5 hypertension ?n rats. Int Rev Exp Pathol 7: 227- 270, 196§E1%£%9¥6W1ﬂ5

van den Buuse: G rcadi an Rhyt hns of Blooq g#essure Heart Rate, and
Loconotor Activity in Spontaneously prerten5|ve Rats as Measured

h Radi o- 7gl 55 787, 1994
B 4. Dot er m haronaod o B PR B B S e D bt (at s avenous

and or al adnlnlstratlon The phar macoki netic paraneters of the
conpounds oﬂchﬁéRKmOdﬂHa [QM$Oai@)Cﬁr[ﬂjrr[]g= 1.01 (shsH), mwer(kt BER 1. 73Qdanﬁ 1. 92 (d 1H),

deternlned W st a or fenule

The admi nls Eﬁ) %ﬁ&g( 1ﬂ2§ﬂ&6ﬁ8r5% ?é27§8&¥1@76?(4da1%) r‘i‘a(s 1H),
0.5 m/kg f&67@ﬂg§ﬂ,&BsnﬁyﬁmpmséwgnuﬂlStratlon is via a fornulation
of species-specific plasma/ DMSO (99/1) in the case of mce and rats
and via wat er/ PEG400/ et hanol (50/40/10 or 30/60/10) in the case of
dogs. For easier renoval of blood, a silicone catheter is inserted
into the right Vena jugularis externa of the rats before the 15

adm ni stration of substance. The surgical intervention takes place
one day prior to the experinent with isofluran anaesthesia and

adm ni stration of an analgetic (atropine/rimdyl (3/1) 0.1 m s.c.).
Substance adm nistration is as i.v. bolus in the case of mce and
rats and via a 15-mnute infusion in the case of dogs. Renoval of

bl ood is after 0.033, 0.083, 0.17, 0.5, 1, 2, 3, 4, 6, 7 and 24 hours
in the case of rats, after 0.033, 0.083, 0.17, 0.5, 1, 2, 3, 4, 6, 7,
24, 48 and 72 hours in the case of 20 mce and after 0.083, 0.25, -
0.28 0.33, 0.42, 0.75, 1, 2, 3, 4, 6,7 and 24 hours in the case of
dogs. For all species, oral adm nistration of the dissolved substance
via gavage is carried out based on a water/PEX00/ et hanol fornul ation
(50/ 40/ 10). Here, the renmoval of blood fromrats is after 0.083,

0.17, 0.5, 0.75, 1, 2, 3, 4, 6, 7 and 24 hours and from dogs after
-0.083, 0.17, 0.5, 0.75, 1, 2, 3, 4, 6, 7, 24, 30 and 48 hours. The

bl ood is renoved into heparinized tubes. The bl ood plasma is then
250bt ai ned by centrifugation; if required, it can be stored at -20C
until further processing. An internal standard (ZK 228859) is added
to the sanples of the conpounds of the forrmula (I) according to the
invention, calibration sanples and Cs, and the proteinis

preci pitated usi ng excess acetonitrile. After addition of an anmoni um
acetate buffer (0.01 M pH 6.8) and subsequent vortexing, the m xture
is centrifuged at 1000 g and the supernatant is exam ned by LC Ms/ M5
30 (APl 4000, AB Sciex). Chromatographic separation is carried out on
an Agilent 1100-HPLC. The injection volunme is 10 jil. The separation
colum used is a Phenonenex Luna 5 u C8(2) 100A 50x2 mm adjusted to
a tenperature of 40C. A binary nobile phase gradient at 500 1.11/mn
is used (A: 0.01 M amonium acetate buffer pH 6.8, B: 0.1%formc
acid in acetonitrile): 0 mn (90%A), 1 mn (90%A), 3 mn (15%A), 4
mn (15%A), 4.50 min (90%A), 6 min (90%A). The - 154 -
tenperature of the Turbo V ion source is 500C. The follow ng M5

i nstrunent paranmeters are used: curtain gas 15 units, ion spray
voltage 4.8 kV, gas 1 45 units, gas 2 35 units, CAD gas 40 units. The
subst ances are quantified by peak heights or areas using extracted

i on chromat ograns of specific MRM experinents. 5The pharnmacol cinetic
paraneters such as AUC, Cmax, t112 (termnal half-life), MRT (nean
residence tine) and CL (cl earance) are cal cul ated by neans of the
val i dat ed pharnacoki netics cal cul ati on program Ki nEx (Vers. 2.5 and
3) fromthe plasnma concentration-tinme curves obtained. As substance
guantification takes place in plasma, the blood/plasma distribution
of the substance nust be determ ned for appropriate adjustnent of the
phar macoki neti c paraneters. For this, a 10 defined anmount of the
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Fol |l owi ng i ntravenous adm nistration of 0.3 ngﬂig o%

Exanple 1, 18, 19 and 27 in rats, the 15%ﬁLJomAng val ues were

recorded: Exanple 1 18 19 27 CL blood [L

/kg] 1.1 0.46 0.32 0.35

termnal hagf-1i{&edtbntdr thelpidrdadlogical activity

10

15

20

The pharmacological effect of the compounds according to the invention can be shown in the

following assays:

B-1.  Vessel-relaxing action in vitro

Rabbits are stunned with a blow on the back of the neck and exsanguinated. The aorta is removed,
freed from adhering tissue, separated into rings with a width of 1.5 mm, and placed individually,
with preloading, in 5-ml organ baths with carbogen-gassed Krebs-Henseleit solution at 37°C with
the following composition (mM in each case): sodium chloride: 119; potassium chloride: 4.8;
calcium chloride dihydrate: 1; magnesium sulphate heptahydrate: 1.4; potassium dihydrogen
phosphate: 1.2; sodium hydrogen carbonate: 25; glucose: 10. The contraction force is recorded
with Statham UC2 cells, amplified and digitized via an A/D converter (DAS-1802 HC, Keithley
Instruments Munich) and recorded in parallel on a continuous-line recorder. To produce
contraction, phenylephrine is added to the bath cumulatively in increasing concentration. After
several control cycles, the test sﬁbstance is added in increasing dosage in each subsequent pass and
the level of contraction is compared with the level of contraction reached in the immediately
preceding pass. This is used for calculating the concentration that is required to reduce the level of
the control value by 50% (ICs, value). The standard application volume is 5 ul, and the proportion
of DMSO in the bath solution corresponds to 0.1%.

Representative ICso values for the compounds according to the invention are shown in the

following table (Table 1):

Table i:
Example No. 1Cso [nM].
1 12
2 12
7 45
8 13
10 6
11 4
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5.6 nean residence time [h] 1.2 1.9 4.0 7.3

ways: Tabl ef : nposi t|i on:
i nventi on, ng of |adtose (nDnoh drate), 50 ng of maize starch
(native), 10 ny @j ponV|nyI@yrroI|done (PVP 25) (from BASF,
Ludwi gshaf gn, Gernmany) land 2 g of |magnesi um st ear at e.
212 ng, diameter 8 Ty jradius—of—cyrvature 12 mm 10Producti on:
m xture of |[conpolihd acdordi ntp to the invention,
granul ated mith a 5%

18 93

19 157

20 45

23 15

24 269

26 840

27 - 54

28 103

30 97

B-2.  Action on recombinant guanylate cyclase reporter cell line

PCT/EP2011/061305

W2012/ 004258PCT/ EP2011/ 061305 - 155 -- Eﬁ§kenplary enbodi nents of
phar maceuti cal conpositions The conpoun

can be converﬁgghqgﬁg) har e rcal preparations in the follow ng
Sﬁﬁgj of the compound according to the

S accordlng to the invention

Tabl et wei ght

| actose and starch is

The cellular action of the compounds according to the invention is determined on a recombinant

guanylate cyclase reporter cell line, as described in F. Wunder et al., dnal. Biochem. 339, 104-112

(2005).

Representative values (MEC = minimal effective concentration) for the compounds according to

the invention are shown in the following table (Table 2):

Table 2:

Example No. MEC [pM]

1 0.01

2 0.01
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strength solution (mMn) of the PVP in water.
and then mxed with the magnesi um st ear aijg
mxture i s conpressed |n a conventlonal

The granul es are
for 5 mnutes. This
tabl et press (see above for

format of tNeplARlad - [% conpressive force for the
conpression is 15 kN JSSuspe si'on|{whi ch can be adm nistered orally:
Conposition:—1000 ng ofl the conpound according to the invention, 1000
nmg of ethanol (9%, 400 ny, @? Rhodi gel (xanthan gum from FMC,

Pennsyl vanija, USA) and |99 g of water. 10 M of oral suspension
correspond TOo a singiejdose of 1060{ng of the conpound according to

t he 20i nventi on. 4Produgti on0.0¥he Rhodi gel is suspended in ethanol,
and the conpound _according to the invention is added to the
suspensi on.| The ter ijs ad while stirring. The mxture is stirred
for about § h until the swelling of the Rhodigel is conplete. -156-
Sol ution chr cambe gdmmsteredjoral | y: Conposition: 500 ng of
t he conpound accérding|to tA&3invention, 2.5 g of pol ysorbate and 97

g of polyetlhyl ene glyc

| 400. 20 g

single dose of 10 mg ¢f thg,
The conpound accor di ng

Pr oducti on:

sconp

t he m xt ur g of—potyethy
stirring pr

i nventi on has conpl et el

ocess8i s comnti nuéd3unti

enme—gtyco

\Yi dissolved

accordi ng tjo thegi nvent
saturation solublllty i

ion ﬁ di ss
nap yS|oI

i sotoni ¢ satine;

5% gl (reose—sottt

The solution is Bxerilized bg3filt
pyrogen-free injection|containers.

11 0.03

12 0.1

13 0.1

14 0.1

15 0.3

16 1.0

17 0.1

18 (.03

19 0.03

20 0.03

21 0.1

22 0.03

23 0.03

of oral solution correspond to a

bund according to the invention.

to the invention is suspended in

and pol ysorbate with stirring. The
t he conpound according to the
10i.v. solution: The conpound

bl ved in a concentration bel ow the
bgi cally tolerated solvent (e.qg.
+pn and/ or 30% PEG 400 sol ution).
ration and used to fill

sterile and

PCT/%PZOl d/061305
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15 - 157 - Patent clainms 1. Conpound of the fornmula (1) in WHIEH

SArepresents nitrogen or CR3, where R3reptesents hydrogen, deuterium
fluorine, difluoronmethyl, trifluoronethyl, cyclopropyl or cyclobutyl,

ST CRAAR - ts the
represents @ : ibhHAﬁﬁﬁ?ﬁ@@#ﬁSB)p H 42, 10where represen
poi nt of attag%%gntN?o the ca nyll group, represents the point of
attachnment ta the pyrinidine or trijazine ring, represents a nunber O,
1 or 2, represen%§ hydrjogen, {1 uoriine, (C -C4)-alkyl or hydroxyl,
15Ranr epr esent s hydroggn, fluorine| (Cl-C4)-alkyl, trifluoromethyl,
(C1-A) -
25 1.0
26 03
27 0.03
28 0.3
29 0.1
30 0.03
TTA 1.0
82A 0.3

B-3.  Radioteiemetric blood pressure measurement on awake. spontaneously hypertensive rats

The blood pressure measurement on awake rats described below uses a commercially available

telemetry system from the company DATA SCIENCES INTERNATIONAL DSI, USA.
5  The system consists of 3 main components:
— implantable transmitter (Physiotel® Telemetry Transmitter)

— receiver (Physiotel® Receiver), which are connected via a multiplexer (DSI Data Exchange

Matrix) to a
— data acquisition computer.

10 The telemetry system provides continuous acquisition of blood pressure, heart rate and body

movement on awake animals in their usual living space.
Animal material

The investigations are carried out on adult female, spontaneously hypertensive rats (SHR

Okamoto) with a body weight of >200 g. SHR/NCil from Okamoto Kyoto School of Medicine,



alkoxycarboxg?gﬁﬁ§§¢§§ phenyl, where (Cl-C4)-al kyl may be stbYEPZQKIA§1305
by 1 or 2 substituents independently of Egg anot her selected fromthe
group consisting of WO 201ﬁ/004258PCE/5 11/061ﬁ8? énéSS -

[ | I 0X roxycar boj
(008 1 ko E B W matC R Kyo 1S BEY EAOr M bred Baesisrond feale
atom t o whi efth shgylyanisedaild@ichreguicontnvare &9%erediPHB 103hdU.4. National Insti&utes of
6- menber ed £ ﬁ@pcycle or a 4- to 6-nenbered heterocycle, where the 3-
to 6-nenbere%icarbocycle and the 4- to 6-nenbered heterocycle may be
substituted by 1 or 2 substituents independently of one another
sel ect ed fréftet thrasmittenimpandorns thekpoimdded hrighishe: Rt ausify) mali¥bion cages,

O R4A and RLB et her, with the carbon atomto which they "are
attached f o&ﬁ? 3 Ll?‘gﬁ%‘%ﬁﬁ?%‘?ﬁg?ﬁ% Sfa}dgq_ﬁlﬁ?ed and water.

The day — night rhythm in the testing laboratory is alternated by the room lighting at 06:00 hours

in the morning and at 19:00 hours in the evening.

Transmitter implantation

The TA1l PA — C40 telemetry transmitters used are implanted surgically in the experimental
10 animals under aseptic conditions at least 14 days before the first test. The animals provided with
this instrumentation can be used again after the wound has healed and the implant has become

incorporated.

For implantation, the fasting animals are anaesthetized with pentobarbital (Nembutal, Sanofi:
50 mg/kg i.p.) and are shaved and disinfected on a wide area of the abdomen. After opening the
15 abdominal cavity along the linea alba, the liquid-filled measuring catheter of the system is inserted
above the bifurcation in the cranial direction into the aorta descendens and secured with tissue
adhesive (VetBonD TM, 3M). The transmitter housing is fixed intraperitoneally on the abdominal

wall musculature and the wound is closed layer by layer.

Postoperatively, an antibiotic is administered to prevent infection (Tardomyocel COMP Bayer
20 1mlkgs.c)

Substances and solutions

Unless described otherwise, the test substances are in each case administered orally by stomach
tube to a group of animals (n = 6). Corresponding to an application volume of 5 ml/kg body

weight, the test substances are dissolved in suitable solvent mixtures or suspended in 0.5% Tylose.
25 A group of animals treated with solvents is used as control.,

Test procedure

The present telemetry measuring device is configured for 24 animals. Each test is recorded under a

test number (test year month day).
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R5Ar epr esent s hydrogen, fluorine, (Cl-C4)-alkyl or hydroxyl;

[ - - hyl ,
15R58represents hydrogen, fluorine, (Cl-G4)-alkyl or trifluoronet
represegts hydrogen or fluorine, R2represents benzyl, Wnere benzyl S

substi t ut edthy 1r§§trEIQT1§edf lla{'éolli‘}l Séﬁ? %%I%ttalf'ee %Cgﬁsﬂ%?d élﬁear oBt \;%‘cteg(glgoqntqlﬁé (1010

N- oxi des, salts, vates, sdlts of
N-oxi des anBe®bsaDSd. 2. Corrpound of the formula (1) according to
Caiml, in which Arepresents nitrogen or CR3, where R3represents

t hyl , . 25et hy
hydrogen, fioryonigedHahdiQso Eg?ltbrg%cﬁ { &éfl PohS it tic switc ey are
or cycl opropyl, T epr esent s a group ¥ %’%@'A%Si@\‘ Apigpstic 11@ y
- where switched to transmission at the start of the tests. The signals emitted can be recorded online by a

5 data acquisition system (Dataquest TM A.R.T. for WINDOWS, DSI) and processed appropriately.

The data are saved in each case to a folder opened for this, which bears the test number.
In the standard procedure, the following are measured, in each case for 10 seconds:

— systolic blood pressure (SBP)

I

diastolic blood pressure (DBP)

10— mean arterial pressure (MAP)

[

heart rate (HR)

activity (ACT).

Recording of the measured values is repeated at 5-minute intervals under computer control. The
source data recorded as absolute value are corrected in the diagram with the currently measured
15 barometric pressure (Ambient Pressure Reference Monitor; APR-1) and saved in individual data.

Further technical details can be found in the extensive documentation of the manufacturer (DSI).

Unless described otherwise, the test substances are administered on the test day at 09.00 hours.

Following application, the parameters described above are measured for 24 hours.
Evaluation

20  After the end of the test, the individual data recorded are sorted with the analysis software
(DATAQUEST TM A. R.T. T™M ANALYSIS). The 2 hours before application are taken as the
blank value here, so that the selected data set comprises the period from 07:00 hours on the test

day to 09:00 hours on the next day.

The data are smoothed for a pre-settable time by mean value determination (15-minute average)
25  and transferred as text file to a storage medium. The pre-sorted and compressed measured values
are transferred to Excel templates and presented as tables. The data recorded are saved per test day
in a specific folder, which bears the test number. Results and test protocols are filed in folders,

sorted in paper form by numbers.
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represents the point of attachnment to the carbonyl group, repre

the point of attachnment to the pyrimdinesor triazine ring,

represents a nunber 0 or 1, SR4Arepresents hydrogen, fluorine,

met hyl, et hykerQhirehydroxyl, R4Brepresents hydrogen, fluorine, nethyl,

ethyl, trifTuoronet hyI met hoxy- car bonyl am no or phenyl,

where nethyl and eth may be substituted by 1 or 2 substltuents

i ndependentlﬁkau%fw’ﬁﬁekéh&uhéph@e# dotisek. f Clondia MdiisgigoWpogofsl ahd {mom‘ Lemmer:
| uori ne, r e

W th the oarBon e e e R o ALY Laro s B BT By OB ryocanci

cycl obutyl, B@Ckeflemmgyahngafz:@ﬁmdamyﬂkqs £l (Do RDBHEDY 12000; eKTzahQEbrn@idJrsp”oyi{aneous

i peri digqyl clo .

Eygl obu t53 Iy h)@émi‘n%'b{é?{?%]?{ PR éﬁee?r}%f) 97 2:2?‘3’??6 ela &?flaa)r/ten vgn gep vuse: Circadian

t et rahydr othydmgd qf ﬁiocpﬂerduneyHeamr Ratetamam,yndﬁmmfrmy%ty tri slgnﬁﬁ%buhg Hypertensive

substitute 2.5 t nts i of _one_anot her

sel ect ed f(rj%a?ﬁq}/ s%eaal%%%‘ﬁ’glgg?ﬁ%? i elelﬁ‘a%? gXSFOE?ﬁyl‘gEé %ﬁ’ﬂr TR YY3-787, 1994

R5Ar epr esent s hydrogen quorl ne, met hyl, ethyl or hydroxyl,

20R38r epr es®At s Do ke pitrivbters efidiViiraOénchs irfdlobd 6 @Rt on

represents hydrogen or fluori ne, R2represents benzyl, where benzyl 1Is

aI ts,.. solvates

and ol vat cd gk Sodae; Y08 WM SRR of B il Aecenace drcmmrgton

to C ailfh 1 ag d@¢rmimedvihinglie CD-1 mice, male Wistar rats and/or female beagles. The administration

volume is 5 ml/kg for 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 and via
water/PEG400/ethanol (50/40/10 or 30/60/10) in the case of dogs. For easier removal of blood, a
silicone catheter is inserted into the right Vena jugularis externa of the rats before the
IS administration of substance. The surgical intervention takes place one day prior to the experiment
with isofluran anaesthesia and administration of an analgetic (atropine/rimadyl (3/1) 0.1 mi s.c.).
Substance administration is as i.v. bolus in the case of mice and rats and via a 15-minute infusion
in the case of dogs. Removal of blood is after 0.033, 0.083, 0.17, 0.5, 1,2, 3,4, 6,7 and 24 hours
in the case of rats, after 0.033, 0.083, 0.17, 0.5, 1, 2, 3, 4, 6, 7, 24, 48 and 72 hours in the case of
20 mice and after 0.083, 0.25, 0.28 0.33, 0.42, 0.75, 1, 2, 3, 4, 6, 7 and 24 hours in the case of dogs.
For all species, oral administration of the dissolved substance via gavage is carried out based on a
water/PEG400/ethanol formufation (50/40/10). Here, the removal of blood from rats is after 0.083,
0.17,0.5,0.75, 1, 2, 3, 4, 6, 7 and 24 hours and from dogs after 0.083, 0.17,0.5,0.75,1,2,3,4, 6,
7, 24, 30 and 48 hours. The blood is removed into heparinized tubes. The blood plasma is then
25  obtained by centrifugation; if required, it can be stored at -20°C until further processing.

An internal standard (ZK 228859) is added to the samples of the compounds of the formula (I}
according to the invention, calibration samples and QCs, and the protein is precipitated using
excess acetonitrile. After addition of an ammonium acetate buffer (0.01 M, pH 6.8) and subsequent
vortexing, the mixture is centrifuged at 1000 g and the supernatant is examined by LC-MS/MS
30 (API 4000, AB Sciex). Chromatographic separation is carried out on an Agilent 1100-FIPLC. The
injection voiume is 10 pl. The separation column used is a Phenomenex Luna 5 n C8(2) 100A
50x2 num, adjusted to a temperature of 40°C. A binary mobile phase gradient at 500 ul/min is used
(A: 0.01 M ammonium acetate buffer pH 6.8, B: 0.1% formic acid in acetonitrile): 0 min (90% A),
1 min (90% A), 3 min (15% A), 4 min (15% A), 4.50 min (90% A), 6 min (90% A). The
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Arepresents CR3, - 160 - where R3represents hydrogen, reprégré]ﬁ?%oé/

rou CRAARABACRSAD513\ )1, where Srepygsents the point of
gttaghment to the carbonyl group, represents the p0| nt of attachnent

h I n s ents ]
hycrogen, 1T O AL RF RS T SR i it w%gﬁﬁ{ prans
fluori ne, n‘ﬁﬁ'ﬁyqﬂff@in g@sr H 111ut5r J@Impr’a)y h'ﬁa@@ﬁg klffzgfsmagﬁi g%%ﬁ%ﬁs?gﬁ I Sr Meas 40

a
chl gg‘LP sln 1?1::11:% n?h%%uﬁ%h&e@ a;e fidnt3He§ eWH%Pe %gﬁﬁlggt& 91&:?1‘836 i1 PXt]aiﬁTad tqqé:hromatograms of

cycl obut yl ﬂPﬁm@CWb’@eBmhﬁiltut ed by 1 or 2 substituents
|%dependgntly of one anot her selected from 15t he group consi sting of

r fluori
fluoring anﬂe%&%ko@%& ERLSGS éar?tsuschgé’gb%? 82“,(%1,2 (terminal half -life), MRT (mean residence
time) and CL (clearance) are calculated by means of the validated pharmacokinetics calculation

program KinEx (Vers. 2.5 and 3) from the plasma concentration-time curves obtained.

As substance quantification takes place in plasma, the blood/plasma distribution of the substance
must be determined for appropriate adjustment of the pharmacokinetic parameters. For this, a
10 defined amount of the substance in heparinized whole blood of the corresponding species is
incubated for 20 min in the tumbling roller mixer. After centrifugation at 1000 g, the plasma

concentration is measured (see above) and the Coioot/Cpiasma value is determined by finding the

quotient.

Following intravenous administration of 0.3 mg/kg of Example 1, 18, 19 and 27 in rats, the

15 following values were recorded:

Example 1 18 19 27
CL pio0a [L//kg] 1.1 0.46 0.32 0.35
terminal half-life [h] 0.9 1.4 3.0 5.6
mean residence time [h] 1.2 1.9 4.0 7.3
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R2r epresents benzyl, where benzyl is substituted by

fluorine substituents, and its salts, solyates and sol vates of the
salts. 20 4. Conpound of the formula (1) according to Claiml or 2, in

whi ch Ar epr €sent vl 4B odiRAGE Bl R mpoGRAAR1S- (CROARSE) e,
where represents e poin yl group,

2012/ 004258PCT/ EP2011/ 061305 - 161 - represents the point of o
attachnent TH OR@OEds asqopking forfhe invension senbascoaverteriiatp pﬁanﬂaga&ncal preparations in
represents fygieasR.whi.uorine or nethyl, R4Brepresents hydrogen,
fIEorine, JE%ﬁil g%\?%ifluoronethyl, 50r 124A and 124Btogether with

the carbon atomto which they are attached form a
Tablet:

PCT/EP 1
fTor 2?11/06 305

5  Composition:

100 mg of the compound according to the invention, 50 mg of lactose (monohydrate), 50 mg of
maize starch (native), 10 mg of polyvinylpyrrolidone (PVP 25) (from BASF, Ludwigshafen,

Germany) and 2 mg of magnesium stearate.
Tablet weight 212 mg, diameter 8 mm, radius of curvature 12 mm.
10 Production;

The mixture of compound according to the invention, lactose and starch is granulated with a 5%
strength solution (m/m) of the PVP in water. The granules are dried and then mixed with the
magnesium stearate for 5 minutes. This mixture is compressed in a conventional tablet press (see

above for format of the tablet). A guideline compressive force for the compression is 15 kN,

15 Suspension which can be administered orally:
Composition:

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

10 ml of oral suspension correspond to a single dose of 100 mg of the compound according to the

20  invention.
Production:

The Rhodigel is suspended in ethanol, and the compound according to the invention is added to the
suspension. The water is added while stirring. The mixture is stirred for about 6 h untl the

swelling of the Rhodigel is complete.

25
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cycl opropyl or cyclobutyl ring, where the cyclopr opy?

and the cyclobutyl ring may be substitutpgd by 1 or 2 substituents

i ndependently of one another selected from 10the group consisting of
fluorine a . SERM: en or fluorine, R2represents
benzyl , whg%l wmhga%q%ﬁ‘b‘s ?tﬁ{m k 1 or 2 fluorine substituents,

and its salts, solvates and solvates of the salts. 155. Process for
preparing coummesitigs of the formula (1), as defined in Clains 1 to 4,
characterized in that a conpound of the formula (1) ]IC\IHCI(I_I), |1n

whi ch R anghoR2.e3Che havidoh aRi.ngs o&l Yeh.d.n 31y, o ai t :
[Alis reacted I A an | ner os@le\a}%ﬁt gH|g2ﬂ)t he ﬁr%éhstlé)rﬁ’cggo A4 %OLIXSP%%ﬁeea%ggi g of
with a conpelsthylshe 20celeti0020ngl of (rhll dojution cdB@pend( tol 4 ingle dose of 100 mg of the

5 compound according to the invention.

Production:

The compound according to the invention is suspended in the mixture of polyethylene glycol and

polysorbate with stirring. The stirring process is continued until the compound according to the

invention has completely dissolved.

10  iv. solution:

The compound according to the invention is dissolved in a concentration below the. saturation
solubility in a physiologically tolerated solvent (e.g. isotonic saline, 5% glucose sohition and/or
30% PEG 400 solution). The solution is sterilized by filtration and used to fill sterile and

pyrogen-free injection containers.

15
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in which L has the neaning given in any of Clains 1 to 4 and
Tirepresents (Cl-C4)-alkyl, to give a colgeund of the formula (1V) 5
NH2 in which L, RI and R2 each have the neani ngs given in any of
Clains 1 t Eaentichimsis then converted with isopentyl nitrite and an
i odi ne equi valent into a conpound of the forrrulfl (V% (V%h - 163 -
and this is sub In an inert solvent in e presence
of a sui tazll'e t?%%gbi%ﬁdo%ﬂ%g@ﬁacltal yst to give a conpound of the
formula (1-A) (1-A),

le
N
o9
N
R' Z~
N
N7\
H ]
e
HN7]/L
© o,
in which
5 A represents nitrogen or CR?,
where
R? represents hydrogen, deuterium, fluorine, difluoromethyl, trifluoromethyl,

(C-Cy)-alkyl, cyclopropyl or cyclobutyl,
L represents a group *-CR*R**-(CR**R*®) +#,

10 where

* represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine or triazine ring,
P represents a number 0, 1 or 2,

R*  represents hydrogen, fluorine, (C,-Cy)-alkyl or hydroxyl,

15 - R*™  represents hydrogen, fluorine, (C;-Cy)-alkyl, trifluoremethyl, (C,-C,)-

alkoxycarbonylamino or phenyl,

where (C,-Cs)-alkyl may be substituted by 1 or 2 substituents

independently of one another selected from the group consisting of
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in which L, Rl and R2 each have the neanings given in any 0 ai ns

to 4, [B]IS reacted in an inert solventi4gn the presence of a
swtable base with a conpound of the fornula (VI) |n Wmch

LI represents a group *- ﬁ Aﬁd y esent _
the point of attachment to R@cgﬁg%ﬁw\lr ﬂ%f{ylfe roxydrbeny fggcgftm%koxy

of attachnent to the pyrimedibmd or triazine represents a nunber 1 or
2, RAA represents hydrogen, fluorine, (Cl-C4)-alkyl or hydroxyl, -
164 - R4Brepresents hydrogen, fluorine, (G -C4)-alkyl or
trifluoromnethyl,

““andR*®  together with the carbon atom to which they are attached form an
5 0X0 group, a 3- to 6-membered carbocycle or a 4- to 6-membered

heterocycle,

where the 3- to 6-membered carbocycle and the 4- to 6-membered

heterocycle may be substituted by 1 or 2 substituents

independently of one another selected from the group consisting of
10 fluorine and (C;-Cy)-alkyl,

or

R*and R™  together with the carbon atom to which they are attached form a

(C,-Cy)-alkenyl group,
R’ represents hydrogen, fluorine, (Ci-Cy)-alkyl or hydroxyl,
15 R*™  represents hydrogen, fluorine, (C;-Cy)-alkyl or trifluoromethyl,
R’ represents hydrogen or fluorine,
R? represents benzyl,
where benzyl is substituted by 1 to 3 fluorine substituents,

and its N-oxides, salts, solvates, salts of the N-oxides and solvates of the N-oxides and

20 salts.
2. Compound of the formula () accor_ding to Claim 1, in which
A represents nitrogen or CR?,
where
R? represents hydrogen, ﬂuoriné, difluoromethyl, triﬂuoromethyl,. methyl,
25 ethyl or cyclopropyl,

L represents a group *-CR*R*-(CR™R"®) -4,
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or R44 and R45 together with the carbon atomto which they are

attached forman oxo group, a 3- to 6-ne{faered carbocycle or a 4- 5to
6- member ed heterocycle, RSArepresents hydrogen, fluorine,
(Cl1-C4)-al kyl or hydrgxyd , R5Brepresents hydrogen, fluorine,
(C1-C4)-alkyl or trifluoromethyl, and T2represents (C -C4)-alkyl,
10to give a conpound of the fornmula (N-B) NH2 (IV-B), in which LI

Rl and R2 each have t'he néenwsaysthgpoiarriiatachmpntdé theicanbonyl ktoop,4, and
this is then reacted further anal ogously to process [A] to give a

conpound of the formy a (lsfRsentshd B3Ane of attachment to the pyrimidine or triazine ring,
p represents a number 0 or 1,
5 R*™  represents hydrogen, fluorine, methyl, ethyl or hydroxyl,

R™  represents hydrogen, fluorine, methyl, ethyl, trifluoromethyl, methoxy-

carbonylamino or phenyl,

where methyl and ethyl may be substituted by 1 or 2 substituents
independently of one another selected from the group consisting of

10 fluorine, trifluoromethy! and hydroxyl,

or

R™and R*  together with the carbon atom to which they are attached form a
cyclopropyl, cyclobutyl, cyclopentyl, azetidinyl, pyrrolidinyl,
tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring,

15 where the cyclopropyl, cyclobutyl, cyclopentyl, azetidinyl, pyrroli-
dinyl, tetrahydrofuranyl, piperidinyl or tetrahydropyranyl ring may
be substituted by 1 or 2 substituents independently of one another

selected from the group consisting of fluorine and methyl,
R**  represents hydrogen, fluorine, methyl, ethyl or hydroxyl,
20 R*®  represents hydrogen, fluorine, methyl, ethyl or trifluoromethyl,
R represents hydrogen or fluorine,
R’ represents benzyl,
where benzyl is substituted by 1 to 3 fluorine substituents,
and its salts, solvates and solvates of the salts.
25 3 Compound of the formula (I) according to Claim 1 or 2, in which

A represents CR’,
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(I-B), in which LI, R and R2 each have the meanings given in any o
Claims 1 to 4, or [Clis reacted in an ingpt. solvent in the presence
of a suitable base with a conpound of 5the formula (M) (M1), in

which L and R3 each Rayg the neanings given in any of Clains 1 to 4
und T3represents (Cl-C)-alkyl, to give a conpound of the fornula
(VI11) 10 (VIIl), -.166 - in which L, R, R2, R3 and T3 each have
t he meani ngs gi ven i & any roresaitsisigeogento 4, this is then converted
wi t h phosphoryl chloride into a conmpound of the forrmula (a) 5

L represents a group *-CR*R*®-(CR*R*F) -#,

where

5 * represents the point of attachment to the carbonyl group,
# represents the point of attachment to the pyrimidine ring,
p represents a number 0,

R*  represents hydrogen, fluorine, methyl or hydroxyl,
R*  represents hydrogen, fluorine, methyl or trifluoromethyl,
10 or

R*¥andR*®  together with the carbon atom to which they are attached form a

cyclopropyl or cyclobutyl ring,

where the cyclopropyl and the cyclobutyl ring may be substituted
by 1 or 2 substituents independently of one another selected from

15 the group consisting of fluorine and methyl,
R represents hydrogen or fluorine,
R’ represents benzyl,
where benzyl is substituted by 1 or 2 fluorine substituents,
and its salts, solvates and solvates of the salts.
20 4. Compound of the formula (I) according to Claim 1 or 2, in which
A represents nitrogen,
L r.epresents a group *-CR¥R*™-(CR*R*"),-#,
where

* represents the point of attachment to the carbonyl group,
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(DC), inwhich L, R, R, R3 and T3 each have the neanings gi'v

any of Clains 1 to 4, this is subsequen_tid_converted !n an |nert
solvent into a corresponding azi de conpound and this is reduced

directly to a compoupd of he.fohmUE dflacicldhe e RSP Ly R,

R2, R3 and T3 each have th meani Nngs given 1 n an
- 167 - (1-©, 1inwhich L, R, R2 and R3 each have t he meani ngs
given in any of C aiPs Itéep4€selt§$‘anumber0

R represents hydrogen, fluorine or methyl,

R*™  represents hydrogen, fluorine, methyl or trifluoromethyl,

R*¥andR*  together with the carbon atom to which they are attached form a

cyclopropyl or cyclobutyl ring,

where the cyclopropyl and the cyclobutyl ring may be substituted

by 1 or 2 substituents independently of one another selected from

10 the group consisting of fluorine and methyl,
R represents hydrogen or fluorine,
R? represents benzyl,

where benzyl is substituted by 1 or 2 fluorine substituents,
and its salts, solvates and solvates of the salts.

15 5. Process for preparing compounds of the formula (I), as defined in Claims 1 to 4,

characterized in that a compound of the formula (II)

=
R’ F
NH

AN (1),

in which R and R? each have the meanings given in any of Claims 1 to 4,

[A] is reacted in an inert solvent in the presence of a suitable base with a compound of
20 the formula (III)



WO 2012/
[Dlis reacted in gﬁzﬁiert solvent in the presence of a Suifggﬁgzggggﬂsos
wi th hydrazine Shydrate to give a conmpounpd of the formula (XI) HN
NH2 in which 12' and R2 each have the neani ngs given in any of C ains
1to 4, thisis then reacted in an inggt so xent wi th a conpound of

the formula (XII) (XI1), in which L has nmeani ng gi ven in any of
Clainms 1 to 4 and T4represents (Cl-CO al kyl, to give a conmpound of
the formula (XIlIl) - 168 - (Xl| ﬁfo' ich L, R, R2 and T4 each
have the neani ngs given in any of d ai 1to 4, this is subsequently

converted with phosphoryl chloride int@ a conp?Hﬁd of the fornula
(XI'V) ’

in which L has the meaning given in any of Claims 1 to 4 and
T! represents (C;-Cy)-alkyl,

to give a compound of the formula (IV)

(Iv),
in which L, R' and R” each have the meanings given in any of Claims 1 to 4,

this is then converted with isopentyl nitrite and an iodine equivalent into a

compound of the formula (V)

A
N
Do
=3 7~
N
N7\

V),

10 in which L, R' and R? each have the meanings given in any of Claims 1 to 4,
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(XIV), inwhich L, 12", R2 and T4 each have the meanings giVeHEF#P14(p(1305

of Claims 1 to 4, and this is reacted di tly with anmmonia to give a
conmpound of the fornula (XV) - 169 - ( , inwhich L, R, R and T4
each have the neanin and fin

cyclized in an i nertgazlglqb%ﬁ%s'lbgeqﬁﬂmy reacggﬁaénd?ertasoé‘iﬁ?tt‘QHIP%WB%%& ¢loa suitable
gi ve a conpound of t heaniipmmetal c(atal}@)to@ve(alcoxﬁboundloﬂthE\/fﬂrﬁnhlal(-I:—Aﬂ and R2

. each have the neanings given in any of Clains 1 to 4, and the

resul ting conpounds of the formulae (I-A), (I-p) (I-C and (1-D) are
optionally converted with the appropriate (i) Rsol vents and/or (ii)

acids or bases into their solvates, N or solvates of the

salts. 10 6. Conpound of the forrrula ( Y 17{9 -

HN?rL
O

in which L, R' and R? each have the meanings given in any of Claims 1 to 4,

(I-A),

5 or
[B] is reacted in an inert solvent in the presence of a suitable base with a compound of
the formuia (VI)
T2
dow
N
I >:O
L
NG VD,
in which
10 L! represents a group *-CR*R'"®-(CR*R*®) #,
where
* represents the point of attachment to the carbonyl group,
i represents the point of attachment to the pyrimidine or triazine
ring,
15 p represents a number 1 or 2,

R*™  represents hydrogen, fluorine, (C;-Cy)-alkyl or hydroxyl,
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in which (XV), represents a group *-cRAARA1I34cRSAp 58 \ PP CTRREY /061305

Strepresents the point of attachment to tgf car bonyl group,
represents the point of attachnent to the riazine ring, represents a

nunber 0, 1 or 2, R4A reprgsent fluori (Cl,-CA) - al kyl or
hydr oxyl , R48represents hydr oge%plje%lﬁ{s(ﬂ e %LET @2? g‘f)lgl}iylo mﬂ“"romethyl

trifluoronmethyl, (Cl-C4)- 10al koxycar bonyI ani no or phenyl, where (C
-C4)-al kyl may be substitwred by 1 or 2 substituents independently of
one anot her selected fromt he group consisting of fluorine,

trifluoronethyl, hydroxyl,g yC d CO al ko
150r 124A and 124Bt oget her' vl %ﬂfheqé%ﬁ‘b%ﬁltg%nﬁ(a%gnﬁﬂ“bw ‘E"ﬁg}ila}"ﬁ-‘r’é‘re atfached
attached forma 3- to 6-menbered carfbocymde® gooupaa 4 toteomémbBRIReRBEycle or a 4-

het er ocy£l e, to 6-membered heterocycle,

R represents hydrogen, fluorine, (C,;-C,)-alkyl or hydroxyl,

R*™  represents hydrogen, fluorine, (C 1-Cy)-alkyl or trifluoromethyl,

and
T? represents (C;-C,)-alkyl,
10 to give a compound of the formula (IV-B)

R?
N

N
[T
R’ A~
N
N7\
— NHZ
HN7//L1
ol

in which L', R! and R? each have the meanings given in any of Claims 1 to 4,

(N“'B):

and this is then reacted further analogously to process [A] to give a compound of
the formula (I-B)
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WD 2012/ 004258PCT/ EP2011/ 061305 - 171 - independently of one Anctherc 0>

sel ected fromthe group consisting of flygrine and (G -C4)-al kyl,
R5Ar epresents hydrogen, fluorine, (G -C4)-al kyl or hydroxyl,

R5Br epresents hydrogen, fluorine, (Cl-C4)-alkyt or trifluoronethyl,
5Rirepresents hydrogen or fluorine, R2represents benzyl, where benzyl
is substituted by 1 to 3 fluorine substl Ns, T4represents
(A-CA4)-alkyl, and its salts, solvate sohqates of the salts. 10
7. Compound of the formula (XII1) in i 1), represents a
group *- CRAARABACRS5Ap5S5B \ -44 R

(I-B),
in which L', R' and R® each have the meanings given in any of Claims 1 to 4,

or

[C] is reacted in an inert solvent in the presence of a suitable base with a compound of
5 the formula (VII)

(VID),
in which L and R® each have the meanings given in any of Claims 1 to 4 und
T represents (C,-C,)-alkyl,

to give a compound of the formula (VIII)

10 (VII),
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/ PM where 15represents the point of attachnment to the carbony

ts a
represents the point of attachment to thggkriazine ring, represen

nugber 0, 1 or 2 RAA represents hydrogen, fluorine, (C-C4)-al kyl or
hydr oxyl , WO 2012/ 0Q4R&8, B4IB ECH %?iévlcgﬁ;éc&ﬁ me 1%%5 %iﬁnr l%pany o?E}Emms 1 to
hydrogen, fluorine, (Cl-COalkyl, trifluoronethyl’

al koxycar bonyl am no of> phenyl , 5 wher e (CI-CI>aJkyI may be

substituted by 1 or 2 substituents I ndependent|ly of one anot her

sel ected fromthe grougs &SI Shidddd Ufith phosphoryl chloride into a compound of the formula

(IX)
R
NN
T
PN/
R
N
N \ R
————
Cl
L
O%
T3/
5 ° (1),
in which L, R', R%, R® and T? each have the meanings given in any of Claims | to
4,
this is subsequently converted in an inert solveni into a corresponding azide
compound and this is reduced directly to a compound of the formula X)
R
10 ),

in which L, R', R?, R? and T* each have the meanings given in any of Claims 1 to
4,

and this is then reacted in an inert solvent in the presence of a suitable base to give

a compound of the formula (I-C)
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fluorine, trifluoronethyl, hydroxyl, hydroxycarbonyl and

(Cl-C4)-al koxycarbonyl, 10 or R4A and R4B_together with the carbon
atomto which they are attached forma 3- to 6-nenbered carbocycle or
a 4- to 6-nmenbered heterocycle, where the 3-2to 6-nenbered carbocycl e
and the 4- to 6-nenbered heterocycle may be/Rsubstitut ed by 1 or 2
substituents independently of one anether-$elected fromthe group
consisting of fluorine and (Cl-CO a Répe‘represents hydr ogen,
fluorine, (G -C4)-alkyl or hydroxyl, EEL/Epr esent s hydr ogen,
fluorine, (G -C4)-alkyl or triflRororiethyl\ RIrepresents hydrogen or
fluorine, R2represents benzyl, where}bepzyl is substituted by
1 to 3 fluorine substituents, T4representN{CI CO al kyl, 20and its
salts, solvates and solvates of the salts. und of the fornula
(1) as defined in any of clains 1 to 4 for treat ment and/ or
prophyl axi s of diseases. 9. Conpound of Hie fornula (XV) as defined
in Caim6 for the treatnment and/or prophy S

O

(I-O),
in which L, R', R? and R® each have the meanings given in any of Claims 1 to 4,

or

[D]  is reacted in an inert solvent in the presence of a suitable base with hydrazine

5 hydrate to give a compound of the formula (XI)
IR2
N
T,
N
/4
R’ =
NH
HN
\
NH,
(XD,

in which R' and R? each have the meanings given in any of Claims 1 to 4,

this is then reacted in an inert solvent with a compound of the formula (X1)

0
4
T\OJ\”/L\[rO\TA
O 0]

10 in which L has the meaning given in any of Claims 1 to 4 and

(XID),

T represents (C;-Cy)-alkyl,

to give a compound of the formula (XIII)
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of diseases. 2510. Conpound of the formula (XI11) as defined in Carm

7 for the treatnment and/or prophyl axi s ofggdi seases. - 173 - 11. Use
of a conpound of the fornmula (1) as defined in any of clains 1 to 4
for producing a nmedi cament for the treatnent de/or prophyl axi s of
heart failure, angina pectoris, hypertension, pul nonary hypertension,
i schaem as, vascul ar disorders, kidneytai e, thronmboenbolic

di sorders, fibrotic disorders and artjgrio cléhpsis. 512. Conpound of
the fornula (1) as defined in any of } o0 4 for use in a nethod
for the treatnent and/or prophylai’s of“heard failure, angina
pectoris, hypertension, pulnonary hypertensi gpspn SChaem as, vascul ar
di sorders, kidney failure, thronboenbolic dySorders, fibrotic

di sorders and arteriosclerosis. 13. Medicamant, tlompri si ng a conpound
of the fornmula (1) as defined in any of cl ai to 4 10in

conbi nation with an inert, non-toxic, phdf®@aceutically suitable
auxiliary. 14. Medicanent, conprising a conpou of the formula (I)
as defined in any of clainms 1 to 4 in cogbfnatjyon with a further
active compound selected fromthe group consis 'ngggﬁ organic
nitrates, NO donors, cGW-PDE inhibitors, agents h %g
antithronbotic activity, agents |owering bl ood pressure, and agents
altering |ipid metabdtikich L1&'1B? aedi’ cavihate the mearthign given inGn@ioNTIASnsON to 4,
14 for the treatnment and/or prophylaxis of heart failure, angina
pectoris, hypertensi . P ion.. i schaem as, vascul ar
di sorders, ki dney fa?P%Pé%b%ﬁ§%%%8§%%§%%@R%P§§PH3§§%ﬁFﬁ%F%?Fémnmoun of the
di sorders and arteri égophbr(&E)s. 16. Method for the treatnent and/or
prophyl axis of heart failure, angina pectoris, hypertension,

pul nonary hypertension, ischaem as, vascul ar digprders, ki dney
failure,

N

/
B!
. _ /
N

N

e
o —
Cl

L

T/ O\\<

5 O xw,

in which L, R', R? and T* each have the meanings given in any of Claims 1 to 4,

and this is reacted directly with ammonia to give a compound of the formula XV)
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20 thronboenbolic disorders, fibrotic disorders and arteri osclerosis

i n humans and ani mal s usi ng an effectivgmgmunt of at | east one
conmpound of the formula (1) as defined in any of Clains 1 to 4 or a
medi canent as defined in any of Clainms 13 to I21_25.

/
N

B!

R’ Z~4
7 N
\
L(“

ey,

H,N

(XV),
in which L, R', R? and T* each have the mearings given in any of Claims 1 to 4,

and finally cyclized in an inert solvent in the presence of a suitable base to give a

compound of the formula (I-D)

in which L, R’ and R® each have the meanings given in any of Claims 1 to 4,

and the resulting compounds of the formulae (I-A), (I-B), (I-C) and (I-D) are optionally

converted with the appropriate (i) solvents and/or (ii) acids or bases into their solvates,

salts and/or solvates of the salts.

10 6. Compound of the formula (XV)
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L represents a group *-CR*R*-(CR*R*®) #,

where

5 * represents the point of attachment to the carbony! group,
# represents the point of attachment to the triazine ring,
P represents a number 0, 1 or 2,

R*  represents hydrogen, fluorine, (C,-Cy)-alky! or hydroxyl,

R*™  represents hydrogen, fluorine, (Ci-Cy)-alkyl, triflucromethyl, (C;-Cy)-

10 alkoxycarbonylamine or phenyl,

where (C;-Cy)-alkyl may be substituted by 1 or 2 substituents

independently of one another selected from the group consisting of

fluorine, trifluoromethyl, hydroxyl, hydroxycarbonyl and (C;-Cy)-alkoxy-

carbonyl,

15 or

R* and R*®

together with the carbon atom to which they are attached form a 3-

to 6-membered carbocycle or a 4- to 6-membered heterocycle,

where the 3- to 6-membered carbocycle and the 4- to 6-membered

heterocycle may be substituted by 1 or 2 substituents
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independently of one another selected from the group consisting of
fluorine and (C,-Cy)-alkyl,

represents hydrogen, fluorine, (Ci-Cy)-alkyl or hydroxyl,

represents hydrogen, fluorine, (C,-Cy)-alky! or trifluoromethyl,

represents hydrogen or fluorine,

represents benzyl,

where benzyl is substituted by 1 to 3 fluorine substituents,

represents (C,-C,)-alkyl,

and its salts, solvates and solvates of the salts.

10 7. Compound of the formula (XIIL)

in which

L

15

(XIID),

represents a group *-CR™R*.(CR*R®) .4,

where

R4A

represents the point of attachment to the carbonyl group,
represents the point of attachment to the triazine ring,
represents a number 0, 1 or 2,

represents hydrogen, fluorine, (C,-Cy)-alkyl or hydroxyl,
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R represents hydrogen, fluorine, (Ci-Cy)-alkyl, trifluoromethyl, (C;-C,)-

alkoxycarbonylamino or phenyl,

where (C,-Cp)-alkyl may be substituted by 1 or 2 substituents
independently of one another seclected from the group consisting of
fluorine, trifluoromethyl, hydroxyl, hydroxycarbony! and (Ci-Cy)-alkoxy-

carbonyl,
or

R* and R*® together with the carbon atom to which they are attached form a 3-

to 6-membered carbocycle or a 4- to 6-membered heterocycle,

where the 3- to 6-membered carbocycle and the 4- to 6-membered
heterocycle may be substituted by 1 or 2 substituents
independently of one another selected from the group consisting of
fluorine and (C,-Cy)-alkyl,

R represents hydrogen, fluorine, (Ci-Cy)-alkyl or hydroxyl,

R*®  represents ﬁydrogen, fluorine, (C,-Cy)-alkyl or trifluoromethyl,
represents hydrogen or fluorine,

represents benzyl,

where benzyl is substituted by 1 to 3 fiuorine substituents,

represents (C,-Cy)-alkyl,

and its salts, solvates and solvates of the salts.

Compound of the formula (I} as defined in any of claims 1 to 4 for the treatment and/or

prophylaxis of diseases.

Compound of the formula (XV) as defined in Claim 6 for the treatment and/or prophylaxis

of diseases.

Compound of the formula (XTII) as defined in Claim 7 for the treatment and/or prophylaxis

of diseases.
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12.

13.

14,

15.

16.
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Use of a compound of the formula (I) as defined in any of claims 1 to 4 for producing a
medicament for the treatment and/or prophylaxis of heart failure, angina pectoris,
hypertension, pulmonary hypertension, ischaemias, vascular disorders, kidney failure,

thromboembolic disorders, fibrotic disorders and arteriosclerosis.

Compound of the formula (I) as defined in any of claims 1 to 4 for use in a method for the
treatment and/or prophylaxis of heart failure, angina pectoris, hypertension, pulmonary
hypertension, ischaemias, vascular disorders, kidney failure, thromboembolic disorders,

fibrotic disorders and arteriosclerosis.

Medicament, comprising a compound of the formula (1) as defined in any of claims 1 to 4

in combination with an inert, non-toxic, pharmaceutically suitable auxiliary.

Medicament, comprising a compound of the formula (D as defined in any of claims 1 to 4
in combination with a further active compound selected from the group consisting of
organic nitrates, NO donors, cGMP-PDE inhibitors, agents having antithrombotic activity,

agents lowering blood pressure, and agents altering lipid metabolism.

Medicament according to Claim 13 or 14 for the treatment and/or prophylaxis of heart
failure, angina pectoris, hypertension, pulmonary hypertension, ischaemias, vascular

disorders, kidney failure, thromboembolic disorders, fibrotic disorders and arteriosclerosis.

Method for the treatment and/or prophylaxis of heart failure, angina pectoris,
hypertension, pulmonary hypertension, ischaemias, vascular disorders, kidney failure,
thromboembolic disorders, fibrotic disorders and artertosclerosis in humans and animals
using an effective amount of at least one compound of the formula (I) as defined in any of

Claims 1 to 4 or a medicament as defined in any of Claims 13 to 15.



