WD 2012/ 000632PCT/ EP2011/ 003127 PYRAZOLOQUI NCLI NES The invention
relates t s of the formulae (1), (I1) and (111)

whi ch Rl,aﬁgﬁﬂgg@g 4, R5, R8, R9, R10 and X have the meani rt mmpﬂnlman27
indicated in the clainms, and/or physiol-ogically acceptable salts,

taut omers and stereoisoners t hereof, including m xtures thereof in
all ratios. The conpounds of the faaulcav{do)ean be used for the

i nhibition of serine/threoni he protein kinases and for the
sensitisation of cancer cells to anticancer agents and/or ionising
radi ation. The invention also relates to the use of the com 15pounds
of the fo [ ress control of
cancer,  t onptrghbRicel8 oBBBHA o kR (B aBH % TR combi nat i on
W th ﬁhdlotherapy and/ or an anticancer agent. The invention

ocess for the preparation of the conpounds
i on of compounds gaf the formla (IIRzor

(I'11) and optionally co 8y on of
the for rruk;il/Pl j 20sal t §
(DNA-PK) I's a s ofil ne protei %

Ty
compon

terms, DNA-PK i s aX rum"g constg uent
of DNA doubl e-strand bregls (DSBS)™~grd s
r- V(D)J reconbination. In addition, DNA-PK and its:conponents are
connected with a nultiplicity of further physiol ogical processes,

i ncl udi ng nodul ation (f the chromatin structyne and tel omeric )
mai nt enance (Smth & Jackson (1999) Cenes and Dev 13: 916; Goytisolo
et al. (2001) 30Mol. Cell. Biol. 21: 3642; WIlliams et al. (2009)

Cancel0 Res wh&d: RQRIQRB RWRBQ&Q/F@J@@@W %Qﬁéh%ﬁ%éﬁdica@ed m"ﬂHgBl%lm
genetic NRLel Ln Ihlﬁy tﬁ%gD\\lAls constantly subjected to attack
by reactiVe 5>Py§%ﬂ°§'§§ aeqfe? SPlts. (Rt eEy nt deirpigomersibeisar I"}ﬁhé%ﬂg
by- pr oduomstunés i red@in alleat®s aB6 kbHPbuRERS t@@nﬁ@@@%sn Bé ySERY E{é
damage 'Qrok%g £ qu of si nfgl e-strand brgaks Doubl e- st rand breaks can
arise if PricoeisGreonrtie Rntginginases ape &irhe sensitisationyefsenegrioplis fonanti-
addi - 5t icancersigegtseandadtdortinprRlicdibh Ttk RVSRKA oY eBRsGaYREshe df thd\&om-

DNA pI| ork e un ters danmaged base patterns. Furthernore,
exogenouéj%ﬁk ‘Tﬂfh %rmugah nthe ?rBHhﬁ‘?’% he{aPAPY RIRJTERD FORdseh HanCE A HiveoUs,

or heavy-metastaseti @tar@lb)gen@éi@d@@rfd'é% i @Fﬁblﬁéﬁﬁ%th%&*bﬁ@%ﬂtﬁdfo %F) antl-
exanpl e l%lﬁ & my.ci ﬁz)ﬁre ca{j') e of causi ng DNA doubl e-strand
DSBs nay hagle © §rEl O'hé’rth‘?ff‘@rr ?réed?tﬁﬁ K52 procegmigt the ar @Qﬁiﬁfﬂﬂrh@ftfﬁl@n

a process:ovdplouhds o therfoemuant) tnyéacl@hmcérﬂﬁmb%ﬂtr@cmﬁnﬂ%pgté)tgﬂ)"‘énd

“mmune s¥®bgn”o al | vert Erates | f__DNA doubl e-strand ks are not
-epai r ed “BrOK % CPRYFETIPR AT 7 RR%H PTeRd §F thaGerapewIds of e farmua (I imixs omesof its
aber 2at i ealks.nmay occur, which nmay consequently result in cell death.
In order to counter the severe dangers resulting from DNA

doubl e-strand breaks, eukaryotic cells have devel oped a nunber of

mechani s rmlﬁt-depseeﬂamr prbiéeﬂktnéﬂquA PHF@raYé%tnﬁé/tMégmﬂé ﬁr%‘?é'm E?ﬂ?%é Which is acti-
So- callegt% nd-j oining (NHEJ),

DNA- depen%eﬁt’” 5?’8%9 iAn R‘ﬁfﬁii@* ﬁi%le@%én%@neﬁmd@ta mo@cwvehﬁmaw consists
i nvesti gm)lcnilaszal”aym ssbamn, wiieh isedPNASPREL bH@Y%\mHg%ula?%%gH Yhibs

one

Egvg rut iﬁl@r %chlg‘éébé !Héwq'ﬁ?%ﬂ‘?rﬁo}%bN:ﬁ;’%; 3 guple! ¢f&l@tlfaemt(ﬂntbermseman@of
;z’g‘t he ?;Fetc;%;;;?‘n“”gi?ggé@?ﬁ)ﬁ* e N R R Y Sl AU hone P
am no | K Q,flcklwec:omgmnpyts(@re connected with a multiplicity of
phosphat fultykr piosidiaicsd pkicaase; helahg ddulaRe Sf (R dfKShatinieLE Oy Rom-
eric maintenance (Smith & Jackson (1999) Genes and Dev 13; 916: Goytisolo et al. (2001)
30 Mol. Celi. Biol. 21: 3642; Williams et al, (2009) Cancer Res. 69: 2100).
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tumours, only a weak increase in sensitivity to ionising irradiation

has been demmnshdoaied for LY294002 in cellular terns (ROSEW%&()EI%GMM
al. (1999) Adin. Cancer Res. 3:1149). KuDOS Pharnmaceuticals Ltd. have

optimsed the | ead structure LY294002 arfd presented vari ous DNA- PK
i nhibitors. The introduction of a di benzothi ophenyl group led to the
i nhi bi - 5SHomaNgendtitimatriald recforrp ef DNAVie commigtiyrsdbjeatel g agackifyS@active

val ue of : tl e . d. e 8., 7829
< 006064 T eBnaRbEE oSS ‘f"ﬁ‘é’@ta{)e?‘lgﬁne’%% Blitaly r"i‘lg‘r%é's"fi‘é%g%‘:{% of gl
an i npr ovisin. FDGH atel ¢apapleaf chgsingDNGLEMEerie theLform bidinglaatrindbikeRs. diou-
the PI 3K | f.ani . J kew ofently inhibited by . .
KU 0060648 Fabd {Bgeﬁé‘g%‘ é?%}fg pﬂ%@?f@%&@”‘{%{e%‘ﬁ%‘ﬁ%{ HindAsE Ry PXngtpyp 2
i nhi bid or tidtasingsnsad deunlbleptrand bizaks megatbeshiiest it theldA teplicdthe fork encoun-
i nventiong t ] f overcom ng. t.he di sadvant ages .
| nd cat o SRR e e Bl ha Bl e Pl e Tapa st
DNA- PK whiiarh(ferrexasglecgdrime OV\hEEthFilelS patidtion) ahg&erteihaah&cbriﬁia::‘méei&améntlbf(lf@r
Pl KK fam r cular_.si a in ticu enabl e
st t ect | S HopRely By B LBBHE Y ofleutl B Aepscahahebinare: Bas )R
chenpsenstheieeoccundstinterrediaemob Sorhatjr revominatin, &ipesps which i€ fidor@nyfor
wth si jul ! uction in side effects T ject, of the
ventt or L RRABH S GG IE Brilng b Nie et SRR dRIR Bfbiermsand Resats
sub- cl ai rwemhtaxiahe@oeéfe][remlreelfnm ie:&ﬂsntrmtatidmsmdm dgn@gﬁnsmbhabtehﬁtions may
i nvention or a_ (| re proyide [) in
G o RacseEp Ry Y ool L Baf tdat f e E65 it sdverd dangers
-élolafx, reAlIKRANYYN DN W(ﬂlﬂﬁ%(rﬁﬁc} bﬁ?’gﬁkm%&i afdg%)\}ave &&%t pedagta:zn%er@r
- r, e . - - - - ‘oor ,
Radenot esm%ﬂa?]%ﬁs té;'éi?ang%:am_. ,il'”\lq?-eﬁﬁ:'ka-ryﬁtﬁs- W@Qfﬂiﬂﬁ!ﬁ&g%egpop@p@io-
?gd i |n1(k5t esgdt!aland¥oi;1®§{,(NNE¥)Alin WWADW@EH@R{ |Elghté‘l’ezin kﬁ\%@&éfddﬁtg tHaYkey role.
- - . - Al k- - - r t . , .
201/ 000D HEr R angns bl Shou uat B X it Bosestispively by the
O et e 0 ORI o e
00 - A ATk piove e et s e RS A ARt RS IR0t o5 Ar
Het' or -Hetl-Hetl, Xdenotes CH2, 0, S or Het', denotes H or A
Adenaot.es . branched al kyl. havi n -10 C atons, where
negng ARG ROEHaEHic BhARE B M end Bemnal seianiopuyuns (PUpPResY
E:?fa 2Ha| arvefich numbelfe[ablnut-wﬂ(hl;mhd) ycidf, DNA-FANSEIResto gEmeanﬁmy bV\ehaphassnt
grou r . a, - ro- group,
A kddanor 2o TBKs RERRERUBRR Gmte’ Gkl ahomtNa P s dehe i finese Gerbeeet l
anolt her, |(1995) ICegitan849rE8mithes. Ua@dsasﬁtbgg‘y G_'d&gs amig@v 1 |§3\§1 sﬂéﬂsiﬁ%ﬂt%hktaia-
cyclic a : = t ere, independently of one another,
451- gsH a é#ﬁyéég%ﬁ?épfggeﬁ} Hal and/or OY,
The protein kinase ATM (ataxia-telangiectasia-mutated kinase) likewise belongs to the
PIKK family. It too has central importance in the recognition of DNA damage. Patients suf-
fering from ataxia telangiectasia exhibit, inter alia, increased sensitivity to ionising radiation.

(Lavin & Shiloh (1997) Annu. Rev. Immunol. 15: 177, Rotman & Shiloh (1998) Hum. Mol.
30 Genet. 7: 1555).

It has been described by Izzard et al. (1999) Cancer Res. 59: 2581, that the P13 kinase
inhibitor LY294002 inhibits the function of DNA-PK in in-vitro experiments. The 1Cs, value
{concentration at which 50% of the enzyme activity is inhibited) is at a relatively ineffective

35 1.25 uM (5.0 mM ATP). Although the evidence that the inhibitor LY294002 allows mammal
cells to become more radiation-sensitive, i.e. the cytotoxicity of ionising radiation is

increased, in principle implies use in the irradiation therapy of, for example, solid cancer



Ardenot es phenyl which is unsubstituted or nonosubstituted by Hal, A,
ON, OY, NWO20biedesdy, COOY, Het', Het2, -Alk-0Y, -Al k-NYY, pd¥/EptieBoozi1z7
or Al k-Het2, Het'denotes nobno- or bi cycléc het eroaryl having 2-90
atons and 1-4 N, 0 and/or S “Y7 atoms, which may be
unsubstituted or nonosubstituted by Hal, A ON, OY 20NYY, - NY- COy,
COOY, - Al Riggrgroniyg WBWCVQ%?EUWf%V@'ﬁ'ﬂiﬁiﬁﬁwﬂdlaﬁogéﬁ?albae!edemomtrated
heterOCyCl‘cﬁ?LNQSéh(D@ idcélittak ri%y r
atonms, whj CE be unsubstﬁﬁg?d%ggéw‘ér}m%oglu@g??)t%“n gche 2 1§9)
Hal denot eL‘ hafmacwtwﬁﬂs Ltd. have gptinised wgad)sf@gatwalu&%@&aemmeented
salts, tauérwmrmﬂmk/.ﬁﬁ[b r )
thereu‘:Ih inall_ratios. %rgpﬁyslﬁﬁgm{/&{)ﬁ BF‘%S@E edéﬂgé%k%t ﬁé[@d"th‘d’i Fifihibi
conpouhds! AN hgndy Rr-erimpsiitien eorapoundehgyingvand e weltienofi20H) rtdvlt(i-lalgicastle et
properti es| (@05 QVM&?/GH%? | r sfk%’érﬂﬁ t
formul a (I%;ar e§de5| i %%sﬁ%zg? m%QOé&L n%SHEﬁP?éggp%lf)g %S%th ,-Q?
of the pyPeZdP BAVY- ﬁ%l"\l'tﬁ@n imgtayedsPhil pfoféaﬂtameuamedw but the klnases of
substi t ut {RMEI3RRY
SUbst 1 ¢ Ut e e Bkl SR hbAGS KOUeBR The Ml
of DNA- PKINg¢eg# dor We@cﬁﬁﬁ@ﬁmﬁv%laﬁ&rlﬂf imgibitor hasecanaequrentipnot tiees sapisfied to
up emgrefpmenew possibilities with respect to the anticarcinogenic
action of anticancer agents. Remarkably, the conpounds of the fornula
(1) play a therapeutic role as radio- and chenosensitisers in the
35t r eat menge B gﬁﬁ,@
is merely knom?]&?rﬂ gﬁbased\ll%a ﬁé? ggp ng@aﬁxgidngaﬁg%ﬁﬁeﬁoﬁi g%égm the prior
deri vat i vand af davslopingreffestivednkibiberh of BNEURK whinhene selectwtefvethtreaa&Me
of cancerejaldek AV I Lunou
cells as a conslgﬁfjéesnogtéﬁécl)pﬁ(ﬁfgﬁg %ﬁ%?iﬁe%%%dd?%cﬁlang%% é%a{q/d%@& e@@hlg
produ® offesveappligation iglcyemﬁiaﬁr@mmammw lane pkernbeerisitiseracakitruiharaim of
5acti ve- c,mmméi tdrRa ) I r
phosphati dyl i n05|ht%glr'&'§ﬁ%<l{t%ase % glwg ssr(;m tegg%??% gbd'eorrfe'? fsgglelﬁea?h WO
2009/ 155527, whi ch have neither the specific structure of for mula (1)
accor di ngriedol t | t her o
The w0 B o e Rk VB FL AR M 1 OB Gl e
phar nacol B§reaimsdgantain mefﬁémmdmtedmmord@oequw thy invaktitonmomByunds
cont rogst ,thtrlc,’@fo%ggqntaré B,xégi%gjon reveal s that specifically conpounds
of 10the fornula (1) are capable of the specific inhibition of
serine/ threonine protein kinases, such,as DNA-PK The conpounds
according to the invention and sal tsythereof consequently have
val uabl e pharmacol ogi cal properties i e sane tinme being well
toler- ated. 15For the purposes©aqf i NVé e conpounds of
theforrmla(l) are defined Rh suc th are also taken to
frean pharmaceutical |y usabl e deri vig g ; , hydrates, solvates,
precursors of the conpounds, tautoneys and™s Wtically active forns
(such as, for exanple, stereoisoners) digstefMeoners, enantioners,
r acemat es) Sol vates of the conpound'g are tlken to mean adducti ons of
i nert solvent nol ecul es onto the conmpounds, \20whi ch formowing to
their nutual attractive force. Solvates are,R%or exanpl e, nono- or
di - hydrates or al cohol ates. Pharmaceutically usable derivatives are (1)
t aken to, n for exanple, the salts of the conpounds according to
the invent | of and so-cal l ed precursors of the conpounds. Precursors
are takeR1t o neamenftes Yex@merlﬁWMkar the fornula (1) nodified

f al kyl, or_acyl ars or ol igopeptides, which are
raplngs @5 cl ead BOtP%$ '998}1 i‘é‘ﬁfbocif (RS) R, @KH@MRBMB%O&Q@NHB@TN
accordi ng to theot R@DHLON. These al so include bi odegradabl e pol yner
derivatiygs of the conpounds according to the jnvention, as

i sh Fal PAG 2

described> for eXSNPF Al CNorAKNY Y, et g1HE% (1995). Any
R4 denotes Hal, Y, Cyc, CN, -Alk- CN, -Alk-COOQY, -Alk-CO-NYY or Het',
R5 denotes Hal, Y, OY, NYY, -NY-COY, COOQY, -CO-NYY, -CO-NY-AIk-QY,

30 -Alk-CO-NYY, -Alk-OY, -Ak-NYY, Ar, Het' or Het?,



10of one another, fromthe neanings indicated above and/or bel ow (for

exanpl e mwdiydizan@spr ethyl), unless expressly indicated ot hefwbs%i/003127
The terns used here for the definition of the conpounds are generaﬂ)y

based on the rules of the |IUPAC organi sation for chenical conpounds
and in particular org%ﬁni c conmpounds. The terms for explanation of the
above- menf¥eRéd cHgebienasosenetseAlkiv@MiY-on al ways have the fol | owi ng

meani ngs, penl ess Ladies LACH QLOYNANTA gc?oiwr@o&?gg@%ﬂa-bg:ﬂgﬁ%wgy, .

clains. The term "unsubstituted”™ heans th ara
resi due carries ndcQuUbsAIk@EMCO-NTYREK-NM-COUMNERIK-SOLNY YIrEaDINY-AKEA

radical, a group Qgf -El\l\F—ﬁ%i-ﬁé{e?rc—%{]d-N?%Q\i oRf nore substituents. 20
! CON

"Alkyl" or "A" in the sense 0 e inventron denotes a non-cyclic,
sat ur at edRr unsatiencie®dr ietracHetorett adi cal , which is unbranched

i b f h 1, 2, 3, 4, 5 6, 7, 8, 9
(l'inear) gr ranc%&%lt%gl_,gg% §§g%<ty as or

10 C atons, i.e. y anpl es of alkyl radicals are
net hyl, ethyl, prégnates Hoopsopyl, 1,1-, 1,2- or 2, 2-di methyl propyl,

LSt 5 s B e SN LB OB nomns
tert-butyl, 1-, 2entyrof@neandipebdtd/H atdmdmaybe2epladedby, HA ad/or 2ndepedt-
3, 3- digret hyl but yl - = I nt i sopentyl, neopentyl,
tert- pdem;lt yl, 1-, %rztl,]y Og%%%n%hrgr%?%%{e\%%/)cﬁac%]i&yHF grquRs Hyaﬁrb@frﬁpltg%é by -
enmbodi nent of t heCHRGERnaNdA; -C3C- greupunbr anched or branched al kyl
havi ng 30410 C | ) ntly of one another, 1-7 H
atoms rrayAITb(e repf‘%ce sb%{/ml—%r%%ﬁ@ gf,gﬁﬁ%aéﬁe‘f’{@%rﬁt'f" e %8??@ A P8¢ Repther, 1-4
one or two adj;' a'(':e*ﬂtat@ﬁﬂzmgvbapspla@ﬁ Eiy?ﬂalelplbma}k, by a - CH=CH and{]or
al kgl vy 156 SmSRTGARAIRN by RS FERRRG WSHE TG dcgi of one another,
i ndep€ndent I'y of bd! alnmstmeay, bebreplaabd byetayamdiot Geul ar preference is
Stors may be. rep!cengigh EnMaPEAAGTa R ot ycaBotfuaTbi ey CN. O,
Byt o0 By oo Pt ) Fopon) o Abiet or Mlcten
sec- buty ert - or i or o ri 0 yl,
pent af | uohrieotet hyl , 1)51@8{;“%# pr@%érﬁéeh{eﬁwa%lr qug%%aﬁw’s aﬁ%ﬁt‘{ @F@@@P@P—rs
bly nethyl, ethylatgnsdiffittumepivethylbstituteyorenomdsubstiitites ay iHag A M. Gyhe
res tive nmeani Ofyy/. A wnd ent, .0 ne another in the

ca N EOTaE BoY SRR g 8

radi cal s of a form ‘a according t "Cycl oal kyl " or
"Cyc" inHde sengenofestareonarydittsatmaiddimeterscysit havaigerd7 anslopahiald M. O

unsatu- 5 rated I Lic. hydroc 0 roups. having 1 to 3
rings, which contrél QIB‘IT’IO?? {@R‘E&Vﬁ%’f@PgIbgﬁnﬁl?gsﬁlﬁec?fmg%%upéwtgp%yA, and
preferablial3 to %endeatols BrBhe bonding to the basic structure of the
formula (4 . i ny. ri nenber of the cycl oal kyl .
group e By REGeRl AP aBe 13l igioars Ryl oo fer e ngling
cycl épentWikturasytberehtixdl ratinsc| ohept yl, cycl ooctyl, cycl odecyl,

cycl opentenyl, cycl ohexenyl and cycl ooctadienyl. 10 In a preferred
enbodi ment of the invention, "Cyc" is cyclic alkyl having 3-70 atons,

\Q\heng | 1- %Zmﬁm itrrag bben faepbidieatdhe comispen d@_ﬂ&dr&intgfto @@&T@ﬂ%@gfei prBVided
: a ; 4 r._preference is given to cyclic a
havi ng 3-6 %qhé&grﬁ%s’%%%gk@é&ﬁ%‘%ﬁ‘ﬂ‘&{w’@%&? lP"E“Pr?eesf bhrapqupps Iﬁ‘gi’f@ fpls
any genfef‘fibt‘;’:l o arectesigone in suchtarway, ]lciiﬁreugroth‘dm:cﬁl‘b ﬁﬂMtLﬁ%@f tﬁﬁ'gg/g"a&oﬁaﬁﬁgolizne,
can oa. bnaah B REt A aISHE By B oSt Sip iy w0 ians ppaan
accor di ngriaatiheubstituted ploeny! Sreattacha, rt}f&lé bb’:letﬂ?ﬁdlﬁlécgigé lﬁwﬂﬁtic{nﬂﬁ DNA-PK

t . ,
 lynyl i ag e ARG S Gho B BE TBRLCh itk She useiray renassbiies
C2_6- al kil respgatotize agticatdinogghis.achbrk eiyHtisamry agéits | RasArkane tﬁigo .
doubl e bﬁ&%d%']ﬁtr?é %Yﬂéﬁ%%l)ﬁ%‘{f% tﬁgralpsgt?c}ro ne C-Ctriple bond.” Al kynyl s

e as radio- and chemosensitisers in the
35 treatment of cancer.



15m or p-tert-butyl phenyl, o-, m or p-trifluoronethyl phenyl, o-,

or p-fluokaphaMhossP-. M or p-bronophenyl, o-, m or p-chl n
o-, m or p- hydrox33/phenyl, o-, m or prret hoxyphenyl o-, IQ(E)%E%M&IW

p- met hyl sul fonyl phenyl, o-, m or p- ni tt9phenyl, o-, m or

pam nophenyl, o-, m or p-nethylam nophenyl, o-, m or

p- di mﬁt lhyﬂ'atdlatﬁopihﬁmﬁl‘eiy kRgwrmfrorn W(Q-1802/00844 Mﬂthb ‘yi!laqwi%zolﬁrﬁ% déﬁvat;ves
p- et hyl a n am nqcar bonyl - eny

m or p- cg}retq%ﬁq;éb %’Jrglyolfeﬁ% Xth%apSVt'Cpa%[%gi%ﬁ?%@ﬁm HirensAr: TQﬁ derﬁ’ﬁf'\tﬁs

p- et hoxyeddrieenifiephaitiyle re@stanmofwmpuraié&é ¥t BReAMqueBcs oﬂBveFngressuon of the

gr f gr r5ry L“p %Wbop%erlﬂ?g% QE”%BF hen¥fL§Jk Fzgly%oprotgmzpun}prkeeps the mfracellﬁ!ar

3, 5- diZhl ectyptrmpdound paﬂoenﬂa’sﬂon lo®, hibitdrstof phésphati@flinositol 3-kinase are also

S a5 11 DR hendicdng ity nRiossaT whidhsiaye oiths dhe prRsipistructure of for-

g f5| gor 0- b (Hnamcolfg Iteﬁlyé invéntondick khtodﬂﬁ))& Stgb&if@tiﬂﬂleﬂlﬁiﬂ%é?rolf ther;cwo prior-art
irne c a preferre odi ment o

i nventi on&%éﬁt? Q‘Séé %ﬂ%y%fjg}?”?'%al EHQEWQQCPGE@EE HHta. fomatketagyaedicanen is

by Hal, Aequany uﬁM)oWdlYB,y cohh’a@@hfe pfEIANt intltition rétRlals thaﬂd‘ém@fally c'%Hf)omYc\é of
arti cill arly preferred f

Al k-Hetl . ar,

denot?ph@%}?“ﬁl‘vﬂﬁ Eﬁa escaaﬂglagg S sPegle, MaEtion Ghsapal fuenine é@t%@/km'ﬁes
The term guwtarIDNAﬁHK Tihe cbingoseiisecofdirigte thé‘M@éﬁtloﬂ%n@%’&ﬁé ﬁ'r%re%f Lohdd-
15, prefe t?ﬁl%lﬂ%h% aig %ﬁf)tlcmﬁ ]%'a‘PrEf rabléi - or. 7-menbered
fono- or ‘% VX VRYT ERpRlnRbRrEa50 e 5e L BRsties “%ﬁ%fﬁeemﬁtb&msw%lttoler-
| east 1, atedappropriate also 2, 3, 4 or 5 heteroatons, in particular
ni trogen, 35 oxygen and/or sulfur where the heteroatons are
identical or different. The nunber of nitrogen atons is preferably O,

1, 2,153 oforshe am@osémofﬁmbﬁénttﬁn Wé)fﬁ)ﬁ‘fbo@ﬁﬁb sithé FHrm@'FaO(TFEaré defined in such a
e term"heteroaryl™ I ncludes

d d
!sgste pendpt) ¥aPhefe: SUOLISH 0 G690 harpine denm ot e oatyl” Lncl udes

matic ri rphatespardcucforsiofithe compOdgciablonfers ahd bRy Rk b (¥uch as, for
unsat urat%ggm%q]d/ r aromatl(% stem for exanple if the aromatic ng

is fused ylo COBUNRP Y ﬁﬁéqeomerq,@p@?me};p ra@ﬁmatﬁ@s @pwegemoi/ﬂneqprra
any desi rpedinds g takerbermedn étﬁt&nch@is%f%rb’éohfe’ﬁ@I'rﬁn?éculey&,ﬁtoqﬂ.@%r% o&ﬁb t he
ba5|c205tr é Fe of .t he L g1 %@[) can take place via any ri ng mber
of the helEFbiRryIPHnGigdneis Fuia aa%veff’f%p%%la@’@sérﬁefﬁr@aamplesmgpmred:—
where b Drydiates i slcdHoiatés. aﬁth@rﬂsade‘éut]wn?fueémlé@erwalﬂ%%:%%D(én to‘i‘fé‘é?wt fo%e am-
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example mixtures of two diastereomers, for example in the ratio 1:1, 1:2, 1:3, 1:4, 1:5. 1:10
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In a preferred embodiment of the invention, "Cyc" is cyclic alkyl having 3-7 C atoms, where
1-4 H atoms may be replaced, independently of one another, by A, Hal and/or QY. Particu-
' lar preference is given to cyclic alkyl having 3-6 C atoms.

18 The basic structure of the formuia (I) here is any generic or non-generic structure to which
any radical in the sense of the invention, such as, for example, Cyc, Ar, Het® or Het?, can
be bonded in order to obtain a compound of the formula (1) according to the invention.

The term "Alk" in the sense of the invention denotes unbranched or branched alkylene,

20  alkenyl or alkynyl having 1,2, 3,4, 50r6 C atomns, i.e. Cyg-alkylenes, C,s-alkenyls and C,.
s-alkynyls. Alkenyls have at least one C-C doubie bond and alkynyls have at least one C-C
triple bond. Alkynyls may in addition have at least one C-C double bond. Examples of suit-
able alkylenes are methylene, ethylene, propylene, butylene, pentylene, hexylene, iso-
propylene, isobutylene, sec-butylene, 1-, 2- or 3-methylbutylene, 1,1-, 1,2- or 2,2-

25  dimethylpropylene, 1-ethylpropylene, 1-, 2-, 3- or 4-methylpentylene, 1,1-, 1,2-, 1,3-, 2,2-,
2,3- or 3,3-dimethylbutylene, 1- or 2-ethylbutylene, 1-ethyl-1-methylpropylene, 1-ethyl-2-
methylpropylene, 1,1,2- or 1,2,2-trimethylpropylene. Examples of suitable alkenyls are
allyl, vinyl, propenyl (-CH,CH=CH,; -CH=CH-CHj; -C(=CH,)-CH3), 1-, 2- or 3-butenyl, iso-
butenyl, 2-methyl-1- or 2-butenyl, 3-methyl-1-butenyl, 1,3-butadienyt, 2-methyl-1,3-buta-

30  dienyl, 2,3-dimethyl-1,3-butadienyl, 1-, 2-, 3- or 4-pentenyl and hexenyl. Examples of suit-
able alkynyls are ethynyl, propynyl (-CH-C=CH; -C=C-CHs), 1-, 2- or 3-butynyl, pentynyl,
hexynyl or pent-3-en-1-ynyl, in particular propyriyl.

-
P/ h\.‘
f

In a preferred embodiment of the invention, "Alk" is alkylene having 1-6 C atoms, i.e.

35  methylene, ethylene, propylene, butylene, pentylene or hexylene, where 1-4 H atoms may
be replaced, independently of one another, by Hal and/or QY. It is particularly preferred for
"Alk” to denote alkylene having 1-3 C atoms, where 1-2 H atoms may be replaced by Hal
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and/or OH. Particular examples thereof are methylene, ethylene and propylene. it goes
without saying that the respective meanings of "Alk" are independent of one another in the

radicals of a formula according to the invention.

The term "aryl", "carboary!" or "Ar" in the sense of the invention denotes a mono- or poly-
cyclic aromatic hydrocarbon system having 3 to 14, preferably 4 to 10, particularly prefera-
bly 5 to 8, C atoms, which may optionally be substituted. The term "aryl" includes systems
in which the aromatic ring is part of a bi- or polycyclic saturated, partially unsaturated
and/or aromatic system, for example if the aromatic ring is fused to "aryl", "cycloalkyl”,
"heteroaryl" or "heterocyclyl" via any desired ring member of the aryl radical. The bonding
to the basic structure of the formula (I) can take place via any ring member of the aryl
group. Exampies of suitable "aryl" are phenyl, biphenyl, naphthyi, 1-naphthyl, 2-naphthyl,
anthracenyl, indanyl, indenyl, 1,2,3,4-tetrahydronaphthyl, in particular phenyl, o-, m-or
p-tolyl, o-, m- or p-ethylphenyl, o-, m- or p-propylphenyl, o-, m- or p-isopropylphenyl, o-,
m- or p-tert-butylphenyl, o-, m- or p-triflucromethylphenyl, o-, m- or p-fluorophenyl, o-, m-
or p-bromophenyl, o-, m- or p-chlorophenyl, o-, m-or p-hydroxyphenyl, o-, m- or p-
methoxyphenyl, o-, m- or p-methylsulfonylphenyl, o-, m- or p-hitrophenyl, o-, m- or p-
aminophenyl, o-, m- or p-methylaminophenyl, o-, m- or p-dimethylaminophenyl, o-, m- or
p-aminosulfonylphenyl, o-, m- or p-methylaminosuifonylphenyl, o-, m- or p-aminocarbonyl-
phenyl, o-, m- or p-carboxyphenyl, o-, m- or p-methoxycarbonylphenyl, o-, m- or p-
ethoxycarbonylphenyt, o-, m- or p-acetylphenyl, o-, m- or p-formylphenyl, o-, m- or p-
cyanophenyl, 2,3- 2.4~ 25- 286, 3 4-or 3,5-diflucrophenyl, 2,3-, 2.4, 2,5-, 2,6-, 3,4-or
3,5-dichlorophenyl, 2,3- 2.4-, 2,5-, 2,6-, 3.4- or 3,5-dibromophenyi, 2,3,4-, 2,3,5-, 2,3 6-,
2,4,6-or 3,4,5-trichlorophenyl, p-iodophenyl, 4-tluoro-3-chlorophenyi, 2-flucro-4-bromo-
phenyl, 2,5-difluoro-4-bromopheny! or 2,5-dimethyl-4-chlorophenyi.

In a preferred embodiment of the invention, "Ar" is phenyl which is unsubstituted or mono-
substituted by Hal, A, CN, OY, NYY, -NY-CQY, COOY, Het', Het?, -Alk-OY, -Ak-NYY,
-Alk-Het' or Alk-Het?, It is particularly preferred for "Ar" to denote phenyl which is unsubsti-
tuted or monosubstituted by Hal.

The term "heteroaryl" in the sense of the invention denotes a 2 to 15, preferably 2 to 9, par-
ticularly preferably 5-, 8- or 7-membered mono- or polycyclic aromatic hydrocarbon radical
which contains at least 1, if appropriate also 2, 3,4 or 5 heteroatoms, in particular nitrogen,
oxygen and/or sulfur, where the heteroatoms are identical or different. The number of nitro-
gen atoms is preferably 0, 1, 2, 3 or 4, and the number of oxygen and sulfur atoms is, inde-
pendently of one another, 0 or 1. The term "heteroary!" includes systems in which the aro-
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matic ring is part of a bi- or polycyclic saturated, partially unsaturated and/or aromatic sys-

tem, for example if the aromatic ring is fused to "ary!", "cycloalky!", "heteroary!® or "hetero-

cyclyl" via any desired ring member of the heteroaryl radical. The bonding to the basic

structure of the formula (1) can take place via any ring member of the heteroaryt group, so
5  long as it appears chemically sensible, where banding via the C atoms is preferred.

"Heteroaryl" denotes, irrespective of further substitutions, for example 2- or 3-furyl, 2-or
3-thienyl, 1-, 2- or 3-pyrrolyl, 1-, 2-, 4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl, 2-, 4-or
5-oxazolyl, 3-, 4- or 5-isoxazolyl, 2-, 4- or 5-thiazolyl, 3-, 4- or 5-isothiazolyl, 2-, 3- or

10 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl, 1,2,3-trizzoi-1-, -4~ or -5-yl, 1,2,4-triazol-1-, -3- or 5-yl,
1- or 5-tetrazolyl, 1,2,3-oxadiazol-4- or -5-yl, 1.2,4-oxadiazol-3- or -5-yl, 1,3,4-thiadiazol-

£ 2- or -5-yl, 1,24-thiadiazol-3- or -5-yl, 1,2,3-thiadiazol-4- or -5-yl, 3- or 4-pyridazinyl,

pyrazinyl, 1-, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 4- or S-isoindolyl, 1-, 2-, 4- or 5-benzimidazolyi,
1-, 2-, 3-, 4-, 5-, 6- or 7 indazolyl, 1-, 3-,4-, 5., 6-or 7-benzopyrazolyl, 2-, 4-, 5-, 6-or 7-

16 benzoxazolyl, 3-, 4-, 5-, 6-or 7- benzisoxazolyl 2-, 4-, 5-, 8- or 7-benzothiazolyl, 2-, 4-,
5-, 6- or 7-benzisothiazolyl, 4-, 5-, 6- or 7-beriz-2,1 3-oxadiazolyl, 2- 3- 4- 5- 6-, 7-or
8-quinoiyl, 1-, 3-, 4-, 5-, 6-, 7- or 8-isoquinolyl, 3-, 4-, 5- 6-, 7- or 8-¢inolinyl, 2-, 4-, 5-, 6-,
7- or 8-quinazolinyl, 5- or g-quinoxalinyl, 2- 3- 5- 6- 7-or 8-2H-benzo-1,4-oxazinyl, 1,3-
benzodioxol-5-yl, 1,4-benzodioxan-6-yl, 2,1,3- biznzothiadiazol-4- or -5-yl, 2,1,3-benzoxa-

20 diazol-8-yl, imidazoly!, triazinyl, phthalazinyl, incolizinyl, pteridinyl, carbazolyl, phenazinyt,
phenoxazinyl, phenothiazinyl or acridinyl.

The heterocyclic radicals may also be partially or fully hydrogenated. Unsubstituted hetero-
aryl may thus, for example, also denote 2,3-dhvdro-2-, -3-, -4~ or -5-furyl, 2,5-dihydro-2-,

s,

25 -3~ -4-or 5-furyl, tetrahydro-2- or -3-furyl, 1,%-cioxolan-4-yl, tetrahydro-2- or -3-thienyl,
2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrrolyl, 2,5-dihydro-1-, -2-, -3~ -4- or -5-pyrrolyl, 1-, 2- or
3-pyrrolidinyl, tetrahydro-1-, -2- or -4-imidazoyl, 2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrazolyl,
tetrahydro-1-, -3- or -4-pyrazolyl, 1,4-dihydro-1-, -2- -3-or -4-pyridyl, 1,2,3,4-tetrahydro-1-
, =2-, =3~, -4~, -5- or -6-pyridyl, 1-, 2-, 3- or 4-pip=ridinyl, 2- 3- or 4-morpholinyl, tetrahydro-

30 2-,-3-or -4-pyranyl, 1,4-dioxanyl, 1,3-dioxan-2-, -4- or -5-yl, hexahydro-1-, -3- or -4-pyri-
dazinyl, hexahydro-1-, -2-, -4- or -5-pyrimidinl, 1-, 2- or 3-piperazinyl, 1,2 3 4-tetrahydro-
1-, -2-, -3-, -4-, -5, -6-, -7- or -8-quinolyl, 1,2,3,4-tetrahydro-1-, -2-, -3-, -4-, -5-, -6-, -7- or
-8-isoquinolyl, 2-, 3- 5- 8-, 7- or 8-3,4-dihydro-2H-benzo-1,4-oxazinyl, 2,3-methylene-
dioxyphenyl, 3,4-methy'enedioxyphenyl, 2,3-ethylenedioxyphenyl, 3,4-ethylenedioxyphenyl,

35 3,4-(dEfIuoromethylenedioxy)phenyi, 2,3-dihydrobenzofuran-5- or 8-y, 2,3-(2-oxomethyl-
enedioxy)phenyl, or also 3, 4-dikydro-2H-1 ,9-benzodioxepin-6- or -7-yl, 2,3-dihydrobenzo-
furanyl or 2,3-dihydro-2-oxofuranyl.
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It is preferred for "heteroaryl” in the sense of "Het'" to denote a mono- or bicyclic aromatic
heterocycle having 2-9 C atoms and 1-4 N, O and/or S atoms, which may be unsubstituted
or monosubstituted by Hal, A, CN, OY, NYY, -NY-CQY, COQY, -Alk-OY or -Alk-NYY. ltis
particularly preferred for "Het"" to denote mono- or bicyclic heteroaryl having 2-9 C atoms
and 1-3 N and/or S atoms, which may be unsubstituted or monosubstituted by Hal, A, CN
or NYY. It is very particularly preferred for "Het"" to denote pyrazole, pyrrole or thiazole. It
goes without saying that the respective meanings of "Het™ are independent of one another

in the radicals of a formula according to the invention.

The term "heterocycle” in the sense of the invention denotes a mono- or polycyclic system
having 3 to 20 ring atoms, preferably 3 to 14 ring atoms, particularly preferably 3 to 10 ring
atoms, comprising C atoms and 1, 2, 3, 4 or 5 heteroatoms, in particular nitrogen, oxygen
and/or sulfur, where the heteroatoms are identical or different. The cyclic system may be
saturated or mono- or polyunsaturated. The term "heteroaryl" includes systems in which the
aromatic ring is part of a bi- or polycyclic saturated, partially unsaturated and/or aromatic
system, for example if the aromatic ring is fused to "aryl", "cycloalky!", "heteroaryl" or
"heterocyclyl" via any desired ring member of the heterocycle. The bonding to the basic
structure of the formula (I) can take place via any ring member of the heterocycle. Exam-
ples of suitable heterocycles are pyrrolidinyl, thiapyrrolidinyl, piperidinyl, piperazinyl, oxa-
piperazinyl, oxapiperidinyl, oxadiazolyl, tetrahydrofuryl, imidazolidinyl, thiazolidinyl, tetra-
hydropyranyl, morpholinyl, tetrahydrothiophenyl, dihydropyranyl.

In an embodiment of the invention, "Het®" is a monocyclic saturated heterocycle having 2-7
C atoms and 1-4 N, O and/or S atoms, which may be unsubstituted or monosubstituted by
A. Itis preferred for "Het* to denote a monocyclic saturated heterocycle having 2-5C
atoms and 1-2 N and/or O atoms, which may be unsubstituted or monosubstituted by A. It
goes without saying that the respective meanings of "Het*" are independent of one another

in the radicals of a formula according to the invention.

The term "halogen", "halogen atom", "halogen substituent” or "Hal" in the sense of the
invention denotes one or more atoms of fluorine (F), bromine (Br), chlorine (Cl) or iodine (1).
The terms "dihalogen”, "trihalogen” and "perhalogen” relate to two, three or four substitu-
ents, where each substituent can be selected, independently of one another, from the
group of F, Cl, Br or [. "Halogen" preferably means F, Cl or Br. F and Cl are particularly
preferred, in particular if the halogens are substituted on an alkyl (haloalkyl) or alkoxy group
{for example CF; and CF;0).
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The radical R1 preferably denotes H or A, particularly preferably A.
The radical R2 preferably denotes H, A or -CH{R8)(R7).

The radical R3 preferably denotes CN or Het!, particularly preferably CN or pyrazole, very
particularly preferably CN.

The radical R4 preferably denotes H, A or CN, particularly preferably A.

The radical R5 preferably denotes H, A, Hal, COQY, Alk-OA, Ar or Het?,
particularly preferably H, Hal, Alk-OA or Het?,

If the radicals R3 and R5 form a common radical, they are preferably located on adjacent C
atoms.

The radical R6 preferably denotes -CO-NYY, -CO-NY-OY, -CO-NY-C(=NH)-NYY or
-CO-NY-Alk-QY.

The radical R7 preferably denotes Ar or Het', particularly preferably Ar.

The radical X preferably denotes O or Het', particularly preferably O, pyrazole or pyrrole,
very particularly preferably O.

Accordingly, the invention relates to the compounds of the formula (1) in which at least one
of the said radicals has one of the meanings indicated above. Radicals which are not
denoted in greater detail in the context of an embodiment of the formula (1), part-formula
thereof or any residue thereon are intended to have the meaning indicated for the formula
(1), as disclosed herein, in order to achieve the object of the invention. This means that the
said radicals may adopt all meanings assigned to them, as described above or below,
including any preferred embodiments, without being restricted thereto and independentty of
their occurrence in another particular context. It goes without saying, in particular, that each

embodiment of a certain radical can be combined with each embodiment of one or more
other radicals.

In another preferred embodiment of the present invention, pyrazoloquinoline derivatives of
the part-formula (IE) are provided
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(IE)

in which R1 to R5 and X have the meaning indicated above.

5 In a particularly preferred embodiment of the present invention, pyrazoloquinoline deriva-

g tives of the part-formula (IA) are provided

(1A)
{10 inwhich
R1, R4 denote Y,
R2 denotes Y or -CH(RB)(R7),
R5 denotes Hal, Y, COQY, Alk-OA or Het?,
R6 denotes -CO-NYY, -CO-NY-OY, -CO-NY-C(=NH)-NYY or -CO-NY-Alk-QOY,
15 R7 denotes Ar or Het',
Y denotes H or A,
A denotes unbranched or branched alkyl having 1-4 C atoms, where, independ-
ently of one another, 1-3 H atoms may be replaced by Hal,
Alk denotes alkylene having 1-3 C atoms, where 1-2 H atoms may be replaced by

20 Hal and/or OH,

Ar denotes phenyl which is unsubstituted or monosubstituted by Hal,
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Het' denotes mono- or bicyclic heteroaryl having 2-9 C atoms and 1-3 N and/or S

10

atoms, which may be unsubstituted or monosubstituted by Hal, A, CN or NYY,
Het? denotes a monocyclic saturated heterocycle having 3-5 C atoms and 1-2 N
and/or O atoms, which may be unsubstituted or monosubstituted by A, and
Hal denotes F, Cl, Bror |,
and/or physioclogically acceptable salts, tautomers and/or sterecisomers thereof, including

mixtures thereof in all ratios.

Very particular preference is given to compounds of the formulae (1), (1A) and (IE) which are
compiled in Table 1.

Tabie 1: Particularly preferred compounds of the formulae (1), (IA) and/or (IE)
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NNV N// 90 CCY N N\ N// 91 ZN NN\ //N F The conpounds of

t he fornula&ﬁh% and part-fornul ae thereof and also the startin

mat eri al SYPIP1HYE? preparation are prepared by methods kn&wd/EFap1igasi2r
as are described in the litera- 5 ture-2§or exanple in standard

wor ks, such as Houben-Wyl, Methoden der organi schen Chem e [ Met hods

of Organi ¢ Chem stry|,Georg- thi ene- Vertag, Stuttgart)—andfjor are

known person skilled|in the arnt, and un reaction conditijons which
are known and suitablle for the said rea QNS Usey can al sq be nade
here of variants knoywn per se|which are pt'hentia ed here|in greater

detail. WD 2012/ 000632PCT/ EP2011/ 003127
conditions used, thejreadBion|tine is bet m nuteg and 14
days, the reaction té¢nperature i s betweer 3ad, 150C, ngrmal |y

bet ween 10C and 100C| particuljarly preferab het ween 20C dnd 70C.
5The reaction is carfied out ijn an inert s-IVrnﬁNand generdglly in the
presence of an acid- |bi ndi ng agent, prefer%@ n organi c hase, such
as DI PEA, triethylam|ne, dinethylaniline, pyridine, quinolijne,

pi peri di ne or di ethapolamne. jThe addit}] of anmal kati-metjal or

al kal i ne-earth netal | hydroxi de, carbona;g)or bi carfonat e or| anot her

ependi ng gn the

salt of a weak acid of the alkali or al kpline-ea
preferably of potassium sodiuym calciuntgr cae
favourabl e. Suitable|baseg are netal oxidd
al um ni um oxi de, al kal i - et al |hydr oxi des F'ng pot assijum
?ydroxide, sodi um hydr oxi de and |ithium hyd , al kaline-earth
met al hydroxi des (fof exanpl elbarium hydragxi de and cal ci um|{hydr oxi de)
and al kal i -rmetal al kpxi des (for exanpl e pot&&sshum et hoxi de |[and sodi um
propoxi de). 15Suitable inert $olvents are, inter alia, hydrocarbons,
such as hexane, petrpleumether, ben- zen€, toluene or xylene;

chl ori nat ed hydrocarpons, such as trichl t hyl ene,

m may al{so be 10
as, for exanple,

1, 2-di chl or oet hane, tarbon tetrachl ori de, ~¢fl or of orm or
di chl oronet hane; al cphols, su¢ch as nethangl, ethanol, isopriopanol,

n- propanol , n-butano| orgtertibutanol; Sucht as di etlthyl et her,
di i sopropyl ether, tetrahydrofuran ( ‘ xane; glycoll ethers,
such as ethyl ene glycol 20nmononet hyl or “apigethylFF et her, et hyl ene

gl ycol dimethyl ethef (diglyne); ketones,! sychvas acetone gr
but anone; ami des, such as acefam de, di met¥fiyl §cetani de or
di met hyl formam de (DVF); nitriles, such as acetonitrile; sulfoxides,
such as di net hyl sul foxide | 0); carbon sulfide;, carboxylic
acids, such as formgc acid orjacetic acid tro conpounds, such as
ni tronmet hane or nitrjobenzene; |esters, suchTyas ethyl® acetate¢, or

m xtures of the said 25sol vents. Particul ience is given to
Inycol ethers, such jas e8hyl epe glycolo yl ether, | THF,

di chl or onet hane and/jor DVF. \[

etqner S

82




The process and the subsequent work-up of the reaction mxture can
basically be carried out as a batch reaction or in a continuous

reacti on BPIEBAPS? The continuous reaction pro- 30cedure E&HFTFRLEL3127
for exanple, reaction in a continuous sgdfred-kettle reactor, a
stirred-ket- tle cascade, a |loop or cross-flow reactor, a flow tube

or in a mcroreactor [The Teagtiom mxtures_are-opttonattywor ked up,
as needed, by filtration via solid phases romat ogr aphy, |separati on
bet ween i nm sci bl e phases (for exanple ex tion).—nadsorptfion onto
solid supports, renoyal of sollvents and/or Jazeotfopic m xtures by
distillation, selective distil|lation, 35s@bli
co-crystallisation of by8ﬁanofiltratia' EEE

2012/ 000632PCT/ EP2011/ 003127 - 33 - The ; ds
can preferably be obtai ned by |reacting a gom d of the fgrnula (1A
or alternatively a conpound off the fornul@ ). The present
invention thus also felates tg a process for the preparatign of
conpounds of the formHa-{iE+part—formilae thereof and/or

physi ol ogi cal |y acceptabl e salits, tauto and/ or stereoi soners

t hereof, 5including g xtures thereof in rati os, having |t he
follow ng steps: 10inh which Rl, R2,independently of.one andt her,
denote A or -Alk-Ar, |R5denotes Hal, Y, , A X or Het2, denotes
H or A Adenotes unbranched or |branched alikyl Ood-4 C gtons,
where, inde- 15pendently of one another 3 nms may bg replaced

by Hal , Al kdenot es al kyl ene having 1-3 € atQns ere 1-2 H atons may
be repl aced by Hal, Ardenotes|phenyl mhiJh/is Mnsubstituted or
monosubstituted by Hal, Het2denotes a nmono€ychic saturated
het er ocycl e having 3{5 C atong and 1-2 20N and/or O atons, [which may
be unsubstituted or ponosubstituted by A d Hal denotes F,| C, Br or
1, in acidic mediumwi th a red qL g agent and witlh a
conmpound E- N2, 25i n|which E denotes an etenent fromthe 19t main
group, to give conmppunds of fhe part-fqg | a IB)N~MI)
2012/ 000632PCT/ EP201[/ 003427 1 34 - CN ’ kn whidh Rl, R2
and R5 have the nean|ng rndicated abho forful a (13A), 5and
optionally (b') reaction of the conpounds he part-formila (1B)
wi th a conpound Hal -R4, in which R4 and e the neaning
i ndi cated above, 10tb gi ve cofrpounds of X rt-formula (10

(1Q in which Rl, R2l and R5 have the the nmeani‘ng i ndi cat ed|above in
part-forrmula (HA),

.
b L

86 O A NH,

87 o N—




and R4 has the neaning indicated above, (b") conversion of Rl, -0-R2,
R4, R5 a group of the conpounds of the part-fon I

to give cmgér?%gh%@g@g\l the formula (1E) WO 2012/ e e el
- 35 - R3 (1E) in which Rl, R2, R3,-%4; R5 and X have the meaning

i ndi cat ed above, 5and/or (I ow) conversion of a base or acid of the
conpounds of the formula (1E) {or part-fonnulae ( or (1C)] into one

of its physiologicallly acceptgble salts. |£6The present invention al so
relates to an alternative prodess for the ati on of cam pounds

of the formula (1), part-formill ae thereof and/u physi ol ogijcal |y
acceptabl e salts, t aiit on88s and/ or st efs 3=/t her eof , i|ncl udi ng

m xtures thereof in all ratiog, having tlu OW ng steps:| 15(a)
reaction of a conpound of the|fornula (11 R10 Yt4N R4 |in which

Rl, R2,independently|of one another, denote~A §r -Al k-Ar, 20R4denotes
Y, RlOdenotes Hal, denotes H ar A Adenot es unbranched or Hranched

al kyl having 1-4 C atons, where, 1nde- pefdently of one angther, 1-3

H atons may be repla¢ed by Hal|, WD 2012/00Q632PCF¥/ EP2011/ 003127 - 36

- Al kdenot es al kyl en¢ having 1-3 C atons, ¥ 2 H atong may be
replaced by Hal, Ardenotes phenyl whichol ituted or

nonosubsti tuted by Hal, 8Ad Hal denot es” F, ', withla conpound
of the formula (1V) R3

90

91

£,

The compounds of the formula (1) and part-formulae thereof and also the starting materials
for their preparation are prepared by methods known per se, as are described in the litera-
5 ture (for example in standard works, such as Houben-Weyl, Methoden der organischen

Chemie [Methods of Organic Chemistry], Georg-Thieme-Verlag, Stuttgart) and/or are
known person skilled in the art, and under reaction conditions which are known and suit-
able for the said reacticns. Use can also be made here of variants known per se which are
not mentioned here in greater detail.

10



(I'V) in which 10Ddenotes boric acid, boric ester, organotin conmpound
or boron r|fI met hanesulfonate and R3 and R5 have th i

I ndi cat ed 988 ZG%O‘%% gi ve conpounds of the part-fornula (I D)P%Ig‘%gqu%g{g”
(I'D) in which RLl, R2 and R4 have the nedhi ng i ndi cated above in
formula (111), and R3 and R5 have the neaning indi cated above, 20and

opt i onal |D’epe\ﬁ@n%%ﬁh@@@l@%dsgeztﬂé1@5&@34@%6 is Bftween a fé\h}nn‘zd'ieé/"ﬁh@m

R1, R2, R3, R5 and have t he neani n%l ndi cat ed above, 5and/
(b") con\F@y§'| féﬁ regctign Efa@léerawma@mtwent Aa camﬂaé%@snwatﬂméewmoac @ny

or part- fmoprol@arﬁéLﬁanmb@rémeba&veéﬁo@m pdeegi cal |y acceptabl e
salts. 10The invention also relates to internediate conpounds of the

formula (I1) RNC5 R2 ORO RI ON in which R8denotes CN or =0, and 15

R9denat esTHIR a8ionMY ¥arridh @ulth.anfiert Savéitdnd gBAMEIY iR8h I%Qéﬁ& dindifat ed
above, and/or salts, tautoners and/or stereoi soners thereof

i ncl udi ndIMAIRG BeY, Rraterakly an Araanic hasei vish 23 GHIREA. ipetkwiaming) dinesbyipmiing
of the prssient, 4NGRE] SPeridifd 8F ABRLASISMHRNPRY BS é?ﬁéff'éﬁ%l&ﬂ%etai or alkaline-
part-formila (11A) are provided WD 2012/ 000632PCT/ EP2011/ 003127
earth metal hydroxide, carbonate or bicarbonate or another salt of a weak acid of the alkali
or alkaline-earth metals, preferably of potassium, sodium, calcium or caesium, may also be
10 favourable. Suitable bases are metal oxides, such as, for example, aluminium oxide, alkali-
metal hydroxides (including potassium hydroxide, sodium hydroxide and lithium hydroxide),

alkaline-earth metal hydroxides (for example barium hydroxide and calcium hydroxide) and

™

alkali-metal alkoxides (for example potassium ethoxide and sodium propoxide).

15 Suitable inert solvents are, inter alia, hydrocarbons, such as hexane, petroleum ether, ben-
zene, toluene or xylene; chiorinated hydrocarbons, such as trichloroethylene, 1,2-dichioro-
ethane, carbon tetrachloride, chloroform or dichloromethane; alcohols, such as methanol,
ethanol, isopropanol, n-propancl, n-butanol or tert-butanol; ethers, such as diethyl ether,
diisopropy! ether, tetrahydrofuran (THF) or dioxane; glycol ethers, such as ethylene glycol

20 monomethyl or monoethy! ether, ethylene glycol dimethyl ether (diglyme); ketones, such as
acetone or butanone; amides, such as acetamide, dimethylacetamide or dimethylform-
amide (DMF); nitriles, such as acetonitrile; sulfoxides, such as dimethyl sulfoxide (DMSOY);
carbon disulfide; carboxylic acids, such as formic acid or acetic acid: nitro compounds,

such as nitromethane or nitrobenzene; esters, such as ethyl acetate, or mixtures of the said

Pk

= 25  solvents. Particular preference is given to glycol ethers, such as ethylene glycol mono-
methyl ether, THF, dichloromethane and/or DMF.

The process and the subsequent work-up of the reaction mixture can basically be carried
out as a batch reaction or in a continuous reaction procedure. The continuous reaction pro-
30  cedure comprises, for example, reaction in a continuous stirred-kettle reactor, a stirred-ket-
tle cascade, a loop or cross-flow reactor, a flow tube or in a microreactor. The reaction
mixtures are optionally worked up, as needed, by filtration via solid phases, chromatogra-
phy, separation between immiscible phases (for example extraction), adsorption onto solid
supports, removal of solvents and/or azeotropic mixtures by distillation, selective distillation,

35  sublimation, crystallisation, co-crystallisation or by nanofiltration on membranes.



- 38 - in which R1, R2 i ndependently of one another, denote A or

- Al k- Ar, Y, COOY, Al k-OA or Het?2, denotes H
Adenot es ﬁﬁ%ﬂ%ﬁ@h@g or branched al kyl having 1-4 C atons, 3%’201%03127
i ndepend- ently of one another, 1-3 H a%®as nmay be repl aced by Hal,

Al kdenot es al kyl ene having 1-3 C atons, where 1-2 H atons may be
repl aced The dc@rhb’i:lundéb%@%rﬂ@l@héﬁb’dn ;Wefe%bly Be H&%Hﬁatb'ytré'é&iﬂg @l'compound of

nonosubstj t ted denot es a nonocyclic saturated

het er ocyéh% g\yjanél%ogal@r%tyﬁlg Srinpeupd Qf the formula (I1). Fhg persept invetion thus
whi ch waya:@;erelméym bilodb&fopthe PPaSs bisit éftcaﬁreeurbas dhthéfdembial @n&ir@enﬁu-

c, Br or a}nd/or salts, tautoners and/ or stereoi sorrers t her eof
i ncl udi nda?ri*}af%ﬁ &8dion ghysiglogipally|acceriphip salts, tauteraerisangfr istsreqisageers thereof,

rel at s tifclading enasestdrebie aPraRa! Vi the follbWirRrdiBski at e conpounds of
the formula (I1) and/or salts, tautomers and/or “stereoisoners

t hereof, including m xtures 20t hereof in all ratios, having the

fol | ow n@[aﬁt&Bﬁctloﬁéﬁfarc%ﬂ%hﬁ@oﬂﬁe%aﬁquﬁ@f the formula (V) 72Hal
0 25in which RL, R2, R9 and Hal have the neaning indi cated above,
with a conmpound of the fornula (Nd \Q 26%2/ 000632PCT/ EP2011/ 003127
- 39 - in which R5 and R8 have t ani ng i ndi cated above, 5to

gi ve conpounds of the fornmula (I1) whi CH R, R2, R5, R8 and RO
have the neani ng indi cated above.g,108% ‘ ally (b) conversion of
a base or acid of the conpounds sz the for Ia (I'1) into one of its
salts. The invention further rmrecrel eNHredi at e conmpounds  of
g’he formula (I1l) R1.-

"o N
(HA)
10 in which
R1, R2, independently of one anocther, denote A or -Alk-Ar,
R5 denotes Hal, Y, COQY, Alk-OA or Het?,
Y denotes Hor A
A denotes unbranched or brariched alkyl having 1-4 C atoms, where, inde-
15 pendently of one another, 1-3 H atoms may be replaced by Hali,
Alk denotes alkylene having 1-3 C atoms, where 1-2 H atoms may be
replaced by Hal,
. Ar denotes phenyl which is unsubstituted or monosubstituted by Hal,
Het? denotes a monocyclic saturated heterocycle having 3-5 C atoms and 1-2
20 N and/or O atoms, which may be unsubstituted or monosubstituted by A,
and
Hal denotes F, CI, Bror|,

in acidic medium with a reducing agent and with a compound E-NO,,
25 in which E denotes an element from the 1st main group,

to give compounds of the part-formula (IB)



15 in which RlOdenotes H or Hal, and R1, R2, R4 and Hal have the
meani ng Lﬁgigated above, and/or salts, tautonmers and/or

st er eoi sonBP8IHWEYE0f , including mixtures thereof in all 28CA{EF3e11/003127
WO 2012/ 000632PCT/ EP2011/ 003127 -40 - {¥a preferred enbodi nent of
the present invention, internediate conpounds of the forrmula (111)
are provided in which Rl, R2,independently of qf¢ another, denote A
or -Alk-Ar, R4denotes Y, 5Rl0denotes BH&2, denot/es H or A, Adenotes
unbranched or branched al kyl having @-4 C aorg, where, independ-
ently of one another, 1-3 H ato may be r d by Hal, Al kdenotes
al kyl ene having 1-3 C at ons,ghenre ey Rbe repl aced by
10Hal , Ardenotes phenyl which is g4t i tut €d or nonosubstituted by
Hal , and Hal denotes F, C, Br or!, G gl ts, tautoners and/or
stereoi sonmers thereof, including mxjuresg|thegeof in all ratios. 15
The invention still furthernore relaygs th_arprocess for the
preparation of internedi ate conpounds “of thﬁ formula (111),
part-fornul ae thereof and/or salts, tautonmers and/or stereo-isoners
t hereof, including mxtures thereof in all ratios, having the

. ! . (IB)
01 n-whi ch- RIP Sishs 1R AR Rsdihe T e abopun o muts bl

mediumwi th a conpound E-NO2 in which E denotes an el enent fromthe

1st ingro ive conmpounds of the part-forrmula (I111A) WO
20127%00632P%%F$§8%W003127 -41 - (I''TA) in which RL and R2 have
#he nmeaning indicated above,

(b) reaction of the compounds of the part-forraula (IB) with a compound Hal-R4,
in which R4 and Hal have the meaning indicated above,

10 to give compounds of the part-formula (IC)

(1C)
in which R1, R2 and R5 have the the meaning indicated above in part-formula (11A),
and R4 has the meaning indicated above,

15

(b”) conversion of R1, -O-R2, R4, R5 and/or the CN group of the compounds of the part-
formula (IC) to give compounds of the formula (IE)



5and optionally (b') hal ogenati on of the conpounds of the

part-forrmula (111l A) to give conpounds of the part-fornula (1]1B I

Yt 4N 10(ﬁ?Pé?ﬁﬁW° ich Rl, R2 and Hal have the neaning ind&fﬁ?%%Oﬁ%&ﬂz7
above, (b") reaction of the conpounds o%5the forrmula (I11A) or (111B)
with a conmpound Hal -R4, in which R4 and Hal have the meaning

i ndi cated above, 15 to give conpounds of the fggumula (I111) in

which Rl, R2, R4 and R10 have the neapRRg indi ¢ated above, and/or

(bm conversion of a base or acid ofXthe co-1i\\ds of the fornula

(I'11) into one of its salts. 5 ahe sfarting pounds are generally
known. |f they are novel, thgy Canbe~yprepa
se. The conpounds of the fornul ae
prepared by known net hods. |If desikg
formed in situ, so that they are not]i
m xture, but instead are imedi atel wgconverted fur- 10ther into the
conpounds according to the invention. isﬂlikemﬁse possible to

carry out the reaction stepwi se. The said cogpounds according to the
invention can be used in their final non-salt form On the other

hand, the present invention al so enconpasses the use of these (IE)

conpounds in. . f f ot hekr rmaceutical | cceptable salts,
whi ch can be[%gﬁﬁégﬁ’ Fgﬁgvﬁﬁi§ﬁ§“§BSEW?EW%WSQWH%¥5§ﬁﬁ%Rﬁ%Was and
bases by procedures known in the art. Pharmaceutically acceptable
salt gorns o%nbﬂﬁ conmpounds of the fornulae (1), (Il1) and (I11) and
part-rormul ae ereof are for the nost part prepared by conventi onal

‘et hods. | f the conpounds contain a carboxyl group, one of its

sui tabl e ;gsalt : for reacting th und with a suit-
20abi e biZe (3" Ee o ha BBy PLeoEN G DR R EY AR ) Sefaf isiiiae
are, for exari)er (&) kad bre nEitsaphybipthigizelascepfanie eattanpl e pot assi um
hydr oxi de, sodi um hydroxi de and |ithium hydroxide), alkaline-earth
met al hydroxi des (for exanple barium hydroxi de and cal ci um

hydr 6%i déhe pabdeat investical alsd letetéslesan dliefnativaprdcespiar dasproparatidros dben-

and sodi i de ngl various, organi ¢ bases, .such as piperjdine,
i et hanol e ok BT, P T HR R E R e 3Ry o Brg= e P Bble e
(1'1) and tgutbinprseavdl/patdrebisomulsakerebi irehfdirganixtueecoBredf inedl rafids) haligg the
associ - q&&ﬂmgﬁ#g-addition salt using an acid, for exanple by
reaction or e V8l'ent amounts of the base and the acid in an inert
sol vent, such as, for exanple, ethanol, wth subsequent evaporation.
Sui t gpl e aci f.Qr this reacti re,. in.particular, those which give
phys?glo |ca? ?ﬁ§E8£BF8@P8U%%?ﬁE?ﬁ’WEW(QB, for exanpl e, hydrogen
hal i des (for exanple hydrogen chlo- 30rid, hydrogen brom de or

hydr ogen i odi de), other mineral acids €9nd correspondi ng salts thereof
{f.or exanple sulfate, nitrate or ghosphate and the |ike), alkyl- and
nmonoaryl - sul fonates (for exarpl’e erhargsul fonate, toluenesul fonate
and benzenesul fonate) and ot her orga i correspondi ng salts
t hereof (for exanple acetate, trifl uokgs tartrate, nul eate,
succinate, citrate, benzoate, salicylale, 4 Rate and the |ike.
Salts with 35physiol ogically unaccept ahke acidg, for exanple

pi crates, can be used for the isolation and/ory purification of the
conpounds of the formula (1). WD 2012/000632Pg4/ EP2011/003127 - 43 -
Wth regard to that stated above, it can be seen that the expression
"pharmaceutically acceptable salt" in the present connection is takefil
to nmean an agiwkieh conpound whi ch conprises a conpound of the formula
(I) inthe f rnégf one of its salts, in particular if this salt form

i nparts i mpr 6VeB4phaligeeidently ptons asithari deposnA oheAllsdti ve conpound
conp2@ ed 5wi Ra the fgetéoym of the active conpound. The
pharnaceuticghby accggtable salt formof the active conpound can al so

(VI) and (VI1) can be
gtarting materials can be

notes Hal,
Y denotes H or A,
A denotes unbranched or branched alkyl having 1-4 C atoms, where, inde-

pendently of one another, 1-3 H atoms may be replaced by Hal,



may accordingly occur in various enantioneric fornms. They may

t her ef or ' emc or optically active form Since th
pharnaceﬁ?gggpﬁgpéﬁcacy of the racemates or stereoi soners %FT?%EUHKNJH7
conpounds of the formula (1) nmay differ36+t nmay be desirable to use
the enantioners. In these cases, the end product, or even the

i nternedi at e, ARy be deapREAGRknEMa0ing e tiatord® W §-209 BRAWISSY BY
chem cal or physical neasures known to the person skilled in t%e art

or already enpl oyed d8P'8¢RIPY Hal he synthesis. Surprisingly, it has
been found that the cRApRYPHSHACEHRIOE DBsERHITURR briETYsLBEHGEY BF HEP&nd
cific |nh|b|t|ﬁn of serlneﬁ;Egeonlne protein kinases. The invention
therefore furt®er nor &e98ie8IFaftL 1% bt he use of conpounds of the

formulba (1) or part-formnul ae thereof and/or physio- logically
acceptabl e salts, tautomners and/ or ereoi sonmers thereof, including

m xtures ther &'\‘é F?f"%q’qndr‘gﬁti’% ,rmP|8r(R‘bhe i nhi bition of

serine/threonine protein kinases, preferabky PIKKs, particularly
preferably DNA-PK. The term"inhibition" relates to any reduction in
the activity which is based on the actio t he specific conpounds
according to the invention in that 25 the er are capabl e of
interacting with the target nolecule in s\ RS that recognition

bi ndi ng and bl ocking is made possi ble. The conpounds are

di stingui shed by high affinity to at |easp one serine/threonine
protein kinases, ensuring reliable binding and preferably conplete
Mdl.ocki ng of the kinase activity. The conpounds are particularly (V)
preferably npnespecific in order to guarantee exclusive and direct
recoqnition of the selected kinase. The term 30"recognition” rel ates
herePo any t¥pe of idsneleadbpiioaciddiatsaster agamiiseamporndor basor kiflgoro-
target mol ecul es, inppRaAkddeatiiéHatéQal ent or non-coval ent bonds, such
as, for exanple, a coval ent bond, hydrophobic/hydrophilic

i nt eract i ons,Ry/2 Qehayadedneainaiadicaied akeye.act i on, hydrogen bonds,

| i gand/ receptor interactions, base pairs of nucleotides or

i nteractions between epitope and anti body binding site. 35 WD

2012/ 000632PETSEPZOTPEBMEMSf the parkfarmylasdd) assays. Measurement of the
kinase activity is a technique which is well_ knowgsto the person
skilled in the art. Generic test systens f 2the determnation of the
ki nase activity using substrates, for ex& istlone (Al essi et al.
(1996) FEBS Lett. 399(3): 333) or the ba pfotein, are
described in the literature (Canpas- QpZ } 6
267: 14535). Various assay systens are abl e /for the
identification of kinase inhibitors. | (illation proximty
assay (Sorg et al. (2002) J Bionol ecul ar gy 7: 11) and the
d#l.ashpl ate assay, the radi oactive phospheryl g of a protein or
peptide as substrate are neasured using ATP. In fthe presence of an

i nhi bgtory conpound, a decreased radioactive sigmpal, or none at all

is detectable. Furthernore, honpbgeneous 10tinme-resol ved fl uorescence
"resonance energy transfer (HTR-FRET) and fluorescence pol a- risationlD)
(FP) technol goiveisH ae ggﬁ% 1 : 002) J
Bi onol ecul ar ScreenihRg%gﬁgyl%?ﬁgﬁéﬁﬁﬁﬁﬁgiioaé%f@ghéﬂﬁgw%kgéﬂ ds use
specific pho§Bﬂ55éﬁpﬁ%65?%%m€ﬁﬁﬁ@ﬁﬁbn¢8§?damh@,phospho-AB bi nds only

t he phosphoryl ated substrate. This binding can be detected by
chen%éuninescence_using a second peroxi dase-conjugated anti-sheep

15ant? body. ®A% CBYRAREY ment i oned use of the conpounds can take place
inin-vitro or in-vivo nodels. The susceptibility of a particul ar
cell to treatnent with the conpounds according to the invention can
be det er i he@OB{Ere@z ol Ry -an%inFE)?r, R4 anghorRa dfythe aoropdundsef tfe panefoarlil (D)

i's incubateduggw@EgﬂgoﬁggQQngoﬁﬁﬁgQﬁing to the invention at various




according to the invention exhibit and cause an inhibiting effect,
which is wggﬂj{%oggpumnt ed by 1050 values in a suitable r%ﬁ%emumoslz?'
preferably in e mcronolar range and nore preferably in the

nanonol ar range. The kinase is inhibite® -in particular, to the

extent of 50%if the concentration of the compounds is less than 1

pM preferably less than 0.5 pM 15partjcul a3y preferably | ess than
0.1 pM This concentration is called ¥ | C50| val ue. The invention

one conpound of the

3i ol ogi cal |y

tRereof, including
also relates to 20a

agt i ve conpound, an

of‘phe formula (1) or

formula (1) or part-formul ae thgreof and/ or
acceptabl e salts, tautoners Rhd/ o i
m xtures thereof in all ratios. T
pharmaceutical conposition conpri sMRgy” as
effective anount of at |east one co -oun¢
part-fornul ae thereof and/or physi olKgica “acceptabl e salts,
tautoners and/or stereoisoners thereof, incliuding m xtures thereof in
all ratios, together with pharmaceutically t®R4derated assistants. 25A
"medi cament”, "drug" and a "pharnaceutical conposition" or
"pharmaceutical formula- tion" here is any conposition which can be ()
enpl oyed in tihehRhdPHR2BRESR4L REEAPX, haRE A @88nIAG Mdic@teddbove,
aftertreatnent of patients who, at |east tenporarily, exhibit a

pat hogeni ¢ nodi fication of the overall condition or the condition of

i ndi vedual paindsgrof the patient organism preferably as a consequence
©f cancer, tunours, netastases, angiogenesis disorders, 30

retroviral diseases, immune di seases and/ or accel erated agei ng

pr ocessegp”)panhiarbiball ¥ bREEbesdd blthaTompsEed uRNeemah (5 3PE&-formula (ID)
tunmours, netastases andAor anglogene5|s di sorders. In order to

i ncrease t he 'HPONEQS % BN¥sHolegica! % FecrrtbIggdlison of the conpounds
according to the 35invention, pharnaceutically tol erated adjuvants
can 95 aqggd. Fﬂr t he %urposes of the invention, any substance which
f aci I'Pt at '8 N¥ERHAM IS8 refpterde nfsrRedigte egmrrundgiof tedaiaudounds i n
accordance with the invention i;ﬁin ". Known adjuvants are,
for exam WO 2012/ 000632PCT/ EP 7 - 46 - ple, alum nium
conmpounds, such as, for exanple, al
phosphat e, saponins, such as, for e

"adj

m hydr oxi de or al um ni um
RR1, nuranyl dipeptide

or nuranyl tripeptide, proteins, ch~as, r exanpl e,
gama-interferon or TNF, Me 59, Qyosphatdib | chol i ne, squal ene or
pol yol s. The co-application of eggQ ] | ete Freund's
adjuvant can 5 |ikew se cause incre diated i munity and

thus support the action of neBtral Lsing-aqtibedi es fornmed.
Furthernmore, DNA, which has an irfunostinulMtory property, or which
€encodes a protein with an adjuvant effect, such as, for exanple, a I
‘eyt oki ne, can be applied in parallel or in a construct. 10The (I
i nt r oductn whicbf the pharnaceutical conposition into a cell or

or gani smggan be i t. A ccordance with the invention in any
manner mﬁ?%h enagﬁégbgﬁgﬂﬂTﬁ%ggﬁ to be brought into contact with the
conpd@ndKR9pr esendenstet NO.coMYAsand on, as a consequence of which a
response 4d,Sphn T harmaceut i.cal  conposition of the present

i nventi o#%gg %gggg% r}lgf?’gttg? @(?ag'f]gl"?({'/cfa%?dr ‘é\tﬁg'ger mal |y, transnucosally,

t r ansur eghdiat baits, tamtprmek lagid/or sietelidoynerd Bravdofoinaudihy migiee tadrbyf igam/ or
parenteraldy. The type of admnistration selected depends on the

i ndi cation, the dose to be adm ni stered, individual-specific
paranmeters, etc. In particular, the various types of admnistration

reautbs I RaPEraRaibiaRek TR tes Yl ool i a9 SPapeiianic e

i nj ect i opsri-drenuiantiifader pralides ubcut aneous, intranuscul ar or



tion. For the preparation of the injection solution, aqueous nedia,
such as, r e, distilled water or physiol ogical sa
squtionQ&B@gﬁﬁggggsed, where the latter Pnglude gcidic an%cgggpgum&n27
addition salts. The pharmaceutical conpd3ttion may al so be in the
formof a solid conmposition, for exanple in the |yophilised state,

and can then be prepared beforegﬁfe by 20ggdition of a dissolving
agent, such as, for exanple, di ett xater. The person skilled in
the art is famliar with the basic p pl es of the preparation of

| yophilisates. The concentration of acti-@e conpound in the

formul ation can be 0.1 to 100 peZxent™by Wgight. It is crucial that

t he pharnmaceutical conposition c act&qe conpound, an

25ef fective anmobunt of the compound JEN the pharnaceutically
tol erated assistants. The terns "eff e amgunt” or "effective

dose" are used interchangeabl R1her et 6 P
phar maceuti cal active conpound W ch Ras a Mrophylactically or
therapeutically relevant action on a di sease or pathol ogi cal change
incell, tissue, organ or mammal . A "prophylactic action” prevents

t he out brieskiobf a di sease or even infection with a 30 pathogen after

i ngress igdi vi, | representatiyves jin .such t hat subsequent
spread tﬁ%}égg i§a%§359?§&f§80%38mﬁ?nFﬁ@Vegﬁgngwéﬁyconpletely

deact Bvatifd. A " pleopteg|HettY,C@0Y| AlR-OAbside?ncl udes an increase in

nor mal physi ol ogi f tjon. Prophylaxis is advisable, in
gparticulgg, if aﬁﬁﬁéﬁﬁ$fﬁuﬁ| has predi spositions for the onset of the
‘above- nert i oned diesetes emprasaiedy ashrafichedatanpivng a4fGatos, Wheiep hepend-
gene defect or a | y. SUr Vi di sease., A 35 "therapeutically

rel evant action” efnﬁgggcgr?é/narboiﬁr‘ ﬁ?’q? ﬁﬁofnsfrp%l?%ﬁé’?acﬁﬂ% "%Ean one or all
di sease sMkpt ons denotes sidytesie ihavinh € -pardtoras, vaitere 0+ atoing @EE b6 adpl@fed by
one, 4pore t han ogﬁior al | physiol ogical or biochem cal paraneters

whi ch are associ a éd with or causally involved in the dis- WO

2012/ 000682PCT/ ER264iEs PB8AA Fhich48 unsitatiet«arorpadriveLigitiged bg Rlange i nto

t h tate., P trol i | t t t f
{her apeutiod” 1 1 eat RN AT OGN b ptAe TeEo sl ThvicBar 86 P ears dia
tinme intervals, fand/oeXeatpine, Whiclo ridgroeooispbstigby of Morbdubsmated ByD® and

synpton5}9ﬁ a disease.gTﬁgéﬁﬁsgective dose or dose range for the
)

admi ni stration oﬁepﬁ S according to the invention is

Ssuf fibci entlioy shity, ¢ritdroeacinidey eterdtsahess tededfr ppldihg ehikiGredrthereof in all
therapeug%&meffect of induction of a biological or nedical response.
In general, " "the close will vary with the age, constitution and gender

of the patient, and the severity of the disease wll be taken into

account . . Wit hout, saying tha he speci.fic dose, frequency and
dur at 1 on '8 o 4bP 2 i WP EFoceRE i P aRer it BBere e gompoaNas o
Ecm é i pli che fp_rmplaf(ap?rmw?,sassn,cthutamgrs‘ @”}[dlﬁ@@éf@d_ biﬁorg_éﬂ@ahérfebgﬁtcmm ; &%iresl

in g gt f the.co nds, feeding habits of the individua
to bgatré@ﬁqgﬁm?E/(bag'oa’fhaé’mgitﬁgﬁflpﬁ'mgﬁt%‘?ﬁ' excretion rate and

conbination with other drugs. The individual dose can be adjusted
both with_ respect to the pripmar, i sease and also with respect to the
occurren@@ o%§§”9n8gﬁﬁ?TB§ngﬁ§%a%W@ugﬂgéise dose can be established
by a person skilled in the art usizng known Hgeans and net hods. This
teaching of the invention is val ild and can Jpe applied 15w t hout
restrictions to the pharmaceutic&d~cormpasitian d¢hprising the
conpounds of the fornmula (I), if it|jappears appropriate. In an
enbodi ment of the invention, ghe canpo aL¢ admnistered in a dose
of 0.01 ng to 1 g per dosage uni p y between 1 to 700 nyg,
particularly preferably 5 to 100 ng. 20The daily dose is in
particul ar between 0.02 and 100 ng/ kg of body weight. |In order to (V)

25 in which R1, R2, R9 and Hal have the meaning indicated above,

(11A)

with a compound of the formula (V)



caused, pronoted and/or spread by the activity of serine/threonine
protein kj accordance with the invention, conpounds_of the
fornul a (?@ﬂ%iﬁ%ﬁﬁ -fornul ae thereof and/or physiol ogi cal | fCT/EP2011/003127
acceptabl e salts, tautoners and/or ster@®tsoners thereof, including

m x- 30tures thereof in all ratios, are suitable for use in the
prophyl axi s, therapy and/or progress ﬁgntrol ofpgli seases which are
caused, pronoted and/or spread by actl'Vi serine/ threonine
protein kinases. For the identification o ¢lor respondi ng signalling
pat hway and in order to detect interactions betweerrgvari ous

signal l i ng pat hways, suitable nodels or nodel systens have been

devel oped, for exanple cell culture nodels (Khwaja et al. (1997) 35 V)
EMBO 16: 2783) and nodels of transgenic animals (Wite et al. (2001)
Oncogene 20: i7@&Ich R§ angREdwve thedueaning ingdicetadtabione,st ages i n t he
signalling cascade, interacting conpounds can be used in order to

nodul ate the signal (Stephens et al. (2000) Biochemcal J WO

2012/ 800632 PdTAERPIINoY0Sy ofthe fg@ula @51: 95). In addition, the
conpounds according to the invention can al so Q& used as reagents for
testing ki nase-dependent signalling pg#thwayssd'n ani mals and/or cel
culture nodels or in the clinical diseas efitioned in this
application. As discussed herein, these -Lgpa | i ngggat hways are

rel evant for various diseases. Accordirgly~the>~0npounds accord-

5ing to the invention are useful in t he proph » t her apy and/ or
(r.0Qr ess control of disea- ses which de_de R%j gnal | i ng

pat hways with participation by serine/th
accordance with the invention, thergonmpou d
part-fornul ae thereof 10and/or physinmgic- y a¢Ceptable salts,
tautorners and/ or stereoi soners thereof, including mxtures thereof
inall ratios, are suitable for use in the prophylaxis, therapy (1
and/ or progresahAMT & RE REBAE RS HAERY ;%eam‘gﬁ frilcaRRSano@Rg! ogenesi s

di sorders, retroviral diseases and/or imrune di seases, 1n particul ar
cancer, tunours, netastases and/or angi ogenesis disorders. In
accondana@dwptibhdipe i nvention, the conpounds of the formula (1) or
part-for- 15nmul ae t hereof and/or physiologically acceptable salts,

t aut omer $PanGPRYCTEPR PR PREHRTASIY wgh@s@mp@msmﬂm@g‘omuda (Ihéntoohe ok s salts.
all ratios, are also suitable for use in the sl ow ng of ageing
processes, where the slowi ng takes place with reference to the

conpar i sihea?veph@ urthermgia felales toimtarmedistaicararaungs ottek fermutze(lll)
cultures, tissues or organs thereof withggorresponding positive or
negative controls and/or statistics. I® goes wthout saying that the
host 20of the pharnmaceuti cal conpﬁunds is also included in the scope
©f protection of the present i iefi~gIhe tunour is, in particular,
‘sel ected fromthe group of di seases Pf squanouBi&pi t hel i um bl adder,

st omach, ki dneys, head, neck, oesop ceryVix, thyroid, intestine,

| iver, brain, 25 prostate, urogenital Nynphatic system

| arynx, lung, skin, blood and inmune sy. aﬂﬁ/or t he cancer is
selected fromthe group of nonocytic le , lung adenocar ci noma
smal | -cell lung carcinoma, pancreatic cancer, i obl ast oma, bowel
carcjnoma, breast carcinonma, acute nyeloid | eukaem a, chronic mnyel oid

| eukeni a, acute | ynphatic | eukaem a, chronic |ynphatic |eukaem a, ()
Hodgki n' & Jpigphoma and non- Hodgki n's | ynphoma. 30 A further

enbodi nent of the present invention relates to the conpounds
accor di ng19 o t hedeneiesnitiicoHal, andonbi nati on with radi ot her apy and/ or
with at ke t [ referably in conbination

W th radio?ﬁ%ﬁggém%ﬂéwggégﬁ§@%¥ﬁ8§ﬁg%%M%g%ﬁ§?’Industrial irradiation
net hods KVePalsdaviomereandiprosiereyispmefsahatabs inaelingdeixphed ®areof in all

20 ratios.




the formula (1) and/or physiologically acceptable salts, tautoners
and/ or stereoqisoners thereof, including mxtures t hereof in I
ratios, ‘gngﬁém}n%ﬁm tisation of cancer cells to anti- 30c£ﬁ%@mmm°3u7
agents and/or ionising radiation, with-4he proviso that the
sensitisation does not take place in vivo on the human body. The

sensi ti sahiaQtefeial %h%ﬁbfnérﬁ'éﬁﬁte@r@ééﬂt Wel’fdo\’toln%rm'eﬂlaté ddnfbdids of the formula
adntnlsterlng t he. conpounds to cells, cultures, tissues or

or gans waBﬁ“%BWﬁF?gé’yéphne/threonlne proteln ki nases. The ex-vivo
use is usefl.Rin Rﬁ{ﬂédeﬁHéﬁry ofloﬂetahethea%en&feﬁaav Am-acel I's which
originate froman ani mal organi sm wh I's affected by a di sease

whi ch i s BEsel ectdsdotesom t he group of cancer tunours, netastases
and/ o5 angimgenesichoftisypqiders. The cells treated ex vivo can either
continue to be kept in culture for subsequent investigations or
transferred into ole8ithAI A which can be the host aninal or another
ani mal . The ex- dé@o%@%%@ﬁ&?ggé%Wﬁg 14 @gtomsvbv 8re, independ-
sensitisation according to the invention i's particularly a vantageous
for testing the sPHE¥PfPRe aratheintSiH eleenscBrpbeimpaceddytHart the in-vivo
dose can Qg pre f i l

ex-vivo dat a. m???&%@%ﬁ 2@? r“jst' ﬁeaﬂ](tgr#%r‘é‘aﬂpée%tI ?cﬁe%@ﬁ d r‘PiQ}/ B réﬁ?&c%%l oy
i ncr d8sed signifi®@ntly. 5 The invention furthernore teaches a met hod
for the pgophyl aee%oteg%@ammqé s AGRGRPS AL b BRpee

tunours, netastases, %ﬁne5|s di sorders, retrovira seases
{‘mune diftases éﬁﬂpﬁﬁ 6% @ brocesses in which an effective anount
of at | eagh/RPREIE UROHBR RRIRHrBGsdRers Merb oY B2 @ Fugﬁg A thereof in al
physi ol ogi cal 'y acceptable salts, tautonmers 10an r stereoil soners

t her eof , ¥ udi ng m xtures thereof in all ratios, is admnistered to
a subbect to be treated. Preferred subjects in the sense of the
invention are humans or aninmals, particularly preferably humans. It

i s known W6 inyeatipe stibiurtsrimare eelatas the Peacesshier thet maparhiorcefiintariddiate cam-
the conpPQUNAgs SRS FSHT (tllﬂ Eaét?fdrr%%@ttﬁétgof M dﬁ@aﬁ@%&%m@@%nﬁ%r@te?@o be
used as the pharmaceutical” conposition accor i'nvention

vari ous dRSSReys therag. msl%mg@wtsrfﬁs thereptintall catiosr hewtmtltarﬁolpmngeeteps The
effective anount and the type of admi nistration can be determ ned by
t he Eerson skilled in the art by routine experinents. The previous

t eacBPng (@F ﬂﬁ%mpﬁ@éﬁ@P@ﬁowﬁHﬁeéﬁﬁmm#@dwﬁ)thereof are valid and can
be applied without restrictions i@ the tregtnment nmethod, if it
appears appropriate. 20Al|l said dgnd further constituents or

conponents are famliar to the péso Ekll ed iMH,he art and can

experience a specific enbodinent fo f ead ing according to the
invention in routine experin&n{s. A umepis cited in the
Q§§cription are hereby intended>po b copporated in their entirety
into the disclosure of the present invention as reference. 25As part

of the invention presented here, novel pyrazoloquinoline conmpounds @¥il)
the formula rl\ﬁ/hl\@ﬁrl'%q dHOY3 AL ¢ Qwéalnﬁt |h&|§% ted lfye_The conpounds
according to the invention con i'NerThAr éoni ne protein kinases,

in particular DNA-PK, affinitively and/or selectively. The conpounds

Specitic by aned S REAIFt WHARHFROLIEERToL T nth E datits 30H stm g e

These proper flblggain@ren, he basi s for 30a reproduci bl e node of acti on,
including the absence of cross-reactivities, and reliable and safe
interaction with the correspondi ng target structures. The invention
al so i ncl ude# giKe covpowfdstdftheppassiomulpyilaz ol oqui nol i ne deri vatives
for the inhibition, regulation and/or nodul ation of the signalling
cascade of serinelthreonine protein kinases, in particular DNA-PK,
and thus offers novel tools for research and/or diagnostics. 35 WO




reduced dose is al so acconpani ed by reduced or no nedical side
effects. Wﬂzﬁ%'c?béﬁm the highly selective inhibition by t%T/E&’ZOll!ﬂUBIH
conpounds according to the invention is also reflected by a reduction
in undesired side effects, which is indébendent of the dose. 30It
goes without saying that this invention is not restricted to the
speci fic conmpounds, phar- maceutical conpB8itions, uses and nethods
as described herein, since such things ¥an be varied. It furthernore
goes W thout saying that the termgol o used here serves exclusively
the purpose of description of mrficyfargnbodi nents and i s not
intended to restrict the scope of prqgtectiion of the invention. As
used here in the specification, incluth 35 appended cl ai s,
word forns in the singular, such as, fo a" or "the",

i nclude the equivalent in the plural, $ the context does not
specifically indicate otherw se. For exanple, fhe reference to "a
conpound” includes a single conpound or a plurality of com WD

2012/ 000632PCT/ EP2011/ 003127 - 54 - pounds, which may in turn be (HA)
i dentical or i r y hod" i ncl udes

equi val ent sﬁggg&ﬁggpﬁgiﬁgégmﬁﬁﬁﬁﬁggﬁgf@ﬁ%ﬁﬁd%§g§ e person skilled in
the art. The invention is explained in greater detail below with
reference to NEnsdibAalyl N9 exanples of 5 specific enbodi ments. The
exanpl es should, in particular, be interpreted as not being
;Qstricted to the feature conbinations specifically illustrated, but
tnstead t i i i it eel. i

ong a5 (he B SEroR ditne EahHFRS R el i i) Sl SRS oF e
t enper at ur es R@FteformgladliBed in C. In the following exanples, "conven-
10tional work-up" nmeans: water is added ig, necessary, the pHis

adj usted, if necessary, to values betwesh 2 and 10, depending on the
constitution of the end product, the mj|xture is extracted with ethyl

acetate or dichl oronet hane, th?{1 e separated, the organic
phase is dried over sodium sul fate, gvaporated Rahd purified by
chromat ography on silica gel and/or C isation. Rf values on

silica gel; eluent: ethyl acetate/neth Hol
carried out with the follow ng paranetgf.s. Insgﬁhnents: Br uker Avance
DRX 500, Bruker Avance 400, Bruker DPX J?rence: TMS TD (time
domai n = nunber of data points or digital resofution): 65536 20

Sol veaot: DMSO d6 NS (nunber of scans): 32 SF (spectroneter frequenc 11B)
= transm ssion frequency): 500 MHz TE (tenperature): 303 K 25HPLC-

was carried &WLWﬁt 1=ﬁ%§$ﬁ§'6‘ﬂ’%ﬁ‘%ﬁ?% Bflisated gbpyqiment : Agi | ent
Technol ogi es 1200 series Methods: ESI 1ROD. M and POLAR. M (3.8 mn.,

sol vent ?nﬁdient% C?Iunn: Chronol i t hSpeedROD RP18e50- 4. 6
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20124 00632PCT/ EP2011/ 003127 - 55 - EXAMPLE1: Synthesis of
4- (8- hydr oxy- 7- net hoxy- 3- met hyl - 3H pyrazol o[ 3, 4-c] qui nol i n-1-yl)-

benzoni tril eto giveNomboGnds of the formula (1)
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in which R1, R2, R4 and R10 have the meaning indicated above,



R2-0 TFABBr, in CH2C12 (1.OM R5 (9594 b) ¢c) RL =CH, R

= H Rl = o 268/6006383 PCT/EP2011/003127
56- Benzyl oxy- 7- met hoxy- 3-ni tro- 1H qui noI|n 4-one (9.10 g, 27.89 mol,

cf. Acta Pharma- col ogi ca Sinica (2008) 229( 12): 1529) is suspended in
dry N, N-di nethylformam de (70 m ). Phosphoryl chloride (2.82 m,
30.68 mml ) is subsequently added, and the m xture is heated at 100C
for 30 mn. A% cooling the reaction mxture is added to 500 m of
ice- water Wth stlrrlng, and the mxture is stirred for a further 30
mn. The precipitate formed is 10filtered off with suction, washed

ith 4-chl

e et el oD 0408 Pl e S BSAENR OIS AL i opg o e
pal e- bei ge solid with nmelting point 169.6C I\/B 345.1 (Ml;H+) TLC
HPTLC L
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subsequently stirred for a further 2 h. When the reaction is

@orrpl ete, the mxture is added to 2.5 | of water and neutralised
using 1. o Hel saycticaoiLos e@cemrifidg We the imeptionusn bé used lngheluﬁtﬂrtaehozstsa’aiffoi"mgoia

for 30 m n |d|f|edtoa
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acet at e bokylgaodrs oby ofitd suiaple sbls can be formed by reactmg the compound with a suit-

4-[ (6xBe 0X - 3-ni ro ui nol nonet h I]benzonltr

e (5205 o B ol K A B R o S S S s, AR e
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added in; r rat {uﬂat t he subsequent additi
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The mi xt udeg, alkali-metal alkoxides (for example potassium ethoxide and sodium propoxide) and

i various organic bases, such as piperidine, diethanolamine and N-methylglutamine. A base

© 25 of the formulae (I), (1) and (Ill) and part-formulae thereof can be converted into the associ-
ated acid-addition salt using an acid, for example by reaction of equivalent amounts of the
base and the acid in an inert solvent, such as, for example, ethanol, with subsequent
evaporation. Suitable acids for this reaction are, in particular, those which give physiologi-
cally acceptable salts, such as, for example, hydrogen halides (for example hydrogen chio-

30  ride, hydrogen bromide or hydrogen iodide), other mineral acids and corresponding salts
thereof (for example sulfate, nitrate or phosphate and the like), alkyl- and monoaryl-
suifonates (for example ethanesulfonate, toluenesulfonate and benzenesulfonate) and
other organic acids and corresponding saits thereof (for example acetate, trifiucroacetate,
tartrate, maleate, succinate, citrate, benzoate, salicyiate, ascorbate and the like. Salts with

35  physiologically unacceptable acids, for example picrates, can be used for the isolation
and/or purification of the compounds of the formula (1).



15i s then heated under reflux for a further 2 h. After cooling to
about 60 ure is fil- tered with suction. The aqu

filtrate 9281324"?3?33 the filter cake is suspended four tﬁ’ﬁ\g‘@?ﬂ”mﬂ”
N, N- di et hyl f or mam de (250 M each timejd3and filtered off with

suction (TLC (HPTLC) product nonitoring). The conbi ned DVF sol utions
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The compounds according to the invention exhihit an advantageous biological activity
which can be demonstrated in the tests described herein, such as, for example, enzyme-



Structural formula Nanme Analysis IC50 DNA-PK [PM 1 IP N CMH

4-(7,8-Di p ol i n- pyrazol o[ 3, 4-c] qui n1- yCbenzoni ' '
330. 9 (M@%?%’E’@?HPTLC): Rf = 0.37 (ethyl acetate) < a 1t"§rr}"4”??]|¥-ﬁf’3m

CM  4-(7,8-Dinethoxy-3- nethyl-3H pyragbto- [3,4-c]quinolin-1-y1)-
benzonitrile MS: 345.2 (MtH+), TLC (HPTLC): Rfi= 0.21 (ethyl acetate)
<0.1 3 based assays. Measurement of the kinase activity is a technique which is well known to the

person skilled in the art. Generic test systems for the determination of the kinase activity
using substrates, for example histone (Alessi et al. (1996) FEBS Lett. 399(3): 333) or the
basic myelin protein, are described in the literature (Campos-Gonzalez & Glenney (1992)
5  JBC 267: 14535). Various assay systems are available for the identification of kinase

inhibitors. In the scintiltation proximity assay {Sorg et al. (2002) J Biomolecular Screening 7:
11) and the flashplate assay, the radioactive phosphorylation of a protein or peptide as
substrate are measured using ATP. In the presence of an inhibitory compound, a
decreased radioactive signal, or none at all, is detectable. Furthermore, homogeneous

10 time-resolved fluorescence resonance energy transfer (HTR-FRET) and fluorescence pola-
risation (FP) technologies are useful as assay methods (Sills et al. (2002) J Biomolecular

{ Screening 191). Other non-radioactive ELISA methods use specific phospho-antibodies

(phospho-ABs). The phospho-AB binds only the phosphorylated substrate. This binding
can be detected by chemiluminescence using a second peroxidase-conjugated anti-sheep

15 antibody.

The above-mentioned use of the compounds can take place in in-vitro or in-vivo models.
The susceptibility of a particular cell to treatment with the compounds according to the
invention can be determined by testing in vitre. Typically, a culture of the cell is incubated
20 with a compound according to the invention at various concentrations for a period of time
which is sufficient to enable the active agents ta induce cell death or to inhibit cell prolifera-
tion, cell vitality or migration, usually between about one hour and one week. For testing in
vitro, cultivated cells from a biopsy sample can be used. The amount of cells remaining
after the treatment is then determined. The use in vitro takes place, in particular, on sam-
25 ples of mammal species which are suffering from cancer, tumours, metastases, angio-
genesis disorders, retroviral diseases, immune diseases and/or pathogenic ageing proc-
esses. The host or patient can belong to any mammal species, for example a primate spe-
cies, in particular humans, but also rodents (including mice, rats and hamsters), rabbits,
horses, cows, dogs, cats, etc. Animal models are of interest for experimental investigations,

30  providing a model for the treatment of a human disease.

The testing of a plurality of specific compounds enables the selection of the active com-
pound which appears the most suitable for the treatment of the patient. The in-vivo dose of
the selected compound is advantageously matched to the susceptibility of the kinase

35  and/or severity of the disease of the patient taking into account the in-vitro data, as a result
of which the therapeutic efficacy is noticeably increased. The dose varies depending on the
specific compound used, the specific disease, the patient status, etc. A therapeutic dose is



O (110 CM. Br 2- Brom) 4- (7, 8- di net hoxy-3H pyrazol o-

[ 3, 4-c] ql‘l#(?%u@e% y1)- benzonitrile MS: 423.0/425.0 (M-HY) pcflebro11/003127
(HPTLC) i (et hyl acetate/ethanol 8:1, parts by volune) < 0.1
4 HON CN N 4-(7-Hydroxy-8-nethoxy- -39met hyl- 3H pyrazol o-
[3,4-c]lquinolin-111)- benzonitrile Ms: 331.1 (MtH+), TLC (HPTLO): ft=

0. 44 (et hyicaalg etifitienetdmaielratd; tb, reghauet the lydesied el pspwatibn in tHeXarget issue,

) while the viability of the patient is maintained. The following teaching of the invention and
embodiments thereof relating to the use of compounds of the formula (1} for the preparation
of a medicament for the prophylaxis, therapy and/or progress control is valid and can be

5  applied without restrictions to the use of the compounds for the inhibition of the kinase

activity, if it appears appropriate.

The treatment is generally continued until a considerable reduction has occurred, for

example at least about 50% reduction of the cell load, and can be continued until essenti-
10 ally no more undesired cells are detected in the body. In tests of this type, the compounds

according to the invention exhibit and cause an inhibiting effect, which is usually docu-

- \3'

mented by ICs; values in a suitable range, preferably in the micromolar range and more

e

preferably in the nanomolar range. The kinase is inhibited, in particular, to the extent of
50% if the concentration of the compounds is less than 1 M, preferably less than 0.5 uM,
15 particularly preferably less than 0.1 gM. This concentration is called the ICs value.

The invention also relates to a medicament comprising at least one compound of the for-
mula (1) or part-formulae thereof and/or physiologically acceptable salts, tautomers and/or
stereoisomers thereof, including mixtures thereof in all ratios. The invention also relates to
20  a pharmaceutical composition comprising, as active compound, an effective amount of at
least one compound of the formula () or part-formulae thereof and/or physiologically
acceptable salts, tautomers and/or stereoisomers thereof, including mixtures thereof in all

ratios, together with pharmaceutically tolerated assistants.

25  A'"medicament", "drug"” and a "pharmaceutical composition" or "pharmaceutical formula-
tion" here is any composition which can be employed in the prophylaxis, therapy, progress
control or aftertreatment of patients who, at least temporarily, exhibit a pathogenic modifi-
cation of the overall condition or the condition of individual parts of the patient organism,
preferably as a consequence of cancer, tumours, metastases, angiogenesis disorders,

30  retroviral diseases, immune diseases and/or accelerated ageing processes, particularly

preferably as a consequence of cancer, tumours, metastases and/or angiogenesis dis-
orders.

In order to increase the protective or therapeutic action of the compounds according fo the
35  invention, pharmaceutically tolerated adjuvants can be added. For the purposes of the
invention, any substance which facilitates, enhances or modifies an effect with the com-

pounds in accordance with the invention is an "adjuvant". Known adjuvants are, for exam-



, "z----r [ oz C\ 4-(8-Hydroxy-7-inethoxy- 3-nethyl-3H pyrazol o-

[ 3, 4-c] quwa%ijm@ﬁgél ) - benzoni trile 1H NMR (400 MHz, DNB@)(:T@:onﬁmﬁﬁz'f
(s, 1H, 7 (d, J 8 Hz, 2H), 7.93 - 7.91 (d, J = 8 2H)

7.62 (s, 1H), 740(s 1H), 4.33 (s, 31—66‘3 95 (s, 3H). < 0. 1 C]—IlO
CN 40 N\ 3-Fl uoro-4-(8-hydroxy-7- nethoxy-3-nel hyl-3H _

pyr azol o[@e.4leghipivinm obmpourtisysychessz toniekample, ABmir@40 hydrokidetey aluiri@um phos-

(1TE-(I)_IiC)CN ate ﬁgﬁg@ﬂ{ esh@lyés q‘§re%%trr§ﬁ§t(§§g§{}n§rﬁ_%& géétfdobéf murar%gq)lpep%de
[ 3, 4-c] qmrn@inSnsqcfyas) forlpaamole; gainhma-iMBriash. @ TNWKF, SSyphositlabdiloyicholine,
| sot ope dé.q%tafeinglbtr ipBI%!s. The co-application of egg albumin in complete Freund's adjuvant can
5 likewise cause increased cell-mediated immunity and thus support the action of neutralising
antibodies formed. Furthermore, DNA, which has an immunostimulatory property, or which
encodes a protein with an adjuvant effect, such as, for example, a cytokine, can be applied

in parallel or in a construct.

10 The introduction of the pharmaceutical composition into a cell or organism can be carried

out in accordance with the invention in any manner which enables the kinases to be
. brought into contact with the compounds present in the composition, as a consequence of

which a response is induced. The pharmaceutical composition of the present invention can
be administered orally, transdermally, transmucosally, transurethrally, vaginally, rectally,

15 pulmonarily, enterally and/or parenterally. The type of administration selected depends on
the indication, the dose to be administered, individual-specific parameters, etc. In particu-
lar, the various types of administration facilitate site-specific therapy, which minimises side
effects and reduces the active-compound dose. Very particularly preferred injections are
intradermal, subcutaneous, intramuscular or intravenous injection. The administration can

20 be carried out, for example, with the aid of so-called vaccination guns or by means of
syringes. It is also possible to prepare the substance as an aerosol, which is inhaled by the
organism, preferably a human patient.

The administration forms of the pharmaceutical composition are prepared corresponding to

25  the desired type of administration in a suitable dosage and in a manner known per se using
the conventional solid or liquid vehicles and/or diluents and the assistants usually em-
ployed. Thus, pharmaceutically acceptable excipients known to the person skilled in the art
can basically form part of the pharmaceutical composition according to the invention, where
the amount of excipient material which is combined with the active compound in order to

30  prepare a single dose varies depending on the individual to be treated and the type of
administration. These pharmaceutically tolerated additives include salts, buffers, fillers,
stabilisers, complexing agents, antioxidants, solvents, binders, lubricants, tablet coatings,
flavours, dyes, preservatives, adjusters and the like. Examples of excipients of this type are
water, vegetable oils, benzyl alcohols, alkylena glycol, polyethylene glycol, glycerol triace-

35 ftate, gelatine, carbohydrates, such as, for example, lactose or starch, magnesium stearate,
talc and Vaseline.
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30  pathogen after ingress of individual representatives in such a way that subsequent spread
thereof is greatly reduced or they are even completely deactivated. A "prophylactic action"
also includes an increase in normal physiological function. Prophylaxis is advisable, in par-
ticular, if an individual has predispositions for the onset of the above-mentioned diseases,
such as, for example, a family history, a gene defect or a recentiy survived disease. A
35  ‘"therapeutically relevant action” frees in part cr full from one, mare than one or all disease
symptoms or results in the partial or complete reversal of one, more than one or all physio-

logical or biochemical parameters which are associated with or causally involved in the dis-
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cancer agents having a better action through the inhibition of DNA-PK as a desired side

effect or in the number of side effects of these medicaments being reduced by the reduc-
tion in the dose.

30  In apreferred embodiment of the invention, the pharmaceutical composition according to
the invention is combined with an anticancer agant. As used here, the term "anticancer
agent” relates to any agent which is administered to a patient with cancer, tumours, metas-
tases and/or angiogenesis disorders for the purpose of treatment of the cancer. The anti-
cancer agent is particularly preferably selected from the group comprising cytokines,

35  chemokines, pro-apoptotic agents, interferons, radioactive compounds, oestrogen receptor
modulators, androgen receptor modulators, retinoid receptor modulators, cytotoxic agents,

cytostatic agents, prenyl-protein transferase inhibitors and angiogenesis inhibitors or com-
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(1), (I AphandadelfipalfaisaBersats, ua@bmbay andiaH sberBEis®mers thereof, including mixtures
thereof in all ratios, and an effective amount of a further medicament active compound in
15 dissolved or lyophilised form. The kit of the invention may also contain an article which
contains written instructions or points the user towards written instructions which explain

the handling of the compounds of the invention.

In accordance with the invention, the compounds of the formula (1) or part-formulae thereof

20 and/or physiologically acceptable salts, tautorners and/or sterecisomers thereof, including
mixtures thereof in all ratios, are used for the prophylaxis, therapy and/or progress control
of diseases which are caused, promoted and/or spread by the activity of serine/ threonine
protein kinases. The present invention therefore also relates to the use of compounds of

¢ the formula (1) or part-formuiae thereof and/or physiologically acceptable salts, tautomers

25  and/or stereocisomers thereof, including mixtures thereof in all ratios, for the preparation of
a medicament for the prophylaxis, therapy and/or progress control of diseases which are
caused, promoted and/or spread by the activity of serinefthrecnine protein kinases. In
accordance with the invention, compounds of the formula (1) or part-formulae thereof and/or
physiologically acceptable salts, tautomers and/or stereoisomers thereof, including mix-

30  tures thereof in all ratios, are suitable for use in the prophylaxis, therapy and/or progress
control of diseases which are caused, promoted and/or spread by activity of serine/
threonine protein kinases. For the identification of a corresponding signalling pathway and
in order to detect interactions between various signalling pathways, suitable models or
model systems have been developed, for example cell culture models (Khwaja et al. (1997)

35 EMBO 16: 2783) and models of transgenic animals (White et al. (2001) Oncogene 20:
7064). In order to determine certain stages in the signalling cascade, interacting com-

pounds can be used in order to modulate the signal (Stephens et al. (2000) Biochemical J
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pyrazol o[ 3, 4 c] gui nol i n- 8- g 0X ]y -2-(4-fluorophenyl)- acetam de NS:
482.1 ( |\/|+9]19f)a ling pathways are relévant for varlous diseases. Accordingly, the compounds accord-
5 ing to the invention are useful in the prophylaxis, therapy and/or progress control of disea-
ses which are dependent on signalling pathways with participation by serine/threonine

protein kinases.

In accordance with the invention, the compounds of the formula (I) or part-formulae thereof
10 and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof, including
mixtures thereof in all ratios, are suitable for use in the prophylaxis, therapy and/or pro-

gress control of cancer, tumours, metastases, angiogenesis disorders, retroviral diseases

P

and/or immune diseases, in particular cancer, tumours, metastases and/or angiogenesis
disorders. In accordance with the invention, the compounds of the formula (1} or part-for-
15 mulae thereof and/or physiologically acceptable salts, tautomers and/or sterecisomers
thereof, including mixtures thereof in all ratios, are also suitable for use in the slowing of
ageing processes, where the slowing takes place with reference to the comparison of the
life span of the treated host or cells, cell cultures, tissues or organs thereof with corres-
ponding positive or negative controls and/or statistics. It goes without saying that the host
20 of the pharmaceutical compounds is also included in the scope of protection of the present

invention.

The tumour is, in particular, selected from the group of diseases of squamous epithelium,
% bladder, stomach, kidneys, head, neck, oesophagus, cervix, thyroid, intestine, liver, brain,
25  prostate, urogenital tract, lymphatic system, larynx, lung, skin, blood and immune system,
and/or the cancer is selected from the group of monoeytic leukaemia, lung adenocarcin-
oma, small-cell lung carcinoma, pancreatic cancer, glioblastoma, bowel carcinoma, breast
carcinoma, acute myeloid leukaemia, chronic myeloid leukaemia, acute lymphatic leukae-
mia, chronic lymphatic leukaemia, Hodgkin's lyrnphoma and non-Hodgkin's lymphoma.
30
A further embodiment of the present invention relates to the compounds according to the
invention in combination with radiotherapy and/or with at least one further active com-
pound, preferably in combination with radiotherapy and/or an anticancer agent. Industrial
irradiation methods which are used clinically preferably include photon irradiation (classical,
35  electromagnetic X-ray/gamma radiation), proton iradiation, heavy-ion irradiation (ionised
carbon) and neutron irradiation, without being restricted thereto. These radiotherapies and

other suitable irradiation therapies in the sense of the invention are known to the person
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the most frequent application, photon irradiation has been refined technically by the IMRT
5 (intensity-modulated radiotherapy) method and by imaging methods (three-dimensional
conformal radiotherapy) in irradiation planning and performance for the most precise
focusing possible. The compounds according to the invention achieve synergistic effects in
existing cancer chemotherapies and irradiations and/or restore the efficacy of existing can-
cer chemotherapies and irradiations. The synergistic action of the inhibition of VEGF in
10 combination with radiotherapy is described in the prior art (WO 00/61186). The further
medicament active compounds are particularly preferably chemotherapeutic agents which
inhibit angiogenesis and thus inhibit the growth and spread of tumour cells. Examples
thereof are VEGF receptor inhibitors, comprising ribozymes and antisense which are
directed at VEGF receptors, and angiostatin and endostatin. Further examples of antineo-
15 plastic agents which can be used in combination with the compounds according to the
invention generally include alkylating agents, antimetabolites, epidophyllotoxin, an antineo-
plastic enzyme, a topoisomerase inhibitor, procarbazine, mitoxantrone or platinum coordi-
nation complexes. In another embodiment, the anticancer agent is particularly preferably
selected from the group of cestrogen receptor modulator, androgen receptor modulator,
20  retinoid receptor modulator, cytotoxic agent, cytostatic agent, prenyl-protein transferase
inhibitor and angiogenesis inhibitor. In addition, the previous teaching of the invention and
embodiments thereof relating to pharmaceutical composition is valid and can be applied
without restrictions to the second medical indication, if it appears appropriate. A very par-
ticularly preferred embodiment encompasses the compounds according to the invention in
25  combination with radiotherapy and/or a cytostatic agent.

Still a further embodiment of the invention relates to the use of at least one compound of
the formula (1) and/or physiologically acceptable salts, tautomers and/or sterecisomers
thereof, including mixtures thereof in all ratios, for the sensitisation of cancer cells to anti-
30  cancer agents and/or ionising radiation, with the proviso that the sensitisation does not take
place in vivo on the human body. The sensitisation preferably takes place ex vivo or in vitro
by administering the compounds to cells, cell Cultures, tissues or organs which comprise
serine/threonine protein kinases. The ex-vivo use is used, in particular, in the case of ani-
mal cells which originate from an animal organism which is affected by a disease which is
35  selected from the group of cancer, tumours, metastases and/or angiogenesis disorders.
The cells treated ex vivo can either continue to be kept in culture for subsequent investiga-

tions or transferred into an animal, which can be: the host animal or another animal. The ex-
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increased significantly.

The invention furthermore teaches a method for the prophylaxis, therapy and/or progress
control of cancer, tumours, metastases, angiogenesis disorders, retroviral diseases,
immune diseases and/or ageing processes in which an effective amount of at least one
compound according to the invention and/or physiologically acceptable salts, tautomers

10 and/or sterecisomers thereof, including mixtures thereof in all ratios, is administered to a
subject to be treated. Preferred subjects in the sense of the invention are humans or ani-

£ mals, particularly preferably humans. It is known to the person skilled in the art here that he

can administer the compounds according to the invention, which can of course also be
used as the pharmaceutical composition according to the invention, in various doses to an

15 organism, in particular a human patient. The effective amount and the type of administra-
tion can be determined by the person skilled in the art by routine experiments. The previ-
ous teaching of the invention and embodiments thereof are valid and can be applied with-
out restrictions to the treatment method, if it appears appropriate.

20  All said and further constituents or components are familiar to the person skilled in the art
and can experience a specific embodiment for the teaching according to the invention in
routine experiments. All documents cited in the description are hereby intended to be

incorporated in their entirety into the disclosure of the present invention as reference.

25  As part of the invention presented here, novel pyrazologuinoline compounds of the formula
(I) were provided for the first time. The compounds according to the invention control
serine/threonine protein kinases, in particular DNA-PK, affinitively and/or selectively. The
compounds from formula (I} and derivatives thereof are distinguished by high specificity
and stability, low preparation costs and easy handling. These properties form the basis for

30  areproducible mode of action, including the absence of cross-reactivities, and reliable and
safe interaction with the corresponding target structures. The invention also includes the
use of the present pyrazoloquinoline derivatives for the inhibition, regulation and/or modula-
tion of the signalling cascade of serine/threonine protein kinases, in particular DNA-PK, and
thus offers novel tools for research and/or diagrostics.

35
Medicaments and pharmaceutical compositions which comprise the said compounds and
the use of these compounds for the treatment of kinase-promoted disorders are, in addi-
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monotherapy or in combination with other antineoplastic therapies. The key participation by
DNA-PK in DNA repair processes and the evidence that the DNA-PK inhibitors allows
mammal cells to become more radiation-sensitive enable therapeutic use of DNA-PK or
DNA-PK/ATM or ATM-specific inhibitors as part of the treatment of, for example, solid can-
cer tumours by radiotherapy and/or chemotherapy aimed at DNA-DSBs. The compounds of
the formula (1), salts, isomers, tautomers, enantiomers, diastereomers, racemates, detiva-
tives, prodrugs and/or metabolites thereof are effective not only in the case of the said
clinical disease pictures, but likewise in the diagnosis and therapy of all diseases in con-
nection with the DNA-PK signalling cascade, in particular with respect to the inhibition of
cell proliferation and migration. In addition, the inhibitors according to the invention can be
used in the treatment of retroviral diseases by suppression of retroviral integration (R.
Daniel (1999) Science 284: 644). Finally, the inhibitors according to the invention can be
employed as immunomodulators and modulators of telomeric maintenance. The low-
molecular-weight inhibitors are used individually and/or in combination with other treatment
measures, such as, for example, surgical interventions, immunotherapy, radiotherapy
and/or chemotherapy. The latter relate to targeted therapy with any desired NME (i.e. NCE
and/or NBE) as monotherapy and/or on-target/off-target combination therapy.

Owing to their surprisingly strong and/or selective inhibition of enzymes which regulate
cellular processes via the repair of dsDNA, the compounds of the invention can be adminis-
tered in advantageously low dose, while they achieve a similar or even superior biological
efficacy compared with the less-potent or less-selective inhibitors of the prior art. The
reduced dose is also accompanied by reduced or no medical side effects. In addition, the
highly selective inhibition by the compounds according to the invention is also reflected by
a reduction in undesired side effects, which is independent of the dose.

It goes without saying that this invention is not restricted to the specific compounds, phar-
maceutical compositions, uses and methods as described herein, since such things can be
varied. It furthermore goes without saying that the terminology used here serves exclu-
sively the purpose of description of particular embodiments and is not intended fo restrict
the scope of protection of the invention. As used here in the specification, including the
appended claims, word forms in the singular, such as, for example, "a" or "the", include the
equivalent in the plural, so long as the context does not specifically indicate otherwise. For

example, the reference to "a compound” includes a single compound or a plurality of com-



18 * 40 0& 0 o Methyl 1-(4-cyanophenyl)-7- nethoxy-3-nethyl-3H

pyr azol o[ wohoedswéaol i n- 8- yl oxy] - (4-fl uorophenyl)- acet at q,cbl@mgﬁzmgﬂ-,
(MtH)+ TLC (HPTLC): Rf = 0.47 (ethyl acetate/ ethanol 8:1, parts

volume) 0.1 - 0.5 19 00 o000 [1-(4- _O%mpphenyl) 7-
met hoxy- 3- met hyl- 3H pyrazol of 3, 4-c] qui nol i n- 8- N
yI oxy] - (4rqundsrwiptiemal e be identickl kEdiffe@3at, br (H\sﬂi@fe)eﬂc“él_t@"a KETHog) incRides

0.11 (&t . %& fhe. art.
rret hoxy- 3 C{r@%ﬁér?t %p@ aég?‘gezt% o[\é}]%l Qr]eqk[lTl%‘rf{gll%o %%%?&P" pﬁnenflaacet iC
acid Ms: 451.1 (MtH)+ TLC (HPTLO): Kf 0.20 (et hyI acet at e/ et hanol
111, par tehdWvaifioH Bxpidindd figreater detail below with reference to non-limiting examples of
5  specific embodiments. The examples should, in particular, be interpreted as not being

restricted fo the feature combinations specifically illustrated, but instead the illustrative

features can in turn be freely combined so long as the object of the invention is achieved.

Above and below, all temperatures are indicated in °C. In the following examples, "conven-
10 tional work-up" means: water is added if necessary, the pH is adjusted, if necessary, to
values between 2 and 10, depending on the constitution of the end product, the mixture is
extracted with ethyl acetate or dichloromethane, the phases are separated, the organic
phase is dried over sodium sulfate, evaporated and purified by chromatography on silica
gel and/or by crystallisation. Rf values on silica gel; eluent: ethyl acetate/methanol 9:1.
15
NMR (1H) was carried out with the following parameters.
Instruments: Bruker Avance DRX 500, Bruker Avance 400, Bruker DPX 300
Reference: TMS
TD (time domain = number of data points or digital resolution): 656536
20  Solvent: DMSO d6
NS (number of scans): 32
SF (spectrometer frequency = transmission fraquency): 500 MHz
TE (temperature): 303 K

P
£ ?

25  HPLC-MS was carried out with the following parameters.

Instrument: Agilent Technologies 1200 series

Methods: ESITROD.M and POLAR.M (3.8 min., solvent gradient)

Column: ChromolithSpeedROD RP18e50-4.6

Solvent: acetonitrile + 0.05% of HCOOH / deionised water + 0.04% of HCOOH
30  Detection wavelength: 220 nm

MS type: API-ES



z- - *z \ [1 (4- Cyanophenyl)-7- met hoxy- 3- rr:at hyl- 3H .
razol o | noI I n- 8 yl oxy] t hi ophen-2-yl acetic aci ,
FK/&I—|)+ T[L ( E’?’I‘?C_b = 0.35 (ethyl acetate/ ethanol 1:1, PH@‘?"H@"””
volume) < 0.1 HO a / OO 22 S " N 2-[1-¢4-Cyanophenyl)-7-
met hoxy- 3- nmet hyl - 3H pyrazol o[ 3, 4-c] qui nol i n- 8-

: B1Guird A4 -y))-
B b e

241- ( 4- CyREBOREH® yor o- phenyl) - 7- net hoxy- 3- net hyl -

R5
0 ‘@\, RS = H, Hal O
R1-0 NO,  poci,omr  R1O SN CN
[ I o NO
{99%) R2.0 = N THF, DMF S 2
R2.0 N
H
a) R1=R2=CH, {93%)

b) R1=CH,, R2=Bn
¢) R1=Bn, R2=CH, (740/)1 KMnO,, H,0
("]

ore.g. H,0,,:
A

{yield data)

R5

CN CN
1. NaNO,, HCI Fe/HGl, EtOH O o
g,, ™ e NO.
R R1-O 2
- 2.8nCl, - 2 H,0 {(71%) O S
4,
(94%) R2.0
RamH
CH,l, DMF
R4 = CH, (59%) N
b.c) R1-0
R2-0
R ~ RS
TFA | BBr, in CH,C, (1.0 M) | l
2, o e
(95%) | \N b) R1=CH,, R2=H
N -~y ¢) Rt=H,R2=CH,

S 6-Benzyloxy-7-methoxy-3-nitro-1H-quinolin-4-one (9.10 g, 27.89 mmol, ¢f. Acta Pharma-

cologica Sinica (2008) 29(12): 1529) is suspended in dry N, N-dimethylformamide (70 ml).
L Phosphoryl chloride (2.82 ml, 30.68 mmol) is subsequently added, and the mixture is
heated at 100°C for 30 min. After cooling, the reaction mixture is added to 500 ml of ice-
water with stirring, and the mixture is stirred for a further 30 min. The precipitate formed is
10 filtered off with suction, washed with water and dried in vacuo, with B-benzyloxy-4-chloro-7-

methoxy-3-nitroquinoline (9.57 g, 27.76 mmol) being isolated as a pale-beige solid with
melting point 169.6°C. MS: 345.1 (M+H"), TLC (HPTLC): R = 0.44 (cyclohexane/ethyl
acetate 2:1 parts by volume).

15 Under a nitrogen atmosphere, 4-cyanophenylacetonitrile (3.86 g, 27.12 mmol) is dissolved
in dry tetrahydrofuran (185 ml). Sodium hydride (60% dispersion in paraffin oil, 2.17 g,
54.25 mmol) is subsequently added in portions with ice-bath cooling, and the mixture is
stirred for a further 30 min. A suspension of 6-benzyloxy-4-chloro-7-methoxy-3-nitro-quino-
line (9.35 g, 27.12 mmol) in N,N-dimethylformarnide (50 mli) is then added at room tem-



3H pyrazol op, 4-c] quinolin-8- acetam de Ms: 457.1 (MtH)+ TLC (HPTLC):

HL = 0. 27wperohy/doosazet at e/ et hanol 8:1, parts by vol une) < Gch/ep0603127
24 2 0 n/ .-0z 1-(4-Cyanophenyl)-7- rret ngy 3-net hyl- 3H

pyr azol 0[3 4- c] qgui nol i n- 8 yl tol uene-4-8ui fonate MS: 485.1 (MtH)+ TLC
(HPTLO) : acetate/ethanol 1:1, parts by volune) 0.1

0.5 25 zaega U, @nﬁag ! urﬁ I3 skepavRIpiN ety for 2 fWéfﬂeﬁ@)@ hefethpyaacypp is
pyrazol of @Dnﬁbl@tb%hbﬁﬂkﬂu% B-Mle®d &9@3'! Bh@ﬁﬂéhﬁﬁ’@ﬁ@ut%secﬂ@ém&1 O R droditibric
(HPTLO): acnd with wgoroﬂ.:stsgre}lrrggl /)-\fter stlrring for 30 mfn the suspension is acidified to about pH
2, and, after a further 30 min, the precipitate obtained is filtered off with suction, rinsed with
S water and dried overnight in a high vacuum. The crude product is subsequently purified
over flash silica gel (solvent gradient cyclohexane / 0-50% by vol. of ethyl acetate), giving
4-[(6-benzyloxy-7-methoxy-3-nitroquinolin-4-yl)cyanomethyl]benzonitrile (11.31 g, 25.11
mmol) as a solid having a melting point of 147.9°C. MS: 451.1 (M+H*), TLC (HPTLC)
(HPTLC): Ry = 0.68 (cyclohexane/ethyl acetate 1:1 parts by volume).
10
4-[(8-Benzyloxy-7-methoxy-3-nitroquinolin-4-yl)cyanomethyllbenzonitrile (5.0 g, 11.1 mmol)
is suspended in water (250 ml) and heated to the boil. Potassium permanganate (5.26 g,

P
|

33.3 mmol) is subsequently added in portions at such a rate that the subsequent addition is
only made when the previous one has decoloured (time needed: about 2.5 h). The mixture
15 is then heated under reflux for a further 2 h. After cooling to about 60°C, the mixture is fil-
tered with suction. The aqueous filtrate is discarded, the filter cake is suspended four times
in N, N-dimethylformamide (250 mi each time) and filtered off with suction (TLC (HPTLC)
product monitoring). The combined DMF solutions are acidified to about pH 4 using 1.0 M
hydrochloric acid (colour change) and evaporated to dryness in vacuo, giving an oil. The
20 residue is taken up in tetrahydrofuran (5.0 mi}, and ethyl acetate (100 ml) is subsequently
added, the mixture is stirred for 30 min, and subsequently cocled in an ice bath. The pre-
cipitate obtained is filtered off with suction and dried in a high vacuum, giving 4-(6-benzyl-
oxy-7-methoxy-3-nitroquinoline-4-carbonyl)benzonitrile (3.61 g, 8.22 mmol) as a solid hav-
£ ing a melting point of 262°C. MS: 440.1 (M+H"). TLC (HPTLC) (HPTLC): R; = 0.44 (cyclo-
" 25 hexane/ethyl acetate 1:1 parts by volume).

4~(6—Benzyloxy~7—methoxy~3—nitroquinoline-4—carbonyl)benzonitrile (8.82 g, 20.07 mmoi),
iron powder (11.21 g, 200.7 mmol) and 2.0 M hydrochloric acid (22.76 ml) are suspended
in methanol (455 ml) (stirrer motor) and heated at 66°C for 18 h. When the reaction is com-
30  plete (TLC (HPTLC) monitoring), the solid material is filtered off through kieselguhr with
suction and rinsed with tetrahydrofuran (500 mi). The filtrate is evaporated to half its vol-
ume in vacuo. Semi-saturated NaCl solution (300 mi) is subsequently added, and the mix-
ture is extracted twice with ethyl acetate (300 m! each time). The combined organic phases
are dried over sodium sulfate, filtered with suction and evaporated to dryness in vacuo. The
35  residue obtained is dissolved in ethyl acetate and filtered through a little flash silica gel. The
filtrate is evaporated in vacuo, the residue is suspended in ethyl acetate (70 ml) and etha-
nol (20 ml), subsequently filtered off with suction and dried in a high vacuum, giving 4-(3-



0z )-0 4-(7-D fluoromet hoxy-8- mnethoxy- 3-net hyl -3H

pyrazol of j30l in-1-y1)- benzonitrile Ms: 381.1 (WH) 'pchkS2011/003127
(HPTLO) : ‘g?ﬁvﬁéﬁgélsa(et hyl acetate/ethanol 8:1, parts by volune) >0.5

27 * z 4-[8-(4-Hydroxynet hyl benzyl oxy) 27= met hoxy- 3-
met hyl- 3H pyrazol o[ 3, 4-c] quinolin-1-Abenzonitrile Ms: 451.1 (MH)+
TLC ( HPTL@)]inoﬁf—benz@io%?(re@thgiyqameﬁm &/cetoapiben8oriitrilep@radsy, by ABah ook las a

o ohori cofd Dafing A elidE ot MBS WS I Y FLe Ty Rz p.3p sty

benzonltradethS 520 2 (|\/H—|)+ TLC (HPTLC): Rf = 0.36 (ethyl
acetate/ethanol 8:1, parts by volune) 0.1 - 0.5 WO
2012/ 000632PCT/ EP2011/ 003127

5  Asolution of sodium nitrite (483 mg, 6.99 mmol) in water (2.5 ml) is added dropwise over

the course of 1.5 h at (-}10°C to a suspension of 4-(3-amino-6-benzyloxy-7-methoxy-quino-
line-4-carbonyl)benzonitrile (2.60 g, 6.35 mmol) in concentrated hydrochloric acid (50 ml).
The mixture is subsequently stirred for a further 30 min. A solution of tin(ll) chloride
dihydrate (5.02 g, 22.23 mmol) in concentrated hydrochloric acid (3.8 ml) is then added at
10 {-)5°C. The suspension obtained is stirred at room temperature for 1 h, subsequently
diluted with water (500 mi), stirred for 30 min and filtered with suction. The filter cake is
rinsed with water and dried in a high vacuum, giving 4-(8-benzyloxy-7-methoxy-3H-pyra-

# =_.!

zolo[3,4-¢]quinolin-1-yl)benzonitrile (2.42 g, 5.95 mmol) as a solid having a melting point of
222.8°C (decomposition). MS: 407.1 (M+H"), TLC (HPTLC): R; = 0.27 (ethyl acetate).

15
4-(8-Benzyloxy-7-methoxy-3H-pyrazolo[3,4-c]quinolin-1-ybenzonitrile (2.50 g, 6.15 mmol)
is dissolved in N, N-dimethylformamide (72 ml). K,CO; (1.70 g, 12.3 mmol) and iodo-
methane (421 ul, 6.76 mmol) are subsequently added at room temperature, and the reac-
tion mixture is stirred for 18 h (TLC (HPTLC) monitoring). The mixture is then added to

20 water (500 mi) and stirred for 30 min. The precipitate obtained is filtered off with suction
and chromatographed over flash silica gel (120 g, solvent gradient cyclohexane / 0-100%
by vol. of ethyl acetate / 0-40% by vol. of ethanol). The residue from the product fractions is
suspended in 2-propanol, filtered off with suction and dried in a high vacuum, giving 4-(8-
benzy!oxy~7-methoxy-3-methyl-3H—pyrazoio[3,4~chuinolin—1—yl)benzonitrile (1.79 g, 4.27

25  mmol) as a solid having a melting point of 230.4°C. MS: 421.1 (M+H*), TLC (HPTLC): R¢=
0.44 (ethyl acetate/ethanol 8:1, parts by volume).

L,
£
St

(Note: 4-(8-benzyloxy-7-methoxy-3-methyl-3H-pyrazolo[3,4-clquinolin-1 -yl)benzonitrile /
4-(8-benzyloxy-7-methoxy-2-methyl-2H-pyrazolo[3,4-c]quinolin-1 -yl)benzonitrile about 3:1,
crude-product proportions)
30
A 1.0 M boron tribromide solution in dichloromethane (38.2 mi, 38.2 mmol} is slowly added
dropwise to a solution of 4-(8-benzyloxy-7-methoxy-3-methyl-3H-pyrazolo[3,4-c]quinclin-1-
yl)benzenitrile (3.82 g, 9.09 mmol) in trifluoroacetic acid {38 ml) under a dry nitrogen atmo-
sphere with ice-bath cooling. When the addition is complete, the mixture is subsequently
35  stirred for a further 30 min. When the reaction is complete (HPLC-MS check), the reaction
mixture is carefully added to water (800 ml) and extracted twice with ethyl acetate (200 mi

each time). The combined organic phases are washed with water (150 ml) and semi-



- 67 - 29 * g 210 4-[7-Methoxy-3-nethyl-8-(6- pyrazol-1-ylpyridin-3-
yl met hoxy: 50| 0- [3 4-c] quinolin-1-ylk benzonitril eﬂ@/}iﬁﬁﬁ/ﬂ%ﬂﬂ
Rf = 0.36 (ethyl acetate/ethanol 8:1, part

(MrH) + TLC (HPTLO):
volume) > 0.5 30 * 0 a py, 4-[ 7- Met hoxy°8:- et hyl - 8-

(1H pyrrol o[ 2, 3-b] pyri di n-5- yl met hoxy) - 31- 1- pyr azol o-

[ 3, 4-c] qmahmbtad-l\lé}i(j?@a belatton200 i siiseqd&idtlyldriehitsing NSO BT tikgred Rith =

0. 27 (ethyl.. t hanol arts by volynme) 0.1 -0. 1 z7z-.-.*
To s+ R F o NpaidnRRES sS¥oeei I e Sirisgnl s pirwin
3H pyr azdusfién 4nd Hded incl high Yacuyh], leirzothe title bemMuindds 8B-BydrdtyEy-methoxy-3-
methyl-3H-pyrazolo[3,4-clquinolin-1-yl)benzonitrile (2.86 g, 8.66 mmol) as a solid having a
S melting point of 288.9°C. MS: 331.1 (M+H"), TLC (HPTLC): R; = 0.34 (ethyl acetate/ethanol

8:1, parts by volume).

Compounds which are prepared in accordance with Example 1 are shown in Table 2

below.
10
Table 2 Compounds of the formulae (1), (IA) and (IE)
Y . DNA-P
o No.| Structural formula Name Analysis ICso [LM] K
. MS: 330.9 (M+H),
4-(7,8-Dimethoxy-3H-
o TLC (HPTLC):
1 pyrazolo]3,4-c]quirclin-1- <01
. R = 0.37 (ethyl
yl}benzonifrile
acefate)
4-(7 8-Dimethoxy-3- MS: 345.2 (M+H),
5 methyl-3H-pyrazolo- TLC (HPTLC): <01
[3,4-clquinolin-1-yl)- R = 0.21 (ethyl )
benzonitrile acetate)
- 2-Bromo-4-(7,8- MS: 423.0/425.0
dimethoxy-3H-pyrazolo- (M+H"),
3 [3,4-clquinolin-1-y)- TLC (HPTLC): <0.1
benzonitrile Rt = 0.44 (ethyi
acetate/ethanal 8:1,
parts by volume)
4-(7-Hydroxy-8-methoxy-
(7-Hydroxy Y MS: 331.1 (M+HY,
3-methyl-3H-pyrazolo-
L TLC (HPTLC):
4 [3,4-clquinolin-1-yl)- < 0.1
N ¢ = 0.44 (ethyl
benzonitrile
acetatefethanol 81,
paris by volume)




TLC (HPTLO): Rf = 0.23 (ethyl
0.5 32 - -
met hy - s o7 Espges o
MS: 450.5 (MrH)+ TLC (HPTLO):
99:1, parts by volune) 0.1 -0.5 33 * /

acet at e/ et hanol

orl

Rf = 0.23% met hanol/ HOnig's base)

4-[8-(2- Ami nopyri di n-4-

8:1, parts by volunme) >
[ 8- (3- Ami nomet hyl - benzyl oxy) - 7- met hoxy 43z,

qui nol i n-1-yl] benzonitrile hydrocthsz 03127

yl met hoxly) - /- met hoxy- 3-
met hy 1- 3H pyir azol o[ 3, 4- qquifiol|i n- 1-yl i benzoni 1 ri%ﬂmﬁ/@iooﬂﬁz- 1 (M+H) +
TLC (HPTLO) :{ Rf = 5 | {acet at e/ et hanol 8:0?01’80535"%?3 Py Vol ure)
<0.1 34 s 8|0 fio - Vet Boydroxd 7 meinbyl{ 8- o
5 1H), 8.09-8.07 (d, J =8
3-methyl-3H-pyrazolo- < Q0.1
o Hz, 2H), 7.93 - 7.91 (d,
[3,4-clquinoclin-1-yl)-
o J =8 Hz, 2H), 7.62 (s,
benzonitrile
\ 1H), 7.40 (s, 1H), 4.33
(s, 3H), 3.95 (s, 3H).
3-Fluoro-4-(8-hydroxy-7- MS: 349.1 (M+H™),
6 methoxy-3-methyl-3H- TLC (HPTLC): <01
pyrazolo[3,4-c]quinolin- R = 0.33 (ethyl )
1-yl)benzonitrie acetatefethanol 8:1,
g parts by volume)
2-Chloro-4-(7.6- MS: 385.0 (MeH,
. monochloro isotope
dimethoxy-3H-pyrazolo-
7 o distribution), < (0.1
[3,4-c]quinolin-1-yI}-
L TLC (HPTLC):
benzonitrile
R: = 0.49 (ethyl
acetate)

EXAMPLE 2: Synthesis of 1-bromo-7,8-dimethoxy-3-methyl-3H-pyrazolo[3,4-clquinoline

Cl
- - R1-0 NO. Pd{dppf)C,
P 1) R1=R2=CH, s 2 Zn(CHy), R1-0 N0
13 {yield data) ,
2) R1=Bn,R2=CH - .
> Ro o N dioxane, A R2-0 N/
{84%} "
PdIC, H,
(79%)| oreg.
Fe/HCI
R1-0 R1-0
R2-O R2-Q NaNO, R
Br. 1-0 NH
Br 2 = I AcOH RN 2
3\ (95%) S N {68%) P
I N I N R2-O N
N N/ N N/
H K,CO, H
Mel
DMF

(50%)
R2-0




(t hi ophen-2-yl met hoxy) -3H pyrazol o[ 3, 4-c] qui nolin-1-yl k benzoni t rile

VB: 427. + C (HPTLC): Rl1= 0.43 (ethyl acetate/ethangl 8:
parts byl‘O’gﬂl\%%“"J .1 WD 2012/ 000632PCT/ EP2011/ 003127 - é’CT’%P@"H"“Pm"

- e 4-[7-Met hoxy-3-net hyl -8- (thiophen-88yl net hoxy) - 3H
pyrazol o[ 3, 4-cl qui nolin-1-yl k benzonitrile + Ms: 427.1 (M+tH) TLC

(HPTLC) Eﬁ(Cﬂsg(#éMﬁﬁttBMbn@C@ﬁrﬂ( 13&'3%\9& ﬁn&Pdﬁ%‘r‘)élzgy zgg'zié'iﬁbnm%l) are
0.1 36 2-- [8 £ Br onpt hi ophen- 2-

met hyl - 3@%#&9 6|S@{L®°@.D Ca@r%@?r%mfthm Bevitasiinoling 7,50\, 92 mmol) n water-
505. 0/ 507ary éMEh-frEk GidxaRd %@O ml, pre-treatPen® ntBhEY badFSisBE Mro&JHRP 8 min).
8:1, par t%hebpéagt?gnurgﬁ%urg isoﬁeat§d7at 80°C for 8 h, giving a solution. After cooling to room tem-
5  perature, water (85 ml) is slowly added, and the mixture is extracted with ethyl acetate
(60 ml). After separation, the organic phase is washed with a little hydrochloric acid (1.0 M,
5 ml). The aqueous phase is extracted three times with ethyl acetate (60 ml each time).
The combined organic phases are dried over Na,SQ,, filtered with suction and evaporated
to dryness in vacuo. The residue is purified by chromatography over flash silica gel (solvent
10 cyclohexane / ethyl acetate 2:1, parts by volume), giving 6,7-dimethoxy-4-methyl-3-nitro-
quinoline (5.82 g, 23.44 mmol) as a solid. MS: 249.0 (M+H"), TLC (HPTLC): R¢= 0.45

{cyclohexane/ethyl acetate 1:1, parts by volume).

& k]

6,7-Dimethoxy-4-methyl-3-nitroguinoline (5.80 g, 23.36 mmol) is dissolved in tetrahydro-
18 furan (60 mi). Palladium on carbon (5%, 2.90 g, water-moist) is subsequentiy added, and
the suspension is stirred turbulently in a hydrogen atmosphere at room temperature for
16 h. When the reaction is complete, the solid material is filtered off with suction through
kieselguhr and rinsed with tetrahydrofuran. The fiitrate is evaporated to dryness in vacuo,
giving 3-amino-6,7-dimethoxy-4-methylquinoline (4.05 g, 18.56 mmol) as a solid. MS: 219.0
20 (M+H"), TLC (HPTLC): R; = 0.35 (ethyl acetate/ethanol 8:1, parts by volume).

Sodium nitrite (1.28 g, 18.60 mmol), dissolved in water (2.5 mi), is added to a solution of
3-amino-6,7-dimethoxy-4-methylguinoline (2.70 g, 12.39 mmol) in glacial acetic acid
(90 ml). The reaction mixture is stirred at room temperature for 3 h. When the reaction is

L
L,
i 5

25  complete, the mixture is evaporated in vacuo. The residue is taken up in water, filtered and
rinsed with water. The filtrate is evaporated to dryness in vacuo. The residue obtained is
filtered off with suction a number of times through a little flash silica gel in a frit with cyclo-
hexane/ethyl acetate 4:1 (parts by volume) in order to remove impurities. The filtrate is dis-
carded. The filter cake is subsequently washed with ethyl acetate/0-10% by vol. of ethanol,

30  and the filtrate is evaporated to dryness in vacuo, giving 7,8-dimethoxy-3H-pyrazolo[3,4-c]-
quinoline (2.29 g, purity 85%, 8.48 mmol) as a solid. MS: 230.0 (M+H™), TLC (HPTLC): R =
0.45 (ethyl acetate/ethanol 8:1, parts by volume).

7,8-Dimethoxy-3H-pyrazolo[3,4-¢]quinoline (500 mg, 2.18 mmol) is dissolved in water
35 (40 ml). Bromine (220 pl, 4.36 mmol) is subsequently added dropwise at room temperature
with exclusion of light. The reaction solution is then stirred for 1 h. When the reaction is

complete, the mixture is evaporated to dryness in vacuo, giving 1-bromo-7,8-dimethoxy-3H-
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oxymet hyl gypyzalalB dec]@sindlinei(782 dhgMsuritd85%12 OFtimhol Y b&a Gl IM3:: 3080 /319,03
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pyr azol o[ &} dpaisthyi voime): 1- y1] - benzonitrile MS: 428.1 (MtH)- TLC

(HPTLO): Rf = 0.42 (ethyl acetate/

5  Potassium carbonate (270 mg, 1.95 mmol) and methyl iodide (78 pl, 1.27 mmol) is added at

room temperature to a solution of 1-bromo-7,8-dimethoxy-3H-pyrazolo[3,4-c]quinoline
(300 mg, 972 pmol) in anhydrous N,N-dimethylformamide (36 ml). The reaction mixture is
subsequently stirred at room temperature for 18 h. When the reaction is complete, the mix-
ture is poured into water (150 ml) and diluted with ethyl acetate (150 ml). The phases are

10 separated, and the aqueous phase is extracted a number of times with ethyl acetate. The
combined organic phases are dried over Na,SO,, filtered with suction, and the filtrate is
evaporated to dryness in vacuo, giving 282 mg (876 umol) of a mixture of the title compound
(R¢ = 0.45) and 1-bromo-7,8-dimethoxy-2-methyl-2H-pyrazolo[3,4-c]quinoline (R = 0.55) in
the mixing ratio 3:1. For purification, the regicisomer mixture is dissolved in hot ethyl acetate

g

18 in such a way that a minimal volume of solvent is sufficient for compiete dissolution. The
solution is subsequently slowly cooled to 0°C, giving a precipitate of pure 1-bromo-7,8-
dimethoxy-3-methyl-3H-pyrazolo[3,4-clquinoline {125 mg). After filtration with suction, the
filtrate (regioisomer mixture about 1:1), evaporated in vacuo, is again dissolved in hot ethyl
acetate, and a little cyclohexane is added to the solution. After 24 h, the precipitate obtained

20 s filtered off with suction, giving further 1-brorno-7,8-dimethoxy-3-methyl-3H-pyrazolo[3,4-c]-
quinoline (31 mg). The combined crystal batches are dried in a high vacuum, giving the title
compound 1-bromo-7,8-dimethoxy-3-methyl-3H-pyrazolo[3,4-clquinoline (156 mg, 484 pmol)
having a melting point of 235.5°C. MS: 322.0 / 324.0 (M+H*, monobromo isotope distribu-
tion}, TLC (HPTLC): R; = 0.45 (ethyl acetate/ethanol 8:1, parts by volume).

25
Compounds which are prepared in accordance with the synthetic procedures from Example
1 and 2 are shown in Table 3 below.

Table 3 Compounds of the formula (lil)

No. | Structural formula Name Analysis
O/
0 MS: 322.0 7 324.0 (M+H")
B ) .
3-1 r 1-Bromo-7,8-dimethoxy-3-methyl-3H- TLC (HPTLC):

N pyrazolo[3,4-clquinoline R¢ = 0.45 (ethyl acetate/ethanol
8:1, parts by volume)




et hanol 8:1, parts by volune) < 0.1 WD 20121000632PCT/ EP2011/ 003127

- 69 - aoynt hesi s of

448- ( 2- m%g%lgbﬁ?%oet hoxy) - 7- met hoxy- 3- net hy1- 3H pyr azol o[Pg,Ti’lFfPé?lc}i’?P%l”
olin-1-yl]benzonitrile dilsopropyl azodfZarboxyl ate

tri phenyl phosphine , OHTHF + OC - RT, 2h (51%

4- (8- Hydr oxyt 7- oxy- 3- nef hyl - 31- 1- pyrazol o[ 3, 4- c]|qui nol'1 n- I- yObenz
onitrile (132 ny 398 pnol|) is dissolved in tetrahydrofuran (3.3

mLl) . Triphenyl phogphi ne (251 ng, 956 pnol) and MS: 398.0 / 400.0 (M+H")
2- (di met hyl am no) ethanol (56 pi-BenBE8y-phoing-7-arbogdbselquent | i'dﬁa ﬁ%_

Di i sopr o3 pzo-odicar boxyl jat eméth2H-plrazol6i34-cpiige i S| t hen aad )
dropwi s¢ at HC wi ooldng. Wien the addition is conpy?e2 (ethyacetatelethancl
m xturejis stirred aom tenperature for a further| 2 hs1Tdaes by volume)

reactioh sol ption is gulysequently evaporated to dryness in vacuo and
chromat pgr aphed over 10f\l ash silica gel (solvent gradient cyclohexane

/ 0- 100%by—vot-—of —ethyt—acetate+0-—-46%by—vel——ot—-ethanel)—ghving;
after evaporation of the product fractions and drying in a high
vacuum the title conpound

448- ( 2-di ' h = 7- et hoxy- 3- et hy1l- 3H | -

(3. 4 ol Ul FNPRES: STDens ShaL ey apaihryll 208 s et - Genrpee ol iy
a mel ti ngyyirailing-wpdxy}-2A4 21GordybenyiRdtetdmddrEr ), TLC (HPTLC): Rf = 0.09
(ethyl acetate/ethanol 1:1, parts by 15volune). Conpounds which are

prepar ed nethodically in accordance with the synthetic procedure from
iExanpl e 4 are shown in T?JI e 5 below. 20Table 5 Conpounds he

formulae (1), (1A and (1E) No. Structural formula Nanmg i €50
DNA-PK [PM 40 fIg" ... i

/ : N --. 4-[8-(2-D net

[K?dofﬁm(l::,]';%%l, 1Qh0| I n-ol-

0
(48%)

4-(8-Hydroxy-7-methoxy-3-methyl-3H-pyrazolo[3,4-c]quinolin-1-yl)benzonitrile (97.7 mg,
296 pmol) is dissolved in N, N-dimethylformamide (3.7 ml). Potassium carbonate (102 mg,
738 pmol) and 2-bromo-2-(4-flucrophenyl)acetamide (170 mg, 733 pmol) are subsequently
added. The reaction mixture is stirred at 120°C for 18 h. When the reaction is complete, the

10 mixture is poured into water (50 ml) and extracted three times with ethyl acetate (50 ml
each time). The combined organic phases are dried over Na,SO,, filtered with suction and
evaporated in vacuo. The residue is then suspended in a little 2-propanol, filtered off with
suction and dried in a high vacuum, giving 2-{1 -{4-cyanophenyl)-7-methoxy-3-methyi-3H-
pyrazolo[3,4-c]quinolin-8-yloxy]-2-(4-flucrophenyljacetamide (68 mg, 141 umol) as a solid

15 having a melting point of 249.2°C. MS: 482.1 (M+H"), TLC (HPTLC): R; = 0.31 (ethyl ace-
tate/ethanol 8:1, parts by volume).

i,

Compounds which are prepared methodically in accordance with the synthetic procedure
from Example 3 are shown in Table 4 below.
20



yl i benzonitrile Ms: 401.9 (M+tH) TLC (HPTLC): Rf = 0.09 (ethyl

acet at e/ L, parts by volune) > 0.1 WO

2012/ oooe%g’%@% 11/003127 - 70 - 41 * * PCT/ER2011/003127
448- ( 3- Di et hyl ami nobenzyl oxy) - 7- met hox§33- net hyl - 3H pyr azol o[ 3, 4- c]
qui nolin-1-yl Thenzonitrile MS: 464.2 (MtH) + TLC (HPTLCO): Rf = 0. 36

(et hyl acedidé e/ €ohpoaids®f ihe foanitise 0y, (vQlanae)E)0. 1 - 0.5 42 # 2 . "z

4-[ 7- Met poxy3-—wethyl--8- (thi azol-4-yl| pet hoxy).-3H-

pyrazol o[ 3, 4+ csqubmaklifar-lf y11l- benzonitrile |Ms: 428.1 (MH)+ TG DNA-PK
(HPTLO) : %’ = 0. 3fflet hyl |acet at N¥PRanol 8:1, pafRAYHH vol upe) fuiy 1
_ s 7 | T-NN-4—|7—Methoxy-3-methyl - 8-
'H NMR (400 MHz,
DMSQ) & =9.30 (s, 1H),
5.08 (d, J=8.4, 2H), 7.88
{d, /=84, 2H), 7.68 (s,
F 1H), 7.59 (s, 1H), 7.49 (s,
1H), 7.47 — 7.39 (m, 2H),
2-[1-(4-Cyanophenyl)-7- 7.36 (s, 1H), 7.18 (d,
8 methoxy-3-methyl-3H- J=8.9, 1H), 7.16 (d, J=8.9, < 0.1
pyrazolo[3,4-clquinolin-8- 1H), 5.44 (s, 1H), 4.30 (s,
P yloxy}-2-(4-fluorophenyl)- 3H), 3.97 (s, 3H).
% acetamide
MS: 482.1 (M+H)"
TLC (HPTLC):
R = 0.31 (ethy!
acetate/ethanol 1:1, paris
by volume)
T
{R)-2-[1-(4-Cyanophenyl)-7-
methoxy-3-methyl-3H- MS: 482.1 (M+H")
9 pyrazolof3,4-c]quinolin-8- [0)*°p = -184 <0.1
yloxy}-2-(4-fluorophenyl)- {c 4 mg/2 mi of THF)
acetamide
i (S)-2-{1-(4-Cyanophenyl)-7-
“ methoxy-3-methyl-3H- MS: 482.1 (M+H")
10 pyrazolo[3,4-c]quinolin-8- [0]*°p = +130 <0.1
yloxy]-2-{4-fluorophenyl)- {c 4 mg/2 ml of THF)
acetamide
4-[7-Methoxy-3-methyl-8- MS: 421.8 (MH)
11 (pyridin-4-yimethoxy)-3H- Tl‘.C (}-;P‘T'LC)-) <01
pyrazolo[3 4-clquinolin-1-yl}- ’ '
benzonitrile Ri=0.41 (ethanol)




(thiazol-5-yl net hoxy)-3H pyrazol o[ 3,4-c]quinolin-1-yl]- benzonitrile
VB 428. loypMsgoodseC (HPTLG) : Rr = 0.37 (ethyl acetate/ et hgplpBotinozizr
parts by volumeg é320.1 44 z --- #z D0 o * Z- o

4-{7- Met hoxy- 3- met hyl - 8-[3- (4- net hyl pi $&razi n-1-yl -

met hyl ) benzyl oxy] - 3H pyrazol o[ 3, 4-c]quinolin-1-y1}- benzonitrile NS

523.2 (M+H) H{ TL&~HPTLC): [Rr = 0.10 (dichl ojonet hane/ ethano] 1:1,
parts byl voljune 0.5 4510 * 4-{7- Met hoxy- 3-wetbid (WH[*;),- .

(2- met hy|l t hilazol 14-y1) -/ be nz‘éf'_’&&?f’&ﬁl—rﬂe 'Fsézpl o- fi3,@eebAui noj in-1
-y1}- benzenfitrjl 18. Apriti-Ry metie@-FHPTLE) . Rt Qe (BLHYL g 4
acet at e/ et hanol 8§ pyrazolo[3,4-ciquinolin-1-yl}-

benzonitrile

ethanol 1:1, parts by
volume)

4-[7-Methoxy-3-methyl-8-
{pyridin-2-yImethoxy)-3H-

MS: 422.1 (M+H)*
TLC (HPTLC):

13 o Rt = 0.35 (sthyl acetate/ > 0.5
pyrazolo[3,4-cjquinolin-1-yi]-
o ethanol 8:1, parts by
benzonitrile | )
volume
MS: 446.1 (M+H)"
4-[8-(2-Cyanobenzyloxy)-7-
thoxy-3-methyl-8-3H TLC (HPTLO):
methoxy-3- -8-3H-
14 yrermetiy Re = 0.45 (ethyl acetate/ 0.1-05
pyrazolo[3,4-c]quinolin-1-yl}-
o ethanol 8:1, parts by
benzonitrile
volume)
MS: 439.1 (M+H)"
4-[8-(4-Fluorobenzyloxy}-7-
methoxy-3-methvl.3H TLC {(HPTLC):
ethoxy-3-methyl-3H-
15 xy ) y, R¢ = 0.44 (ethyl acetate/ < 0.1
pyrazolo[3,4-clquinolin-1-yl}-
o ethanol 8:1, parts by
benzonitrile
volume)
4-(8-Diflucromethoxy-7- MS: 381.1 (M+H)"
16 methoxy-3-methyl-3H- TLC (HPTLC): <01
pyrazolo[3,4-clquinolin-1-yl)- Ry = 0.37 (ethyl acetate/ '
benzonitrile ethanol 8:1, parts by
volume)
4-[8-(Difluorophenyl- MS: 457.1 (M+H)*
17 methoxy)-7-methoxy-3- TLC (MPTLC): 01-05

methyl-3H-pyrazolo[3,4-c]-
quinolin-1-yllbenzonitrile

Rs = 0.47 (ethy] acetate/
ethanol 8:1, paris by
volume)




parts by volunme) 0.1 -0.5 46 / ISfa "N ..., 4-[7-(2- Dirrethyl am no-

et hoxy) - 8- h - 3-nmet hyl - 3H-pyrazol 0[3 4-c] qui noI i n--

yl benzoﬁwgﬁ%fé%i 402.2 (M+H) + TLC (HPTLC): Rf = 0.05 (rré’tcﬁé'ﬂ’&%”@“”
0.5 WD 2012/ 000632PCT/ EP2011/ 003127 -651 - 47 2 --. *z !

_CO 0 0 z 4-[7-(2, 3-Di hydr oxypropoxy) - 8-net hoxy- 3- met hyl - 3H—

pyrazol of 3,74 c] qui noFin- I-[yI' K benzonit r ITe I/b 405 T (WFHyF JTCC
(HPTLO):| Rf-= 0.4 i chl gr 'ﬁ p%pe/ ol % ﬁ"gﬂ\ hy vplune) >
0.5 Thel co Y flo %1? el ?)E/r al % Thbl e 5a) can
be prepared |me i methoxy -3-methyl-3H- TLG (HPTLC):
18 pyrazolo[3,4-clquinolin-8- R: = 0.47 (ethyl acetate/ 0.1-05
yloxy]-(4-fluarophenyl)- ethanol 8:1, parts by
acetate volume)
[1-(4-Cyanophenyl)-7-
methoxy-3-methyl-3H- MS: 483.1 (M+H)"
19 pyrazolof3,4-clquinolin-8- TLC (MPTLC): < Q.1
yloxyl-(4-fluorophenyl)acetic R¢=0.11 (ethanol)
acid
[1-(4-Cyanophenyf)-7- MS: 451.1 (M+H)*
methoxy-3-methyl-3H- TLC (HPTLC):
20 ethoxy-3-methy (HPTLC) <01
pyrazolo[3,4-c]quinolin-8- Rr = 0.20 (ethyl acetate/
yloxy]phenylacetic acid ethanol 1:1, parts by
volume}
1-(4-Cyanophenyh)-7-
[1-(4-Cyanophenyl) MS: 471.1 (M+H)"
methoxy-3-methyl-3H-
o TLC (HPTLC):
21 pyrazolo[3,4-clquinolin-8- <01
. . Rf = 0.35 (ethyl acetate/
yloxylthiophen-2-ylacetic
. ethanol 1:1, paris by
acid
volume}
{ - 2-[1-(4-Cyanophenyl)-7-
methoxy-3-methyl-3H- MS: 479.2 (M+H)"
22 pyrazolo[3,4-clquinolin-8- TLC (HPTLCY: >0.5
yloxy]-2-phenylpropanoic Rt = 0.44 (ethanol)
acid
2-[1-(4-Cyano-2-fluoro- .
MS: 457.1 (M+H)
phenyl)-7-methoxy-3-methyl- LG (HPTLC
23 3H-pyrazolof3,4-clquinolin-8- ( ) < 0.1
Ri= 0.27 (ethyl acetate/
yloxy]-2-(4-fluorophenyl)-
. ethanol 8:1, parts by
acetamide
volume)




in accordance with the synthetic procedures for Exanples 1, 4 and 8-
starting wth M}&S;corrpound of the fornmula 3-2. Table 5a Coppaenfiziz7
the formul aé (2 and (1E) No. Structural fornmula Nane Anal ysis | C50
DNA- PK 4111/1] 79 N ---.14 \ -NH A 466-1, - N\

7- Met hoxy-3-net hyl -1[ 4- (2H pyrazol - 311) phenyl ] - 8-

TLC (HPTLC) | Rf .24 (etthyl ace- tate/ethanol 5:1, parts by vol une)
: G e i

50 (o S R, T s e

qui nol i r}- 8\l oxyl 4 et ﬁ&ﬂ ﬁ’fyméé?%’ 'f:%H-l pet trydps2ehd- | Uor aphernys

5 b)| ML pRIinolin-fdt

(t hi azolf-5-yl rretgﬁy)-SH- pyrazol o[ 3, 4-c] qul noline Ms: 469.0 (MtH) +

) acet am|de 2, 1y4cetfte;'£thanol 1:1, parts

[ 1- (4- cyanoghenyd t haxy- Buemetdulfendtt pyt azol of 3, 4- ¢] qui nol i n- 8-yl
oxy] - (4-| 5fljuorop yacetate (260 ng, 524|pnol )Y ssol vied in
tetrahydrof yran and net hanol (66 m each). $Hodi um hydr oxi de |sol ution
(1.0 M 58 .1 ) is subsequentlyiadded dropw-se—The
reaction m X d at roomtenperafure for 18 h. Wien the
1-(4-Cyanophenyl)-7-
(th Y 3 P thyl)SH MS: 471.1 (M+H)*
methoxy-3-methyl-3H-
25 X y TLC (HPTLC): 01-05
pyrazolo[3,4-clquinolin-8-yi
Rr = 0.68 (ethanol)
phenylphosphonate
4-(7-Difluoromethoxy-8- MS: 381.1 (M+H)"
26 methoxy-3-methyl-3H- TLC (HPTLC): > 05
pyrazolo[3,4-clquinclin- 1-yl}- Ry = 0.64 {ethyl
benzonitrile acetate/ethanol 8:1, parts
by volume)
HO
MS: 451.1 (M+H)"
4-[8-{(4-Hydroxymethyl-
b loxy)-7-methoxy-3 TLC (HPTLC)
enz -7- -3-
27 yioxy Xy R¢ = 0.34 (ethyl < 0.1
methyl-3H-pyrazolo[3,4-c]-
acetatefethanol 8:1, paris
quinolin-1-yllbenzonitrile
by volume)
4-[7-Methoxy-3-methyl-8-(3- MS: 520.2 (M+H)
morpholin-4-ylmethyl- TLC (HPTLC):
28 benzyloxy)-3H-pyrazolo- R: = 0.36 (ethyl 0.1-05
[3,4-clquinclin-1-yl}- acetate/ethancl 8:1, parts
benzonitrile by volume)




reaction is conplete, the mxture is evaporated to dryness in vacuo,
and the rggidpsipkai ned is taken up in water (100 m). The 1R03127
is carefully g@d@ ied to pH 5 by addition 10of hydrochi OI’IC ac lgilf
(1.0 M and stirred for a further 30 ni®/-The precipitate forned is
filtered off with suction and rinsed with water. The filter cake is

subsequent | y sug‘p\ended in{2-propanol (5 m), filtered off wth

suction jagai|n, a d the redidue is dried overni ght in a high yvacuum
gi vi ng v S 4-[7-Methoxy-3-methyl-8-(6- MS: 488.2 (M+H)*
[1-(4- cyanophen -7- rre,,hcxy Sra®h R diaidld py azoln];;QH#ﬁ_@] qui npl i n- 8-yl
oxy] - (4-ff byor ophenyl ) act

a nelting po nt off 1 @ IEC ﬁrﬁ}éﬂ'x& §§% 43?) P %1; ?%B%_sol dRrhg\ﬁi_Epg

0.11 (et hanall ) {3.4-clauinolin-1-yl]- acetate/ethanol 8:1, paris
[ 1- (4- Cylanopheny et hgxy- 3- reenzhyittiie 3H- py 1 azol dfy3eldwad] qui npl i n- 8-yl
oxy] - (4-(f | uQr opheriy cetijc acid (190 ng, 394 pnol) is disso]ved in
thionyl chlgride (2.0'm) |and heated under feflux for 2 h. The

m xture [is tlhen porated to dryness in vaguo and co-evapor@ared
20twi ce with distytled arhy4d[ Qs )&gf%g_&_% gi Vi:\ﬁ@mﬂ .

3 (M+H)
(1- (4- cylanophen - 7- meg hgx %
pyrazol o 3, 4- c] qu_nol i if- 8-y 15'>9ﬁ°'°({24 PIEr Spheny | \-4é8TNF  chl o i de (195
ng, 389 pﬁ@l)./;SS ny @l 20 1MIBRGIPCAREP2(01110082.27(cthyl 73 -| (6919 0.5
pnol ) of} the aci 71 dg obfsaicp@iloian §1-S Ub eguasbhinod Sk vied in
anhydrous N,|{Ndi met Nor mam de & Ohik) in @ dry bgkéwgegen atmosphere,
fand 2- (4- et yl pi pérs r\n 1-y1l)- ethylam ne (2 nol ) i s added
with ice-batlh cooling. The reaction sol uti 01 |s stirred at rjoom

tenperatjure |for /A h. The nixture is then polred into water (|30 ni)
and Sext|ractled Twur times |with ethyl acetate (30 ml each tine). The
conbi ned ordani hases are mmed twice wth vesess @6 each

time), dubseque y drigd Rﬂf’é’@ﬂ‘ '81’(141 1 eredn_w(gi'{dn@uctl on, and
the filtrgte i s evaporated 't%"' tﬂf‘%?h’b%%e”ifyﬁxﬁa,uo Thgzgg jduelis g5
di ssol ved in dIJT'E hyI csmpeiezoantﬁd! Quinginet pgr a LC, isol vent

QfjbeRERkrpNi LT é“cet e’itb/%”ﬂ)? VRS fof formic
'e dryl ng, the titfe corrpoume) 2-[ 1-
10( 4- cyanophenyl) y- 3-net hyl- 3H pyrazol o] 3, 4-cl quinglin-8-ylo
xy]-N-[ 2-(4-|et hyl - 2i n-1-yDet hyl ] - 2- (#4-fl uor ophenyl ) adet am de

(21 nyg, [33.8 pgrol ) as TyophiTisate having a nmelting range of

110-112C¢. Ms: 3 (MFH), 44 J;,leﬁ) ,\% 49 A handl / Huni g' s
base 99:1, part Y. vol,r go u S

nme) r re a{r ed|in
accor dar cgq Wi th the synt het |b8”2 ' E}F%:y]a 3?1% ’% gare shown in
Tabl e 6|b bl e @ mefwﬂréH Bra2elHE 4For il e 0% Jmethang) dnd O(LEP.5
No. Structural wl A meuiAslial 1y 8tieszohiCe0 DMAnig'PKash)obV] darts 1H

{V“/R (\50( MHz, DMV5 133 ( SwarddiboriceB. 24 + 8. 08, CCEUmej]—H) , 8.05
1 1 \

gr adi ent| watlerT
acid), diving,

MS: 437.1 (M+H)"
TLC (HPTLC):
Ri=0.13 (ethyl < 0.1

acetate/ethancl 8:1, parts

4-[8-(2-Aminopyridin-4-
ylmethoxy)-7-methoxy-3-
methyl-3H-pyrazolo[3,4-c]-

33

quinolin-1-yllbenzonitrile
by volume)

MS: 4271 (M+H)*
TLC (HPTLC):

Re = 0.43 (ethy! < 0.1

acetate/ethancl 8:1, parts

4-[7-Methoxy-3-methyl-8-
(thiophen-2-ylmethoxy}-3H-
pyrazolo[3,4-clquinolin-1-yl]-

34

benzonitrile
by volume)




\ 2-[ 1- (4- Cyano- phenyl)-7-nethoxy-3- (d, J=8.3, 2H), 7.89 (d,
J=8. 3, (h&a 1H), 7.41 (dd, J=8.6, 5.5, 2H),734(
7.19 (d, I1{)"”\2%]‘2/ 9241 | methyl - 34 pyrazol o- J=8.9, FCRERRYt 003127
) O [34c]qU|noI|n8 J=8.8, 1H), 5683 (s, 1H), 48 e N
yl oxyl- NA2- (4- et hyl - piperazin-1-yflethylk 2-(4-fluorophenyl)-
acetam de 4. 198 (s dH) d 40 (bm ZH), 3. 19 (Db ZA)
3.01 (bm 4H 3 : ’
(bm H)d [T—Methoxy methyl BH) ’ M:Lf;;ﬁt;”

35 (th'Ophen's_y'me_thoxy)'m Rr = 0.41 (ethyl acetate/ <0.1

pyrazolo[3,4-clquinolin-1-yl]- ethanol 8:1. parts b
benzonitrile !' ,p)a >y
volume
MS: 505, . *
4-[8-(4-Bromothiophen-2- Ttii(}(/:(;:—fc(;{iﬂ-i)

36 yimethoxy)-7-methoxy-3- = 0.56 (ethyl acetate/ < 0.1
methyl-3H-pyrazolof3,4-c]- ethanol 8:1. paris b
quinolin-1-yljbenzoniirile Il ,p)a et

volume
4-[8-(Benzo[b]thiophen-2- M'?LZT(;;'(FI\S;{)
Imethoxy)-7-methoxy-3- '

37 yimethoxy)-7-methoxy R: = 0.52 (ethyl acetate/ >05
methyl-3H-pyrazolo[3,4-c]- ethanol 8:1. parts b

quinolin-1-yllbenzonitrile l. ,p) y
volume
4-[1-(4-Cyanophenyl)-7- M;?;;_:_T;;D
methoxy-3-methyl-3H- ‘

38 oy me. y‘ Rt = 0.53 (ethyl acetate/ 0.1-05
pyrazolo[3,4-clquinolin -8-yl- ethanol 81 parts b
oxymethyl]pyridine-2-nitrile ane " ,p)a sHy

volume
~
5 .
4-[7-Methoxy-3-methyl-8- Mif(i;ﬁ;’)

39 (thiazol2-yimethoxy)-3H- | _ 0 40 (ethyl acetate/ <0.1

pyrazolo[3,4-clquinolin-1-yl]- thanol 81 '
benzonitrile einano i' - parts by
voiume)




1.17 (t, J=7.3, 3H. 0.1 - 0.5 MB 622.3 (MHH)+ TLC
(HPTLO) : wo 2012/0032= 0. 40 (methanol /FILinig's base pMprg11/003127
2012/ 000632PCT/ EP2011/ 003127 - 74 - 69

EXAMPLE 4: Synthesis of 4-[8-(2-dimethylaminoethoxy)-7-methoxy-3-methyl-3H-pyrazolo-

[3,4-clquinolin-1-yl]benzonitrile

diisopropyl azodicarboxylate
triphenylphosphine
THF
— T
0°C -RT, 2h

{51%)

4-(8-Hydroxy-7-methoxy-3-methyl-3H-pyrazolo[3,4-c]quinolin-1-yl)benzonitrile (132 mg,

5 398 pmol) is dissolved in tetrahydrofuran (3.3 ml). Triphenylphosphine (251 mg, 956 umol)
and 2-(dimethylamino)ethanol (56 ul, 558 umol) are subsequently added. Diisopropy! azo-
' dicarboxylate (125 pl, 637 umol) is then added dropwise at 5°C with coofing. When the

addition is complete, the mixture is stirred at room temperature for a further 2 h. The reac-
tion solution is subsequently evaporated to dryness in vacuo and chromatographed over
10 flash silica gel (solvent gradient cyclohexane / 0-100% by vol. of ethyl acetate / 0-40% by
vol. of ethanol), giving, after evaporation of the product fractions and drying in a high vac-
uum, the titte compound 4-[8-(2-dimethylaminoethoxy)-7-methoxy-3-methyl-3H-pyrazolo-
[3,4-cJquinolin-1-yllbenzonitrile (81 mg, 202 umol) as a solid having a melting point of
212.2°C. MS: 401.9 (M+H"), TLC (HPTLC): R; = 0.09 (ethyl acetate/ethanol 1:1, parts by

15 volume).

Compounds which are prepared methodically in accordance with the synthetic procedure
- from Example 4 are shown in Table 5 below.

s

20  Table 5 Compounds of the formulae (1), (IA) and {IE)

ICs DNA-PK

No. | Structural formula Name Analysis
y [uM]

MS: 401.9 (M+H)"
TLC (HPTLC):
Ry = 0.09 (ethyl > 0.1

acetate/ethanol 1:1,

4-[8-(2-Dimethylamino-
40 ethoxy)-7-methoxy-3-methyl-
3H-pyrazolof3,4-clquinolin-1-

yl}benzonitrile
paris by volume)




99:1, parts by vol une)

BT

553.2 (M+H)+ TLC (HPTLO) :

phenyl) 7
oxy] - N-( 2-

parts by vol une)

49 \
met hyl

Rf

- 3H pyrazol o-

am noet hyI ) - fl uor ophenyl) -

/7 0 a 10 ..
2- (4-

--N 241- (4- Cyano-

[ 3, 4-c] qui nohn-8-y] -
acet ahCd &Mt 1/003127

0. 27 (rmethanol /HOni g' s base 99: 1,
0.1 -0.5 50 NC\ N // 004. SO\ 2-[1-(4- Q/ano-

phenyl) - [7- et hoXy- 3- met hy I3 pyrazot o-— [ 3, 49Cl qui not im=8=y]™-
oxy] - 2- (4-fljuord enyl)-N(2- piperazin-1-ylietQyl):, (Nﬂﬁ?t am de
o 4-[8-(3-Dimethylamino-
/ benzyloxy)7-methosy-3 TLG (HPTLC):
enzyloxy}-7-methoxy-3-
41 It yioxy o R: = 0.36 {ethyl 0.1-05
methyl-3H-pyrazolo[3,4-c]-
L . acetate/ethanol 8:1,
quinolin-1-yllbenzonitrile
parts by volume}
MS: 428.1 (M+H)"
4-[7-Methoxy-3-methyl-8-
(thiazol-4-ylmethoxy)-3H TLC (HPTLC):
iazol-4-ylimethoxy)-3H-
42 | [3: i )?_”1 1 =0.37 (ethyl < 0.1
razolof3,4-cJquinolin-1-yl}-
Py q . y acetatefethanol 8:1,
benzonitrile
parts by volume)
o MS: 428.1 (M+H)*
4-[7-Methoxy-3-methyl-8-
(thiazol-5-yImethoxy)-3H TLC {(HPTLC):
iazol-5-yimethoxy)-3H-
43 | E3: i xiy ] Rr = 0.37 (ethyl <0.1
razoiof3,4-c]quinolin-1-yl]}-
Py q- . y acefate/ethanoi 8:1,
benzonitrile
parts by volume)
MS: 523.2 (M+H)*
4-{7-Methoxy-3-methyl-8-[3-
, . TLC (HPTLC):
(4-methylpiperazin-1-yl-
Ri=0.10
44 methyl)benzyloxy]-3H- >05
az0lo[3,4-clquinolin-1-yl} {dichioromethane/
razolo[3,4-clquinolin-1-yl}-
Py q_ . y ethanol 1:1, parts by
benzonitrile
volume)
L.
4-{7-Methoxy-3-methyl-8-[3- MS: 518.1 (M+H)*
(2-methylthiazol-4-yl)- TLC (HPTLC):
45 benzyloxy]-3H-pyrazolo- Ri = 0.53 (ethyl 01-05
[3,4-c]quinclin-1-yl}- acetate/ethanol 8:1,
benzonitrile parts by volume)
Sy
4-[7-(2-Dimethylamino-
. MS: 402.2 (M+H)*
46 o ethoxy)-8-methoxy-3-methyl- TLC HPTLOY: 05
3H-pyrazolo[3,4-clquinolin-1- ) '
. = 0.05 (methanol}
yllbenzonitrile




M5: 594.2 (MtH)+ TLC (HPTLO): Rf = 0.09 (methanol/Hi I nig' s base 99:1,
parts by I Qp>.551N:O-Na/ 00 . 40 N N N Cyanornet hoxy- 2-
[1-(4-cya%'g)pzll4ﬁ |0§397_ nmet hoxy- 3- net hyl - 3H pyrazol of 3, 4-c] rctieP2ofioosizr
qui nol i n- 8-yl oxy]-2- (4-fluorophenyl)--atetam de M5: 539.9 (M:H)+ TLC
(HPTLO): Rf = 0.49 (ethyl acetate/ethanol 5:1, parts by volune) 0.1

-0.5 52 HZNTora 77 0 0. O\ NTi Z-[I-(4-Cyano- phenyl)-7-metnoxy- 3-

net hy1- 3H py MS: 405.1 (M+H)*

TLC (HPTLC):
Ry = 0.46 >0.5

(dichloromethane/

4-[7-(2,3-Dihydroxypropoxy)-
47 8-methoxy-3-methyl-3H-
pyrazolo[3,4-c]quinolin-1-yl}-

benzonitrile

ethanol 5:1, paris by
volume)

The compound of the following structural formula (Tabie 5a) can be prepared methodically
in accordance with the synthetic procedures for Examples 1, 4 and 8 — starting with the
5  compound of the formula 3-2.

Table 5a Compound of the formulae (1) and (IE)

No. | Structural formula N ' Ces DNA-
ame Analysis P [uN]
7-Methoxy-3-methyl-1-{4- M?L‘;S(i(; ;T;—m
2H-pyrazol-3-yl)phenyf]-8- :
79 (2H-pyrazol-3-ylyphenyl] Rf = 0.24 (ethyl ace- < 0.1

(thiazol-5-ylmethoxy)-3H-
o tate/ethanol 5:1, parts by
pyrazolo[3,4-clquincline
volume)




[ 3,4-c] quinolin-8-yl- oxy]-2-(4-fluoro- phenyl)-N E 2- hS:J| famoyl et hyly
acet am dey, (MtH) + TLC (HPTLC): Rf = 0.45 (ethy PCT/EP2011/003127
acetate/et&u@noﬁﬁﬁs? parts by volune) 0.1 -0.5 53 HONa/?(? a
Syl oxy]-2-(4-fluoro- N N 2-[1-(4-Cyano=7%henyl)-7-rnet hoxy- 3- _

met hyl - 3H pyrazol o- [ 3, 4-c] qui nolin-8- phenyl)-N hydroxy- acetam de +
MB: 497. EXAMNF)EBLSythedit ©) 2- ‘Rf4—6ya(9|oﬁl4er(@tmmbtf‘@ﬁym&h@cﬁﬁimmbzcﬁo[3;4—0]—

aﬁr BS by qvu?no'fnPS) onxy]-JN- ZVEQ e%hy]f;%gr%glg yl)ei:A IT]EZ?T—? - éo(l)rgp :Le%ZI)aCL?arﬁldg 4 HN

o]
MeOH, THF -~
NaOH
—_—

{93%)

1} SO,
or
b) TBTU, DMF

0

\

Methyl [1-(4-cyanophenyl)-7-methoxy-3-methyl-3H-pyrazolo[3,4-c]quinolin-8-yloxy]-(4-
9 fluorophenyl)acetate (260 mg, 524 umol) is dissolved in tetrahydrofuran and methanol

(66 mi each). Sodium hydroxide solution (1.0 M, 1.58 ml, 1.58 mmol) is subsequently
added dropwise. The reaction mixture is stirred at room temperature for 18 h. When the
reaction is complete, the mixture is evaporated to dryness in vacuo, and the residue

{ obtained is taken up in water (100 ml). The mixture is carefully acidified to pH 5 by addition

| 10 of hydrochloric acid (1.0 M) and stirred for a further 30 min. The precipitate formed is
filtered off with suction and rinsed with water. The filter cake is subsequently suspended in
2-propanol (5 ml), filtered off with suction again, and the residue is dried overnight in a high
vacuum, giving [1-(4-cyanophenyl)-7-methoxy-3-methyl-3H-pyrazolo[3 4-clquinolin-8-yl-
oxy]-(4-fluorophenyl)acetic acid (235 mg, 488 uymol) as a solid having a melting point of

15 211.6°C. MS: 483.1 (M+H"), TLC (HPTLC): Ry = 0.11 (ethanol).

[1~(4-Cyanophenyl)—7-methoxy—3-methyI-SH-pyrazoIo[B,4—c:]quinolEn-8—y!0xy]-(4-ﬂuoro-
phenyl)acetic acid (190 mg, 394 pmol) is dissolved in thionyl chloride (2.0 ml) and heated
under reflux for 2 h. The mixture is then evaporated to dryness in vacuo and co-evaporated
20 twice with distilled, anhydrous toluene, giving [1-(4-cyanophenyl)-7-methoxy-3-methyl-3H-
pyrazoIo{3,4-c]quEnoiin-8-yloxy]-(4—ﬂuorophenyl)acetyi chloride (195 mg, 389 pumol). 35 mg



| Soxy]-2-(4-fluoro- /7 . \ N N[211-(4- ﬁyangpheny:%( 7- met hoxy- 3-

met hyl 34-c] qui nol i n-8-yl - phenybacety guam

524, > (Mﬁﬁ?’y{"%@“ PTLC): Rf = 0.29 (ethanol) <0.1 %‘{%%@1”‘)"31”
2-[ 1- (4 Cyano- phenyl)-7-net hoxy- 3- net h§t- 3H pyr azoI o-

[ 3,4-c]quinolin-8- yloxy]-2-(4-fluoro- phenyO-N-(2- methozyethyl)-

acet am de(68R urad oPthé Mtid) chidhki€ obtiEdGIre s%sequ@ntﬁﬁdléﬁd’é&ﬂhn anhydrous N,N-

MPLE 6 Synt hesi s
Zc(e;atsefj. ﬁ?#&kaeﬂyi&%méar@lﬁﬁﬁ b3’ LBy fﬁl’é‘r%{gé”@”e(?%]?% e 2143ﬁﬂ)yﬂpéﬁ>ﬁza¥inﬂ e
4-(7, 8- D|mysam@wmammﬂﬁséd@dcqwnmi@bmtmc ﬂmﬂbé%iob%omaﬁm
e bat B P Kot B T otk b s i
subs ecmem)&tmcmdldeck tinTdrewitteate yii Bt @othEedch tiid) I TRCaMbifSyanic phases
tenperature e is subsequently poured into wa

(206°m1 ) “HRaveRhed lpe B AR AL il der U, Fulsisabar iegosi Nessie tered

t i rre) Theitrcudtioneshathe fifate i @§;&ﬁat%ﬁ¢o WASBeinaReg Whehe M8l distBlved in
| t er ed suction, and the filtrate

Tt i g Sl EE s e sh A edrabhe GGG, SHketeadiattavater / 1-30% by vol of

chr omat ogrcatdratdlepuers by a@hobeHml@acaa)elgw(r@%ff&*ﬁee&é%%ﬁ@ é*ﬂtféed&ﬁﬂb%nd 2-[1-

t at th | 0-30% vol . ).
evapoPat | GV BToRREY Y GHEEPOr R B P Fel8d cnals Yo B etk

little tefiperazin-1-yl)ethyl]-2-(4-fluorophenyl)acetamide (21 mg, 33.8 umol) as lyophilisate having
€7 a melting range of 110-112°C. MS: 622.3 (M+H"), TLC (HPTLC):
h Rt = 0.40 (methanol/Hinig's base 99:1, parts by volume).

15 Compounds which are prepared in accordance with the synthetic procedure from Example
5 are shown in Table 6 beiow.

Table 6 Compounds of the formulae (1), (1A) and (IE)

IC5 DNA-

No. Structural formula Name Analysis PK [uM]

"H NMR (500 MHz,
DMSQ) 5 =9.33 (s, 1H),
8.24 - 8.08 (m, 1H), 8.05
, (d, J=8.3, 2H), 7.89 (d,
L J=8.3, 2H), 7.71 (s, 1H),

2-[{1-(4-Cyano- 7.41 (dd, J=8.6, 5.5, 2H),
F
phenyh-7-methoxy-3- 7.34 (s, 1H}, 7.19 (d,
methyl-3H-pyrazolo- J=8.9, 1H), 7.17 (d,

[3.4-clquinolin-8- | J=8.8, 1H), 5.53 (s, 1H),
yloxyl-N-[2-(4-ethyl- | 4.31 (s, 3H), 3.98 (s, 3Hy, | 0-1-0.5
piperazin-1-yllethyl]- | 3.40 (bm, 2H), 3.19 (bm,
2-(4-fluorophenyl)- 2Hj), 3.01 (bm, 4H), 2.81
acetamide (bm, 3H), 2.33 (b, 3H),
1.17 (t, J=7.3, 3H).

48

MS: 622.3 (M+H)*
TLC (HPTLC):
Rr=0.40
{methanol/Hinig's base




15hydr of ur an,

and 2- propanol

(5 i)

is added, and the m xture is

evapor at eﬂozﬁﬁoo@éﬁc' pitate obtained is fil tered off with SYVTe Mo o RR=Yale Dl
dried in vacuum giving the title conpound
4- (7, 8-di net hoxy 3-et hyl-3H pyrazol o[ 3; 24 c] qui nol i n- 1- Abenzonitrile
(49 ny, 136 mol) as WO 2012/ 000632PCT/ EP2011/ 003127 - 76 - a solid
havi ng al nel{ting point of 227.4C. IVB 359 0 (M+H991 péfds@yﬁdﬂﬁ?é}. T R=
0.51 (etjhyl—facetate /ethanot—381; C\}dﬂo-vu' unr;) Conrpotnds
whi ch arje priepaked in or dance Wlht hI Sé%h\et i c procedure from
Exanpl e 56 are wn i bl eN7 bief SW) B“P Conpounds of the
fornul agl (1), (I'A) akd Seethd-Bitrperzobor nuME: MaAEHANal y5| S
| C50 DNA-PK [[PM 56 * |l [Decquindinsh-8{ Di methipwyLS- et hyl - 3H-
pyr azol 0§[§ 4- c] qui nob benz)@jwr(muln&mjys 3509. ,Q_@Iylfl-l) + TLC,01 0.5
(HPTLC):} R194 0.51 (et acgt at e/ etgn,mqlokI 2 ) rtﬂs1 P/H lS' <0.1
57 2_, " -lz \/ 0 4- (3L EAYl-7, 8-d Y3 3H anotHarigs S
f Iﬂk‘@ﬁ"%@f’izonl t P§1. @artetBy vaBme) 9| ( MiH) +
acetamide
2-[1-{4-Cyano-
henyl)-7-methoxy-3-
Phenyl-7-methoxy MS: 594.2 (M+H)"
methyl-3H-pyrazolo-
Lo TLC (HPTLCY:
[3,4-c]guinofin-8-y}-
r=0.09 > 0.5
oxyl-2-(4-flucro-
(methanol/Hlnig's base
phenyt)-N-(2-
. . 99:1, parts by volume)
piperazin-1-ylethyl)-
acetamide
N-Cyanomethoxy-2-
[1-(4-cyanophenyl)-7- MS: 539.9 (M+H)*
methoxy-3-methyl- TLC (HPTLC):
3H-pyrazolo[3,4-c]- Ri=0.49 0.1-05
quinolin-8-yloxy]-2- (ethyl acetate/ethanol
{4-fluorophenyl)- 5:1, parts by volume)
acetamide
2-f1-(4-Cyano-
phenyl)-7-methoxy-3- MS: 588.9 (M+H)"
methyf-3H-pyrazolo-
[3,4-c]quinolin-8-yl- THC (HPTLO):
' Ry = 0.45 0.1-05
oxy}-2-(4-fluoro-
(ethyl acetate/ethanol
phenyl)-N-(2-
5:1, parts by volume)
sulfamoylethyf)-
acetamide
2-[1-{4-Cyano-
phenyl)-7-methoxy-3- MS: 497.9 (M+H)"
methyl-3H-pyrazolo- TLC (HPTLC):
[3,4-clguinolin-8- Ri=0.24 < (0.1
yloxy}-2-{4-fluoro- {ethyl acetate/ethanol
phenyl}-N-hydroxy- 5:1, parts by volume)
acetamide




TLC (HPTLC): Rf = 0. 62 (di chl or onet hane/ et hanol 10:1, parts by

vol une)
pyrazol o
(HPTLO) :

* -0 4-(3-Butyl-7, 8-dinet hoxy-3H PCT/EP2011/003127
% zf &qu nol | n 1-y1l)- benzonitrile Ms: 387.0 (M -|—|)+E|PL?}

Rf 0.42 (ethyl acetate) > 0:559 2N *0z -0

4- (7, 8-Di net hoxy 3- pr opyl 3H pyrazol o[ 3, 4-c] qui nolin-1-y1)-

benzoni t
0.1 -0.5
3H- pyraz
(HPTLC) :

rile Ms: 372.8 H + TLG (&HRTL )Cd’alﬁt i- 0.34 (ethyl acktate)
NOXY-
o|68[ AR SRR B Ml Opgge,?gme o 1O 2A3.00HMH) TLC
12 methyl-3H- pyrazoio TLC (HPTLC):
54 [3.4-clquinolin-8-yl- Ry = 0.29 <0.1
oxy}-2-(4-flucro- (ethanol)
phenylyacetyl]-
guarnidine
E 2-[1-(4-Cyano-
\01 phenyl)-7-methoxy-3- MS: 540.2 (M+H)*
N methyl-3H-pyrazolo- TLC (HPTLC):
55 [3,4-c]quinclin-8- Ry = 0.28 <01
Yioxy}-2-(4-fluoro- (ethyl acetate/ethanol
pheny!)-N-(2- 8:1, parts by volume)
methoxyethyl)-
acetamide

10

15

EXAMPLE 8. Synthesis 4-(7,8-dimethoxy-3-ethyl-3H-pyrazolo[3,4-c]quinolin-1-yl)benzo-
nitrile

EH, K,CO,, DMF

{34%)

4-(7,8-Dimethoxy-3H-pyrazolo[3,4-clquinolin-1-yl)benzonitrile (132 mg, 400 umol) is dis-
solved in N, N-dimethylformamide (5 ml). Potassium carbonate (111 mg, 800 umol) and
ethyl iodide (37 ul, 440 umol) is subsequently added. The reaction mixture is stirred at
room temperature for 3 h. The mixture is subsequently poured into water (100 ml) and
extracted twice with ethyl acetate (100 ml each time). The combined organic phases are
washed once with water (50 ml), dried over Na,SO,, filtered with suction, and the filtrate
obtained is evaporated to dryness in vacuo. The residue is chromatographed over fiash
silica gel (solvent gradient n-heptane / 0-100% by vol. of ethyl acetate / ethanol 0-30% by
vol.). After evaporation of the product fractions, the residue is dissolved in a little tetra-
hydrofuran, and 2-propanol (5 ml) is added, and the mixture is evaporated. The precipitate
obtained is filtered off with suction and dried in a high vacuum, giving the title compound
4-(7,8—dimethoxy—3~ethyl—3H—pyrazoEo[3,4-c}quinolin—1~yl)benzonitrile (49 mg, 136 mmol) as




(ethyl acetate) 0.1 - 0.5 WD 2012/000632PCT/ EP2011/003127 - 77 - 61

* *02 4- -7, 8-di met hoxy- 3H pyrazol of 3, 4- c] qui nolj .5
yl )benzogﬁ?rzi%?gwgl\/éa 387.0 (M+H) + TLC (HPTLO): Rf = 0. 47 (etﬂrﬁ?(é“m”o":”m
acetate) > 0.5 62 2-__ * -0 4-(3-Cycl opPopy1l-7, 8-

di met hoxy- 3H pyrazol o[ 3, 4-cl1l- quinolin-1-yl)benzonitrile Ms: 372.0

( MrH) + TLCs¢ldPBEVR): a Relting @obi0 of 2274/C. aSe 1340 &/ (WA TLCIHPTREN: tRs =y51 (ethyl

vol une) 0 - 0.5 63 * [ 02 -0 4-(3-Alyl-7,8-dinethoxy-3H
pyr azol 0[%&]9Et8?ﬁﬁ‘|aﬂ8l|%-H-%.”ﬁ%y."oﬁ'gheﬂom trile Ms: 371.1 (M+tH)+ TLC
(HPTLC) :
Compounds which are prepared in accordance with the synthetic procedure from Example
5 6 are shown in Table 7 below.

Table 7 Compounds of the formulae (1), (IA) and (IE)

Structural . -
No. formula Name Analysis ICso {Ifl r:n? PK
MS: 359.0 (M+H)"
4-(7,8-Dimethoxy-3-ethyl-3H- TLC {HPTLC):
' 56 pyrazolo[3,4-clquinolin-1-yl)- Ri=0.51 <01
benzonitrile (ethyl acetate/ethanol 8:1,
parts by volume)
) MS: 376.9 (M+HY
4-(3-Ethyl-7,8-dimethoxy-3H-
L TLC (HPTLC):
57 pyrazolo[3,4-c]quinolin-1-yl)-3- C.1-05
o R = 0.62
fluorobenzonitrile
{dichloromethanefethanol
10:1, parts by volume})
. MS: 387.0 (M+H)*
4-(3-Butyl-7,8-dimethoxy-3H-
L TLC (HPTLC):
58 pyrazola[3,4-clquinolin--1-y)- >0.5
. Re= 0.42
benzonitrile
i (ethyl acetate)
i\..a.:
MS: 372.8 (M+H)*
4-(7,8-Dimethoxy-3-propyl-3H- ( )
59 L TLC (HPTLC):
pyrazolo[3,4-clguinolin-1-yl)- 0.1-05
. R:=10.34
benzonitrile
(ethyl acetate)
MS: 373.0 (M+H)”
4-(3-lsopropyl-7,8-dimethoxy- . HP"I(' H)
LC):
60 3H-pyrazolo]3,4-c]quinolin-1- ( ) 0.1-05
N Ri=0.35
yl)benzonitrile
(ethyl acetate)




Rf = 0.46 (ethyl acetate) 0.1 -0.5 64 / 10

fad- (7, 8-Womiheueys23- pyri di n-3- yl met hyl- 31 pyrazol o[ 3, 4- C]FCT/EP2011/003127
qwnol n-1-yl)-3-fluoro- benzonltrllel\/z 439.9 (MrH) + TLC (HPTLC):
.16 (ethyl acetate/ethanol 8:1, p fts by volune) >0.5 65 * -0

=
I

1-(4- q/anoohenvl) 7, 8- dinethoxypyrazol o[ 3. 4-¢l -

qui nol i ne- 3-kcarbonitrilfe Ms: 356.1 (MrH) TLC[(HPTLC): Rf = 0]70
(ethyl aceta .5{66 // ofa IS NNt 41\43% thyl-7, 8-
) . - 538 . L
di met hoxy- 3H 1 Ch-(3gstibmal7isrindettpb e 1zon|Thr: HPTLC)_ . 369.8
(MtH) + TLE1( D. #2pyrazolo[3,4-clquinolin-1- R 047 ) >0.5
yl)benzonitrile e
{ethyl acetate)
MS: 372.0 (M+H)"
4-(3-Cyclopropyl-7,8-
] TLC (HPTLC):
62 dimethoxy-3H-pyrazolo[3,4-c]- Re= 0.50 0.1-05
quinolin-1-ylibenzonitrile e
(ethyl acetate/ethanol 5:1,
parts by volume)
_ MS: 371.1 (M+H)"
4-{3-Allyl-7,8-dimethoxy-3H-
o TLC (HPTLC):
63 pyrazolo[3,4-c]quinolin-1-y)- 0.1-0.5
. Rt = 0.46
benzonitrile
(ethy! acetate)
4-(7,8-Dimethoxy-3-pyridin-3- MS: 439.9 (M+H)"
64 yimethyl-3H-pyrazolo[3,4-c]- TLC (HPTLC): >05
guinokin-1-yi)-3-flucro- Rf=0.16
benzonitrile {ethyl acetatefethanol 8:1,
parts by volume)
o 1-(4-Cyanophenyl)-7 8- MS: 356.1 (M+H)"
. 65 dimethoxypyrazolo[3,4-c]- TLC (HPTLC): 0.1-05
quinoline-3-carbonitrite R:=0.70
(ethyl acetate)
4-(3-Cyanomethyl-7 8- MS: 369.8 (M+H)"
66 dimethoxy-3H-pyrazolof3,4-cj- TLC (HPTLC): < (.1
quinclin--yl)benzonitrile Rf=0.42
(ethyt acetate)




(ethyl acetate) <0.1 - 78 - 67 0 0-- O1li * NOH

[ 1- ( 4- Q/&W@Ql@mhgﬂl 8- . di net hoxypyl‘ azol O[ 3, 4- C] - PCT/EP2011/003127
qui nolin-3-yl]acetic acid Ms: 389.1 (MFH + TLC (HPTLC): Rf = 0.55
(ethanol) 0.1 - 0.5 68 o \oz 2-[1-(4¢ @anophenyl) .7, 8-

di met hoxypyrazol o[ 3,4-c]- quinolin-3-yl]acetanm de M5: 388.1 ( M+H) +

TLC (HPTLO) :| Rf = 0.364(ethyl acetate) 0.1 -{0.5 69 2--- z-J\ \o -oO
4-(3-Di f| uor di met hoxy- 3H-pyrazol of 3,4-4- (M+H)"
[1-(4-Cyanophenyl)-7,8-
) TLC (HPTLC):
67 dimethoxypyrazolo[3,4-c]- R = 055 0.1-05
quinolin-3-ylacetic acid T
(ethanol)
MS: 388.1 (M+H)"
2-[1-(4-Cyanophenyi)-7,8- (M)
i TLC (HPTLC):
68 dimethoxypyrazolo[3,4-c]- R = 0.36 01-05
quinolin-3-yllacetamide R
{ethyl acetate)
o MS: 381.1 (M+H)"
4-(3-Difluoromethyl-7,8- TLC (HPTLC):
69 dimethoxy-3H-pyrazolo[3,4-c]- Rr= 0.49 < 0.1
guinolin-1-yf)benzonitrile {ethyl acetate/ethanol 8:1,
parts by volume)

e,
AT
{ |



qui nolin-1-yCbenzonitrile Ms: 381.1 (MrH)+ TLC (HPTLC): Rf = 0. 49
(ethyl acglpdy nol 8:1, parts by volune) < 0.1 WO

2012/ oooeszpéélggg%lll 003127 -79 - EXANPLE 7A: Synthesis of - Fr2011/003127
4- (7, 8-di met hoxy- 3H pyrazol o[ 3, 4-c] qui né#in-1-yl)-2-pyrrolidi nebenzon
itrile 52-Bronp-4-(7,8

di met hoxyE3AMBPYLEaZ0ISyhBiedis of 47 Bediinathbxy-B)gyrezomi3, 4iclaeiroBf-1AD)-2-p2@olidine-
pnol) is %Rﬁrﬁgd in N Ndinmethylformamde (3.0 m). Pyrrolidine

(2.0 mM, .1 mmol) and potassium carbonate (61 ngy, 440 pnol) are
subsequently added. The reactjon m xtuyre is heated at 180C,
(m crowave) for 20 mn. For rk-up, the mxture is extraded W th
ethyl acetate and senj-sat ur/ated sodi uﬁthl oride sqlution
organic phase is drie 2'8049dc[1‘(p|cJ, KPLOtere% wit h siicty-en and
evaporated to drynhe 0. Theonesmae s “purT ™ ed\by ch ona-
t ography (pHPLC, sol adi ent wat er«/ 1-30% by
acetonitrile, 0.1% by] voé . jof formc acid), gi Vi ng
4- (7, 8-di met hoxy- 3H py 7q‘.i o[ 3,4-c]quinolin-1-yl)- 2~pyTol i di nebenzo0-
nitrile (23 ng, 58 pnol) as a solid having a msltlng oi nt of 291C
(deconposi tion). Ms: Eg(;mﬁkﬁ) TLC (HPTLO): REugsQ. 41 (ethyl

acetate! ethanol 8:1 b& by volune). WO

2012/ 000632PCT/ EP2011K00B%y - 80 - EXAMPLE 7B: Synt hdsi s//of
4- (7, 8-di met hoxy- 3- msthy 3H—pyrazo| o[ 3, 4- c]qw nol - 1- yX) - 2-
met hoxynet hyl benzonitrile P
52-.,-Br ono-4- (7, 8-di met hoxy- 3H
(540 ngy, 51.32 mol) §'s dirs§
under an argon preote

senzonitril e
ed in N N-dl rrethyl orrpr de (4.0 ml)
arfosphere. Tri potassi U é{ﬁhosphate(578
ng, 2.64 mol), KOH ., 1.19 mol ), 1,2- dinmethoxyethane (9.0 m)
and water (50 pl), vifyhberonic acid pinacol ester (94]2 pl, 5.28

Ci

nmol ) and trans-bis(tv rel ohexyl phosphi ne) pal | aew BRI 1) di chl ori de
(98 ng, 132 pnol) are sub%equently added. The suspen5| on gpbtained is
heated at 150C (m crowave) for 1030 m n. For work- up, the/mxture is
extracted with ethyl acetate and sem -saturated 50| um
sol ution. The organic phase is dried over Na2SHh; A4 t € ed Wi e
suction and evapo- rated to dryness in vacuo. Thelreksi
over flash silica gel (solvent gradient cyclohexang /f &50% by vol .
of ethyl acetate), giving
4- (7, 8-di met hoxy- 3H pyrazol o[ 3, 4- c] qui nol i n-1-y1) - 2-vi n&l benzonitrile
(247 ng, 693 pnol) as a solid. Ms: 357.2 (M+l-1+), TLC 15(HPTLC): Kf

0.4 t
2 (78 B@n%?#aﬁﬁ?%ﬁdﬁséts?w?%%%u Sl 1B e (90 mooRA PPl
(247 ny, dFVEREI N N-dmethydfermiastide 13 & mINRymotidiney (1 & mirenei ‘dmrr(o]) amdrdo}as-

i et r ahy disf

The Tobct on aorut o 15 SUpuBE ety et ol pedi TR Jetot Bujiest Peaea
20f | ow of't B3QReMieReAYR) der %U]Jﬂ‘hfommlwmrre mixiure SgEratiediteretina ssetdte
th h ] t

(24 £5G Sbml sorliak kN eIOAE Kol PN S FRTE N leBlvel g -
(- )75‘(93 fEﬁre@W*%SHC‘ﬂOnr@chyalor@mio|d$y®abs-ewantme resicoy eschuriied bt‘nahroh'fae
reaction | r I O i fi C

i Xt ur e f?%‘i’%yﬁgﬂp‘é% SRR gFRER WRIER T Sk By wal b BloidiB el 1 ek v
chl ori de ¥BIGAGHNYiving - ﬁrsg@lme@qa(biﬁ'épyrsmﬂwmdeb]%wam Na28:ﬁ)#olsdméhteat@-d

wth suchm@@g,ﬂ e e res
is purifie ( ﬂﬁr%ﬁgﬁgg%g% éo‘ﬂ? ﬂéﬁéﬁ@ﬁ%&# \gefg) c%?ntgo? éé@@eﬁ%{%‘?sﬂ} y@%%
by vol . @0 aééﬂ#rﬂl TECH(EPT E%Bﬁ 4/olethybhicdtatertiethamol 81) , paathytvdRime).
prodigt fractions are |yophilised, giving 4-(7, 8-

di met hoxy- 3H pyrazol o[ 3, 4- c] qui nol i n-1 - y1) - 2- hydr oxynet hyl benzoni tri |
e (46 ng, 128 pnol) as a solid. Ms: 361.4 (M+l-1+), TLC (HPTLO): Rf =




WD 2012/ 000632PCT/ EP2011/ 003127 - 81 - residue is purified by

chr onmat ogway2doeéZLC, sol vent gradient water / 1-30% by VvQlerasihor1/003127
acetonitrile, 0.1%by vol. of formc acggéi) and the product fractions

are lyophilised, giving 4-(7, 8-d
i met hoxy- 3-nmet hyl- 3H pyrazol o[ 3, 4-c] g uinolin-111)-2-hyd
r oxynet hyE%AMPbE 7B Synidesia of a7, 8-ir0ethant-$-rasshi-356hyirazolBA4-GqEnalin-1-yl)-2-

(M+1-14)
4-(7, 8- Dnr}gtthﬁxg<methylbenﬁ$ﬂ,tm§kl- pyrazol of 3, 4-c] qui nol i n-1-y1) - 2- hydr oxym

ethylbenzonltrlle (17ng, 44 pnol) is dissolved in
N N- di met hpkdros-aemisdemehoty-BH)pyrn@ars, arcgmmonandynmhfbﬂmueq@n@lmg( 8.2

s ubs e%uenﬂéwg'a%%%h@% gﬁ’gﬂ gm%@%ﬂfm%ﬂ’dﬁy thi)r prgq?r &t ag?%f Ryptestive-gas

Af t er addittriospheré. Brigotdskiuen Mbﬁf{s@(l‘jlatet (bE8 ap@mrz]ishwrgon xﬁxgﬁﬁgfﬁ);g\fn{m ) 1,2-
S mcnloriade s u

wor ke up. REMSRSNTTE (52D 8 Wie e ) ot YBETn 2ok RItAsPLRRISG (BA2

sucti on afE8 eveRpsaas eshstisls d'rcyﬂaﬁéxy%o%é)ﬂallé@ i) diBQlofid®siod Uﬁgl'1%2 JJIT!OI)

purified b I en water

H LC, | t
by vol . XQBQ%%@W%(@P & rﬁ Wev%_is'? O\E/}’i‘ea'nnlegg%h%at%‘é?mf’o G pAe) for
produdt f3tain. eoswartkeid, [fﬁa&ﬂﬁtuﬁé ls%iotra@t}eﬁlvgm ethyl acetate e}nrtlj semi-saturated sodium
razaol o ui no -1-
153(17) 82%&'?% Mﬂﬁﬁ@ﬁ%ﬁ' #14? '%@”%O‘fefd‘lassgmt?reééﬂ"@ Lisliguaneewpo-
solid. I\/Bateﬂ&@ d&ynebd Il vaclis. G HeHBIHG is defrifizd Bvet Habebinyd gél?@él@ér@gﬁ‘éd ol

1, I d Ich are prepared in accordance
MO T L AR BT, D AN A

Table 8 b:gjrmnn 1%Q)-Zahmeﬁzcﬁmﬂ@qgm§19069’é Dﬁo?jgé Ruone nﬁé)aggl(i (‘h)ma?dn_c

D GRTECE Tl Seetaty ctimootd, maris puidkeTen- 1.

y1l)-2-pyrrolidin-1- yI benzonitdl e (Exanple 7A) < 0.1 71 11l o-

13 G et HOE e D o koA A-E1ot Rty Enyibenzoniie (47 mg, 693 pmol) i
dissolved in N,N-dimethylformamide (1.5 ml), tetrahydrofuran (6.0 ml) and ethanol (9.0 mf)
and cooled to (-) 78°C. The reaction solution is subsequently treated with ozone {oxygen

20  flow of ozone generator 50I/h) for 4 min, nitrogen is then passed through (2 min). After
LC-MS check (aldehyde intermediate), NaBH, (24 mg, 624 pmol) is added, and the reac-
tion mixture is stirred at (-)78°C for 20 min. The cold bath is subsequently removed, so that
the reaction solution warms to room temperature. For purification, the mixture is extracted

with ethyl acetate and semi-saturated sodium chloride solution. The organic phase is dried

N

25  over Na,SO,, filtered with suction and evaporated to dryness at 40°C in vacuo. The residue
is purified by chromatography (pHPLC, solvent gradient water / 1-30% by vol. of aceto-
nitrite, 0.1% by vol. of formic acid), and the product fractions are lyophilised, giving 4-(7,8-
dimethoxy-BH—pyrazoEo[3,4-c]quino!in—1~y|)-2—hydroxymethylbenzon%triIe (46 mg, 128 pmol)
as a solid. MS: 361.4 (M+H"), TLC (HPTLC): Ry = 0.38 {ethyl acetate / ethanol 8:1, parts by

30 volume).

4-(7,8-Dimethoxy-3H-pyrazolo[3,4-c]quinolin-1 -yl)-2-hydroxymethylbenzonitrile (78 mg,
216 pmol) is dissolved in N, N-dimethylformamide (1.0 ml) under argon, and methyl iodide
(34 pl, 541 umol) and potassium carbonate (60 mg, 433 pymol) are subsequently added.
35  The suspension is stirred at room temperature for 1 h. For purification, the mixture is
extracted with ethyl acetate and semi-saturated sodium chioride solution. The organic

phase is dried over Na,SO,, filtered with suctior; and evaporated to dryness in vacuo. The



< 0.1 WO 20121000632PCl PTEP2011/003127 - 82 - 72 ..0 . Il * Ho
2- Cyano- 5w7z08z2/diose2t hoxy- 3H- pyrazol o[ 3, 4-c] qui nol i n- 1-yl )leameroc1/003127
acid nethyl ester Ms: 389.1 (MtH) + TLC l|—|PTLC) Rf = 0.56 (ethyl

acetate/ethanol 5:1, parts by vol ume) < 1 730 W / faHo O

- 3K , | - yl ) benzoi c
R Cighiug i€ Rl By b b epay (RUELS, SO sl e vtary o) B, o

5:1, par tacdinitid, 0nB) b Qelloffdrmic acid), and the product fractions are Iyophilised, giving
4-(7,8-dimethoxy-3-methyl-3H-pyrazolo[3,4-clquinolin-1-yl)-2-hydroxymethylbenzonitrile
(41 mg, 110 umol) as a solid. MS: 375.2 (M+H").

4-(7,8-Dimethoxy-3-methyl-3H-pyrazolo[3,4-c]quinolin-1-yl)-2-hydroxymethylbenzonitrile
(17mg, 44 ymol) is dissolved in N, N-dimethylformamide (2.1 mi) under argon, and methyl
iodide (8.2 pl, 131 umol) and sodium hydride (95%, 2.4 mg, 96 umol) are subsequently
added. The reaction solution is stirred at 0°C for 2 h. After addition of a little water, the

10 mixture is extracted with ethyl acetate and semi-saturated sodium chioride solution for
work-up. The organic phase is dried over Na,SQ,, filtered with suction and evaporated to

{w dryness at 40°C in vacuo. The residue is purified by chromatography (pHPLC, solvent gra-

dient water / 1-30% by vol. of acetonitrile, 0.1% by vol. of formic acid), and the product
fractions are freeze-dried, giving 4-(7,8-dimethoxy-3-methyl-3H-pyrazolo[3,4-c]quinolin-1-

15 yl)-2-methoxymethylbenzonitrile (4 mg, 10.3 pmol) as a colourless solid. MS: 389.2 (M+H™),
TLC (HPTLC): Rt = 0.41 (ethyl acetate / ethanol 8:1, parts by volume).

Compounds which are prepared in accordance with the synthetic procedures from Example

7A and 7B are shown in Table 8 below.
20
Table 8 Compounds of the formulae (), (IA) and (IE)

No. | Structural formula Name Analysis ICso ﬁ?n?-PK
{
o= 4-(7 8-Dimethoxy-3H-
70 pyrazolo[3,4-clquinolin-1- {Example 7A) <01
yl)-2-pyrrolidin-1-yl-
benzonitrile
4-(7,8-Dimethoxy-3-methyl-
3H-pyrazolof3,4-ciquinolin-
71 (Example 7B) < 0.1

1-yl)-2-methoxymethyi-
benzonitrile




O0. / aH. 5- (7, 8-D met hoxy-3H pyrazol o[ 3,4-c]quinolin-1- yO

M. 407. 4awOMeeyaood2C (HPTLC): ft = 0.24 (ethyl acetate) > (Ca/EP2011/003127
EXAMPLE 8: Synt hesis of _ao .-

144- (4- et hyl pi perazi n- 1- yOphenyl ] - 7, 8- dir'net hoxy- 3- net hyl - 3Hpyr azol o[ 3

, 4-c] qui polipe 5 .

1- Brono- {7, 8-(di met hoxy- 34 net hyl- 3H pyrazol o[ 3, 4{c] qui noline (B0 ng, 93
prol ) i s| disjsol ved i n_di ofane| (2Gyenord-§.Suindtapxyan g o48: 38RAHMES” 2| ng, 93
pnol), t %E buly! , 455 SHtpRiaFoRf3,4-clquinolin- TLC (HPTLC):
met hyl - 1824dj 6xa 2-yl) pher %Je]wﬁiol%ﬁé aghpelcar bxylate (83 mys 2h4
pmol ), tfans D-2642/ 000632PCT/ EP2011/ 003127 |- 83 -

bi s(triclycl ohexyl padsphi ne) pal | adi um(FF) di chl o ATHEEE TSR] 14
prnol ) an vvalter (50 pI") are slibsequently added.| SThearts bxietumen

suspensijon 1fs subsequentﬁly heated at 1I0C (m cfowave) for 90| m n. The
m xture | s subsequent!|y/posred into water, stirr%,égrﬂéﬁlm n, and
the precj pitlate ol ai Hs f 1 |2tGyaed-@Biimaintidy- suct] on. hé filter
resi due | §3therf n Yol MGy aamid drinin) dtC FEoHt enper aty £
for 18 h, subseq diluted wt! n LeLgand extradtddotwi ce with

et hyl acjetatle. Th i ned of gani ¢ phases” ar e | vagheeatihihonat er
dried over Na2SO4, YiTtered wth suction and eyapogat g fQedr yness in
vacuo. Theresidue—is—purified by -chromtography (pHPLC sdl vent

gr adi ent| watler! .Jof acetonitrile, [0.1%by vol. pf formc
gcl d), and the psodu b1 ONSs @le@ifduf@ZSr dr i eghs. & Mgy

Z,8- di ngt ?&)xyo - I inoline .

10met hyl}- 1- (|4- ral n- 1-pr1epr¥§?f29[§?-f]Y)W%(Edl o[ 374 &P nol j ne 722
nmy, 55 pnol)| as i d. . aowbiphenieaponitiie C| ( HPTREP24Rf = 0. 19
(rnet hanol / Huni g*s"bglse 99:1, | parts by vol une) {ethyl acetate)

7, 8- D nethoxy-3-nmet hyl - 1- (4-pl perazin-1-yQOphenyl) - 3H pyrazolio[ 3,4-cl]q

uinoline (28 nmg, 70 pnol) is (lacuna) in anhydrous
N, N-di met hyl f ormami de (3.0 m ) potassium carbonate 15(19 ng, 136
prol ) and ethyl iodide (6 pl, 74 pnol) is added at room tenperature.
The r eactﬁwﬁifiﬁusmhgsisgb‘sé’queethylyipsrta‘zinr‘eul)mtenyfg}amdimmmeunahﬁleﬁw-
18 h. W a6t ji S conplete, the mxture is poured into water
and extr?gtrezgﬁt[%\'ng%gd\;\ﬁnﬂéet hyl acetate. The conbi ned organi c phases
are dried over Na2504, filter and evaporated to dryness in vgcuo.
The residue is freeze-dried fr mja.m(lgtri l e, giving title
conpound 1-[4-(4- - 0 %

20et hyl pi perazi n-1- y?) phenyl ] -7, 8- dishg 00 3- fret hyl - 3H-pyra
clquinoline (6.6%g~5.3 nmol) as &osol | MS: 432. 2-( MrHt
(HPTLO: Rf = 0.35 hangl / Huni g' glopeese 99: 1, pﬁrts *
Conpounds whi ch are™pf epared i n _accofdance with-the
ﬁ[,bcedure from Exanpjg 2 MNare sheweojun Tabl e 9 be
2012/ 000632PCT/ EP2011 031"?7 - 84 - (@abl e 9 Conmpound$ Ofl

o[ 3, 4-
TLC
).

Ay
d.

(1), (1A) and (1E) Ny
/Nﬁ \
», /
Etl, K,CO,,
O DMF

1-Brom0-7,8—dimethoxy~3-methyl—3H—pyrazolo[3,4-c]quinoline (30 mg, 93 umol) is dissolved
in dioxane (1.0 ml) under argon. KOH (5.2 mg, 93 pmol), tert-butyl 4-[4-(4,4,5, 5-tetra-
methyi-1 ,3,2-dioxaboroian—2—yf)phenyt]piperazine-1—carboxyiate (83 mg, 214 umol), trans-



No. Structural formula Nanme Analysis | C50 DNA-PK [1 AA] 75 0O\

114- (4- Et Wt 910632 n- 1-y1) - phenyl ] -7, 8- di met hoxy- 3- PCT/EP2011/003127
met hyl - 3H pyrazol o[ 3, 4-4- qui noline (Exaggple 8) 0.1 -0.576 ...-- 40F
0. 1-(2- Fl uorophenyl) -7, 8- di nmet hoxy- 3- net hyl -

Py 220! o g AL ARG g B8, 20 ouﬂ%'ﬁ%@ hinefapgursi (5 ub are

the fol | osibsgqséntiyeidiedl THeaeattonaudetsion i98lbsealeRsy r@@@@%tadmc mlcro-
rocedures for

T N O R THR T s BB e i SSE e, Lol el

of the f opr&mbaﬂeb))tamﬂ i§ Tilgretlof withrauetiod, ahe figsidtiaudNaTBerARed 48 irsfolfic-

oFi %* Na’1\t|:|d (2.5 ml) at room temperature for 18 h, subsequently diluted with water and extracted
twice with ethyl acetate. The combined organic phases are washed with water, dried over
Na,S0O,, filtered with suction and evaporated to dryness in vacuo. The residue is purified by
chromatography (pHPLC, solvent gradient water / 1-30% by vol. of acetonitrile, 0.1% by
vol. of formic acid), and the product fractions are freeze-dried, giving 7,8-dimethoxy-3-

10 methyl-1-(4-piperazin-1-yl)phenyl)-3H-pyrazolo[3,4-clquinoline (22 mg, 55 pymol) as a solid.
MS: 404.1 (M+H"). TLC (HPTLC): R; = 0.19 (methanol/Hiinig's base 99:1, parts by volume).

-
Y

7,8-Dimethoxy-3-methyl-1-(4-piperazin-1 ~yl)phenyl)-3H-pyrazolo[3,4-c]quinoline (28 mg,
70 umol) is (lacuna} in anhydrous N, N-dimethylformamide (3.0 ml) potassium carbonate
15 (19 mg, 136 umol) and ethyl iodide (8 ul, 74 pmol) is added at room temperature. The
reaction mixture is subsequently stirred at room temperature for 18 h. When the reaction is
complete, the mixture is poured into water and extracted twice with ethyl acetate. The
combined organic phases are dried over Na,$Q,, filtered and evaporated to dryness in
vacuo. The residue Is freeze-dried from water/acetonitrile, giving the title compound 1-[4-(4-
20 ethylpiperazin—1-yl)phenyl}-?,8-dimethoxy—3—methyl—3H-pyrazolo[S,4—c]quinoline (6.6 mg,
15.3 mmol) as a solid. MS: 432.2 (M+H"). TLC (HPTLC): R; = 0.35 (methanol/Hunig's base
99:1, parts by volume).

= Compounds which are prepared in accordance with the synthetic procedure from Example
25 8 are shown in Table @ below.



\ IPVM5: 3-(8-Benzyl oxy-7-nmet hoxy- 3- net hyl - 3H pyrazol o[ 3, 4-c]

qui nol i n-Wwoydo)z/ghobduor obenzonitrile 439.1 (MtH) + TLC (HPTLq;)CT/ﬁIIzOH,ggg,IZ-,
0.49 (ethyl acetate/ethanol 8:1, parts’_g% volune) 81 101o . NH 110 NN
\ 6-(8-Benzyl oxy 7- met hoxy- 3- et hyl yrazol o[ 3, 4- ck

quinolin-1-y 1% 3-di hydr oi ndol-2- one Ms: 451.1 (MtH)+ TLC (HPTLC):

Rf = 0.34Tq%% R y¢ora@@he &f &erfaronlag () (|Pﬁaﬂﬂ§|5by vol ume) VO

2012/ 000632RCT EP2011/ 0063127 85— f-a=—==3=%\ Néﬁ]-a- &H116 IICIE\END\NA o
5- ( 8- BenZNboxySgru Pe¥mara et hy! - 3 pyr azol o] 3, 44¢Livsis 50 -
qui nol i n-1-y{) ?FIuoro rlr\1|_ 2- hydr oxyet yl ) benzam d y fum]
1-[4-(4-Ethylpiperazin-1-yl)-
henyl]-7 8-dimethoxy-3-
75 phenyl}-7.8-dimethoxy-3 (Example 8) 0.1-05
methyl-3H-pyrazolo[3,4-¢]-
quinofine
MS: 338.2 (M+H)"
{, 1-{2-Fluorophenyl)-7,8- TLC (HPTLC):
76 dimethoxy-3-methyl-3H- R 048 ' <0.1
£ .
4-clauinol
pyrazolof3.4-clauinoline {ethyl acetate/ethanol
5:1, parts by volume)}
Compounds of the following structural formulae (Table 9a) can be prepared methodically in
5  accordance with the synthetic procedures for Example 8 — starting with the compound of
the formula 3-2.
Table 9a Compounds of the formulae (1) and (IE)
No. Structural formula Name Analysis
A
<

MS: 439.1 (M+H)"
3-(8-Benzyloxy-7-methoxy-3- TLC (HPTLC):
80 methyl-3H-pyrazolo[3,4-c}- Rr = 0.49 (ethyl

quinolin-1-yl)-2-fluorobenzonitrile | acetate/ethanol 8:1, parts

by volume)

(/P MS: 451.1 (M+H)"
o 6-(8-Benzyloxy-7-methoxy-3- ( )
o TLC (HPTLC):
8 NH methyl-3H-pyrazolo[3,4-c]-
1 _0o o , ] Rr = 0.34 (ethyl
O quinolin-1-yf)-1,3-dihydroindol-2-
N acetatefethanol 8;1, parts
; Y one
[ N — by volume)




MS: 501.2 (MrH)+ TLC (HPTLC): Rf = 0.20 (ethyl

parts by wolne)0082 S

nmet hyl - 3H pyrazol o[ 3, 4-c]

(MtH) + TLC (HPTLCO) :
4

(110 \ N NN, \ [4-(8-Benzyl oxy-

gqui nolin

-111

acet at e/ et hanol 8:1,

7- neetTopey 12003127

henyl }acetonitrile Ms: 435.1

Rf = 0.44 (ethyl acéfate/ethanol 8:1, parts by

vol une) | OOH.it FE N . --N \ 3-(8 Benzyl oxy-7- met haxy- 3-
met hyl - 3H pyr azol o -c]- quinolintl-yl)-2-fluorobenzoiic acid Ms:
458. 1 (MtH) +| TLC ( O: Rf = 0.44| (ethyl acetate/ethanol I\? 1 zp%rts
b / . 8:501.2°(M+H)
y volung) 86 10 N-IN chi AN i 5-(8-Benzyloxy-7-methoxy-3-
TLC (HPTLC):
methyl-3H-pyrazolo[3,4-c]-
82 o Rs = 0.20 (ethyl
quinolin-1-yh-2-fluoro-N-(2-
. acetate/ethanol 8:1, parts
hydroxyethyl)benzamide
by volume)
MS: 435.1 (M+H)*
[4-(8-Benzyloxy-7-methoxy-3- TLC (HPTLC):
83 methyl-3H-pyrazolo[3,4-c}- Rt = 0.44 (ethyl
gquinolin-t-yl)phenyllacetonitrile | acetate/ethanol 8:1, parts
é by volume)
MS: 458.1 (M+H)"
3-(8-Benzyloxy-7-methoxy-3- TLC (HPTLC):
84 methyl-3H-pyrazolo[3,4-c]- Re = 0.44 (ethyl
quinolin-1-yl}-2-fluorobenzoic acid | acetate/ethanol 5:1, parts
by volume}
MS: 484.1 (M+H)"
8-Benzyloxy-7-methoxy-3-methyl- TLC (HPTLC):
- 85 1-[3-(1H-tetrazol-5-yl)phenyl]-3H- Ry = 0.20
L pyrazolo[3,4-clquinoline (dichloromethane/ethanot
5:1, parts by volume)
MS: 453.1 (M+H)*
2-[3-(8-Benzyloxy-7-mathoxy-3- TLC (HPTLC):
86

methyl-3H-pyrazolof3,4-c]-

quinelin-1-yl)phenyllacetamide

Rf = 0.58
(ethyl acetate/ethanol
8:1, parts by volume)




10 N N\ 8-Benzyl oxy-7-net hoxy-3-nethyl- 1 _ _

43- ( 1H t ewoenod/e0863zl ) phenyl | - 3H pyrazol o[ 3, 4-c] qui nol i ne MeT/F@d111003127
(MtH) + TLC (HPTLC): Rf = 0.20 (dichl oroggthane/ ethanol 5:1, parts by
volune) 86 |. NH2 . 110ip N zN \ 243-(8-Benzyl oxy- 7- net hoxy- 3-

met hyl-3H-pyrazol o[ 3, 4-c]- quinalin-111)phenyliacetam de M5 453.1

(M+H) + TLC ( = 0.58 (ethyl acetate/ethanol 8:1, parts by
vol une) | WO PCT/ EP2011/0p3127 - 86 - 110 MS: 4531
(MHH) + 87 MS: 453.1 (M+H)*
P 3-{8-Benzyloxy-7-methoxy-3- TLC (HPTLC):
87 O N— methyl-3H-pyrazolo[3,4-c]- R = 0.42
H quinalin-1-yl}-N-methylbenzamide (ethyl acetate/ethanol
N N 8:1, parts by volume)
N .= N/

The compound of the following structural formula (Table 9b) can be prepared methodically
in accordance with the synthetic procedures for Examples 1, 8 and 9 — starting with the
{ 5  compound of the formula 3-2.

Table 9b Compound of the formula (1) and (IE)

. IC5; DNA-

No. u 0

o] Structural formula Name Analysis PK [uM]
7-Methoxy-3-methyl-8- MS: 422 1 (M+H)*
(1H-pyrazol-4-yl)-1-{4- TLC (HPTLC):

88 (2H-pyrazol-3-yi)phenyl}- R¢ = 0.40 (dichloro- < 0.1

3H-pyrazolo[3,4-c]lquino- methane/ethanol 6:1,

line paris by volume)




it 3-(8-Benzyl oxy-7-net hoxy-3- nethyl-3H pyrazol o[ 3,4-c]- TLC

(HPTLCO) : WO 2012004682 S| qui nol i n-1-y1)-N-net hyl benzam de ( etHeVEP2011/003127
acet at e/ et hanol 8:1, parts by vol ume% N zN The conpound

of the followi ng structural formula (Ta Te 9b) can be prepared

' tic procedur
e eo SXAUPLE 8 SInREER o BRES rk pelose b o e Vs v iesios
Tabl e 9b {Gplnq&]qulndﬁr@‘f-@lb‘@mﬁmmml a (1) and (1E) No. Structural Torrml a
Nanme Analysis 1 C50 DNA- PK [plVI] 88 N H1L N /hINH \' "N 4111. '141

FEC 0O
TN c3\/

04 \N/ N

@ DMF
Hitnig's base
{63%)

3-Fluoro-4-(8-hydroxy-7-methoxy-3-methyl-3H-pyrazolo[3,4-c]quinolin-1-yl)benzonitrile
S (192 mg, 550 pmol), N-phenyltrifiuocromethanesulfonimide (393 mg, 1.10 mmol) and
Hinig's base (374 pl, 2.20 mmol) are dissolved in N, N-dimethylformamide (22 ml). The
mixture is subsequently stirred at room temperature for 30 min. For work-up, the mixture is
poured into water (100 ml) and stirred for a further 30 min. The precipitate formed is then
filtered off with suction and rinsed with water. The filter cake is subsequently suspended in
10 alittle 2-propanol, filtered off with suction again and dried overnight at room temperature in

3

a high vacuum, giving [1-(4-cyano-2-fluorophenyl)-7-methoxy-3-methyl-3H-pyrazolo[3,4-c}-
quinolin-8-yl] trifluoromethanesulfonate (195 mg, 406 umol) as a solid. MS: 481.0 (M+H"),
TLC (HPTLC): R, = 0.56 (ethyl acetate / ethanol 2:1, parts by volume).

15 [t —(4—Cyano~2-fluoropheny!)-?-methoxy—B-methyl-3H~pyrazoIo[3,4~c]quinolin—8~yf] trifluoro-
methanesulfonate (64 mg, 133 pmol), 3-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-yl)quino-
line (272 mg, 1.07 mmol), tripotassium phosphate (58 mg, 267 ymol) and trans-bis-
(tricyclohexylphosphine)palladium(ll) dichloride (30 mg, 41 ymol) are dissolved in oxygen-
free N, N-dimethylformamide (3.9 mi). The mixture is subsequently heated at 130°C

20 (microwave) for 90 min. The reaction mixture is then filtered with suction, the filtrate is
diluted with water and stirred at room temperature for 30 min. The precipitate formed is
filtered off with suction and rinsed with water. The residue is dissolved in a mixture of
dimethyl sulfoxide and tetrahydrofuran and chromatographed (pHPLC, solvent gradient



\ 7-Met hoxy- 3-net hyl - 8- (1H pyrazol -4-y1)-1-][4-
(2H pyr az¥2013/008hEny| | - 3H pyrazol o[ 3, 4-c] qui no- |ine NS: PAAZEPR011/003127
(MtH) + TLC (HPTLC): Rf = 0.40 (dichloroggnet hane/ ethanol 6:1, parts

by volune) < 0.1 WD 2012/ 000632PCT/ EP2011/ 003127 - 87 - EXAMPLE 9:
Synt hesi f ) o e .
311 dor o- e TR0 vok SHEPRF e Rl hdpi el &1 (PImisaci): dap gifsr Feedtine
ol i n- 1- y lihbdifle oninpounde3-fluoro-4-(7-methoxy-3-methyl-8-quinolin-3-yl -3H-pyrazolo[3,4-c]-
3-Fl uoro-4-(8- -3- met hyl- 3H-.pyrazol o] 3, 4- i in-1
“yl) benzOﬁt{ifﬁ%ﬂ%?t%ﬁ%ﬁg@@%&pﬁdry?ngs Iyo'ﬁhﬁ%te.%. 46%1 (I\I?ﬂrll—?'sl 1‘1‘8

N- pheny! t (HFTLEYY Bired Ba fetbyil deotatani etba@ 831, pgrts By $Qumepl ) and HG nig' s
base 74 pl, 2.20 mmol) are dissolved in N, Ndinethylformmde (22
m). The m xture is subsequently stirred at roomtenperature for 30

m n. For Gemkownpls wiieh anexirepaed 51 quoordadcd mtio theadydthelid Pcatilrednth Example
stirred f fur.t: in. The precipitate fornmed is then filtered
off with %é@ﬁhgwnéﬁﬁgpgﬁge%fiqm't h water. The filter cake is

subsequent |y suspended in 10 a little 2-propanol, filtered off with
suction agg ' overnight ar, ropmtenperature in a high
vacuum g VII@na@r@orgﬁéu%%s oy{%er}or%ulae &) andp(ﬂ\)

[ 1- (4- cylano-{2- f | uor ophenyl) - 7 net hoxy- 3- net hyl- 3H pyrazol o] 3, 4-@ -

qui nol i n-Be.y|l | StrucfuraidonnelahanesulNamat e ({195 ng,Arklsi®nOl ) as ‘& DNA-
solid. NS 481.0 (MW, TLC (HPTLC): Rf = p.56 (ethyl acetate| / PK M
et.hanol [2:1,] parts by vol une)| 1 _
§-51[ 1- (4-[Cyano- 2-fl uor ophenyl)}- 7- net hoxy- 3- mgl[%@%q—wﬁy?'ﬂ%@lﬁd[ 3, 4-c] qu
inolin-8-yl]| trifluoro- methanesul fonate (B2, H.385 pntih)s8;56
3-(4,4,9, 5-tletranet hyl-1, 3, 2-/di oxabor ol an- P«y£qui1mp-e.16 (e=¢.872 ng,

1.07 nmmgl), |[tri poias 0 osiphauctsB(7g, | 2G711H)¥ak YdddRds, 7.6

t rans-bi|s(trli cycl|phexyl phgs phi RadcRas-haeki-en|( IﬂIP?) % %4 ri q_l? %;%0 ng, 41
prol ) arle dijssol vey xygen- f §i i ]\gfdl net yT' or A de 1§-@ 9 nl).
The i xtlure |i s e ‘@ hea%eg ar 1300 26(" ded{EatE. #or 190 ni n.

The readtfon mxt i en |f i PYEPRA4RIt h sucwion.7. eieH.i4lsr|at e &1
diluted with water 0 %i rregd atinplodryir enpera(t;,lmggfg@(s‘g”p@ mn. The

preci pi tlat e |f or medni il tergd obénzwiithid suct i 0®§%1r(,h ed wijth
wat er. The rlesidue is ditssolVed in a mxture of _di net sul floxi de

and t et rahydrofuran and chronat ogr aphed (pHPLC, "soféHt" gradilent WO
2012/ 000632FPCT/ EP2011/ 003127 88 - water |/ 1-30%byw-300l. of
acetonitirile, 0.1% by vol. ofl form c acid)|, ¢iwiadgate/@hdnBis:1,
freeze-dqrying, the title conpound

. . paris by volume)
3- f | uor g—4~—{F—rethexy—3—rethyl-8-guinolin=3-y1-3H pyrazol o[ 3,

4
gui nolin-1-yl)benzonitrile (28 ng, 61 pnol|) as |yophilisate.

460. 1 (MrH+), TLC(HPTLC): Rf| =3FIw®2-4{&t hyll acetate! ethanol |8
ﬁga'rts by volfune Conpoungs  Whietoxyea-eetipi-2gar ed i n accor dance jw
synt hetiic pfoceddrefrom# arrplrffngm@rygsfﬁhom in Table 10 bel qw
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MS:

1,
th the
Tabl e

10 Conpounds of the forpy ae (| yraaz‘ags,S-lcf-A) No. Structural fornula Nanme
Anal ysi ¢ 78 0 (Example 9) <01
O . quinolin-1-yl)- )
A\ benzonitrile
N/
\
3-Fluoro-4-[7-

methoxy-3-methyl-8-
(1H-pyrrol-3-yl)-3H-
pyrazolo[3,4-c]-
guinolin-1-yl-

MS: 398.1 (M+H)*
TLC {(HPTLC): < 0.1
R = 0.49 (ethyl acetate)

89

benzonitrile

10



G50 DNA- PK [pll/1] 77 ---. / 110 fapyridin-3-yl-3H 3-Fl uoro-4-(7-
met hoxy- SWRe0K3/00832 PYr azol o[ 3,4-* quinolin-1-yl)- benzoni tAATEEP2H IMER27
(400 Mz, DVMS0) 5 = 9.49 (s, 1H), 8.65 gs. 1H, 8.56 (d, J=4.1, 1H),
8.16 (dd, J=9.9, 1.4, 1H), 7.98 (dd, J=7.6, 7.6, 1H), 7.93- 7.84 (m
2H), 7.81 (s, 1H), 7.65 (d, J=3.1, 1H), 7.47 (dd, J=7.7, 4.7, 1H),
4.38 (s, 3H), 3.96 (s, 3H). Ms: 410.1 (MtH) 4 TLC (HPTLCO): Rf = 0.30

(et hyl acEeXameLEet1taDdA-BK 1piophgrhisalyssupl unme) <0.1 78 Is- z /

o ol e A A D7 B BAORh B5e hicen ES2 Abdictsle
To this end, 1.5 ug of the DNA-PK/protein complex and 100 ng of biotinylated substrate,

5  such as, for example, PESQEAFADLWKK biotin-NH2 (“biotin-DNA-PK peptide™), in a total
volume of 36.5 ui (34.25 mM HEPES/KOH, 7.85 mM Tris-HCl, 68.5 mM KCI, 5 uM ATP,
6.85 mM MgCl; , 0.5 mM EDTA, 0.14 mM EGTA, 0.69 mM DTT, pH 7.4), were incubated at
room temperature for 90 min with 500 ng of DNA from calf thymus, 0.1 pCi of 33P-ATP and
1.8% of DMSO per well with or without the test compound. The reaction was stopped using

10 50 pl/well of 200 mM EDTA. After incubation for a further 30 min at room temperature, the
liquid was removed. Each well was washed three times with 100 pl of 0.9% sodium chloride
solution. A non-specific reaction (blank value) was determined using 10 yM of a proprietary
kinase inhibitor. The radioactivity measurement was carried out by means of a TopCount.
ICso values were calculated in RS1.

15 Literature: Kashishian et al. (2003) Molecular Cancer Therapeutics 1257.

EXAMPLE 11: Cellular DNA-PK phosphorylation at serine 2056
HCT1186 cells were cultivated in MEM alpha medium with 10% of foetal calf serum, 1 mM
sodium pyruvate and 2 mM glutamine at 37°C and 10% CO,. The cells were detached from
20  the base of the culture vessels with the aid of trypsine/EDTA, centrifuged off in centrifuge
tubes and taken up in fresh medium. The cell density was subsequently determined.
200,000 cells were sown per cavity of a 12-well cell culture plate in 1 mi of culture medium
and cultivated overnight. Next day, 10 uM bleomycin and test substances in fresh culture
medium was added to the cells and these were cultivated for a further six hours. Cell lysis
25  was subsequently carried out. The cell lysates were investigated by SDS polyacrylamide
gel electrophoresis by means of DNA-PK-specific antibodies (Abcam ab13852: total DNA-
PK; ab18192: phosphoserine 2056 DNA-PK) and Western Blotting. The enzymatic reaction
was developed with the aid of a chemiluminescence reagent. The chemiluminescence was
recorded with the aid of a documentation system (VersaDoc™, Bio-Rad, USA) and evalu-
30  ated densitometrically with the aid of instrument-specific software (Quantity One). The sig-
nals with phospho-DNA-PK-specific antibodies were standardised to the signal with the
antibody against the total protein DNA-PK. ICs, values and percentage inhibition data were

determined by referencing to the signal level of the bleomycin-treated vehicle control group.

35  EXAMPLE 12: Cellular colony growth test
The colorectal carcinoma cell line HCT116 was cultivated in MEM alpha medium with 10%

oif foetal calf serum, 1 mM sodium pyruvate and 2 mM glutamine at 37°C and 10% CQ..



HN 3- Fl uor o-447- met hoxy-3-nmethyl-8- (1H pyrrol-3-yl)-3H

pyr azol o[ wodocdeooepzi nol i n-1-y1l]- benzonitrile MS: 398.1 (Mﬁd)rlgpzifhﬁosu-;
(HPTLO: Rf = 0.49 (ethyl acetate) < 0. [l N. 1. N.---N\

2012/ 000632PCT/ EP2011/ 003127 - 89 - EXANPLE 10: DNA-PK / bi ochemi cal
assay The_ki nase asa%awas carried out in streptavidin-coated

348-vel | Mrdpiere aerbirer dag base of dhe Wi@r%wftﬁsmfswtbgh@ﬁldtqﬁérypsmelEDTA
DNA- PK/ pr&trﬁifﬂgé‘cpéfpin%nﬂﬁ e]{QQeé‘gnd)tfak@r'\ Eﬁﬁmfyés%trﬁgdﬁﬁ%b?ﬁé @élledenéﬂl\ﬁlg sub-
as, for exanple, PESQEAFADLWKK biotin-N bi ot I n- DNA- epti 3

in a tot afeenisetering. 508 cetnwens WHEPE@ wejl-lcefmétsrmmfes ins2 Httlof culture
68.5 MV Kekdium &Me@ﬁﬁa’te@ cﬁférr{@ﬂt'\iﬁ&k%ay, tHe eelEN/dFR TRated with t?N éﬁggt’%nces for

0. 69 DTT, were incubated at roomtenperature

with 500 9§ *Bﬁ“’ BRW? therRet shkure mateRwers. teated Wil defppd Avsessefdd-1ays dingfeneral
DVBO per oveld, 48 t2 Ga )/V%rbblgh'én ihQ@urh@r%t F&&%?Pﬁﬂsésoﬂﬂmg fétR'aS%rLLY:afEJSA) In
st opped u5| % 1050 pl nmv EDTA. After 1 ncubation
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the total Lprotein DNA-PK 1050 values and percemntage inhibition data
were determ ned by referencing to the signal |evel of the

bl eonyci n-treated vehicle control group.

software [Quantity Ong Iﬁe si gf n8yeEbyizetiihos pho- DNA- PT specific

EXAMPLE 13: Cellular CHK2 phosphorylation at threonine 68
HCT116 cells were cultivated in MEM alpha medium with 10% of foetal calf serum, 1 mM
20 sodium pyruvate and 2 mM glutamine at 37°C and 10% CO2. The cells were detached
from the base of the culture vessels with the aid of trypsine/EDTA, centrifuged off in cen-
trifuge tubes and taken up in fresh medium. The cell density was subsequently determined.
50,000 cells were sown per cavity of a 96-wel! cell culture plate in 0.1 ml of culture medium
and cultivated overnight. Next day, 10 uM bleomycin and test substances in fresh culture
25  medium were added to the cells and these were cultivated for a further six hours. After lysis
of the cells, phospho-threonine 68 of the CHK2 kinase was detected in the lysates with the
aid of a phospho-CHK2 (Thré8)-specific ELISA detection system (Catalogue No. 7037, Cell
Signaling Technologies, USA). The ELISA colour reaction was measured spectrophotomet-




35EXAMPLE 12: Cel lul ar colony gromh test The col orectal carci noma

cel | 1ineVAGHAHWIOREs cultivated in MEM al pha medi um wit h 10%TgR2011/003127
foetal calf serum 1 nmM sodi um pyruvategand 2 nmM gl utam ne at 37C and
10% CO2. WD 2012/ 000632PCT/ EP2011/ 003127 - 90 - The cells were

det ached C L ' f .
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order to gles kﬂCmU’fé\)t he dose/effect relationships, the cells were
treated with various concentrations of a test substance. After
irradiation, the cells are cultivated for a further 24 hours in the

presence of thgyl.est n culture dium was|t hen | aced
with 10cul ture NB umgv!r\hlat%h‘ﬁ' f%r@si] )stance'q‘3 WHd the ¢ hlﬁé"
cultivated for}a f Lur t her days. Tha cell colonies fornmed were
subsequently staingd with ai dyof Crystal Violet and counted in a

col ony counter| (Ge|] cou Oxf or d /Opt r pni2d&{(4-Qrhe-2-Moge/ ef f ect cur vies,
in particular | C50] val ges,y wer e_get er m nednpSinghory-£ur ye adapt atijon
-unction for nprhinear fect re Np. Str. urjal
%wo"rmjl a Nane |[C50 [PI\/]/d(]I Aot i £ %e‘t@m Bﬁ%{)[ﬁ w?ﬁoﬁé and
with irradia- fion 90 N NN K4t q’?'“ '”ﬁylr?ﬁ’"%??y"-

met hy1- 3H- pyr azol of 3, 4- c] qui Mol Nn- 1-yp- 3- ffEEMYBenzon|trile 0.1 |
0.5 >75 EXAVPLE 1&: Cel | ul&r 8HK2 phpsphoryl ation at {hreonine 68
HCT116 cells were jcultivated in MEM a| pha nedium w th 0% of foe'ﬂal
calf serum 1 nM 20 sodi um pyruvate and 2 nmM gl utam ne at 37C and 10%
CX2. The cells were detached fromthe base of the culture vessels
with the aid of trypsine/ EDTA, centrifuged off in centrifuge tubes
and fl8kerEXAMPIE fl 4 efmrmedéutival dingpositibhs densi ty was subsequent |y
determn A QG .eﬁ(l) §$ re sown per cavity of a 96-well cell
culture cul ture nmedium and cul tivated overnight.
Next day,A dguifi djl166@yﬁ|antl\mrmbmmﬁmd &ubcsrtimgwmel invénties Bng Blgt aflasodfim
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Example B; Suppositories

A mixture of 20 g of active compound according to the invention with 100 g of soya lecithin
20 and 1400 g of cocoa butter was melted, poured into moulds and allowed to cool. Each sup-

pository contained 20 mg of active compound according to the invention.

Example C: Solution

A solution was prepared from 1 g of active compound according to the invention, 9.38 g of
25  NaH,PQ;*2 H,0, 28.48 g of Na;HPO,*12 H,0 and 0.1 g of benzalkonium chloride in

940 m! of bidistilled water. The pH was adjustad to 6.8, and the solution was made upto 1l

and sterilised by irradiation. This solution could be used in the form of eye drops.



-91 - rically at 450 nm The extinction of the unstinulated controls
(vehi cl e WOrmt2000632t hout bl eonyci n) was subtracted from t h@CT/EP2011/003127
extinction values of the treatnent grougs. The controls which were
treated with bl eonycin Were set equal to 100% and all ot her

extincti % val RS ;\Aqre {s in relation thereto. I1C50 val ues were
determn of the GraphPad 5Prismstatistics program

(G aphPacBC&)ﬁg\@aédweldSﬁn)poomd Assadindxdothe irienti &y WP miked Wah 09,50 665Vaseline
I nc. USA%P %Iruc%igral formula Nane 1C50 [PM 91 H2N 410 N// N
\ F 241- (P FPISPIIEIE: pheny1) - 7- net hoxy- 3-

met hy1- 3H pyrazol o[ 3, 4-c] quinolin-8-yl oxy]-2-phenyl - acetamde 0.1 -
0.5 Qo N tJ)]OEXAI\/PLE 14: Pharmaceutical conpositions Exanpl e

A. | njectH Ssol ution of 100 g of active conpound according
to the i nventtuerofand & a@tnce‘ cdslmrmﬂum&whgqgmhmbﬁt@kg Bf 18ctbs®f1.2 kg of
bldlstllle ; %Hh L.E:tedtfg usi ng 2 ydrochl oric aci
sterile- fFH%&S en. E2 kg pLipandiot PR é@‘ﬂ‘?sdiﬁ“ ieéraéewrawaw%b@cw&@r
sterile civndi ﬂhtamﬁa t@gdelﬁﬁﬁ@hreﬁhdﬂx@ﬁéy aebhdreraBlRnNEt4ifE$ 10 FRCT active com-
i nj ection_vi gl rat ained 5 of active conpound according to the
i nvent i orPeund according to the invention.

10

Example F: Dragees

£ Tablets were pressed analogously to Example E and then coated in a conventional manner

with a coating of sucrose, potato starch, talc, tragacanth and dye.

15 Example G: Capsules

2 kg of active compound according to the invention were introduced into hard gelatine cap-
sules in a conventional manner in such a way that each capsule contained 20 mg of active

compound according to the invention.

20 Example H: Ampoules

A solution of 1 kg of active compound according to the invention in 80 | of bidistilled water
was sterile-filtered, transferred into ampoules, lyophilised under sterile conditions and
sealed under sterile conditions. Each ampoule ¢ontained 10 mg of active compound
€ according to the invention.
25

Example |: Inhalation spray

14 g of active compound according to the invention were dissolved in 10 | of isotonic NaCl
solution, and the solution was transferred into standard commercial spray vessels with
pump mechanism. The solution could be sprayed into mouth or nose. One spray shot

30  (about 0.1 ml) corresponded to a dose of about 0.14 mg.




Exanpl e B; ositories A mxture of 20 g of active conpound
accor di n&”?gl%m@%fsﬁventi on with 100 g of soya lecithin ZOa%T@F@B”ﬁmuF"

of cocoa butter was nelted, poured inte2®¥wvulds and all owed to cool.
Each sup- pository contained 20 ng of active conpound according to
the i nventjigms Exanple C. Solution A solution was prepared from1l g
of active conpound according to the invention, 9.38 g of 25NaH2PO4* 2
H20, 28.48 g of Na2HPO4*12 H20 and 0.1 g of benzal konium chloride in
940 m of bidistilled water. The pH was adjusted to 6.8, and the
solution was made up to 1 | and sterilised by irradiation. This

sol ut i on toul @oBeoYss P the formeula g m of eye drops. WO
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to give tablets in such
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a way that each tablet contai ned 15w i ve conmpound accordi ng

to the invention. 10 Exanple F. Drag gts were pressed

anal ogously to Exanple E and then comted’in _a conventional nmanner

with a coating of sucrose, potato starth, talc, tragacanth and dye.
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of active conpoupe according to the invention. 20 Exanple H: Anpoul es
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60 | of bididtilled WeheteswasAlstCE,i-A=NYY perdlld-Artransferred into

anpoul es, |y ilise ke SAIRIAN €akQnel t S€ )
sterile condﬁ}‘?ons. %ggﬂggr?boﬂﬁg%oﬁ?g?ﬁ%db%mn%%)’ gb?@%@m‘oﬁ%p"
accorfling to the inveRPrdhior BO@KHWpl e 1: Inhalation spray 14 g of
active conpoygd accor@ihfgs i HaDEN RN CAINRY? dlsgoLyed in 10 1 of

i sotonic NaCl solution, and the solution was transférred into

standard comfet ci al $ignelgs figs SelCycvEN rAk-CN, -AlkrGO e cAlrT Q1N Y YrheHet',
sol uti on coulggs be spr, [ INDRSSY S ot A3 aho
0.1 m) corresponded d?ﬁ@tgsg%ggf,g?#{a c}ﬁtNg. 14 ,@SY%@N@%OW g\lﬂpat(,
2012/ 000632PCT/ EP2011ABGEI-NNY, -AB-QY, CAIKNIGY JArCHRPonhes, of the formul a

(1) 85RL --- RAR5 (| hodethaMisDlenote -Alk-CO-NY-.

R6 denotes Hal, Y, -COOY, -CO-NYY, -CO-NY-OY, -CO-NY-C(=NH)-NYY,
~CO-NY-Alk-OY, -CO-NY-AIk-NYY, -CO-NY-Alk-SO,-NYY
-CO-NY-Alk-Ar, -CO-NY-Alk-Het? or ~CO-NY-O-Alk-CN.

R7 denotes Ar, Het' or -Het'-Het',
20 X denotes CH,, O, S or Het",
Y denotes H or A,

A denotes unbranched or branched alkyl having 1-10 C atoms, where, inde-
pendently of one another, 1-7 H atoms may be replaced by Hal and/or,

independently of one another, one or two adjacent CH, groups may be

25 replaced by a -CH=CH- and/or -C=C- group,
Alk denotes alkylene having 1-6 C atoms, where, independently of one
another, 1-4 H atoms may be replaced by Hal and/or QY,
Cyc denotes cyclic alkyl having 3-7 C atoms, where, independently of one

another, 1-4 H atoms may be replaced by Hal and/or oy,




Rldenotes Y, -Al k-0OY, -Alk-NYY or, -Alk-Ar, R2denotes Y, -

- Al k- NYY, W é@W{“?@}(R?) ~C(Hal ) (R6) (R7), -S02A, 10-S02- Ar PGF/EPZ(““O“?’H”
-POOH Ar, R3denotes H, Hal, CN, -Alk-CN4-Al k-NYY, Het' or Het2,
Radenot es Hal, Y, Cyc, CN, -Al k-CN, -AlKk-COOY, -AlKk-CO NYY or Het'
R5denot es Halp, Y, OY,4 N¥¥%s g:{pg(

Al K- CO- NYY. AI K. OV, d_ i( phwytm\éhl ubsfr@%d%@gﬁg%%g%t@ﬁ Byﬁgi A CN,
al so denote -Al k-CO Nﬂ’f N‘I%dé‘?(o@@é’ 9@!0\’ et B%VAIKQ@MNYYCGIW

- CO- NY- C( =NH) - NYY, %N&Wk OY, -CO NY- Al k- NYY, -CO NY-Al k-S02- NYY
CO NY- Al k- Ar CONY—AIkI-IetZ or -CO NY-O Al k-CN, R7denotes Ar,

Het' or -HetlHetet|, ZGRaEs@®- oFbicydic hetesparddtavingded Gratemstaod 14 N, O
Adenotses unbranched ; i o

i nde- r5pendent|y of o%{e ?ﬁ%gﬁg’ %Igwhag?)\én@gﬁﬂas}%’gee&)gﬁ] ace X‘ﬁ[ﬁ{e qy Hal,
and/ or, independent| yA&N.dhé MAGE-NEGO¥NGOYY, t%%plaé\éﬂNY‘ﬂ-IZ gr oups
may be 25repliaged by

al kyl ene hawpr?% 1-6 Q%gogg%n&?g{cogatu éﬁgﬁ‘ ggr?&'e rﬁvw}??gg{tﬂrgﬁ an_dL1
H atoms may be repl adbd Byd/P"aS atomes, (whm@\fr\axdy@demmsmstedwlrmcmoawbey:tuted by
having 3-7 C atons, 'ehg- i ndependently of one another, 1-4 H atons
may be repl aced by Hal' and/or OY, WD 2012/ 000632PCTPEP2011/ 003127 -
94 - 18r denot ¥l pheny|denpiestt, C& Biesubsti tuted or nonosubst it ut ed by

5 T £, oM S L Rl s

flavi ng 2-9 Cingletirg awdures hexpof(n Blaratiber S at ons, which may be
unsubstituted or nonosubstituted by Hal, A CM OY, NY!, -NY-COY,
COOY, -Al k-OY or -Alk-NYY, Het2denotes a nonocyclic sat ur at ed

het erocy@ e WMHQSBCQD@IU@MCM1Mlnglth®patrwrmula$ka)toms whi ch may
be unsubstituted or nonosubstituted by A and 1QHal denotes F, C, Br
or |, and/or physiologically acceptable salts, /ffautoners and/ or

st ereoi sonmers thereof, including mxtu £s therdbf in all ratios.

2. Conpounds accordlngto Caim1l havan the paft-forrmula (1A) (1A

17 RS
N n
5 R
€ "
in which
R1, R4 denote Y,
R2 denotes Y or -CH(R6)(R7),
20 R5 denotes Hal, Y, COOY, Alk-OA or Het?,
R6 denotes -CO-NYY, -CO-NY-QY, -CO-NY-C(=NH)-NYY or -CO-NY-Alk-
oy,
R7 denotes Ar or Het',
Y denotes H or A,
25 A denotes unbranched or branched alkyl having 1-4 C atoms, where, inde-

pendently of one another, 1-3 H atoms may be replaced by Hal,
Alk denotes alkylene having 1-3 C atoms, where 1-2 H atoms may be
replaced by Hal and/or OH,

Ar denotes phenyl which is unsubstituted or monosubstituted by Hal,




in which RlL, R4denote Y, R2denotes Y or -CH(R6) (R7), 20R5denotes Hal,
Y, COOY, WOROEH08¢32Het 2, R6denot es - CO- NYY, - CO- NY-0Y, PCT/EP2011/003127
- CO- NY- C(=NH) - NYY or -CO NY-Al k- OY, R7ggenotes Ar or Het', denotes H
or A, 25Adenotes unbranched or branched al kyl having 1-4 C atons,

Fepl aced by HIFY A kaenreandissy BBIRao R Hod 8 e SRR arE 12Y
atons may be repl acecdarisioriastomsdwbich Gy bardhenbitidsted bemphostbistifateadsby Hal,

unsubstituted or nono i ed by Hal, WO
2012/ 000632PCT/ EP201§’3§§%E$V§,’ 95 - Het' denotes nono- or bicyclic

het eroaryl havéthg 2- HeBotsanmoaomyciic SatiNagmidieteroSyciit ltaving MBI htomayandel -2
bstituted I hy . Hal CN .or.. NYY, Het 2d t
monooycl i 6 sat ur at eq aPaPhEFEs ity B LR P EIGUERRUE bR A

0 atons, which may beangnsubstituted or nonosubstituted by A, and

Hal denot es F, , Br gr r&fsﬂ/ r _physi ol ogically acceptable salts,
t aut oners ancﬁ%ljr st erde?egf]{se,grr%r ’#}hoérrj)'eof, i ncluding mxtures thereof in

all ratios. lad&r@bygologidsliyeacepblegsalts, telitamerslarayiorterssibeatrdhéresim
the group: 1 inélbéiné\lmi%&rgélthezreofli#l Iall ga}%ols. 3
10

3. Compounds according to Claim 1 or 2, selected from the group:
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and/or physiologically acceptable salts, tautomers and/or stereoisomers thereof,
including mixtures thereof in ali ratios.

5 4. Intermediate compounds of the formula ()

(1)




* ox %
o ‘%%%’9{% o> *u o NWN)leo\lzj\t)gggézég/ Ep2011/ 00ptoyEP T ai
in which
R8 denotes CN or =0, and
RO denotes NO, or NYY, and
R1, R2, RS and Y have the meaning indicated in Claim 1,
5 and/or salts, tautomers and/or sterecisomers thereof, including mixtures thereof in

all ratios.

5. Intermediate compounds according to Claim 4 having the part-formula (IIA)

NC R5
0 o]
R2

10 . (HA)
in which
R1, R2, independently of one another, denote A or -Alk-Ar, and
Alk denotes alkylene having 1-3 C atoms, where 1-2 H atoms may be

replaced by Hal, and

15 R5, A, Ar and Hal have the meaning indicated in Claim 2,
and/or salts, tautomers and/or stereoisomers thereof, including mixtures thereof in
all ratios.

L,

8.  Intermediate compounds of the formula (Il

20
()

in which
R10 denotes H or Hal, and
R1, R2, R4 and Hal have the meaning indicated in Claim 1,




88 H N-N_ /0

7.
5
10
8.
15
g
20
25

-115-

Y 91 HZI\WE)%I%‘WOO@& N!—i N\ 89 HN// N\ , N 90 110 NP'ET%PZBFUO'%B}%

and/or salts, tautomers and/or sterecisomers thereof, including mixtures thereof in

all ratios.

Intermediate compounds according to Claim 6 in which

R1, R2, independently of one another, denote A or -Alk-Ar,

R10 denotes Hal, and

Alk denotes alkylene having 1-3 C atoms, where 1-2 H atoms may be
replaced by Hal, and

R4, A, Ar and Hal have the meaning indicated in Claim 2,

and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in all ratios.

Process for the preparation of compounds of the formula {I) according to Claim 1,
pari-formulae thereof and/or physiologically acceptable salts, tautomers and/or
sterecisomers thereof, including mixtures thereof in all ratios, having the following

steps:

(a) reaction of a compound of the part-formula (lIA)

0
llaz
0 M
R1 —
~o N

in which R1, R2 and R5 have the meaning indicated in Claim 5,

in acidic medium with a reducing agent and with a compound E-NO,, in

which E denotes an element from the 1st main group,

to give compounds of the part-formula (IB)

(1A)




oo o 7.- '%J}hzmoﬂg‘ﬂ/ or physiol ogically acceptable salts, F%{%ﬁ%ﬁmoslm
in a

and/ or stereoisoners thereof, including mxtures thereof

ratios. -114- in which R8denotes CN ortt80, and R9denotes N2 or NYY,
and Rl, R2, R5 and Y have the neaning i.ndicated in Caim1, 5and/or
salts, tautoners and/or stereoisoners thereof, €mMcluding m xtures
thereof in all ratios. 10 (I1A) in whid R1, i ndependent |y of one
anot her, denote A or -Ak-Ar, and Al | ene having 1-3 C
atons, where 1-2 H atons may beqy epl a and 15R5, A, Ar and
Hal have the neani ng indi catre”i N"~NE or &4lts, tautoners
and/ or stereoi soners thereof, incl res thereof in all

rati os. 6. Internedi ate conpounds la (111) 0 20 RL in
whi ch R10denotes H or Hal, and Rl, R2, yHal have the neaning
indicated in daim1l, WD 2012/ 00063RE 2011/ 003127 - 115 - and/or
salts, tautoners-and/or stereoisomers theredf, including mxtures
thereof in all ratios. 7. Internedi ate conpounds according to Claimé®6
in which 5R1, R2, independently of one another, denote A or -Alk-Ar, (IB)

Rl0denotes Hal, andp which R1, R2 and R5 have the meaning indicated in Claim 5,

5 and optionally

(b}  reaction of the compounds of the part-formula (IB) with a compound Hal-R4,
in which R4 and Hal have the meaning indicated in Claim 1,

10 to give compounds of the part-formula (IC)

P
o

(IC)
in which R1, R2 and R5 have the meaning indicated in Claim 5, and R4 has
the meaning indicated in Claim 1,
15
(b™)  conversion of R1, -O-R2, R4, R5 and/or the CN group of the compounds of
the part-formula (IC) to give compounds of the part-formula (IE)




Al kdenot e%?az:%k%l]ogggdhavi ng 1-3 C atons, where 1-2 H atons g;écﬂﬁﬁenmﬂ”

repl aced R4, A, Ar and Hal have the nmeaning in ated 1n
Claim 2, 10and/or physiologically acceptldbl e salts, tautoners and/or
stereoi sonmers thereof, including mxtures thereof in all ratios. 8.
Process for the preparation of conpounds of theR¥ornmula (1) according
to Caim1l, part-fornul ae thereof and/&¢ physi ¢l ogi cal |y acceptabl e
salts, tautoners and/or 15stereoi somers they i ncl udi ng m xtures
thereof in all ratios, having tge follow ng epys: in which Rl, R2
and R5 have the neani ng i ndiggafeo C : aBfdic mediumwith a
reduci ng agent and with a corrpoun
el emrent fromthe 1st main group, < counds of the
part-formula (1B) WO 2012/ 000632PCT{ EP2( Q3127 - 1 16 - CN (1
B) in which Rl, R2 and R5 have the nea idl cated in daimb5, 5and

optionally (b’ )reactlon of the compoundsS of the part-fornula (1B)

with a conpound Hal -R4, in which R4 and Hal Rave the neaning

indicated in Claim1, 10to give conpounds of the part-fornmula (1C) CN
(IC) in which Rl, R2 and R5 have the nmeaning indicated in Claim5, (IE)

and R4 has the ”Ea”h@ﬁ]ém%hcﬁé% RA, RE 2 havkfind FRANRE HA& infhaim 1,
!

-0-R2, R4, R5 and/o roup of the conp ound
part-forrmula (1C) to give corrpounds of the part formula (1E) WO

2012/ QO0632PCT/ EP204}{,§03127 - 117 - R3
20
Y

(b)) conversion of a base or acid of the compounds of the part-formula (IE) or

part-formulae (IB) or (IC) into one of its physiologically acceptable salts,
10 or

(a) reaction of a compound of the formula (ili)

R2
0/
O
-~
R1 R10
-
b b
> N
\
R4
(1)
15 in which R1, R2, R4 and R10 have the meaning indicated in Claim 7,
with a compound of the formula (IV)
R3
R5

20 in which



(1E) in v\@bc%}%mﬁz R3, R4, R5 and X have the nmeaning indicatsd; idzizr
and/or

Caima1, (bw) conversion of a base or acid of the
conpounds of the part-forrmula (1E) or pH®~fornmulae (I1B) or (10 into
one of its physiologically acceptable salts, 10or (a)reaction of a
conpound of the forpul a ddrotgds bdi@ alid, borlbestebigaRotlconountébr 88@nR10
have t he neani ng i ndi cate.ﬂ in Cg.%i m7, wth compound of the formul a
(1V) R3 (1V) 20i n whi ERUOrBCYE195 WE6R 88T EP2011/ 003127 - 118 -
Ddenot es boric aci dr3aad RS ek eie meagad fididatsOR@MImt or bor on
trifluoronethanesul fonate, and R3 and R5 have the neaning indicated
in Caimi1i, in which RI, R2 and R4 have the neaning indicated in
d ai m&/, and R3 andioRfiveworepdunés 6E®RBIpag-fomdliisabgd in Caim 1, and
optionally (b')conversion of Rl, -0-R2, R3, R4 and/or R5 of the
conpounds of the part-for- nula (1D to gi y&conpdphds of the fornula
(1) R3 15 o}

R5

e,
-—

R4
(ID)
in which R1, R2 and R4 have the meaning indicated in Claim 7,
and R3 and R5 have the meaning indicated in Claim 1,

10
and optionally
(b’)  conversion of R1, -O-R2, R3, R4 and/or R5 of the compounds of the part-for-
mula (ID) to give compounds of the formula (1)
(.
15
(1
in which R1, R2, R3, R4, R5 and X have the meaning indicated in Claim 1,
and/or
20

(b”)  conversion of a base or acid of the compounds of the formula (1) or part-for-
mufa (ID) into one of its physiologically acceptable salts.



(1) in vvh!ﬁ , R3, R4, R5 and X have the neaning indicated in
Claiml1, 270?%008?%) conversion of a base or acid of the corﬁgﬁw&gl%‘}ﬂsuﬁl
the formula (1) or part-for- nula (ID)-11®-0 one of its

physi ol ogi cal ly acceptable salts. WD 2012/ 000632PCT/ EP2011/ 003127
-119- 9. &r oceggedOlor tHOrESABMASH iNBrrRddiAB BMFBARL & tRORAURIE) Alcofdify
formula (11) according to Claim4 and/or salts, tautomers and/or

st er eoi somer st HaEHANIORElgiaNP MRS ANF/EE StefRoisepTers e, ingluqing mixtures
havi ng the foﬂhb@@fngam@%gs,haﬁﬁ%)ﬁ@@%wig s@bs@ conmpound of the formula
(V) in which Hal denotes F, , Br orT, and 10R1l, R2 and R9 have

the meaning indicated in Claim4, with a conpound of the formula (VI)
15i n whi ch R5 %md Reabireofla®riRank BetHeginiad 89 in Caim4, to give
conpounds of the formula (I1) 20in which R1, R2, R5, R8 and R9

have the meaning indicated in O alf 4, and §tionally (b)conversion

of a base or acid of the conpoundg of the fagrmnul %ﬁ(”) into one of
25its salts. WD 2012/ 000632PCT/ EP28 0 - 10. Process for
the preparation of internediate conp of the formula (111)
according to daimé6, part-forRl ae epeof and/or salts, tautoners
and/ or stereoisonmers thereof, incPuding nmixBures thereof in all

rati os, having the followng steps: (a)reaction of a conpound of the(v)
formula (V1)

in which
(. Hal denotes F, CI, Bror |, and
10 R1, R2 and R9 have the meaning indicated in Claim 4,

with a compound of the formula (VI)

R8

15 in which R5 and R8 have the meaning indicated in Claim 4

to give compounds of the formula (Il)

L NC
‘ R8
R2

(1
20 in which R1, R2, R5, R8 and R9 have the meaning indicated in Claim 4,

and optionally

(b) conversion of a base or acid of the compounds of the formula (il} into one of
25 its salts.



RR1 0RL ﬁnelgwg#%ch R1 and R2 have the meani ng indicated ﬂ(gm%z%lmmz'i

6, in aci wi th a conpound E-NO2, in which E denot

el enent fromthe 1st main group, to givEBonpounds of the
part-forrmula (I11A) RR 0 15 R 10 (I' TA in which RL and R2 have
the neaning indicated in Claim6, and optionally 20 (b')hal ogenati on

of the conpoupds of the & art-formula (111A) to give conmpounds of the
part - f or mif-a [TA°PES for (s IFeRIAlTbEIiere dipissempopndsy the tormulad!ll) acegrding

(111B) in whl ®CB 6 RParafemhiak tﬂk’;\é&ﬁ dna%rgswwéaﬂom&gla%ioegtekébas@n%rm 6,

5(b")reaction of the conpounds of e formula (111A) or (I11B) with a
conpound Hal - REeqNGlKdig WRﬁUfﬁﬁ&“%@‘ mal eticpatingihaplipnaoetarsd in

G aim#, to give conpounds of the formula (111) R2 0 in which R1,
R2, R4 and R10 have the neaning indicated in Claim@6, and/or 15(bm
conversi on of &) bas&asiorgfiararaund ot tedeumda (\dP the formula (I11)

into one of its salts. ||a2
0 Nz
R1 =
o N
(V1)
{ in which R1 and R2 have the meaning indicated in Claim 6,
10

in acidic medium with a compound E-NO,, in which E denotes an element

from the 1st main group,

to give compounds of the part-formula (lIIA)

O/R2
O
R1”
=
[
Nao N
£ 15 H
%
(IHIA)
in which R1 and R2 have the meaning indicated in Claim 8,
and optionally
20

(b} halogenation of the compounds of the part-formula (llIA) to give compounds
of the part-formula (1lIB)




11. Use o{vcp@rﬁ),@dﬁ@gs according to one of Claims 1 to 3 and/\Qtrepanri/003127
physi ol ogi cal Iy accept - able salts, tautoners and/or

stereoi soners thereof, including mxtur! thereof in all 20rati os,
for the inhibition of serine/threonine protein kinases, preferably
Pl KKs, par- ticularly preferably DNA-PK. _R22. Use of at |east one
conmpound according to one of Jains 1 t9® 3 and/or physiologically
acceptabl e salts, tautoners and/ orastereoi soners thereof, including
m xtures 25thereof in all ratiost”foO reysensi tisation of cancer
cells to anticancer agents and/ or d PCT/ EP2011/ 003127 -
122 - ionising radiation, with the pro the sensitisation
does not take place in vivo on the humap bodgly. 3. Medi cament
conprising at | east one conmpound accordifqg tle. orie of Clains 1 to 3
5and/ or physiologically acceptable salts, ™ aut gnmers and/ or

stereoi sonmers thereof, including mxtures thereof in all ratios.
14Phar maceuti cal conposition conprising, as active conpound, an (111B)
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in which R1, R2, R4 and R10 have the meaning indicated in Claim 6,

o
and/or
15 (b™)  conversion of a base or acid of the compounds of the formula (11} into one of
its salts.

11.  Use of compounds according to one of Claims 1 to 3 and/or physiologically accept-
able salts, tautomers and/or sterecisomers thereof, including mixtures thereof in all
20 ratios, for the inhibition of serine/threonine protein kinases, preferably PIKKs, par-
ticularly preferably DNA-PK.

12. Use of at least one compound according to one of Claims 1 to 3 and/or physiologi-
cally acceptable salts, tautomers and/or sterecisomers thereof, including mixtures

25 thereof in all ratios, for the sensitisation of cancer cells to anticancer agents and/or
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15,
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ionising radiation, with the proviso that the sensitisation does not take place in vivo on
the human body.

Medicament comprising at least one compound according to one of Claims 110 3
and/or physiologically acceptable salts, tautomers and/or sterecisomers thereof,

including mixtures thereof in al ratios.

Pharmaceutical composition comprising, as active compound, an effective amount of
at least one compound according to one of Claims 1 to 3 and/or physiologically
acceptable salts, tautomers and/or sterecisomers thereof, including mixtures thereof
in all ratios, together with pharmaceutically tolerated assistants, in combination with
at least one anticancer agent.

Compounds according to one of Claims 1 to 3 and/or physiologically acceptable salts,
tautomers and/or sterecisomers thereof, including mixtures thereof in all ratics, for
use in the prophylaxis, therapy and/or progress control of cancer, tumours, metasta-
ses and/or angiogenesis disorders, in combination with radiotherapy and/or with at

least one anticancer agent.




