AZACARBCOLI NE DERI VATI VES, PREPARATI ON METHOD THEREOF
woO 2040/15b8dfAPEUTI C USE OF SAME The present i nventp@fFR2009/051100
rel ates to a-aza-13-carboline derivatives, to their
preparation and to their therapeutic use.
aAKATCARBOBID DERIVAITEES FREBARRYION METHOBCEHOREQFAND
or 8-aza- 13-car bolTHERABPEUTH USEDF SAME f 1 c1 al
nonencl ature, the nane of this tricyclic unit is
9H pyrrol o[2 3-b: 5, 4-el di pyridine. The present
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therappptik @se. F1t 3, GSK3 beta, MK2, PDGFR beta, PI3K, PIN11,
Pl 42, PIMB, PLK, TrlcB, which are all involved in the
devel oFrrent of cancers. Mrre particularly, the present
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devel opnent of cancers. The ki nases 1 ch include

Piml, Pim2 and Pim3, form a distinct famly of
The ;B&rehtnerlehﬁ@ﬁ@ diregeddbRade Snmp&ﬁﬁﬁsﬁha’iﬁct&mﬂcﬁﬂh@d proRis, fobinetance: CHK1,

I 0 if.fer p [ f
o 158 M o BRI bBPRATE, PEDER, ol
which hes aslbmvolvai inothe glandenment bf samgerd Momnpiriécutanly, the gireseatgnvention is
direcRfl tFAREROmBLARE ﬁlgtsacy bl@fr @ Oeﬂ ]ﬁt;l ‘Igrfﬁ@h RGhdorel ¥n RE development
BAD, an apoptosis regulato e Pim kinases are

of catceshl y honol ogous Wit h each ot her and show simil ar
oncogeni ¢ behavi our. Cinical reports hi ghl i ght the

The %g@g{’t ancﬁ'{cg ’Fctl'fﬂ%rém eg?f{} 3:333 g] l&%lhnqi ?fg]g{legmlllyﬁ)f serine/threonine
kinasgrrani Cplh)ara Rinotichalande Rh noel, groathe diffeentfitem dnd Qph{ﬁosm One of the

mech, 5185 %l\LMChezglF rfgr%slglgasésnca% Anné}:ea%g tnurrJO A g(%' ca ce{ %Q% and promote the

emat 0'0g1 ¢
evoluevera%f;apreegmcms ofa iRpdwlation nf the a@teltmpé Bérfd ah epﬂpaﬁemr@u@mi The Pim
kmas@scalr'é ﬁgﬂll m&bgods KRN Rher Qﬁlfjsht)@%ﬁmﬁy SI{C%?&H @&e‘ﬁé@&hrOf
Pim 1 appears to result frominappropriate activation
in various | eukaemas (Proc. NatL Acad. Sci., Vol.
Clini&6 repodSiighligBBHd itidd28f0e) of tiet Mt TIhd WiMEKiALREDIA Fhe” @RvEBphdte of human
gverexpression of Pim1l in primtive and netastatic
“AnY nphoma of the CNS, which is an aggressive form of
non- Hodgki n's | ynphoma (Rubenstein et al., Blood, Vol.
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patients suffering froma prostate carcinoma and in
hi gh-grade prostate intraepijhelial neoplasia
(precancerous | esions) (The Prostate, (60) 367-371
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in which - R3 and R4 may be, independently of each

WO 2600a50381,; 2. halogen; 3. CF3; 4. substitutSrRRY¥009/051100
5. optionally substituted al koxy; 6. optionally

substituted am no; 7. substituted carbonyl; 8.

optionally substituted carboxyl; 9. optionally

substituted am de; 10. sulfur in different
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P s afg gFiPl absepved jp ERsirAdPYPIATNG ShAJREIRYAC SHesHE gastric carcinoma (Zheng
et al.,di Sarlosit RdsuCled Cesiz y34; 48 -48ep200@pal | y nonosubstituted or
di substituted CCal kyl; 9. optionally nonosubstituted

or disubstituted CCaryl; 10. optionally
Togethem dssrorportsusuggeso that Peu kisbset 1uh1b1dor€ﬁi¢etsefub ﬁ]ryi'eatiriglcancer especially

leukaaﬂtaé Whlt)%a ﬁ" §£ﬂdt‘lﬁ-1§lg %ﬁm%&ls Oldgec Ez cancers ff the head and neck,

nonosubst 1 t ut ed optiona nmonosu stl
bowelgaRy; prastate aaélﬁtrrompﬂeywrﬁgn@sdws:t dapeer end hgcal @pmqera ifetl exgymple. Insofar

as cal¥BOmuiBSS dikdabRr Wilich QR &eﬁﬁﬁ@ﬁwgﬁﬁﬁ&éﬂt §6is Afdnifestly necessary
nDno bstl uted 19, optiagnally
to ldewgt% SgYFi El(n%/ ]flazl\sg an 1tors that are effective in treating cancer.

Among the patent applications claiming compounds of the azacarboline class, which is the subject of

the present invention, mention may be made of the following documents:

Patent application WO 2007/044779 describes a-aza-B-carbolines having the following general
formula, which is partially restricted, relative to the application as published:




20. optionally monosubstituted the said products of

wo bovondbssi( 1) being The invention nore specificalpgyrpra
concerns conpounds for which: - R3 and R4 may be, /FR2009/051100
mdependently of each other: 1. 2. F, 3. d; 4. Br;

s, 1%?%0ﬁé?§%ympmssnz%l@§% 2 0,

S2R2a; 15and1221mayalsmrebresmncﬁed or cyclic (C3-C7)
Cl-Cl10 al fituted or
di substltg%/gngg Bp%éu%ss Ogt%\g Sdvvlth R2a, R2b, R2c;
16. i nealeomﬂibF@m?hléoF Wb@ybmdcor(@eal@?l)mmd@@l, &hdbepopbibly being
subst@Rbd AR InbiderdBNPSUBEEES HEREingh Qfo%ﬂ}ﬁﬁg bdid Sy 1061 -
d tri ubstnl tﬁt edBWI t h11 R2a, mg ¢ ?’7 %rl‘é%% CS)alkyl heteroaryls
and heterohickeleprds. o5 al kynyl opt | onal I y rmnosubstltut ed or
dlsubstltuted or trlsubstltuted with Ra, R2b, R2c;

The %rle atro%(ll Qro{eéggtcf ?atF% SK tl%sagtgallez\ﬁatﬁg%%g?a%t i ltjlgrgfﬁa [nmted to the
derivatiyes $wbstiwted inglositibre\?l and ahdpasbibly mpestmist i t ut ed or
di substituted or trisubstituted wth R2a, R2b, R2c; -
R6_being a heteroaryl (5- or 6-nmenbered with 1 to 4
Patenh EP & ﬂ@%g Bragaipacorgpoypdsdipving e dellowing fremdzacar bol i ne
unit either via a Cor an N bel &%ing to R6, R6 al so
possi bly representing C(O) b or a
het er ocycl oal kyl or -C(0)h
optionally nonosubstit uteJ
whi ch R2a, R2b

trisubstituted with

and R2c are as descrmgbl héf ei n bove or herei nbel ow
and especially in th / i s pointed out
that, in the productS o ornuf\IaS(l) as defined

yoljoal kyl , R6 bei ng
d or {di suypstituted or

her ei nabove or herei nbel the groups R followed only
llfigafl (R3, R4 and R6) are substituents directly
in whish B B71 ftlweB% miycrppiesest Ger N, andRT eexsr represegis@ugtsraRryl. The activity

of thefc@mbowaslofte Shid inGipkiSn ANEriRy IS} &ifketell tar @RI et Arobl
eR2b|por R%a)ec:)rlrespo%drﬂ’t o1 1Ilﬁ%ug)ltwelr tctileegreaés of gheds: Problems.

substitution (for exanple substituent of R3, R4 or R6)
The peaseht avaimdh chteetts cafpduydIARENG thet fBlldwWiBs fdnki@l/Bhrgda:uni t .
In the substituents nmentioned herei nabove: - R a and
Ri b may be, indepengentky of each other: 1. H, 2.
optional |y noMasubstitutdd or RE substituted |inear or
branched or cycl} C3-C/;=f-d o alkyl; 3. optionally
m)nosubstituteq1 i 2yt ed Ilngﬁﬂ“&@(ﬁranched
C2- C6 al kenyl ; ‘
di substituted Ii . br. ched C2-C6 al kynyl; 5.
optional |y nmonostibsti tluted or di substituted aryl; 6.
optional |y nonosubsti tut ed or disubstituted
heteroaryl; 7. optionally nonosubstituted or
in whdhsubstituted benzyl; 8. optionally nonosubstituted or
- R3 add Bdlosy ibt,Uhdger@emlykofleachBtheprpt | onal |y nonosubsti tut ed
or disufstituted COaryl; 10. optionally
gonosulhslogénit ed or di substituted COheteroaryl; 11.
A8pti ondlH;y nonosubstituted or disubstituted CQall cyl;
12. optshioxiakddyoxppnosubsti tuted or di substituted
€Q2ar yloptionally substituted alkoxy;
6 optionally substituted amino;

7. substituted carbonyl;

8. optionally substituted carboxyl;

9. optionally substituted amide;

10. sulfur in different oxidation states (II or IV or VI} such as optionally substituted

sulfides, sulfoxides or sulfones;




13. optionally nonosubstituted or disubstituted
wo Séddhehsgoaryl ; 14. CONH2; 15. optionally
nonosubstituted or disubstituted CONHal kyl ; 16.PCT/FMOOWUS]m0
optionally nonosubstituted or disubstituted CONHaryl;
112.  opt ligag ibkayicliva v Sylls T -Cyitaae)1 BtioRhisddsdptibitg 8floptionally substituted
heterGfihihet er oaryl ; 18. )r)bpti I(])ng)laiﬂgr ﬁ%nosubst it utéed opr 4
di2s ubst bptieh€lth sG6NGAddBHedr2braddPed SR EIRN@LL Yalkenyl:
N3N os ubsjtiohaltyedbsbitutédi 15k biadéRd bRyt 2;° 20.
ot i onabptienilBIEBaiRGdd dril o€ Betérbardll, SUbst i T ut ed
QGN( het eptadlykyBsintdine@pichapdkylsubst i t uents R2a, R2b
- R6 BinghPtete@d Ryl Has GlnerhbRELARAIRAOE Y h¥teRfatoBR ¢Roseh 6N, 512980) bonded to
the azacarboliné .unftleithed viaBf C oft vialan Nbelédpiig 16 R6ORE b&ARbpttonally substituted; R6
also PESIDBURPtdmnihe C(OTNPRIRYE WaSdnl bptiorslly! b Rite® heltfRRINAI1 or -C(O)
optiohally Gliktigtkd@beterolycl 1,0 thit RTRBABRISHb BY BdefRhdently of each other:
pol ysubstituted C3-Cr/cycl oal kyl; 8. optionally
NefIsRSIy dhedbstitutdoby giitatituted t18arCar EBndhb& 8P Wdlicd(C;-C)) C-Cyo
opt aleflal | y nonosubstituted or pol ysubstituted - C6
al. kytiohallylBonoGitistithibd oP@bdbRiNAlel VindiP BiOstaREd ¢t Ut S0keRl!;
pol yriasityl tetogbstituRe 8 didibsihiRA ﬁ%@o&r&@hécﬁ@:%ﬁll&itﬁ;
1. opohhlBNaddoyubines ubshitkithed ig[; pol ysubsti t ut ed
&: ( Etiokdl)yayHondshoted or WEALIRARE AREBE/FFCT/ FR2009/ 051100
113. ofohhlBnadoyubiiiee ub&ikitkstied b&fzyp0l ysubsti t ut ed
@: abptionalhmordpibs@raRk by diIpeReWd DAl ed or _
90| yisBsityl thato@bs@iél or difubsitiied © ;y monosubstituted
ao. gloysllysdrokubs@died 6f @5ubatitited ChBeter@ftli; ONal |y
monegishslty hatoaubs@uted 0f ¥ Subbithied tbeslihet er ocycl oal kyl ;
17Z. opvidrally monbSubstitited 6£disbkihad @Db%?f;
(183oftibnallyahanabdbeitlite® br NEbETOEY COORIYIy; each group
hej agNeRt i onal | y nonosubstituted or pol ysubstituted;
18. opuotdlly-rRanohibticited of diffbdithiéd CHBIHARKKY 1) 2, each group
hei aygionlyirshabudbytitild esdifSktithtdd CONPan2O! Ysubsti t ut ed;
20. opiphal riddnoyubemes b ublited CONHAkMWSDST i t ut ed
NIB- ¢rftiopallyGhionbeibetit@d ¥ disubstitutdd CON(AEN)2; OF
het epiondlly HichosBathte@biibReLBOCORvma! | v
ONasiohdlyinioabQbstafite POl JsRalbd ORMeteroardp; N(aryl or

the saltigireduorioy fonf(le\ b @iﬁ% il tha/for bf hEBase ) 64f51261lalkidn sa@ach
group being optionally nonosubstituted or

Theilﬁim %%%%Ip%u eq. eé%' onﬁlgg(ng%fﬁga.iﬁg 24b R3b: 26
-R3 Wﬁ%’%{‘g‘;%gdggg’%ﬂ%q&@b) al | 5& S?)Of(ZR%%a; 28
2) S(0) 2R3b;

ClL;
Br;
L
CFs;
OR2a;
NR1aRl1b;
COR2a;
. CO,R2a;
11. CO(NR1aR1b);
12, SR2a;
13. SOR2a;
14. SO,R2a;
15. linear or branched or cyclic (Cy-C;) C;-Cyp alkyl optionally monosubstituted or disubstituted
or trisubstituted with R2a, R2b, R2¢;
16. linear or branched or cyclic (Cs-C;) C,-Cs alkenyl optionally monosubstituted or
disubstituted or trisubstituted with R2a, R2b, R2¢;
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29. CO2R3a; 30. SR3a; 31. SOR3a; 32. SO2R3a;
WO 2009m80381 R3a is as defined in the exanples. Thect/FR2009/051100
optional substituents on the groups Rla and Rib and on
t he groups R2a, R2b and R2c, also called groups R3a,
R3bliggar R¥C brackedc HSRN afkioymn oftionhidy} ag@tdsubtitufel3or Adisubstituted or
| i nemnbsotutddrvathdRBadRIB, RCm al kyl ; 4. C3-Crcycl oal | cyl ;
5.38. G2} @6 hakrkaml bptiofallyCofdsulstikysdydr; dishibstialteddP trisubstituted with R2a,
al | Bgb,M2dy oxy; 8. Cl-Cl0 al koxy; 9. Cl1-C10 al kyl am no;
110, heBkpcytlbaiklyl optiaially oabubsituted orclyibit@utédar1fshbstituted with R2a, R2b,
0- (BRe;CL0) al kyl ; 12. O-aryl; 13. aryl; 14. heteroaryl;
- R6 boing ebeeromylc (5o ak loythemtkted MiR;1 74 hieldGhmEl (W) 8l YD) Bénded to the
azaca(tGBad0R)ivytheroad X ¢lo) an Ndelohfia&io-Kd, ®palsk ybssiMy representing C(O)NR1aR1b
or a {e@Becgrlpaind | oo aC{Q)idictpeyl BalkNRd Beitd opiondlB :@srdaibtithiied 29 disubstituted
or trifubatityted ovithIR2ag ROBIB2k) id; widdh R, aROPl an@rR2¢ are as described hereinabove or
hereitbetoer md kspkdibl(yGnt8l8nmpley | or (C3-C7)cycl oal I cyl); 22.
NHC(0) - ((Cr-C10) al kyl or (C3-C7)cycl oal kyl or
It is poateirontthal, athk yofiuct 2. fordd(y @) as(dafindd HefeinaBé @ 0@ 8ét¥inbslow, the groups
R folaved NHS(13) 28 6urd (K3, Wahddcyb) D¢ sibeidméaty aysetipabidel 1®Fkhe tricyclic unit,
wherdag thergoape Rofalldwdd) by a2fBgurd\infa(Dikier ((fof ¥kanle RE4, ®2B@F KBa);correspond to
highe? Gegre@O0f subsiartion (fobéanplasdbdtituetild R3] KY by R6)2hd cAaubt@e-dGdfly bonded
to theatidygliamiino) ; 28. C2(linear or branched Cl-Cl113
al kyl); 29. C(0)NELl(linear or branched Cl-Cl10 al kyl);
In the\AGbsZORHS HeOBmEPhELRROOO9/ 051100 30. C(O0) N(Iinear or
- RlalndRtthealy 6, in@dfenddnkly df @ich 3ther: S(| i near or branched
Cl-B10 al kyl); 32. SQ(linear or branched Cl-C10
al kgfitippally monosubstituted or disubstituted linear or branched or cyclic (Cs-C;) Ci-Cro
alkyl;
optionally monosubstituted or disubstituted linear or branched C,-C alkenyl;
optionally monosubstituted or disubstituted linear or branched C,-C; alkynyl;
optionally monosubstituted or disubstituted aryl;
optionally monosubstituted or disubstituted heteroaryl;
optionally monosubstituted or disubstituted benzyl;
optionally monosubstituted or disubstituted COalkyl;
. optionally monosubstituted or disubstituted CQaryl;
10. optionally monosubstituted or disubstituted COheteroaryl;
11. optionally monosubstituted or disubstituted CO,alkyl;
12. optionally monosubstituted or disubstituted COsaryl;
13. optionally monosubstituted or disubstituted COsheteroaryl;
14. CONH,;
15. optionally monosubstituted or disubstituted CONHalkyl;
16. optionally monosubstituted or disubstituted CONHaryl;
17. optionally monosubstituted or disubstituted CONHheteroaryl;
18. optionally monosubstituted or disubstituted CON(alkyl),;
19. optionally monosubstituted or disubstituted CON(aryl);;
20. optionally monosubstituted or disubstituted CON(heteroaryl),.

R

The optional substituents R2a, R2b or R2¢ are chosen, independently of each other, from:

F;

Cl;

Br;

L

CF3;

optionally monosubstituted or polysubstituted linear or branched C,;-Cq alkyl;
optionally monosubstituted or polysubstituted C;-C, cycloalkyl;

optionally monosubstituted or polysubstituted C,-C¢ alkenyl;

optionally monosubstituted or polysubstituted C,-Cs alkynyl;

10. OH,;

11. optionally monosubstituted or polysubstituted linear or branched O~(C, -Cig)alkyl;
12. optionally monosubstituted or polysubstituted O-(Cs-C;)eycioalkyl;

LA R WD =



33. S02(linear or branched Cl-C10 al kyl); 34.
wo $409)16bsg1er ocycl oal kyl ). The present invention rglgkR3009/051100

to the set of compounds having the foll owi ng general

fornul a: in which - R3 and R4 may be, independently

af3. eacdptiaialg riondsubktin?edgr pdlysullstitued Braryls. 1; 6. CF3;

7140 R2 aptiénallNmbadtubdrituté&] £PRFaybstituted adf). CO2R2a; 11.

GS( NRlpRdra)ly mbAesub#idacd drPolySbRAated hderomgR R2a; 15.

| i6n e aropGonality aabtsabstioutedcyr pbiysubsiitteChgteicdyclohlkyBl Ky

dpt i ordllll;y nonosubstituted or disubstituted or

tI8l sulBSH (A HCRgalkyt br RZaC;kpdioallPcor heterociidoalltyinesch Ogroup being
opti anithmonwubsdyaddioe pélEabGityted;2- C6 al kenyl optional |y

e os INEC T yalkell @r(CaCoiasdalkiyl)f, @abhQiroupr befighptibrially @@nosubstituted or
palyiubstRtad; R2b, R2c; 17. linear or branched C2-C6

#ok y nydpticagily apaddulstimang pbtubktithed NOI-(agi stiikddrodriy;ed or

t21i sul§(uiyl otebroatil)y, &BegrodleingRpeionally mondsBbstitutyd or@blysubstituted;
feet er @dal oppdtéroaral)|(§;-ORRRSLOSIT: 0 fcec oyl Ie&hb@‘bﬂ[i' bHiCoptionally
mohodubstiwlbdripolybeidtitteih R2a, R2b, R2c;

28t er IYCIOREd; cyl optional ly rmnosubst i tut ed or

dids ubSH({(C T @dikeCENRIAybst i tuted with R2a, Ri b, R2c; -

RG. beiM@iach@Raboaryl (5- or 6-nenbered with 1 to 4

Pt er OEIR(,RBL; S or 0) bonded to the azacarboline unit

7t herN\(C,aC 9alkyiStOxRBalN bel onging to R6, R6 al so

@8ssi NR3a8@)g3dnt i ng C(0) NRlaRlb or an optionally

9bst iGmRB" het er ocycl oal kyl or -C(0) optionally

S0bst iSR3ked heterocycl oal kyl; R6 being optionally

rfanos eR3at ut ed or di substituted or trisubstituted

B2t h FEZaR342bwhiRPR3a ik Bs ddfinedtin theddxamplagd Ri b may be,

i ndependent|y of each other: H; 2. linear or
The dptiamtsubstitamtsayahd goffER 162)d Kb £HGnahdgtbups [R2b 0REY dnyl R2c, also called
group B3 Rbst RBeaecthedendiostibst i t uted with R2a R2b; 3.

I1i near laiogki;anched C2- C6 al kenyl optionally
PonosubBH;t t uted or disubstituted with RRa Rib; WO

2009/ 1508 1dPEmhéleRZOQY d151;100 4. linear or

B anche-G2ydballalikynyl optional ly nonosubstituted or
&subst i Culadkenylt h R2a R2b; 5. aryl optionally
Ponosub&tC4alityael; or di substituted with R2a R2b; 6.

Wet er oayC, alylhadiatyl, y nonosubsti tuted or disubstituted
Wit h RAg-Rrhlkoxy; 7. benzyl optionally

PonosubGitd  sikddmimb; di substituted with R2a R2b; 8.
C@al kylOlpti onal I y nonosubstituted or disubstituted
Milt h RAmes2branched or FclicGOaOY O-0DLC QAR 1: y

rménosulBatyl;ut ed or di substituted with R2a R2b;

18. COmetler oaryl optionally nonosubstituted or
didsubstheterdagd; Wi t h R2a R2b;

15. heterocycloalkyl;

16. NH,;

17. NH-((C;-C)p)alkyl or (C3-C)cycloalkyl);

18. N((C,-Cip)alkyl or (C3-Cr)xeycloalkyl)s;

19. NH-(aryl or heteroaryl);

20. N(aryl or heteroaryl),;

21, N(aryl or heteroaryl}({(C,-C\p)alkyl or (C;-C;)cycloalkyl);

22, NHC(0)-((C:-Cg)alkyl or (C3-Cr)eycloalkyl or heterocycloalkyl);
23. NHC(O)-(ary! or heteroaryl};

24. NHS(0),;-((C,-Cig)alkyl or (C3-Cy)cycloalkyl or heterocycloalkyl);
23. NHS(O),~(aryl or heteroaryl);

26. CO(linear or branched C,-C, alkyl);

27. CO(C,-Cy alkylamino);

28. CO;y(linear or branched C,-Cy, alkyl);

29. C(O)NH(linear or branched C;-C,q alkyl);




11. CQ2al kyl optionally nonosubstituted or

wo fieniapigit uted wi th R2a R2b; 12. CQaryl C%mowmsnm
optionally nonosubstituted or disubstituted with
R2b; 13. CQ2heteroaryl optionally nonosubstituted

@0. di suOgy)NiHegichr BabhéheRZRA-CR2My1),; 14. CONHZ;

1. CONBigihday br rpiched@l-Cy amposubst it ut ed or

dizsubst §ogihes ovbrtithRPa, -82 alkyl); 16. CONHaryl

@3t i onabOylinvarnsrbedashddiayicegaiigyl); di substituted with R2a

R2b; C(O)Ihéterddiger oaryl optional |y
nmonosubst i tuted or di substituted with R2a R2b;

The Pé'?ssbrﬁﬁlgiefl rélat) ﬁt %ta c%%oungg g?ubﬁe éwlgg ﬁ?l)re?] formula:
optionally nonosubstjtuted or di substltut ed with R2a

R2b; 20. REON( h ryl) 2Ré)pt| onal |y
[ [ twted with RRa R2b; in

whi ch R2a, R2b af@l & Shosen, |¢@|—ﬂgﬂg@ﬁntly of
each other, fro ; a; 3. Br

CF3: 6. |ine hedHal - c10 al kyl
optionally nonosydbstit'ited or pol ysubstituted with
di fferent R3a; 7.4C3-C7 cycl oal kyl optionally

monosubstituted or polysubstituted with different R3a;
mwh?ch C2- Co6 aI kenyl optl onal | y nonosubstituted or

-R3 ?@% %‘L-‘IE’% V\ﬁ g}.egllcl:hff rent R3a; 9. C2-C6

y HSAOSUBStituted or pol ysubstitut ed
g.n dlfferent R3a 10. OH 11. linear or
nched 0-(C -G o)al kyl optionally nonosubstituted or
Q ysubstituted with different R3a; 12.
CS C7)cycl oal kyl optionally nonosubstituted or
substltuted with different R3a; 13. O-aryl
nal ly nonosubstituted or pol ysubstituted wth
%Rﬁ pt R3a; 14. aryl optionally
stltuted or polysubstituted with different R3a;

optionally nonosubstituted or
1 ysu ﬁ{%gﬂi)w th different R3a; 16.
tero oa optional |y nonosubstituted or
]ysu uted with different R 3 a; 17. NHZ;

,0) al kyI or (C3-Cr)cycloallcyl or

I'igt e%%%{ﬁ gl‘l L l‘)ed egcggh @ig@a?(g Oé].waﬁ% oﬁ?anlghéﬁ{mnﬂgﬁ)sﬁtuted or

disub

dlsubé? %%t%go&(%f ulb tu
trisub t%:(? Nt

nc¥1ed ar ¢ %Z?)y gl_ g%?gb S@ngaﬁyﬁ%s&sntuted or

het er

Er(eigu edt(tht{Pt yrg 088 v@%k}g qoistthstétateamr clh ubstituted or

[1 u gi%%tﬁfoag}] é)P 1onaH% H%E?r%‘gitﬁ ﬁ{' grt glglﬁ)%trlt)étl 21 or trlsu%stltuted with
o Bl R gfgqaaz;,«lmoaa%s”uaa@u@)owgm@%; W vi

- R6 Y ?e{rgigﬂogt | O%al | iﬁ St eteroatom , 3 or Q) bonded to the
azaca% ed1 1t erviaa'C gran 10 Y represent C{O)NRlaR1b
or an § é&ﬁﬁ ted hq%@) {k)_[ % dleterocycloalkyl R6
being o tlonaP osubstituted or 1su stituted or tnsu st1 futed wit
in which:
-Rla and R1b may be, independently of each other:

1. H;

2. lincar or branched or cyclic (C3-C;) C,-Cyo alkyl optionally monosubstituted or
disubstituted with R2a R2b;

3. linear or branched C,-Cy alkenyl optionally monosubstituted or disubstituted with R2a
R2b;




26. NHS(02)R3a; 27. N((Cl-C10)al kyl S(02) R3a; 28.

WO M{Bﬁ@b}%o) 2R3b; 29. CC2R3a; 30. SR3a; 31. SOR3&CT/FR2009/051100

32. SO2R3a; in which R3a and R3b are chosen from 1.

hal ogen; 2. CF3; 3. linear or branched Cl-Cl0 al kyl;
4. C3-lfnéarCyt Br@ahdd\t - C alkyndt sghioadllyaidtosubbtituted ofBisubstituted with R2a

R2b;al kynyl; 7. Cl-Cl10 al kyl hydroxY; 8. C -0 o al koxy; 9.
Gl - ClQurglolstidrany monosdbbtinkdd; or Eibubstiluh@arith Raa@rehed or
aycl i thefekearyCoptichally Bosilstituded or AisWstituled with®28 ROBY Y ;
15.  helettyd6itithald)] ddtlosublftutelloRdisubgtirudltwidR2ER0D;al Kyl or
(8C3- CI)@alis ot dily mordoBubstiaXeld v bigubatitael wath R2a R2b;
(9C3- Cy@atl opabdeyP ZiondsAbstiddirkd @ idishibsBiutduatiey oamRdb) ;.  20.
Npar y | COletdici opadnd inoRobubstiuddydr difibstituted with R2a R2b;
hat er azoxikyldp6and} Boabduslinatd &QBubshtaymhaak iRy, 22.
NBIC( 0)Cda&1 bpkdhakkionoSbsiitedd 6rdisibsitaRd ¥ith RO R2b;
het er avy.attemhdey dptionaalg mdNbkabtatb@bdisuBEtinied RIPASYRIb;
24, NHIMR4(C -G o)al kyl or (C3-C7)cycloallcyl or
het er aooeiigIRy1optionally BondStEStited or Alsibstitbed RETEQARY] ) ;
28, CRAONH&RY opBibnally ivebedst Rhted drQiisabitinldd Wi R243E0C - C10
alky| aroNBlcteredlyl dpkiBdally RRASsubstinkéRR GhasktifaledGlith l@ia"ﬁdb)
28,  C(C)Wei(dyi) @@ibn0k nihafekheteChr diskBst@liky/Wikh REDR2b;
@e0) N(dom@an), egtidaslBnehputsiufed Or dbloyinhikd wah R2SRbb;near
gln grl bmrrf(ekaeltlel)ehry@;&btﬁhhw ono@stitHel bi dQBEt@Ed RIRRINRLD;

al Ky
in which R2a, R2b and R2¢ are chosen, independently of each other, from:

1. F;

2. Cl;

3, Br;

4, I,

5. CFs;

6. linear or branched C,-C,, alkyl optionally monosubstituted or polysubstituted with
different R3a;

7. Cs-C; cycloalkyl optionally monosubstituted or polysubstituted with different
R3a;

8. C;-Cs alkenyl optionally monosubstituted or polysubstituted with different R3a;

9. C2-C¢ alkynyl optionally monosubstituted or polysubstituted with different R3a;

10. OH;

I1. linear or branched O-(C;-Cyp)alkyl optionally monosubstituted or polysubstituted
with different R3a;

12. 0-(C5-Cy)eycloalkyl optionally monosubstituted or polysubstituted with different
R3a;

13. O-aryl optionally monosubstituted or polysubstituted with different R3a;

14, aryl optionally monosubstituted or polysubstituted with different R3a;

15. heteroaryl optionally monosubstituted or polysubstituted with different R3a;

16. heterocycloalkyl optionally monosubstituted or polysubstituted with different
R3a;

17. NH,;

18. NH-({C;-Cjp)alkyl or (C;-C;)cycloalkyl or heterocycloalkyl), each group being
optionally monosubstituted or polysubstituted with different R3a;

19. N({(C,-Cip)alkyl or (Cs-Cyeycloalkyl),, each group being optionally
monosubstituted or polysubstituted with different R3a;

20. NH-(aryl or heteroaryl) optionally monosubstituted or polysubstituted with
different R3a;

21. N(aryl or heteroaryl),, each group being optionally monosubstituted or
polysubstituted with different R3a;

22, N(aryl or heteroaryl){({C,-Cjplalkyl or (C;-C;)eycloalkyl), each group being
optionally monosubstituted or polysubstituted with different R3a;

23. NHC(O)R3a;

24. N((C;-Cjg)alkylC(O)R3a;

25. N(R32)C(O)R3b;



33. S02(linear or branched Cl1-Cl10 al kyl); 34.
wo Sddehshser ocycl oal Iryl); the said products of fEihaoes0s1100
(1) being in the formof the base or of an
acid-addition salt. The present invention thus rel ates
tas. conpourNiss(barigg the following general formula: in
VTl ch - R¥}@EmdC, B4ikimsyo,resa; | ndependent |y of each ot her:
8. H 2. haRegem),Bb; CF3; 4. substituted oxy; 5.
aot i onal | YRbgti tuted al koxy; 6. optionally
swbst it ut e®k3gm no; 7. substituted carbonyl; 8.
aut i onal | worakstituted carboxyl; 9. optionally
sbsti t ut eh,RE;de; 10. sulfur in different oxidation
in which RBA4RIR blate Bboseh Vot VI) such as optionally substituted
Sialdgbde, sul foxide or sulfone; 11. C1-d 0 linear,
lkemnpched or cyclic al kyl optionally conprising an
QfkAr@n 8lahdhe8 A&t jdil.ed heteroatom 12. optionally
substeidivdigd; | i near, branched or cyclic C2-C7 al kenyl;
13.capeh@pal |y substituted |inear or branched C2-C6
at,kyAMynyll4. optionally substituted aryl or
fet®) grylitydroxy; R6 being a heteroaryl (5- or 6-nenbered
va,td, dikésg; 4 het eroatonms chosen from N, S and 0) bonded
. tO-a,hgkAg@mas bol ine unit either via a Cor via an N
10 keti.ongi ng to R6, R6 being optionally substituted. The
11.ilpvaNbrathedBrcgclanesChicat Loy ariat es to conpounds for
12.viegl): - R3 and R4 may be I ndependent|ly of each
13.akier: 1. H 2. F, 3. d; 4. Br; 5. 1; 6. CF3; 7.
14, G¥ecany®, NRlaRlb; 9. CCRZa; 10. C2R2a; 11. CO(NRlaR 1
15. heterckclosBBda; 13. SOR2a; 14. S2R2a; 15. linear or
16.¢ached or cyclic (C3-C7) Cl-Cl10 al kyl optionally
17. NEMEHTS Lk e, @T,)cglé16alRAYs; | tuted or trisubstituted
18.Wi({-BRakR2 (B2C,)evkalkkyaear or branched or cyclic
19. (NIB{£z¥l)or G2eiClry| kenyl optional |y nmonosubstituted or
20. N(atybstHeterbad),or trisubstituted with R2a, R2b, R2c;
21. N(aryl or heteroaryl}{(C,-Cp)alkyl or (C;-C;)cycloalkyl);
22. NHC(O)-({C,-Cyp)alkyl or (C;-C;)eyceloalkyl or heterocycloalkyl);
23. NHC(O)~(aryl or heteroaryl);
24, NHS(0).-((C;-Cyg)alkyl or (C;-Cy)cycloalkyl or heterocycloalkyl);
25. NHS(O),~(aryl or heteroaryl);
26. CO(linear or branched C,-C,; alkyl);
27. CO(C,-Cp alkylamino);
28. COy(linear or branched C,-C,, alkyl);
29. C(O)NH(linear or branched C,-Cq alkyl);
30. C(O)N(linear or branched C;-C,; alkyl),;
31. S(linear or branched C;-C,, alkyl);
32. SO(linear or branched C,-C,, alkyl);
33. SOy(linear or branched C,-Cy, alkyl);
34. C(O)(heterocycloalkyl);
the said products of formula (I) being in the form of the base or of an acid-addition salt,

LW NG R W

The present invention thus relates to compounds having the following general formula:

R4

formula (1}




17. linear or branched C2-C6 al kynyl optionally
WO Deosokst i tuted or di substituted or trisubstitup@gFR2009/051100
with R2a, R2b, R2c; 18. aryl or heteroaryl optionally
nonosubstituted or disubstituted or trisubstituted
wi th R2a, R2b, R2c; 19. heterocycl oal kyl optionally
in whinosubstituted or disubstituted or trisubstituted
- R3 md B¢ R2aheRitldeRBdently oRGicheatherg a heteroaryl (5- or
1. eHenbered with 1 to 4 heteroatons (N, S or 0) bonded
2. tloaldgse azacarboline unit either via a C or an N
3. befisonging to R6, R6 being optionally nonosubstituted
4. owbgiingetbsdyi t ut ed or trisubstituted with R2a, R2b, R2c in
5. vdprioimlIRBehstifef2d atkogly;R2c are as described in the
6. eoptinqplig substinutekhmimyibst i t uent s nenti oned above: - R la
7. ambstititéal cueyonple, 1 ndependently of each other: 1. H 2.
8. ogptibmadlslshbstineed @esibbegd;i t ut ed or di substituted Iinear or
9. bopaioncdtig dutatituedahide; (C3- C7) Cl - C10 al kyl; 3. optionally
10.nsnlms inb difffietent exidaion ditaesbdl of TVed Vi)rstel aooptionaine bedtituted sulfide,
GRHOGd=driselfiyde; 4. optionally nonosubstituted or
11.d¢,9Dyp stinetn) t teshched @ar cyolic atkah apeohals - édmpaikiky natl joponally substituted
dptaraunat;| y nonosubstituted or disubstituted aryl; 6.
12.oyptibwaliz shbystited diseds Hrarchkédod coaticdl, € bkensti;ut ed
13. hoptienalig sybistituied liogdr oobrahdhyd OpaoAkynst;i t ut ed or
14.dipsioiodly isthstimttd ket ayeterrylppt i onal | y nonosubstituted or
- R6 bhiigg dhlgtdroanyl€sl c@ahdtyeredvithoptbiddie@tdatonizehasi ishiN, $tagd O) bonded to
the azmcarbiolsm losit eithet ed a Clavid an NLB:lorgjrgito R6) RG/being optionally substituted.
nmonosubstituted or disubstituted CCOheteroaryl; 11.
The ippEhtianabile gparifivaldtettes tadorthoods dorsaHidt | t ut ed CQRal kyl ;
- R3 @@ R4opdy enmbtpendentip sikash othett ed or di substi t ut ed
ICaryl; 13. optionally nonosubstituted or
2diBubstituted CQ2heteroaryl; 14. CONH2; 15. optionally
3mof@ipsubstituted or disubstituted CONHal kyl; 16.
4opBi;onal | y nonosubstituted or disubstituted CONHaryl ;
517, optionally nonosubstituted or disubstituted
6CONHhet eroaryl ; 18. optionally nonosubstituted or
7diGRBstituted CON(al kyl)2; 19. optionally
8moNBsaRist i t ut ed or disubstituted CON(aryl)2; 20.
90pfORPmIl | y nonosubstituted or disubstituted
1CaNpReaer oar y02. The optional substituents R2a, R2b or
IR2CO@RIaRhipsen, i ndependently of each other, from 1.
1E;SR2a; Cl; 3. Br; 4. 1; 5. CF3; 6. optionally
1Bo$@RUbst i tuted or pol ysubstituted |inear or branched
1€I8@RAa;al kyl ; 7. optionally nonosubstituted or
1 palingstudrHrarichidodt @RicGC; €Y cCralskkyl oflionsipt mevalitlsiituted or disubstituted
nosroswbsitutediwvld R, RPORYsubst i t ut ed C2- C6 al kenyl ; 9.
16 plirieana|brancinadroe syuis {C4-0f) €4-(Q kel wetidanally i dbstRiddr disubstituted
al deymignbstitd€d wikR24lH2b, Rt i onal |y nonosubstituted or
1pdingsiudrdtrarchide@l-C 4 dieay] @tiohdlBrdieshbOrt(ied of diybalitket jor trisubstituted

with R2a,R2b,R2¢c;

18. aryl or heteroaryl optionally monosubstituted or disubstituted or trisubstituted with
R2a,R2b,R2c;

19. heterocycloalkyl optionally monosubstituted or disubstituted or trisubstituted with
R2a,R2b,R2c:

- R6 being a heteroaryl (5- or 6-membered with 1 to 4 hetercatoms (N, S or O) bonded to the
azacarboline unit either via a C or an N belonging to R6, R6 being optionally monosubstituted or
disubstituted or trisubstituted with R2a,R2b,R2¢ in which R2a, R2b and R2¢ are as described in the
examples.

In the substituents mentioned above:
- R1a and R1b may be, independently of each other:
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12. optionally nonosubstituted or pol ysubstituted
)cycl oakl ; 13. optionally nonosubstitut
wo 8%(%;3%3 stituted O-aryl; 14. optionally mnosubs@@?ggogmsu{m
or pol ysubstituted aryl; 15. optionally
1. m@nosubstituted or pol ysubstituted heteroaryl; 16.
2. OgptibdTR oo RRGEDS disublitideDlineROdr bEdnbisddiot ciel (C,-C,) C,-Cyg alkyl;
3. haphien09 vheabitthted drdisublt@itedBreattbtanthed @, @), alkkml; or
4. (SpBiokally encmbadbitdtbd &TdifBHRISE R bkittBed CEG RIKGHAUP
5. bepiibghll9 PidneduditptedBrRmUiBited 4y1ed or pol ysubst i tut ed;
6. 1dptioNmPimorbbatltyd orisubdadrtédhetrsdraal kyl) 2, each group
7. DepiBgal9 plonefudititted B IREmbRRIEd behed; Oor pol ysubsti t ut ed;
8. 2dptiofy n@RSdubitBNOSAS nied €dalRyl; pol ysubsti tuted
9. Niptioadly moabsubir@EP didubstinddd COk9E Yl or heteroaryl)2,
10.€36iBn Ay Ao oGt g PR disABRnkYd ODRAEHAFE | tut ed or
1 1.nqitiy§amg ShonbdubQRhute et disibaitytéd OD,alkyl;
12 hepkiohag oy ub Girar sl ) kst r COGA.LCT) cycl oal kyl ), each
IS.%pﬁUﬁll?%idﬁ@suBﬁitﬂt&ﬂ&'dis‘xibﬁiﬁﬂ&ﬁ@@&%ﬂeiddfyﬁd or
14 pcbyEYbsti tuted; 23. NHC(O0) R3a; 24.
15 Nipti6hal 1$indhadubytingee DorABabstidRed NKRkyIf (CL- C o) al i cyl or
16.(dpBiofally @acabRBithotkd GdifBhRLACYONAaNKY! ), each group
1706110 BlonesuBitinyte A RIRmbRRItEd @@Hﬁh&éroﬂ?i;ySUbSt i tuted;
18.26ptiotd o babstirhigd ot didvbstiited CBNEaTRyDY.Cl 0al kyl or
19.hekiekme i oabiitd Lor d@aBRINGEOOONRBHING optional Iy
2o.mmzmb§mbaﬁmé&orm@uu§m§d CONtHRRr0aR ), Optionally
nonosubstituted or pol ysubstituted NHC(O)-(aryl or
The dpeibil Qvktithdnts R, RNCERAcare/dhofh, iRgdpeidRailydiedeh QR From:
gr;oup being optionally nonosubstituted or
pot ysubstituted; 29. NC(O0)(aryl or
et eroaryl) ((Cl -Cl0)al l cyl or (C3-C7)cycloal kyl or
het erocycl oal kyl ), each group being optionally
nompsubstituted or pol ysubstituted; 30. NHS(02) R3a;
IbtioM{1§ Glonédubstitktt Tt pdlyRdii3Rd 1idehr or branched C,-Cyo alkyl;
Np&6ARY nlohbdubsabddPdripylysiistitifed (CC), 6yctdatiagl;kyl or
hptienallG yrohesabdtiltdd orpoRbuttitan ek, Bltet | Onal |y
. "OpGSUD Sohbsubfilt& orpelyviseidsiet oLLCed .
10.N%4.02) ((Cl - C10) al kyl or (C3-C7)cycl oal kyl or
11.huptiea0§ yohoabiikd Por pBBEIbsGHRH Pndde biNgtaRRéd ORE)-C)alkyl;
12."@[1@1&‘&115ﬁoh&ﬂbﬂﬁlt&for@ﬁiymmieﬂUJ(tC@-@-,-)c oaﬂ%ﬂ»,tl onal |y
13.18pAOEUD Slohé bl orfpel Y&Hﬁaﬁieﬂt}lérﬁg (02) - (aryl or
14. hiptieda0@ iohdsubstute NP ORI (bakiMed @Fy1;Net eroaryl) 2, each
15.%&61&112ﬁioﬂ&uﬁ@ﬁdt&f@'pbwsdﬂﬁﬁkﬁﬁﬂ R&tlobiy; ed or
16. ptiySUP Sohbsubgittite 3G po YUt {ed hidtbroScloalkyl;
17.hefigroaryl) ((Cl-Cl0)all cyl or (C3-C7)cycloal kyl or
18. e grReysdieal &y la..-c Bal@Y 106 hielo B IRy 1) ORA ¥roup being optionall
mgrmg&e?& tsgamstzmsu stituted: 3%)00?361:2 gg o OPHORATY
19.%@?3&91 oPHERC, R ibloai33a cachl %rom%; obtfontfl GhorfBd@stituted or
ipplyashsti@feaned 1 n the exanpl es. The optional
20. Yphidally HRAbssbRRutdd @ pw&ﬂ £l1 B R@biyin the
21.9‘0’(@%5& HekfoaryRg Raddo ing¥pBShaf P hloBSkuB AHRBor PR subERRted;
22.Q4(afgBCor BEBro&HO, e[lcfoiaqlm dr. (bﬁtg%%rb'al D, Chk ghoup 'b@iﬁ%goptionauy
GhonEudREHRE ophifalbliaiday| ; 4. C3-Crcycloal kyl;” 5. C2-
23. NHEyR3a; 6. -C6 allcynyl; 7. OH
24. N((C,-C0)alkylC(O)R3a;
25. NHC(O)~((C;-Cyp)alkyl or (C3-Cs)eycloalkyl or heterocycloalkyl), each group being optionally
monosubstituted or polysubstituted;
26. NC(O)(C,-Cig)alkyl or {C;5-C;)eycloalkyl or heterocycloalkyl),, each group being optionally
monosubstituted or polysubstituted,;
27. optionally monosubstituted or polysubstituted NHC(O)-(aryl or heteroaryl);
28. NC(O)(aryl or heteroaryl),, each group being optionally monosubstituted or polysubstituted;

bl e A A ol
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8. linear, branched or cyclic (C3-C7) 0-(C1l-C10)al kyl;
[; 10. aryl; 11. heteroaryl; 12.
Woggggge)rrsgg?}cl oal kyl; 13. NH2; 14. NI11-((C-d o)al kI;/ T/gr112009/051100
(C3-C7)cycloal kyl); 15. NOCI-d o)al kyl or
29.(BHara it Ihe@tds (2, -ClHaligNior (BLE)cyRloalkfl & 1R&kdydloalld), each group
Nied{pydptibriallp eloabRBENE] orbdlysidsaduneli; or
30.eHemM1) (( C1- C10) al kyl or (C3-C7)cycloal kyl); 19,
2K SEEEAC] OBl b (B G bR o
32.MEHSMEH CI-0qha § (BC,)c et alkeM/ ea@h group being optionally
(Iﬁam@?agwfad?abdﬂyéﬁbfﬁmé@t e; k;cyg %oaljlbézﬁ%é %1
33.NKISEOD(, @, phikArorhet-ex) | or &ete DY leadW group being optionally
habRkaRAiME] 3 pc_aﬁsubshﬂtw aryl or
34 hepttie 03 mohbéubbtitnted 89 palys stitued NHROG( LGV & 1eakdag)); or
35.8%%}%ng|@1&'§&%))? each- r&?ﬂ?@ﬁgbptg&ngl}h i AbsA8skidotedRk polysubstituted,
36. Vér! Hegeroaw)(((QIC, HEKA R R LIS e I ordweterocycloalkyl), each group
NR{:goplibfally FoRdsabitlreddr &gal Yé‘jféM;C' oalk?'cyl or
37.hedriLHeycl oal ky02; 26. I{)l (02)-(aryl or heteroaryO;
38.200,R99( 02) (aryl or heteroaryl)?2; 28. NS(02)(aryl or
3ohsyroaryl) ((C-C10)al kyl or (C3-C7)cycl oal kyl or
40.hedreraocycl oal kyl); 29. CO(linear or branched Cl-Cl10
41.63(5353;;111&Qich@@(s'akﬁ&ﬁfedﬁfth@é;@ﬁ%l&@.d Cl- C10 al kyl); 31.
C(O)NH(l i near or branched C1-Cl0 al kyl); 32.
The dptiOndNelbsii@adts &1 th @gfﬂ&ﬁ detl RE3 OnBdrkikd frdupsiBra, REH drAGRAYC, also called
grouR3, ROCHFd Gle ggl,%en de¢l ) 34. SQ(linear or branched

1. Ghidzdh) al kyl); 35. S02(linear or branched Cl1 -Cl10

2. atkyl). The group R6 is a 5- or 6-nenbered heteroaryl
3. AiRires dkinyheg Qs uIfy,om pyri di ne, pyrazole, imdazole

4. apdCicktlaalpie groups optionally substituted with R2a.

5. Thecues@nt invention relates to the set of conpounds

6. havingkyiie fol | owi ng general formla: in which - R3
7. avd; R4 may be, independently of each other: 1. H, 2.

8. Hineak, bighched or cyclic (C5-C;) O-(Cy-Cio)alkyl;

9. O-aryl;

10. aryl;

11. heteroaryl;

12. heterocycloalkyl;

13. NH;;

14. NH~((C,-C,g)alkyl or (C5-Cs)cycloalkyl);

15. N{{(C,-Cyp)alkyl or (Cs-Cy)cycloalkyl),;

16. NH-(aryl or heteroaryl);

17. N(aryl or heteroaryl)s;

18. N(aryl or heteroaryl)((C,-Cig)alkyl or (C;-C;)cycloalkyl);

19. NHC(O)-((C;-Cyp)alkyl or (C3-Cr)cycloalkyl or heterocycloalkyl);
20. NC(O)(C;-Cig)alkyl or (Cs-Cr)cycloalkyl or heterocycloalkyl),;
21. NHC(O)~(aryl or heteroaryl);

22. NC(O)(aryl or heteroaryl);

23. NC(O)(ary! or heteroaryl)((C,-Cyg)alkyl or (Cs-C;)cycloalkyl or heterocycloalkyl);
24. NHS(01)-((C;-Cyglalkyl or (C3-Cr)eycloalkyl or heterocycloalkyl);
23. NS(O)((C-Cyp)alkyl or (Cs-Cy)eyeloalkyl or heterocycloalkyl)s;
26. NHS(O;)-(aryl or heteroaryl);

27. NS(O.)(ary! or heteroaryl),;

28. NS(O;)(aryl or heteroaryl)((C;-Cio)alkyl or (C3-Cy)cycloalkyl or heterocycloalkyl);
29. CO(linear or branched C,-C,, alkyl);

30. COy(linear or branched C,-C,q alkyl);

31. C(O)NH(linear or branched C,-C, alkyl);

32. C{O)N(linear or branched C,-C,; alkyl),;

33. S(linear or branched C,-C; alkyl);

34. SQ(linear or branched C,-C,q alkyl);

35. SOy(linear or branched C,-Cq alkyl).
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4. Br; 5. I; 6. CF3; 7. ORa; 8. NRlaRlb; 9. COR2a;
wo 36bo/Ge8dea; 11. CO(NRlaRlb); 12. SR2a; 13. SORZp¢T/AR2009/051100
S2R2a; 15. linear or branched or cyclic (C3-C7)
Cl1-C10 al kyl optionally nonosubstituted or
disubstituted or trisubstituted with R2a, R2b, R2c;

e i AT S BeRER PSP aful R bRy S MR, e

and ttiados gosups ppticealiyvubstink@bwitikRPs. R2c; 17. linear or
branched C2-C6 al kynyl optionally rmnosubstitut ed or
di substituted or trisubstituted with R2a,
The presentgipyantien relates & thapey P esmpewis hpyingha Brélewtgu g@%&r@ d’owﬂa
di substituted or trlsubstltuted with R2a, R2b, R2c;
19. heter ocyckgal kylH optRbnal | ésrmnosubstitut ed or
di substi tuted J/substltut wth Ra, R2b, R2c; -
R6 bei ng a het e?ﬁ 57" 6T-\6- menberg sty 1 to 4
Qr

het er oat ons N, to the azacartol i ne unit
either via a C or A n§lto R6, R6 being
optionally nonosubsti tgt ed or disubstituted or

trisubstituted wth R2 R2b, R2c; in which R a and
Ri b may be, independently of each other: 1. H, 2.
. linear or branched or cyclic (C3-C7) Cl-Cl10 al kyl
in Whieh i onal | y nmonosubstituted or disubstituted with R2a
-R3 NZbM may b, indgpendently obeachale2- C6 al kenyl optional |y
L. idhosubstituted or disubstituted with Rea Reb; 4.
2. | Fsnear or branched C2-C6 al kynyl optionally
3. nlehosubstituted or disubstituted with R2za R2b; 5. aryl
¥:i onal | y nonosubstituted or disubstituted with R2a
b; 6. heteroaryl optionally nonosubstituted or
6. d‘?@ubst ituted with R2za R2b; 7. benzyl optionally
7. substituted or disubstituted with R2a R2b; 8.
8. diﬁh&ﬂ >optionally nonosubstituted or disubstituted
% wi-PR242a R2b; 9. Coaryl optionally nonosubstituted or
lodpg%tltut ed with R2a R2b; 10. COheteroaryl
9@%1&& ‘3’/ nmonosubstituted or disubstituted with R2a
2.11. CRal kyl optionally nmonosubstituted or
13d$@%%?st|tut ed with Re2a R2b; 12. COZaryI opti onal ly
Btbstituted or disubstituted wi 13.
15@%@1@%}1 OIchifll%(ﬁaﬁr)gﬁ 1n%.n égzulogqtlpflq}lyé%ongfubstltute or disubstituted or
dirisehsauied R R Rb. R Ro .
16 olinerprArangheding seslis §¢ ¢ Feﬂfs e%kelafl gmwgtﬂi& Ia?vé)auwwd szésubsﬂfuted or
Rpigubstigted sy Beas R2bo BE§ional | Y, monosubst | t uted or
17glingan et prerbed) CoiCe a1kxoy qrbpnally monopksiffaed Pbaxswsmuted or trisubstituted
thtPBﬁ%IRIZQ BShosubstituted or disubstituted wt
18 a1l orjlpterqanylopigsplly znoaawb%m%w 9 diswhsdttsd o frm%ms?d with R2a, R2b,
dR&Gbstjtuted with Rea R2b; 19. CON(aryl)2 optional |
19%@%@6%@&@@%@ mprosstifuted Qs Pt er wopbstipgpd with R2a, R2b,
AR het er oaré %mz optional |y nonosubstituted_or

- Rédlpeg%gtljete t’lhﬁﬂ?a:‘bRZB “with 1 to 4 hetercatoms N, S or O) bonded io the
azacarboline unit either via a C or an N belonging to R6, R6 being optionally monosubstituted or

disubstituted or trisubstituted with R2a, R2b, R2c;

in which R1a and R1b may be, independently of each other:
1. H;
linear or branched or cyclic (C3-C;) C,-Cyp alkyl optionally monosubstituted or disubstituted
with R2a R2b;
linear or branched C,-Cg alkenyl optionally monosubstituted or disubstituted with R2a R2b;
linear or branched C;-C; alkynyl optionally monosubstituted or disubstituted with R2a R2b;
aryl optionally monosubstituted or disubstituted with R2a R2b;
heteroaryl optionally monosubstituted or disubstituted with R2a R2b;

o

S
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in which Rka, R2b and R2c are chosen, independently of
wo ggpnseidier, from 1. F 2. Cd; 3. Br; 4. 1; 5 g&BFRE009/051100
Il i near or branched Cl-Cl10 al kyl optionally
nonosubstituted or polysubstituted with different R3a;
7. henfgBofionaliichambhbstituted pt diewbatithned mixth ®2u B3b; t ut ed or
8. poDallsyl bptidnhlly @onoantshituckdfol diswtntitutdd aith®R2a@2bC6 al kenyl
9. opDargdnglibnallpenesubsinitéddratubatitypal wisiREt Ryt ed Wit h
10.dCOlieetraany]l opaal P mokBukshituaddioy dighbsafutadoridhl R24 R2b;
11.nDvakybstibbally etbnosubginhtyd eHaidubdtititativith RPa RRH; f er ent R3a;
12.100,aHpptibhallyl hereaubsitited badiaibeituied ¢4 RCAB2E| Kyl
13.0pDheambiyyoprionduhsibiibstiteedd or digubbtitaeb&ith Rod R2b;wi t h
14.di®NHy,ent R3a; 12. 0-(C3-C7)cycl oal kyl optionally
15.nDDHalkgtoptiotiatd mofiospdtivisddas distbitiattdmith RIAIRKber ent R3a;
16.1CONBargT opitiofybly intinasubytitnedersdisubititited ©ith REa R2b;
17.pobYHhdarbard Ipei ozl tdonskubdtigwteddr dRR3Bstinik«d wigh §2a R2b;
18.0pON@ikg!) yptiobaiymdnsubttithitedloadisupstityisdibit RRARZG W t h
19.di0N@rwdR bptRaally hénostitetitted af Jikubeitaicd MdthIR2a R2b;
20.n0DeG eyl )u bt ibndlly raloyibatiatet budiedstitiited with REeRelt R3a;
16. heterocycl oal kyl optionally nonosubstituted or
in which 04, Rt lasd R2cdrechoséri, Ihdehchdetle of calBatherl fomNH2;  18.
. N ((CG -Cl0)al l cyl or (C3-C7)cycloal kyl or
helt er ocycl oal I cyl ), each group being optionally
namosubstituted or pol ysubstituted with different R3a;
M. N((C-GCo)allcyl or (C3-C7)cycloallcyl)?2, each
gtlmup being optionally nonosubstituted or
deyrsatbisrbrchet €ghOn 4lkyl ciplibmatle nionk8stitdRd oNipelyaubylitued with different
Hetagr oaryl ) optionally nonosubstituted or
7. potErsybsilkyl wptishally inbndubstigednt pAFabstidilted Mihdifferent R3a;
8. het@ratianyl bpRonatia elonapubstiputdiedr palyabktitoad vty different R3a;
9. nyOikyayldptibratly etongnbstisusdaidripblytubdtitwied kittl idfffeesneRBa; R3a;
10.281; N(aryl or heteroaryl)((G -C10)al kyl or
11.(1(@8arGF beanched ab-Ky; - o Jakkplcdptigiiably pndnesubdstitaipd ooOpdyshlystituted with different
mAapsubstituted or pol ysubstituted with different R3a;
12. Z3(CNEGO0 B el opHdnal INRGhosubiitinjtad drpyllaibaiited witB different R3a;
13.NHayDdpptiofdlly-idrojubktityled of pdl ¥sabsGalreithodifféeyht R3g;
14.hetlepiapty mahdsybstitutedat bolgsubstutbe ivithy diffatenoRE; | y
15.riereasacs eptidnallyertomusulotuyed wb polyubitiededwithdifiedehteR a0t R3a;
16. 2feterdui1 031Kyl Qbtichallanbkydsulsititu(eddr flyapaitnad with different R3a;
17.heler ocycl oal kyl) 2, each group being optionally
18. - GEHTS Halkylt @d (OFCigtipslitds bi hetewdycldalkyl)dichdhe p@np Hedq; optionally
ZdonoMbEltOked beolysubstititel veiftodifiytkgt R3pf | onal | y
19.MOsORatkyl Wk o@:ar)cpabalislips tichu g@dp Vbdidy @pfidnale nhorddsdbistituted or
2BlysME(idjef ariphl diffsreti®B&r oar y1) 2, each group bei ng
20.0yH i opiadr hytervary Sphaially tbadulastinggal oy polpsibititutee ditldifferent R3a;
21. AN Edve oe hibteld3d]),, 2ach BouP beimp Wptionally monosubstituted or polysubstituted with
hiffaero®3y;1l) (( G - Cuaal | cyl or (C3-C7)cycl oal kyl or
22.Iet oary hbtembigP(C;-CaRtityl goroup,-0otRpalipl)] @ad |group being optionally
rdpsubbitiied ui @lysabstineddysittodifierknttRed; wi t h di fferent R3a;
23.3CCHRELH2) R3a; 31. N((C -Cl0)al kyl S(02) R3a; 32.
24.NHBC Q2 )alig Do) al kyl or (C3-C7)cycl oal kyl or
25. hetief® i@ laahklkyll or ,(CeapbycialkyPodisstdieryolphlk@n &ty group being optionally
rdesubbstied of glysabstinmddyrsithodifrerenttRad, Wit h di fferent R3a;
26.38C(ONBCLPL ) falkel ofSAC) @hdyehik@r or( KeberderdlonkyIRakdct| gr@fp being optionally
hedresudstitaled at polyshbstin@siohitodi FetbntB8ang opti onal 'y
27.NROE)SYI drikrtbasl) dpabnafiy ishosubitideddripblyelikfitafea Riith dFRerent R3a;
28. NC(ONAS( 0hetreuiyl),, @kh HRLEbERS dPtibnRInhdB&bktituted or polysubstituted with
roffasitpsSh; t uted or pol ysubstituted with different R3a;
20.35C(ONah02) hakvhryDi(Chet Rligaby {0,245, aehlkdrd heteRrydlgalkyl), each group
O2inig @PRdrally AoABENI Rkl helgsubktited Witk BSetdntR®RE Wit h
different R3a; 36. NS(02)(aryl O
heteroaryl) ((G -Cmal kyl or (C3-C7)cycl oal kyl or
het erocycl oal kyl ), each groug being optionally
nonosubstituted or pol ysubstituted with different R3a;
COR3a; 37. CO2R3a;

S AW~




38. SR3a; 39. SOR3a; 40. SM2R3a; in which R3a is
wo gi9asmgirom 1. halogen; 2. CF3; 3. linear or kF@yrResio/ns1100

Cl-C10 al kyl; 4. C3-Crcycloallcyl; 5. C2-C6 al kenyl;

6. C2-C6 al kynyl; 7. OH 8. linear, branched or cyclic
30.(MB3s(OR3Q- (C1- C10) al kyl ; 9. O-aryl. 10. aryl; 11.
31.heeroaakyis(@IrR34et erocycl oal kyl ; 13. NH2; 14.

32. NES(06)Ge QG @atdykynl (CHC, e (S3odllh) oY hdtaradyiclohlkyl), ach group being optionally

Nadrickubelitaied bkpdlysabstiftadvaih) diffeba@3bcy 1) 2; 16. NH- (aryl
33.a0S(et @ -aanalkyl ;or 1T>-CHéxatoalkyDor hedresyomnlktl),? pach8erody baing optionally

Ghoreeibetiterd ydptifsubsttdidalikydiffeent R33; C7) cycl oal kyl ) ; 19.

34 NHATK () - fyCbr KeldddanyI K yitiondlly(hatroSub}idiyied onpdiyslibstituted with different R3a;
35.heg ()0 VICrORdideydry),, 24th N{pOBifgChption il Hphosalsstituted or polysubstituted

(Gt Gifent@3aal | cyl or heterocycl oal kyl)2; 21.
36.NKZOO)) ar{ladT Wete@ary MRICETRAAIM Jor (@a2C,)dNCIoBk{1adr Hetefdcycloalkyl), each group

hetirropisnally gioneddbstitiédr palyytbstittited with different R3a; COR3a;
37.nevmnearyl) ((C -G o)al kyl or (C3-C7)cycl oal kyl or
38.hetxar ocycl oal kyl); 24. NHS(02)-((Cl-Cl0)all1/471 or
39.(40R%ay) cycl oal kyl or heterocycl oal kyl); 25.
40.N539,@33:( (Cl - C10) al kyl or (C3-C7)cycl oal kyl or

in which Rei Rrch&¢e freal ky1l) 2; 26. NHS(02)-(aryl or heteroaryO;

1. 2naloghi( 02) (aryl or heteroary02; 28. NS(02)(aryl or

2. heg,eroaryl) ((Cl- Cl0) al kyl or (C3-C7)cycloal kyl or

3. hatetr® Oyatiedldyd )aliky?29. CO(li near or branched Cl-Cl10
4. abkglcyclodyl; CO2(1inear or branched C1-C10 al kyl); 31.
5. G Qo Mikehitnear or branched C1-Cl10 al kyl); 32.

6. AL Miksnpiear or branched Cl1-Cl0 al kyl)2; 33. S(linear
7. ooHpr anched C1-C10 al kyl); 34. SQ(linear or branched
8. Qine&s] Brandhisy by cycBE(C, 80T pERRIkgL, br anched Cl1- C10

9. ablewmil;) .

10. aryl;

11. heteroaryl;

12. heterocycloalkyl;

13. NHZ;

14. NH-((C;-Cyp)alkyl or (Cs3-Cr)eycloalkyl);

15. N((C,-C,p)alkyl or (C3-Cy)eycloalkyl)s;

16. NH-(aryl or heteroaryl};

17. N(aryl or heteroaryl),;

18. N{(aryl or heteroaryl}({C;-C,p)alkyl or (C5-Cr)eycloalkyl);

19. NHC(O)-({C,-C,p)alkyl or (C5-Cr)eycloalkyl or heterocycloalkyl);
20. NC(O)((C,-Cyp)alkyl or (Cs-C;)cycloalky! or heterocycloalkyl),;
21, NHC(O)~(aryl or heteroaryl);

22. NC(O)(aryl or heteroaryl),;

23. NC(O)(aryl or heteroaryl}((C;-C p)alkyl or (C3-C,)cycloalkyl or heterocycloalkyl);
24. NHS(02)-((C,-C p)alkyl or (Cs-C;)eycloalkyl or heterocycloalkyl);
25. NS{O,)((C,-Cp)alkyl or (C3-Cr)eycloalkyl or heterocycloalkyl);
26. NHS(O,)-(aryl or heteroaryl);

27. NS(O;)(aryl or heteroaryl),;

28. NS(O,)(aryl or heteroaryl)((C;-C g)alkyl or (Cs-Cs)eycloalkyl or heterocycloalkyl);
29. CO(linear or branched C,-C,q alkyl);

30. COs(linear or branched C;-Cy alkyl);

31. C(O)NH(linear or branched C,-C, alkyl);

32. C(O)N(linear or branched C,-C,y alkyl).;

33. S(linear or branched C,-C,, alkyl};

34. SO(linear or branched C,-Cg alkyl);

35. SOy(linear or branched C;-Cy, alkyl).
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In the context of the present invention, positions 2
WO s/ 1&esgjoul d not be substituted, in contrast WERTFR2009/051100

docunents of the prior art. (Cl-Cl10)Al kyl or Cil-Cl10

al kyl nmeans any saturated, |inear or branched carbon
In the conk]etxh(?ff the Qr&ntég ea{?/‘ rl}bggﬁiﬁ%}ng n% g‘%}l}slougféls@ﬁ% %u%tg{ﬁ'lgt n% in contrast with the
dmmnmﬁgombWMEmasolely of carbon atons, especially

cycl opropane, cycl obut ane, cyclopentane cyclohexane

or cycl oheptane; but al so possibly bearing

(Cr-Qra By Lo ron alkylgneas ampiebiraises ligse ar '@rﬁ@he%gﬁélpqywé%éwél to 10 carbon
atom§yCl ohept ene, etc. Clal kyl hydroxy nmeans any sat ur at ed,

| i near or branched carbon chain of 1 to 10 carbons

bearing at | east one hydroxyl group (OH). C1-C10
Aryl alekmepyienybanmplahyl. sat urated, |inear or branched carbon

chain of 1 to 10 carbons bearing at | east one ether

function (COC. C-Cl0 al kyl am no neans any
(Cs-(sMivgloalkld mebisneny won-arsatichduz cfarrmdn selpliti pf ohrbdn t yorh especially
cyclopRipRRY) %c%ﬁ{ah@ Qy@l&peh{%ﬂé Hg&&%xﬁm d?% ég{lﬁé Yout ﬁ?&g&gﬁﬁ&%earing an

or tertlary) uhctl1 on. t eroar
unsatyrafion i esHRle BiFIPERefpTYSIOpeYeae, ébq%?}zspmfh @tCat | east one
heteroaton1(N 0 or S), especially: pyrldlne

C,-C &[kgﬁ;'y rlf)%’e gjf%{énégj? ga)%ggts(li E%reag'tzog lbran%ht,?a Ica ncc{}'l d tggs carbons bearing
at leagtrapprhydroxyd ywup @H)cont ai ni ng at | east one het er oat om

(N, O or S), especially indole, benzimdazol e,

azai ndol e, benzoffiran, benzothi ophene, quinoline,
Ci-Celkoxymeans ey wruetbd yheaﬁeabrsn@ﬁycan@nﬂhm@ rht focl Grparbons/ledaring at least
one eitler RinSml(€-d-Bpi r0 or non-spiro) containing at |east

one heteroaton1(N O or S) with or without

unsaturation, especially: norpholine, piperazine, 4-

Cl-CﬁﬁﬂcBT}ah'ﬁﬂoﬂﬁsEaaZ hﬂ’yesamﬂatélfhﬁlf}é} sibrheRyd @irtR@rcddih BE1 to 10 carbons bearing at
[ ne epoxi de, di oxane,
km“?ﬁ$ é%ﬂb gwp% I@?? r“ﬁ%ﬁﬁ%ﬁﬁ%o%tc The conpounds of

formula (1) may conprise one or nbre asymmetric carbon
Hetelﬂal‘}ﬂﬁnean-gqu sITRY of lﬂ%n‘@ﬁﬂe& tdl’DIII{Z]itIE %n rﬁf:l@ c%tgfﬁﬂ@ nt ie%p%lhé heteroatom
di ast ereoi somer s ese enanti o
N, %?ra%)t spedillyopaidine, pifniding dmidesale Pegzeledriazele; thiqphéngdfupay, thiazole,

oxazd18.CR] ndMIdd BiERSic af Mk F&?it&m@f:onttzhﬁné BY Rt | 28 hetyb@tom (N, O or 8),

nm of .formul a exist 1n the fo of
especipll o Eergf‘cslﬁma@zal%?&aﬂfl%?l% hewafiran, besgptiopkiae BB % e
form part of the i nvention. These salts may be

Hete ﬁycPoa{kPrF mea Elgn?'g%%'%ﬁé In%oﬁlgtli%lgr%'%dgrg% Lf:,k;pelrofa cgrl 90&('58 contammg at
least pug hetayedtdny (N,gO or S} wh at withput hmammMpm,Lﬁaphslaﬂf thapimiing, plperazme 4-
meth&lkl)pe%%lrﬁrﬂ ‘ta 91% Qﬁ?&l agﬁ hE}éel fit; ga\ygjopdntl% :orxg{afr?] B§1de dioxane,
imidazpla gy gz eﬁ*B or 6- nenbered heteroaryl

preferably chosen from pyridi ne, pyrazole, imdazole,

The doktpB{He BE forMila M0 | hay@ombRicAAR | of nidke éswnﬁﬁﬁice;a%ﬁ Bidfhs. The ey may thus
exwte?tlo ally substituted with R2a. R6 al so represen

Hienen Rf pragiomyTs ot fiattrroeirgmesn THpt; “cS‘ﬁ%ﬂoP’;‘?fssftPS 1gstefRoisgmers, and
also thigtuedsQliy@if, Gadditg r@¢enG@ixdurad, FormPpai of the ivestion.
C(0) heterocycl oal kyl as indi cated herei nabove or
her ei nbel ow. Anong the conpounds of formula (1) that
The mpowndb pEbimpula{l) nhag exisvigribd o ofibdsey etofgridwagddioén salts. Such addition
med by the conmpounds for which: R3
whsﬁ%ﬂ?%ﬁ@ﬂﬁ%hﬁmﬁﬂg. hydrogen; 2. F;, 3. d; 4. Br; 5.
(Cl C10) al kyl; 6. ORza; 7. NRlaRIb 8. CCQRla 9.
CONR1laRl b; 10. aryl optionally nonosubstituted or
di substituted with R2a R2b; 11. heteroaryl
optionally nmonosubstituted or disubstituted with R2a
R2b; and/or R6 represents a fgeteroaryl group
especially a pyridine, pyrazole, imdazole, thiophene,
qui nol i ne, thiazole or triazole group. Anobng the
conmpounds of fornula (1) that are subjects of the




9. C2Rla; 10. NRlaRlb; 11. CO(NRlaRlb); 12.

wo brioasesicl oal | cyl; 13. aryl; 14. heteroaryl; egar/FR2009/051100
bei ng optionally substituted with R2a, R2b and R2c
and/ or R6 represents a heteroaryl group, especially a

Thes%%lrao Is %a?ﬁng pp%ar azol. tg; SphI 1y da 1ca1 aC((‘elpsaE) %s G {h%ugl’tse%ftoéher acids that

Y RUY ‘are su
are ugsffult fme exampés tfmrcmnfyalgt driigothtigg durrombomsrpbfmdlsla 3 aTS@ fraacpart of the
inver®¥p t N€ conmpounds for which R2a, R2b and R2c are chosen

rom 1. F, 2. C: 3. (Cl1-C10) al kyl; 4. OH 5.

O-al kyl; 6. NH2; 7. NHSO2allcyl; 8. NHSOchcI oal kyl ;

In th®: rdﬂh@@%ﬁ"f&hmla]@} asNhé%@a gérkﬂlﬁbgvél\-lﬁr lh{:\'%ﬁ()@t}ﬁytﬁb %ﬁﬂubyRG is a 5- or 6-
allc
m"méﬁ‘é‘?"e%@wga’f‘fﬁi s Figi % « Pl yn%@&lf i igphgge, quinoline,

thiazdle bh trid3éle gﬁﬂbs anidnfBosubginasewith ROMREImayalsrepfebent 8(O)NR1aR1b or
Cl0

alte &I'e(l)( &5 ;ttjo Iﬁél sigbatﬂué%&oces%gﬁl@h %éf)]f(uo'nsllNr sgbstlzuted C{O)heterocycloalkyl
as indifated he@imapentel og PéreinbelC3- C7) cycl oal kyl) 2; 9.
het er ocycl oal kyl . Anong t he conpounds of formula (1)
that are subjects of the invention, a first _group of
Amopg,is sempRIMAsOT el Dofpatiapresublsat fi ha nverfonyh fitshgropgof compounds is
forméEPI tBE &Mpdunds for which: 1. hydrogen;
R3 represents
hydrogen;
F;
Cl;
Br;
(C]*C]o) alkyl;
OR2a;
NR1aR1b;
CO2R1a;
CONR1aR1b;
10. aryl optionally monosubstituted or disubstituted with R2a R2b;
11. heteroaryl optionally monosubstituted or disubstituted with R2a R2b;
and/or R6 represents a heteroaryl group, especially a pyridine, pyrazole, imidazole, thiophene,
quinoline, thiazole or triazole group.

hali e B

Among the compounds of formula (I) that are subjects of the invention, a second group of compounds

is formed by the compounds for which
- R4 represents

1 hydrogen;

2 Cl;

3 ORIla;

4, (C)-Cig)alkyl;

5. (Cy-C) alkenyl;

6. (C2-Cy) alkynyl;

7 (Cs-Cr)eycloalkyl;

8 CORI1z;

9, CO,R13;

10. NRl1aRl1b;

11. CO(NR1aR1b);

12. heterocycloalkyl;

13. aryl;

14. heteroaryl;

each being optionally substituted with R2a, R2b and R2¢c

and/or R6 represents a heteroaryl group, especially a pyridine, pyrazole, imidazole or triazole group.
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2. F, 3. d; 4. Br; 5 (Cl1-C10) alkyl; 6. OR2a; 7.
wo dwbaRkhisr 8. COZRla; 9. CONRlaRlb;. andfeRrR2009/051100
R6 represents a heteroaryl group, especially a
pyri di ne, pyrazole, imdazole or triazole group. Anong
Am0%1%h§18 r%](?lln o%?ﬁlﬁ]sgﬁcfsfg r&n&é}a d('i)ntyoﬁare( slu}_]eétlg &t %% :]S'enﬁmgj aftﬁlr%%rgu%gp compounds is
fOHnQCHBftb@)mm@nmbf@rovhwml ch: - R4 represents 1. hydrogen
éZb?‘ R%é)e(@{ Fen .(Cl- Cl0) al kyl ; 5. (C2-C6) al kenyl;
(%2 ynyl'; 7. (C3-C7)cycloal kyl; 8. CORl a;
CO2R1a;~10. NRlaRlb 11. CO(NRlaRlb); 12.
hseterocycleablf 13. aryl; 14. heteroaryl; each
bei ng opt iggpal’ly Ulbstituted with Rea, Reb and Rec,
agwd/or R6 & g@gesents a heteroaryl group, especially a

r|d| ne, zole, imdazole or triazole group. Anpng
t ecorrpo orrrula(l) that are subjects of the
iqiventi on, oup of conpounds is fornmed by the
npounds I% R2a, R2b and R2c are chosen from
al ClO) al kyl; 4. OH, 5. O0-alkyl; 6.
12 7 1 8. NHSOchcI oal kyl ; 9.
02aryl ; 0) al kyl ;

C02a1ky1
C(O)Nhalkyl;

1 5. heterocycloalkyl; :

each being optionally substituted with R3a, R3b and R3c, chosen from:

1. F;
2. Cl
3. (Cy-Cyp) alkyl;
4, OH;
5. O-alkyl;
6. NH2Z;
7. NH-((C;-Cyplalkyl or (C3-C;)cycloalkyl);
8. N((C,-Cp)alkyl or (C5-C;)cycloalkyl),;
9. heterocycloalkyl.

Among the compounds of formula (I) that are subjects of the invention, a first group of compounds is

formed by the compounds for which:
R3 represents

hydrogen;

E;

CL

Br;

(Ci-Co) alkyl;

OR2a;

NR1aR1b;

CO2R1a;

CONR1aR1b;.

and/or R6 represents a heteroaryl group, especially a pyridine, pyrazole, imidazole or triazole group.

e Al ol s

Among the compounds of formula (I} that are subjects of the invention, a second group of compounds

is formed by the compounds for which:
- R4 represents

hydrogen;

Cl;

ORla;

(C-Cyplalkyl;

(C;-Ce) alkenyl;

SO S
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11. NHC(O)cycl oal kyl; 12. CF3; 13. CQ2allcyl; 14.
wog@)ﬁhgglkyl 15. heterocycl oal kyl. Anmong the c ?&?609/051100

formul a (I) menti on may be nade, |ndependen

each ot her, of the follow ng conmpounds: -

N-{ 443- t@zuggggkﬁgz( pyri d-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-cl di

pyri dr 4¢@tapiyeloyikylret hanesul f onam de; -

N-{ 443- cerhgxy- 6-(pyri d-3-y1)-9H-pyrrol o[ 2, 3-b: 5, 4-cl d

I pyriod- ¢oyRjaphenyHret hanesul f onam de; -

4- (3,18: BiRMER OXypheny1) - 3-f | uor o- 6- (pyri d-3-y1) - 9H pyr

rol o[12, BopRla&k16); di pyri di ne; -

4- cy gRops@pyttodtdd, uor o- 6- (pyrid-3-y1)-91-1-pyrrol o[ 2, 3

-b: 5,14 gyl i pyridine; -

3- netiRoKaterbarflpyr i d- 3-y1) - 9Hpyrrol o[ 2, 3-b: 5, 4-cl di pyri

each EEIE%/%R“(?B?IQ&HS“%@ ¥ith R32REe 9y8%¢d- 3- y1) - 9H pyrrol of 2, 3
and/or R6Tepdesenhtsla pateroatyKerylp] bpadisilyespyriimegiytadele, imidazole or triazole group.
3 hydroxy- 2, 2- di met hyl propy|
pyrid- 3- y1) 9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne- 3-car
Amo@g) ¢ Fempeounds of formula (I) that are subjects of the invention, a third group of compounds is

fomédﬁﬁh@aﬁ%o%dswr%ﬂc—@ y1)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri

&%aW%ﬁ?®°§%ﬁ% 3-y1)-9H pyrrol o[ 2, 3-b: 5, 4-ciclipy

rid-4- yfsl phenol ; -

4-1 (B -SLc cI opr opy! et heny1] - 3-f | uor o- 6- (pyri d-3-y1)-9

H- pyr3r olloiG0 3l 5 4- ¢l di pyri di ne; -

4- (3, 45 QHf | uorophenyl) 3-fluoro-6-(pyrid-3-yl)-9H pyrr

ol o[é 391114 ¢| di pyridine; - 2-nethyl propan-2-yl

6-(p rlﬂﬂsglﬂygl—l-pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne- 3- car

boxyl’at al

3-f] @or]gHﬁog‘EYG]é’ﬁ]éyl( pyri d- 3-y1) - 9H pyrrol o[ 2, 3- b: 5, 4- cl

i

443- fFu ﬂpﬁrldByl) 9H- pyrrol o[ 2, 3-b: 5, 4-cl di pyr

i d- 4- g Hﬁf@ﬁ@l%ﬂq 'diol ; -

[ 3- f1l (lpyrl d- 3- y1) 9H pyrrol o] 2, 3-b: 5, 4-cl di pyri

d- 4- yP- met hanone; -

343- fif vy NBal rid-3-yl)-9H pyrrol o] 2, 3-b: 5, 4-cl di pyr
i d- 4191 hetrgerzelaallyll f onani de; -
3-(norpholin-4-yl)-6-(pyrid-3-yl)-9Hpyrrolo[2,3-b:5,4

AmongCihgicBypdidd§ 8f formula (I), mention may be made, inde endently of each other, of the

1- et h3/1 1H pyrazoi 4-y1) - H-pyrrol o[B 75, 4-cl di

followé F?:WIH)
- N-{2]F-Fluan-6- (ﬂyr(mm)hﬁl-pylﬂrok[gll)rsﬁlnc( Wﬁwﬂ%llﬂhénﬁﬁdﬂ)&ﬁésﬁlf@{amde

ey A i SRR i pebggprnics

-4 ylptép@‘,pheny]) -3- ﬂuoro-6 (pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine;
- 4-cyNoHr%bﬂyi e (i ﬁyﬁ@ﬁhﬂ,@oﬁlm SUE Rsykialgl 2, 3-b: 5, 4-

rid-3-a
'3'“‘@ %y y%ﬁ(PéF‘@@;ViW@PVrﬁW[?éﬂb?aﬁcSdlﬁyrsilﬂﬁe cl di pyri di ne- 3-car
- N-cﬁiwpydp@l-&{S -fluoro-6-(pyrid-3- l) 9H-pyrrolo[2 3-b 5 4-¢’ Fd1 yr1d—4—y1]benzenesulf0nam1de

3P RS P bR b B BBy plgbarytte

- 4-methekyg(piydd-Ael)- -9H-pyrrolo[2,3-b:5,4-¢’ ]dlpyrldme, _ _
-3 [33H“1°l @&%13_3(}@/&11 95’"?5%[%)3_- ghp %dl&})grjfcgli I]ghenol ,4-cldipyrid
-4- [(B)-%Wcmmpslefhbmd} ~bilgerpy(piid-3-yHIH-Sirkoinf 2,3-bt 0f-2 | BpybidEied -

-4-(36L =3- -
S i dhy? ﬂuoroe (pyrid3-4-OH-pyy o}o%gb GAT D pyr

- 2-m7tgy1@r)2an32 51 ué-ﬁdr )p%ﬂ—pquZ 3:b:5,4-¢°) 1pyr1dme-3 carboxylate

- 3-fludrahidio &- @y yH1)bHBp Mol o D btoRy4-£ Qdkrdind; : 5, 4-cl di pyrid
i ne;, -

3- br ono- 6- (pyrld-S-yl)-QFprrroIo[2 3-b:5,4-cldipyridi
ne; - ethyl

(2E)-3-[ 3-fluoro-6-(pyrid-3- yl) 9H pyrrol o[ 2,3-b: 5, 4-c
| di pyrid-4-yl]prop-2-enoate; -

3- fluoro 443 (nDrpholln 4 prhenyI] 6-(pyrid-3-yl)-9H



WO 80d9prsohgior opyri d- 3-y1) - 9H pyrrol of 2, 3- b: 5, 4- ¢l dpE¥/FR3b09/051100

ne; -
246- (pyrid-3-y1)-9H pyrrolo[ 2, 3-b:5,4-cldipyrid-3-yl]p

- PRI OHmy By Shisy e2- A lgione 2% oy g
- [3-flupro-6-(pyrid-3 yl) -9H-pyrrolo[2,3-b:5,4-¢’ Jdipyrid-4-y1](phenyl)methanone;

- 3- [j\hl!l\&rg %%nﬁ)ﬁ% 91') bﬁyﬂ'y'rl‘ab?l yﬂJ)S 4%d%ﬁgfl ﬁfb@nz%n&ul%nn%mﬁiedl Py

- 3'(IB°rPW\nr‘b¥1353QH})TLd93—V1WHrPdF9{0@ 3b:545 Winsridingyr i di ne; -
- 6- (Bmamplhmcyyr@zom;&lm{ -ByYoldp2 3tk DY E @b R dne3- €1 5, 4-cl di pyri
- 3o ol B D o S B2 Ay b5 4P o1 i py
- 2-neihgipfopyl §- gijrﬁﬂ%h}l)lﬁ{-bﬁlﬁ‘ﬁs[ubf-tﬁﬂ&ﬁﬂd@yndme 3-carboxylate;
- Ny NI O LRSS REh B aotiblor 23 bR i anmin PY ot ol 2
- eth)mﬁ{(mgl3 ND@H&F}@O(%E%@;‘BG jdlpyrididePyoarbok i, 3- b: 5, 4- ¢
| f d -

"SGR S R %Ffbdﬁ"? ‘ﬂgJ o byerol ol 2. 3. b: 5, 4-ci di

- 3-rp el By i Sivheliesaidinenan de. -
-3- ﬂﬁbr{%[-@yrfd SLQI)-@i-lepyé’rlalo[Z 3-b:5,4-c ]d]pyrldlnle 2 3-b: 5. 4- ci di

rr 0 cidi ri

oA el s LT RS0 i

- 3-fl@orb e[ () e-thef Hethatyllaocfpptid-B. g1 DTy yrrdddiR Py 3,64 Wigyratide; 5, 4-

|

-3 or%)% ?ﬁd g%g?}ln%yrﬁlgg” br54 céd1%dm§1_|_ pyrrol o[ 2, 3-b: 5, 4-

- 3-bremgiGpyiidtp 1y8-9H-pyrrolo[2,3 b 5,4-c’]dipyridine;

- ethy® St[vgf}KMge 6L 593113 aﬁf-’éH Py¥didr23-t:5 M@ AEE-PY1 5 Bb-2lcRoats. P

-3ttt g S g S oymloB A5 resklpyridiaci
- 6-(pybd-4-yt)-9Hlpyaydlb[dj3Res,4-¢ ]dlpyndme 3-carboxylic acid;

3-fl 641- razol -4-yl] - 9H- pyrr
- [6- (E?[l‘l golgglg ﬂ)EZ ﬁISDycr ﬁé%)yl]%netlpx z y1l- by
- metl?,ylfﬁr(mtch 614-9H(pmtoy2 S—!biﬁ“ﬂﬂ}dl})mlﬂmbd crbpiylat9H pyrrol of 2,

-N- n{éﬂ-grl R p‘}o O@ éﬁ{r{d 9#{12 91 plota.g-Borh G]dgfyﬁi%‘?'%?cgr,bﬁ’-{ﬁigﬁ; pyr

- 3-fluqye Mlyqqulﬂi—ﬁ@qnﬁ $-tnyrid 3=y QIQ.pmrolo[_?. 3-b:5,4-c’Jdipyridine-4-carboxamide;
{:ﬂé’cﬁylfd— f‘q g 93(9@#%9&;16%3’% 5 Ehdacd. f]ﬁaﬁnﬁ’bﬁi gyﬁaﬁdiﬁ-h RYjbutan-1-

net hyl but yn-2-amne;
quoro 6-(pyrid-3-yl1l)-9Hpyrrolo[2,3-b :5,4-c
- 6- (ﬁnrdm Py E-gyriold[2,3-baBA-Bydipwiding; yn- 2- yl | net hanesul fonam d

- (- foroyovrid 3l SHpyeleld 3t e dipyrit- 4y ey
- 6-(5-f{yeyapyrd-3-yY AN -Byqdy[2 Bl D2’ ) BpYridmed- ' ] - di pyri dine; -
-2- [6A(ﬂy?hd@'jrqg¥l\2(py§ro(oﬁy 'bc%'g’% Rrr@'?oﬁ}i;%p%‘% 0% 3-b:5, 4-cidipy
(641191%@?%%%@%{(’%'?[&3@@ J@Pifrpiynetol o[ 2, 3-b: 5, 4-ci di py
NNrdléihﬂ w@hlis%ldwﬁmoﬁﬂsrs“@c Wyrrol 512, 3-b: 5, 4-cl d

-3 (P?"b‘if’ BE;I]![%)I( ?1%’1(5%5 &‘#}P 1}1?31 2-y1}-
-3- mm@w@sﬁﬂﬁqmm -Bfrtolo[2,3-c:5,4-c’|dipyridine;

S R B U e b b

amide3- f | uor o- 444 (4- met hyl pi perazi n-1-yl)pi perid-1-y1]-6-(

- 3- (491¥Jt1‘2@% %:ryz]ﬁ %H@%Er{%@%% H’Sp)g-m% g %ﬁi 9’){({1 ﬂ‘}dme

-N-{4- @ fhucse-§-(pprid-Ty r9Hirmralof 3 b|5{§e?r ]dmmdytmuppmapmlmopmesulfon

amideyf | et hanol ; -
3-fl uoro-444-(rmrpho| i n-4-yl)piperid-1-y1]-6-(pyrid-3-
y1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne; -
3-fl uoro-444- (propan-2-yDpi perazin-1-y1]-6-(pyrid-3-yl
)-9H-pyrrol o[ 2, 3-b: 5, 4-ci di pyridi ne; -
4- (4-cycl opropyl pi perazin-1-y1)-3-fluoro-6-(pyrid-3-yl
)-9H pyrrol o[ 2, 3-b:5,4-c' ] di pyridine; -

4- (4-ethyl pi perazin-1-y1)-3-fluoro-6-(pyrid-3-y1)-9Hp



- 3- {443 -fluoro-6-(pyrid-3-yl)-9Hpyrrolo[ 2,3

wO 2089A5dssg! di pyri d-4-yl]phenyl 1 propanoic acid; pcy/FR2009/051100
3-fl uoro-4-(6-nethoxypyrid-3-yl)-6-(pyrid-3-yl)-911-py
rrolo[2,3 -b:5,4-cldipyridine; - N 1343

N e Ry B A R st - mioiothenylmethancsu

onamBlef | uor o- 4- (4- net hyl t hi ophen- 2- yl) 6- (pyrid-3-yl)-9Hp

N i R R T s
sulfonagiide; 5, 4- cl di pyri di ne; - 1243- fI uoro 6- (pyrid-3
- 3. ﬂudfél-}sv(%‘rembkwleb%d%@@?mélo[@3dd PyuLhdipdridihd; Phenyl

- 3- ﬂ'@f? P&%P}?th&xxpszlﬁét%?fi‘ﬁ%@ﬁ[@@ GG IBYIEY i d- 3
- 6- (1=13eilu)y191+p@yarzbm 913, {Rroko- 915pﬁnao[lzmmymchlgﬁndm@43

- 3- ﬂl,loa? gg “.nﬁg‘z({ %Pyﬁz‘f\ﬁég‘%%ﬁwﬁéﬂ ZOJ ‘ﬁé%"’ d?ylfl? % 0- 4- (5

- 3-fluare 54 3-uethppRpy ) Hepytazyt-4-si gHylﬂy)ToB)ﬂS-p}ﬁM SdiyidBel:

-3 e LRI Ay SR WG, ’3('%“% %Pﬂ%ﬁ*@f .5 4
- 4.3 rf&om@{mlﬁé{-yl). o13- pyﬁplg@;%b 2,,_4(cj]d1p -ﬁy'll =2tmethylbut- 3 yn-2 ol;
- 4- [3bﬁda;ycr dpalnﬂ% MNIHD &Mrzlzﬁb §4§631)1rg9ﬁh@-3ﬂ Ep!n@tﬁn%bﬁrdoyrﬁz Ambne;

N Db i S ol Sk S ety P2

methameailfandniids; - N (343

-3-ﬂﬁ({r%-iﬁ-g§ gyﬁ?&fl% 1n-¥-|y )?1% SEARG g%%ﬂ Hp-%le-l?ﬁy%olo[ZJ-b:SA-c’]-

dipyr@idel uor o- 4- (2 met hoxyphenyl) - 6- (pyri d-3-y1)-9H pyrrol o

[
4-[3 rﬁetﬁax‘? 65(gén ?')?Hs b}qulo;Pcﬁ%_’,]:ol 54 Adlgyn(d1¥1 J-meth ll;ut 3 f?‘ ol;
-4 &P%P%Y:‘f’ By y8r9(§1 -pyraleg.Adis.4-c'Adip yr1d -yl]-2-methylbut-3- yn arnme;
-N- {4{334&etﬂlbigos gayﬁﬂlspw mp?nompz)} Qkhmqmb%@h%l]& llaethylﬁut% 2y1}-
b %%% 4-yl ] phenyl am no) - 4- oxobut anoi ¢ acid
methangspkopamids: " 6~ (pyri d- 3-y1) - 9H pyrrol o[ 2,3-b : 5, 4-c
-3- mbtﬂmm#t [ 3cméhylt F{piezyint nptiatesd Hp6avrid 8:y1-9K 44800 2,3-b:5,4-¢"]-
di df uor o- 6- (pyrid-3-yl1)-9Hpyrrol o[ 2,3-b: 5,4-c
P yri d- 4-yi ] phenyi | (nor phol i n-4-yl) net hanone; - 3
- 3- ﬂu¢¢-ﬂnﬁ4-64 -gpethyipipasazingiybiperigy rydl@(pysd-3-y))-9H-pyrrolo{2,3-b:5,4-¢’]-
dlpynd}ﬁ@ 6- (pyrld 3 y1l)-9H pyrrolo [2,3 -b:5,4-c

s (4{{245 ﬂwpw&@md ép@r%&pm@q)?ﬁéq-ﬁ frg iyt yBpipesid-4ylipigprazin-1-
ylethdhqyri d- 4-yl ] phenyl) - N, N-di net hyl met han- ami ne;

- 3- ﬂuojré-g [{)gﬁﬁ())r{a}?oimyﬁ ﬁﬁwgﬁ-xlf%@r SD%{ Blg V%%B[_%P&:-lgs,ﬁg”]ﬁfpgﬁdine;

- 3-flodet-3-{4-(nroran-26y] (piperazil- Byly-& X pyetd-pyl)-pHpgtraloB, Hb: 55 -cAldipyridine;

TP b s

- 4-(4zthylipesazer- bwb;zrﬂ@m@(pyndfa-yl) St pyrrolof2,2bi5 d-e Jpyridine:

- 3- ﬂu!ofrécﬁi u |
s oty e St oo o g
dlpyr‘{iH‘&S quoroG(pyrldS -y1)-9H-pyrrol o[ 2,3-b : 54c

3-mbfbly AL Grdothyl giperdasel DR Y 6l (o Rl RSN SRS §65.4-c°)-

.= N
d]'py]'l{dﬂ]fﬁ-fluoro-6-(1-methyl-ll—l—pyrazol-4-y1)-9|—|—pyrro|o[2,
2-(431H3 methogy -d(pytid-TyB-9MH dypdowi3, B -b 5, 4 diyymid -4syl | phyeria-di-ydgiperazin- 1 -
yleth: 1f|uoro 6- (5- net hoxypyrid-3-yl)-9H pyrrol o[ 2, 3-b
4-c ldipyridine; - 3-fluoro-6-(4-nethoxypyrid-3
- 3- metb@w-@ﬂ (mprohelioft2DBipbrid-5-yY-te(pyud-pyh)i G -parole[2,8-b(5,4c’Jdipyridine;
-benzyl- 1H pyrazol - 4-yl)-3-fluoro-9H pyrrol o[ 2,3-b: 5,4
-c |ldipyridine; 3-fluoro-6-(1
-met hyl - 1H pyrazol -4-y1)-9Hpyrrol o[ 2, 3-b: 5, 4-c
| di pyridine; - 3-fluoro-64 1
- (2- et hyl propy1) - 1H pyr azoly44-y1] - 9H-pyrrol o[ 2, 3-b
:5,4-c |dipyridine; -
3-f1 uor o- 645- (et hyl sul fanyl ) pyri d-3
-y1]-9Hpyrrol o[ 2,3-b :5,4-c ']dipyridine;



- N-{2-[3-fluoro-6-(pyrid-3-yl)-9Hpyrrolo[2,3-b:5,4-c

woO 10db/a%e3gd- 4- vyl ] phenyl } met hanesul f onam de; - PCT/FR%009/051100
3-fluoro-4-(1H pyrazol - 4- yl) 6- (pyrid-3-yl)-9H pyrrol o
[2,3-Db:5,4-cldipyridine; -

- 3~metf1r|)x&94{ @[éA'S tléyl;gpe dl—tijzjl fl]%{}n%/z %Fﬁﬁ %y(ilj'}rgfs 3 S'B)éli-ll pynolo¥2;' }-bQSHI -c’]

¢pwum$uoro 4- (2-met hoxypyrim di n-5-y1)-6-(pyrid-3

- 3- met%ffx)yor - @%EJEIPE ?ngggfagﬂ_@y&f BJYH @%{i}) %ﬁ g?rr%o[%%zlb% 4-c’]dipyridine;

- 4- (4d=w§9prpgbdpppc§rpquw:ﬂd)cﬁ_ @etapp;yh@r{pynd -3-y1)- 9H—pyrrolo[2 3-b:5,4-c’]dipyridine;

- 4- (4%tlfyidﬂ-x&5&&m414- BlndRS P @w@gJyg 94{%{%311&3%%25 NeYaidaidss (P

- oo %%MISE%YBEIBF%D Aw]p?;ippfaiiﬁdflh lirmyrrféo[@ém e 3dipyridine;
-3 ﬂlib)o—@-l['ﬂ- Mdtlﬁ)@é&bﬁyl&ﬂ@rfﬁlﬂ“l ﬁﬂ-dl(ﬂbtdef{jylblgH-pyrrolo 2,3-b:5,4-¢ }dlpyndlne

- 3- {49!3?‘{ gt e(% EJX'E‘d él y&/ﬁ?&% “ByYge p]??jércﬁg ci?’-di){/f]%}?epyjﬂ}progleow ac18
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- 3-(2{rheBholxpythixe)-B-(ysikid- 2y h-pHpy AbIo[ 273-68:5 3 Bldipyfidine;
| di pyrid-3-yl]oxy} phenyl)propan-1 -am ne; -
- 3-{ IN3N4-ahieettylpyperazint [-Ohkrpsi |- TH-Byiidol-49tt-Yibyiial 041298 -phirBlofl; Tb:5,4<’)-
dipyridinpyr i d- 3-yl ] oxy} et hanam ne. A subject of the present
invention is al so processes for preparing the products
- {3-[6{pytids3ru}-8H plrolaR, Wie s Hiredipahe v 8] pisyld &sGsdope d
especially in Schenes 1 to 11 bel ow. A subject of the
- N,Npliegis@-3t] 6 (e ’B-V1p-AHipS 68 e b:a 4l oy diphad-RIyDe&&emider
preparing the products of fornula (1) as defned above
- 3-(3 Antimetk g it -Prskol-5-yBah@nid-1-yDaliDyrrol 612, 34b: She Gdipyridine;
substituents R3 and R4 have the neani ngs given
- 2-{3lPedimiethaleDpE(pofid-BE)SHHPERIRN2, 3 B EH- R]chﬁﬁfdeﬁ?l?ﬂlﬂ —tdzBIer-yl} -N,N-
diethyldieanyainees of R6 as defi ned above or the I 'ow ng
val ues: OH, OCH3, OS(0)2CF3, d, SCH3, CN. The
-3-mﬁhd’x&tﬁe(gMné‘tliaﬂ-lﬁwmm-ii)ﬂﬂ-ﬂyﬂﬁldl,ﬁ-ﬁbﬁﬂ-d lpwaineus is
based on two coupling reactions: a carbon-carbon bond
- methy$ 4-{64 B{prép-Bat-ednbEt-paes| -4 Wi -SHhrAN[Y,3 98 ﬁ@'{l(ﬁﬁlyrld-4 -yl}benzoate;
pyri dines, and formation of an intranolecul ar
- NN Qg 300 (3-8 Ky -1 Agrb1b@r3-b. 6 24 S| dfpPrid-B81)-3,5-dimethyl-1H-pyrazol-1-
ylleth@tdmmer r ol of 2, 3-b: 5, 4-cl di pyri di ne unit (see Schene 1
bel ow). Schenme | The starting materials DI and D2 of
Schenme 1 may be commercially avail able or nmay be
prepared according to the usual nethods known to those
skilled in the art. A subjeet of the present invention
is al so processes for preparing DI and/or D2 as
defined especially in Schemes 2 and 7 bel ow. A subject
of the present invention is thus also, as novel
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The first step of the process for preparing conpounds
WO 0186331 Ng a unit other than the (3-pyridyl) gpuYPrRIH09/051100
position 6 according to the invention consists of one
of the following two reactions: Schene 7 In a second
- N- [B(dhﬂethﬁﬁmlhb)ethm}QF{hl(BL@lctl'ﬁ)xﬁBpr@frﬁﬁgl 3b:5)3- oAdipyrid-6-yl)-1H-pyrazol-1-
ylJacdtargilé;no- 3- (brono or io0do)pyridine derivative
optionally substituted in position 4 or 5, followed by
- 3-(1H-pyeacl-4-9N-6Qbyridi3 5 BBl B etsl 0B 3-B15yd-c ’lifhriddk] on type,
catal ysed either with a palladium conplex or with
- N.Nchiap@3- (40 6 (pa By 1) SaRRaelof2, 3-8:314ad | deyrian- ﬂ{]lﬂjﬂ?rakol l-yl}propan 1-
amine; "Bt hyl - PH pyrazol -4"-y1 unit (or any other ar
heteroaryl that may be introduced via a coupllng
- N,NrRaRH3A-(8-aietoy$-oH-pitrbIa[ 223-B:3 4L Afdipy 60 MP1 E$yrados- 1-yl]propan-1-
amingder formed via a sequence of three steps conprising: a
denmet hyl ation reaction, the formation of a triflate
- 9H-gh@foll o[ 2B ibysps -’ ?(ﬁﬂyrﬂlrfémmoﬂﬁhda%ﬁiﬁ ion of Suzuki type.
The synthesis of a carboxam de group in position 6 is
- N-{B({drfetP0asihOpopl 1001 4-13ifidopd-€(pyRid BLY1 -0 M Py Fre1BRL 3 1951 4lc§|d1pyr1d—4-yl]-
phenyllieikanbsulfo@eiged by reacting zinc cyanide in
presence of a palladiumconplex, and in the next step

- (4-mietigIpiictazin- ByHOHpyHoR Y B 4 d@sridicoiRaiatshet © gi ve the
correspondi ng carboxylic acid. The final step is a

- 5-[4§(SmiEtok POHYy I Leb$ |42 [dkpsriasy)- I}hbﬁﬁtcdﬂ ~ORERA Edmidea

the action of thionyl chloride.
- 2-m ) pk 53 84 PCRLEEROGDTOpAANE 2, 3hes ﬂ@ﬂdl dL8.81)-1H-pyrazol-1-yl
pentyBedrbangitd- 6- met hoxy- OH- pyrrol of 2, 3- Sﬁ%{clg?py#?gfne -
may al so be enployed in a netallat|on i odi nation
- 3-métRAGLd- PN 231 ingAEpipke G- ylml]hﬂ{.pyr@@mw@m%pﬁaop 33z uleh-
dipyridimact i on, the conpound obtai ned can be Jected to
t he sane sequence as previously (denethylation,
- 3-{4f [0+TBto-O (py€ill-3tEoH pyrfréla[tza-tamct} ?ﬁldmgr]g%@ﬁgl}@nNQﬁm&Hyﬂpmpan-
l-amihgt eroaryl via a Suzuki coupling eme 1
certain cases, the variations in position 4 may be
- 4- [3mue¢u&@§ir1m3qlm -pirtdlSRs 6-1:95 Pdndipricd 9ﬁ1§11ef1d510m t he
correspondi ng nethoxy. In this case,
- 2- {40 RbicRR(HEHE TRIH-Br S E[A B £ 1 GippaT4- Qleﬁﬂoﬂ%NNidﬁlﬁethylethan—
amineSt annyl derivative descri bed herel nabove and
2-am no- 3-i odo- 4- met hoxypyri di ne. The di net hoxy
- 3-{1t[(i- ayﬂbyrfohaﬁtmﬁyﬂahyqslHlﬁgﬁz&aqnpsl(ﬁdldtﬁfrﬁ9ﬁ%olo[z 3-b:5,4-¢']-
dipyridiaeyy esponding ditriflate in two steps is ditriflate
preferentially reacts in position 4 during a Suzuki
- 3-fuRel@PyFig.3- )M -G i RleRSlidiA-1 BOSEbBIsheh} SELBFbIoYEL-Y: San;d]dlpyndme
sequentially introduce an aryl group into position 4
- 3-fludRE6-Bhid BHeAr30AY- yh-pgfraup J3-B5a-cPapilidien 6. Scheme 11
According to another of its aspects, the present
- 2-mdtRN Qb4 B QLB RO PR fRE t3'-199h-cq91%@c§3-tyl]ﬂ{k‘ﬁyl}plperazme 1-
carboB@r i sing, as active principle, a conmpound according
to the invention. These pharmaceutical conpositions
- 3-{4q9Tuddolt - @Rri&B fyBOIH ¥ ardle 3 819 4-8 dip RRSL-y PR &S M,Q%methyl-
propa@CQafiké Ng to the invention, or a pharnaceutically
acceptabl e salt of the sai d conmpound, and al so at

- 3-flubRASE{4-INEndRFRINAGE)thoSAp RNy IRHCBRIR DY B- 9@1"15‘11%‘10?2"?» -b:5M1&dipyridine;

sai d excl pients are chosen, "according to
- N,Nahafyp.oe s ingab- é(? g?g @Mﬁﬁt B m?&pﬁm-yuphenoxy}ethan-
aminedmi ni stration, Tromfhe usual excipients known t
those skilled in the art. In the pharnaceutica
-N-[2C{Qﬁﬂé€}§,rla‘iﬂ1ﬁﬂj§thﬂ1)S-I[ﬁﬁu&f)-%s(ﬁﬂid-?, QMQH%;%H[@B-]:W@& 1dipyrid-4-yl]-
pyridissipldrB@aalide; Subcut aneous, " i ntranuscul ar, fravenous,
t opi cal | ocal, intratracheal, |ntranasal, transdernal
or rectal adninistration, the active principle of
formula (1) above, or the salt thereof, may be
adm nistered in a unit adm pgstration form as a
m xture with standard pharnaceutical excipients, to
man and animals for the treatnment of the above
dlsorders or dlseases The appropriate unit

N L e o N o S I T o



Time A% B% 0.0 95 5.0 5.0 5.0 100 5.5 5.0 100 6.5 95.0

WO $909/1%038195.0 5.0 LC- M5- DAD- ELSD anal ysi s (or pegiMe2000/051100
(7 mn)): Ms =Platformll Waters M cronass;

el ectrospray +/-; mass range niz = 100-1100; Waters LC

-1- {WSLﬂmm&@ﬁﬁS-ylm-@yﬁ‘olkf{fB% 5 a-cﬂaﬁyﬁ@hlyl]]ﬁhenéxﬁ -IMRokphohin-4-
ylprapan-2-0§ gm LC oven = 60C, flowrate = 1.0 m/ mnute.

El uents: A = water + 0.1% form c acid, B
- N-ethgled- qm[st ﬂudneﬁ-\@)trhl 1-ﬂ¢9ﬁqiyhommb |,ma:ojdw1d4$a1]gﬁen6%}5i’@p@n 1-
amin®d5 5 6.0 5 95 8.0 5 95 9.
- 4-[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢” Jdipyrid-3-yl]phenol;
- 3-[4-(piperazin-1-yl)phenyl]-6-(pyrid-3-yl}-9H-pyrrolo[2,3-b:5,4-c’ |dipyridine;
- 3-fluoro-6-(isoquinolin-4-y1)-9H-pyrrolo[2,3-b:5,4-¢’1dipyridine;
- N,N-dimethyl-3-{4-[6-(pyrid-3-y1}-9H-pyrrolo{2,3-b:5,4-c’|dipyrid-3 -ylJphenoxy } propan-1-amine;
- 3-{4-[3-(piperid-1-yl)propoxy]phenyl}-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine;
- 3-{4-[2-(morpholin4-yl)ethoxy]phenyl}-6-(pyrid-3-y])-9H-pyrrolo[2,3-b:5,4-c’ 1dipyridine;
- 3-{4-[3-(morpholin-4-yl)propoxy]phenyl} -6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ ]dipyridine;
- 3-{4-[2-(1H-imidazol-1-yl)ethoxy]phenyl}-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’ ]dipyridine;

- 3-(4-{3-[4-(methylsulfonyl)piperazin-1-yllpropoxy} phenyl)-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-"]-
dipyridine;

- N,N-diethyl-2-{3-[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyrid-3-yl]phenoxy} ethanamine;

- 2-methyl-2-propyl 4- {3-[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ 1dipyrid-3-yl]phenyl} piperazine-1-
carboxylate;

- N,N.4-triethyl-5-[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢ " 1dipyrid-3-yl}pyrid-2-amine;
- 3-[3-(piperazin-1-yl)phenyl]-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢c’ |dipyridine hydrochloride;

- N,N-diethyl-2-( {4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5 4-¢ |dipyrid-4-y1]-2-methylbut-3-yn-
2-yl}oxy)ethanamine;

- 4-[3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’Jdipyrid-4-y1]-N-(prop-2-en-1-yl)aniline;

- N-(2-methylpropan-2-yl}-5-(9H-pyrrolo[2,3-b:5,4-¢’1dipyrid-6-yl)pyridine-3-carboxamide;

- 5-(3-fluoro-9H-pyrrolo[2,3-b:5,4-cJdipyrid-6-y1)-N-(2-methylpropan-2-yl)pyridine-3-carboxamide;
- 3-fluoro-6-(1H-pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-c’ 1dipyridine;

- (2E)-N-[4-(dimethylamino)butyl]-3-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c Jdipyrid-4-
yl]prop-2-enamide;

- 6-chloro-3-fluoro-9H-pyrrolo[2,3-b:5,4-c’ ]dipyridine;

- 3-{4-[6-(pyrid-3-y])-9H-pyrrolof2,3-b:5,4-¢’]dipyrid-3-ylJphenoxy} propan-1 -amine;

Among the compounds of formula (I) that may also be mentioned, independently of each other, are the

following compounds:
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UPLC- M5- DAD- ELSD anal ysis: 2 possi bl e experi nent al

wo We04sdIgens: UPLC- MS- DAD- ELSD anal ysis: M5 = V\picq, 009/951100
Quattro Prem er XE, electrospray +/-; nass range

100- 1100; Wwaters UPLC, Acquity UPLC BeH C18 1 .7 gm
3mm x 50 mm col um; UPLC oven = 70C, flowrate = 0.7

- 3- {I%l(mmwﬁyﬁnpeﬂzuﬁnyﬁpmﬁd]:lH\@S/ﬁéolil Jﬂ} -6 1RIHA-CH 312801451 7=0H-
pyrroR{X3-bB8j4td JdiBriding, . 1% formc acid with the gradient:
Time A% B% 0 95 5 5 0 100 5.5 955 6.0 955 o

- 3-[3\PinfetHypipaARiEL- S RAAL- wl-ﬁ}ethbﬁlﬁ-pyM&msylﬁﬁ@B 0lo[2,3-b:5,4-c’
dipyridlnect rospray+/ -; mass range m/z = 100- 11 %rr Waters F

UPLC, Acquity UPLC Beh C18 1.7 gm3 mn x 50 mm

- N,Nakdthin2; {4YBL CrRws D 1 H-piR&ol -4 41D9H 13tr8loR2, 31b: B4l aipyti&3-y1])-1H-pyrazol -
1-yl} dthasemiing; A= water + 0.1%formc acid, B = acetonitrile
+ 0.1%formc acid V\Aththelngredlent: Time A% B% 0

:15-(1%&&@1@1{8;)37&&05&3;1;-32{4%m@rpilmlﬁﬁzt-91)&9&x§«1pﬁéay%591{-pynolo[2,3-b:5,4-c°]-
1pyridine;

- N,N-diethyl-2- {3-[6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyrid-3-ylJphenoxy} -
ethanamine;

- 3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-4-{4-[ 3-(piperid-1-yl)propyl]piperazin-1-y1}-9H-pyrrolo[ 2,3-
b:5,4-¢’]dipyridine;

- 4-[3-(4-ethylpiperazin-1-yl)-3-methylbut-1-yn-1-yl]-3-fluoro-6-( 1-methyl-1H-pyrazol-4-yl)-9H-
pyrrolo[2,3-b:5,4-¢"]dipyridine;

- N-[3-(dimethylamino)propyl]-N- {4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-
¢’]dipyrid-4-yl}phenyl } methanesulfonamide;

- N-ethyl-3-{4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyrid-4-y1]-
phenoxy} propan-1-amine;

- N,N-diethyl-2- {4-[3-fluoro-6-(1-methyl-1 H-pyrazol-4-y1)-9H-pyrrolo[ 2,3-b:5,4-c’ ]dipyrid-4-y1]-
phenoxy}ethanamine;

- 3-{4-[3-fluoro-6-(1-methyl-1 H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-c’Jdipyrid-4-yl Jphenoxy} -N,N, 2-
trimethylpropan-1-amine;

- 1-{4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolof2,3-b:5,4-c* }dipyrid-4-yljphenoxy}-3-
(piperid-1-yl)propan-2-ol;

- 1-{4-[3-(2-methoxyethoxy)-6-(1-methyl-1 H-pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-¢" |dipyrid4-y1]-
phenoxy}-3-(piperid-1-yl)propan-2-ol;

- 3-(2-methoxyethoxy)-6-(1-methyl-1H-pyrazol-4-yl)-4-{4-[3-(piperid-1-yl)propyl]piperazin-1-y1}-
9H-pyrrolo[2,3-b:5,4-¢’Jdipyridine;

- 4-[3-(4-ethylpiperazin-1-yl)-3-methylbut-1-yn-1-yl]-3-(2-methoxyethoxy)-6-(1-methyl-1H-pyrazol-
4-y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine;

- N-{3-(dimethylamino)propy1]-N-{4-[3-(2-methoxyethoxy)-6-( 1 -methyl-1H-pyrazol-4-y1)-9H-
pyrrolo[2,3-b:5,4-¢’]dipyrid-4-yl]phenyl}methanesulfonamide;

- N-ethyl-3-{4-[3-(2-methoxyethoxy)-6-( 1 -methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyrid-
4-yl]phenoxy}propan-1-amine;

- 3-{4-[3-(2-methoxyethoxy)-6-(1 -methyl-1H-pyrazol-4-yl}-9H-pyrrolo[2,3-b:5,4-¢’ |dipyrid-4-yl]-
phenoxy}-N,N,2-trimethylpropan-1-amine;
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5 2.00 95 5 For the detection: DAD wavel ength

wo fR9akeed A = 210-400 nm ELSD: Sedere SEDEX $%T/FR2009/051100
nebul i zati on tenperature = 35C, nebulization pressure
= 3.7 bar NNB: As a fiuntion of the anal ysed

- N,Nsdiéthiy1t2u{4e[3 (2 tnktghost dthixly PE-( EREheRTIS-patagsl-4di PeH-Byirolo[2,3-b:5,4-¢"]-

dipyriid-§10phestay  dilRininaine ; acetonitrile; dichloronethane.
SYNTHETI C PROCESSES: Synt hesi s of _ o

. 1-{ﬁfsqblmmﬁethdﬂyﬁei(hﬁieﬁ@gnm?b}m%l@%n.m@yﬁmﬁﬂzmzs,dlcryeip?rzidJ,-yl]-

phendlyeP-(piperidl14Bpepan2-81; di chl or opyridine, 2.04 g of
3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an-2-yl ) pyridin

- 3-arBino-Q- {443 Gluelo-6- @k Hi@BIyH(IH-| WYBM‘S}&B"]&ﬁﬁ%dﬁﬂblg@ﬂhjd}ﬁyer))lidine-z,S—

dioneand 7.7 g of caesium carbonate are introduced into a
20 triL mcrowave tube under argon, followed by

- 4-({pithh drb-04pyafd-IL 51 SHyrefo[ 213-8-5 Al O)Xayeid and] ofly  indtily1)Ol N-dimethylaniline;
water. The m xture is heated by m crowave for 1 hour

- 3-fldro-8 4pfeid- TR SHER &bl -BBW-Ad§riBa -0 4 dhétBEaiio)phenyl|carbamate;
standard heating (duration of 6 hours in the r_e?l uxi ng

- 3-fl5oRd-6&P\rd-3-A)-DHpyEoI} 1, 118:5 AL RigyEaatyi P ditethHiRinb propyl]carbamate;
poured into 75 trilL of a 10% sodi um bi carbonate

- 3-[(S-ﬂh@tblmﬂp)ad&%ﬁ&bW-@ﬁdéﬁﬁid%yl)cﬁ?bbﬁﬁ}l_l 88-tHiMehlirdidhdd1idid0.2.4-dione;
mL of ethyl acetate, dried over sodiumsulfate,

- 3-[(3inhdre o8l yRidlh[ Z, DB SeNE [dbyeid-6-f1)cd by A B S-mely BiidagslidiR P .4-dione;
pressure. 2.8 g of a crude product are obtained, and

- 3-[(E«ﬂ&otﬁ@ﬂ-}f;}n@%[@,%bgbf-@ﬂ'ﬂi‘ﬁﬁﬂf@ﬁwrb@ﬁ\ylffj.|5ld‘irﬂetﬂﬁj1 ,(p@%mn-gginﬁdazol-

idineBi4tdior; M xt ure of heptane and ethyl acetate (70/30 by
volune), thus giving 1.2 g (67% of 5- chloro-2-(3

- 1-[(3-nyesrb@ﬂ-ay@mrd[xjsmg,zﬂe’]di@nw%-}?ﬁab&ﬁpa.wﬁﬂe(mﬁm fobr-§Himidazol-

idin-Réne(m n) = 2.28 Step 2: 1.4 nL of dii soprop?lpam ne
and 5 nL of tetrahydrofuran are introduced into a dry

- 1-[(B-0lUdrd-9BIog i IeET 3 -bl 5s& 1dililehars - Aitadb AN 3. a4 HBSPRliBidazolidin-2-one;
equi pped with a nagnetic stirrer. The solution is

- 1{(3-004r6 OHL S rrolBL3 -B15¢k-3 1 ridls - A cafbo i - Yinlettly hintila¥dlidinS2 -bd; N
hexane) are then added. After stirring for 15 m nutes,

- 3-fliordt6-( O methy L1 iMiaidbss8lyWeH-bytrodé] 2 81H:5, 0L digy ey dr of | can
are added. After stirring for 2 hours, 10 nL of a 1 M

- 3-fhsomd-B1{il Gietted -5 1 5-inf¥aiy YL 4-inBthg Bipefa@e -y Iibulexyan e/ 1R e padead.-y1} -9H-

pyrrolb{B33-835at dfd@ykigink:hus stirred for 1 hour at -78C. The
reaction nediumis hydrolysed with 120 nmL of 10%

- 6-(SeUTRGH eyl BiplyEheo1SOYINS ifRBrocy Hlpy3Ebidlt, 305, Met) @pyridikee
resulting mxture is extracted twice with 50 nL of

- 6-(5€irie- | 6Byl HopyRR6l-4-NSB-fRbioSTH -pyedlo[3 BCH: $Me Juibfradim;
filtered and concentrated to dryness under reduced

- N-{p[ae@l&ualeyiaﬁna)gﬂ)paiy]@en@ﬁpdqpﬁr@ﬁygbﬂgfy%om,ﬁbﬂgde’ dYeid-3-amine;

are purified by chromatography on silica gel with a

- N-{9{ PirBdihyl thinBRMbRYIEen2Y1HL6 -3-90% 28815, 48 [@Yrid-3-amine;
D e B s id-3-amine

- 6-(p§q6£%y1)gq-oen‘2-(§yﬁdﬁh-92§5r(cgopr0py1]meth 1§-9H-pyrrolo[2,3-b:5,4-c’]dipyrid-3-amine;

trinmethylstannyl- -pyridyl) pyridine 2.

] N-[1&%4%&rﬁi§@yl)3éﬁ§l})ﬁ-(Eyﬁdw:w-@ﬁ)%yﬁil%tﬁﬂi(,%ﬁ %540{ Rf}lﬂyléig%-amine;

corresponding to a tin derivative

-6- hes {f -berid3 4 heethy)oB-; @ﬁlﬁ%&@mﬂ? 2805 1B dipyrid-3-
amifgé%qgﬁ:{[ ST ILLEchcﬂgL)?%&yEM ON CYCLI ZATI ON UNDI%E Py
THE HARTW G- BUCHWALD CONDI TIONS  Pd(0A4, Josi phos

- N-{4-Bai¢thyin¥dheth %%ﬂ Fi9Md-3L -Qﬁq#rrglfo 223 BB 40O RvAAS3 Amine;
(Erom) or iodo)glyri iﬁe a-h %)see abIEe 1), %T%ymml e
- 4-m&@hyl N IC{BL @RSy ot Ry 2, S b EMY Jdirrid3 s hiahlY | ) RakdigH: ne
2,y 1 mm(?yﬁ tye)t ralcis(tri pﬁenglflr%yhosp ﬁ%e) pall adi ljrr{ 0)
- N-(ARethl-4-RtrSpetyDLs- '&-@%@@HJ 18,3143, 89’ -3-amine;
1,4-%i oxaﬁ% are @?}Tro ucedb?ﬁgtga 100 r]rgibyﬂ{ amne
round- bottoned flask. The reaction m xture is heated
at 100C overnight. After cooling, the reaction mxture
is poured into 200 nL of a 3@% sodi um bi carbonate
solution and 25 nth of water, extracted twice with 200
nmL of ethyl acetate, dried over sodium sulfate,
filtered and concentrated to dryness under reduced
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6- pyrid-3-y1-9H pyrrolo[2,3-13:5,4- citlipyridine 1H
WO MNe16d330 MHz, DVBO d6) 8 ppm 7.35 (dd, J= 8. 0,Pcr/BR2009/051100
Hz, 1 H 7.53 (dd, J= 8.5, 4.5 Hz, 1 H) 8.51 (dt, J=
8.5, 1.5 Hz, 1 H) 8.59 (dd, J= 4.5, 1.5 Hz, 1 H) 8.62
- N,Nedohethyd - -5 (psrics 3, 9Hipyiriol B2, 7B : {4d | diphri dB-@ [buans- 1 Madiardine;
H 8.91 (d, J= 1.0 Hz, 1 H 9.03 (d, J= 1.0 Hz, 1 H
- pipe@azBi7 1 -§1f4-( {I&-(p_bfriﬂ-3l-jzl)-9ﬂ-ply=brolib2,ﬁb :§.BrcOldighyng-3yHpmino } methyl)phenyljmeth-
anong; C- I\/S- DAD- ELSD' 247(+) (M+10()
Br.".". " -, ...S..... FllN--’?eSbN/NHSb

- N'[‘B‘(aﬁlhnmmedly@béqzyﬂ16dp}&1d-y-&l))-99ﬂ-ja31myﬂor[2]3-b[521; -31dipyrid-3-amine;
b: 5, 4-el di pyridine 111 NWR (400 MHz, DMSO d4) 8 ppm
- 2-mh§A-priplyl 14 B6-Lnyrid- 3oy )-RH-prréip[23-W 8, 4{ccitlipydd3§1]amind} Bethylbenzyl]-
carbapiate; 1 H) 8.60 (dd, J= 4.5, 2.0 Hz, 1 H) 8.62 - 8.69
(m 2 H 891 (d, J=1.0 Hz, 1 H 9.05 (d, J= 1.0 Hz,
- 2-mgthiA)y2-Brofyl 4 t4-({16-(rid-3r)-9H-piirold 2, B 5 Har dipgiridrp-yllatino} methyl)-
Phenil@aﬂv&mﬂzwl ~@BBfylpter (MH)( )i 265(+) = (MrH) (+)
,CO M 1 H2N. ---"it SCN\ H Sc
- N- [‘b(ﬁlmShﬁmimy)beﬁy(]rﬁj(pymd 31)- )y @I 2, P 3,66 JiRyrig-3-amine;
b: 5, 4-eklipyridine- 3-carboxylate 111 NWVR (400 MHz,
- N-{{D[»(S@adlﬁ)l-la-cﬁpmpaxﬂl -Qﬁnéthyl]lﬁnzbl)}-(7-(15/&d(3d5d)-9l:]-19y18016L2,35b:®,4-c 1dipyrid-
3-amisg; 1 H) 8.53 (dt, J=8.0, 2.0 Hz, 1 H) 8.59 (dd, J=
5.0, 2.0 Hz, 1 H 9.07 (d, J=1.0 Hz, 1 H 9.10 (broad
- 4-(4smetllylH)4-Gazebar Uhyl)N-F5-Q@yid-Biy])-9H-pfrrobl 33-b(5H-c” kipyRideB-yifhenzamide;
1H 9.38 (d, J= 2.0 Hz, 1 H 12.5 (very broad m 1H)
- N- [{G*thﬁaﬁban-B@Bbw):yl#s(@Mdﬂ -yl)- gﬁa:oﬁ@}epz 3=b; (smd—l)d(py)ld- -amine;

Br. , <SS. ,COE 1 1-1,N e 3d
-3- (4-methyl 1, 4-d1azepan l-yl)-N [6-(pyrid-3-y])-9H-pyrrolo[2, 3-b 5, 4-c ]dlpynd -3-
yl]propanamide;

- 3-[(4-methyl-1,4-diazepan-1-yl)methyl]-N-[6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’ ]dipyrid-3-y1]-
benzamide;

- N-{3-[(4-methyl-1,4-diazepan-1-yl)methyl]benzyl}-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyrid-
3-amine;

- N-[2-(4-methyl-1,4-diazepan-1-yl)ethyl]-6-(pyrid-3-yl}-9H-pyrrolo[2,3-b:5,4-¢’ Jdipyrid-3-amine;
- 6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’|dipyridine-3-carbonitrile;

- 6-(3,5-dimethyl-1H-pyrazol-4-yl)-3-(pyrid-3-yl)-9H-B-carboline;

- 2-{3-[6-(pyrid-3-y])-9H-pyrrolo[2,3-b:5,4-¢’]dipyrid-3-ylJphenoxy } ethanamine;

- 3-(4-{[6~(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c"|dipyrid-3-yl]oxy } phenyl)propan-1-ol;

- N,N-dimethyl-2-(4-{[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c*1dipyrid-3-yljoxy } phenyl)ethanamine;
- 2-(4-{[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c|dipyrid-3-yl]oxy } phenyl)acetamide;

- N-methyl-2-(4- {[6-(pyrid-3-y])-9H-pyrrolo[2,3-b:5,4-¢c’]dipyrid-3-yl]oxy } phenyl)acetamide;

- N-cyclopropyl-2-(4-{[6~(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢ ' Jdipyrid-3-ylJoxy} phenyl)acetamide;

- N;(propan-Z ~yl)-1-(4-{[6-(pyrid-3-y1)-SH-pyrrolo[2,3-b:5,4-¢’ |dipyrid-3-ylJoxy} phenyl)propan-2-
amine;

- 6-(pyrid-3-yl)-3-{4-[ 2-(pyrrolidin-1-yl)propyl]phenoxy} -9H-pyrrolo[ 2,3-b:5,4-c dipyridine;

- N,N-diethyl-3-(4- {[6-(pyrid-3-y])-9H-pyrrolo[2,3-b:5,4-c’])dipyrid-3-yl]oxy} phenyl)propan-1-amine;
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5d CO2Et ethyl 6-(pyrid-3-yl)- 9H pyrrol o[ 2, 3-

woO Wo9adowk1! t1ipyridine- 3-carboxylate 1H NVR (40@d¥#R2009/051100
DVSO-4) 8 ppm 1.41 (t, J= 7.2 Hz, 3 H 4.42 (q, J=
7.2 Hz, 2H)755(dd J=8.0, 4.9 Hz, 1 H) 8.53 (dt,
J=28.0, 2.0 Hz, 1 8.60 (dd,J= 4.9, 2.0 Hz, 1 H

R FETRNEN O FE R e

2.0 Hz, 1 H 12.7 (broad m 1 H LC MS- DAD- ELSD:

A sub?e%?gf t?u? %EE% h@éfnﬁlbﬁ%ﬂs% oées'ﬁ:,s(fg{l;ﬂj%;{an‘\_g @8 product%of formula (I) as defined

abovezanﬁ@ggqybcp]re@]gmmllg inySchemes 1 to 11 below.

6- (pyrid-3-yl)-9Hpyrrol o[ 2, 3-b: 5, 4- cldipyri di ne 3-
A sul:ge%rpé) Otxgl {p)rgge?laé%e]ﬁnglyggg%ggungg Bgocesp %nl)pr%)ag@ t{na Prodgcrs %ts f’ermula (D) as
defingll bol and deferiBedold §didme A=bedow, inAvKicHthe slibdtlueBtsORB &sd R4 have the

BT R NEN N IORNTIRCY o
or thetllowing al s 30H @CH.) OSEORCKZ (1, SCH), Q2. 66 (broad m 1 H)
LC—I\/B—DAD—ELSD 345( ) = (MH(-); 347(+) = (MH) (+)
HZNXN 3f N g \
The siptagst tiqwnmfﬁmgugl%nqys% nuglegs i bpsed pp re exuphigg, rgackons: 3 carbon-carbon
bond 84 fiekk RhaiediHaRvedn uﬁ%gﬁ% icfiRted plritiWER, GAD GorMEton of an intramolecular

carbot?g}st%)ggt? n%élpepﬁéags éhe( %H—?;%%o[%grjggggTgiggré%%ertt]hﬁtgg'qe;$gﬁeﬁ 1 below).

masked m 2 H) 754(dd J= 8.0, 49Hz H)850
dt, J= 8.0, d

J= Rz,
} % Gﬁor '%Dt:-l:g"g-pukl §1c 3 ( br 0 per "vgag
—J——1—9-+§ . ﬁ_-,d*'ﬂ—ﬁ"'o

25H(Nr dm 1H

X=Brorl
M = SnMa, or B(CR),

Scheme 1

The starting materials D1 and D2 of Scheme 1 may be commercially available or may be prepared

according to the usual methods known to those skilled in the art.

A subject of the present invention is also processes for preparing D1 and/or D2 as defined especially

in Schemes 2 and 7 below.

A subject of the present invention is thus also, as novel industrial products, certain compounds D1

and/or D2 as defined hereinabove or hereinbelow.

A subject of the present invention is also, as novel industrial products, the synthetic intermediates D3
in which the substituents R3, R4 and R have the meanings given hereinabove or hereinbelow. A
subject of the present invention is also, as novel industrial products, the synthetic intermediates D3 in
which the substituent R3 represents a fluorine atom or a methoxy radical, and the substituent R4

represents a hydrogen atom, R being chosen from the values defined above.

Compounds D4 represent products of formula (I) as defined above when R represents the values of R6

as defined above, R3 and R4 having any of the meanings given above.
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LC- M5- DAD- ELSD: 344(-) = (MH)(-): 346(+) = (MH)(+)
WO 2009/159381- , --, HNNCG >AO 3g ,OMe N 5g one PCT/FR2009/051100
3- met hoxy-6- (pyrid- 3-yl)-9Hpyrrolo- [2,3-b:5
di pyri di ne 1H NI\/R (400 VMHz, DWVMSO d6) 3 ppm 3. 94 (s 3
A sub?%f Zf @g p%s%l’t mzerﬁloﬁf a]% % rt%e]égd%%?pr%iuc%? gle%ﬁn}_t%etﬁsgélﬁgrinediates D4
in whidh Rerepfsenisrtbafbllewing vidhes8 OBO OCH;, O$¢0LC05, I, SCHHENOR B &nd R4 having
= 2. Qi ankeH) 12.08 (s, 1 H UPLC - SQ): R
any"?%er‘#a@g%%ﬁ;ﬁa ¥ = 277 +; Purity: 98% VH .-
H2ZN 3h N 5h Me. N 1-1 4-nethoxy-6-(pyrid-

Th Lo hg Bk @ & Recrdiip Q)théjinpéﬁtloﬂb&ﬁ &1ih aMWR step, in reactin
P R °mﬂ°%mppm°4 fi R cndnguitiof sk aBstep nrecing
the f WmEPF%du‘?‘Ssz (ddd, J— 8.0, 4. 8 0.8 Hz 1 H) 8.
(ddd, Hz 1H)85L§Mn€ind

e, i’f 8.59 (e, rée 4. 8°'

8 53 (q, E |H)\
1 Cae 35 1 Hz 1 1_(dd. J=22.2,
Hz,%l 1222(oadm1'H)UF%-SQ_):Rt(

0.35N M = 27%- Purity: 98%z
R B“u N
I s
N
Scheme 2

In a second step, the following step is performed:

nMe, EGEZF’haL Pd(OAC, Josiphos  ff N
ub loxane {BUQK, dioxane
95°C overnight 95 °C ovemight
R4
Braorl | e R3
=
HN" TN

Scheme 3

in which Josiphos is a compound having the following formula:

PiBu,

Pcy,
Fe

@

Scheme 4

When the groups R3 and R4 are not present before the coupling-cyclization sequence, the following
strategies have been developed. In the case of position 4, before protection of position 9, a metallation
is performed via the action of a strong base in the presence of a suitable ortho-directing group R3.
When the anion is trapped, for example via the action of diiodine, an intermediate iodinated in position
4 is then obtained, this compound allowing the preparation of numerous compounds functionalized at
4 via coupling reactions catalysed with organometallic complexes (Suzuki reaction, introduction of

amine via a reaction of Hartwig-Buchwald type, introduction of alkyne via a Sonogashira reaction).
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Table 1 Synthesis of 3e and 3f: KOH, MeOH HO
wo NooAkhgH, 3d3e 1) SOC12 2) tBuOK, THF 2. 41P@:19fR2009/051100
et hyl 2-am no- 3- brono-5-pyri di necarboxylate 3d in 120
nmL of methanol and 2.8 g of potassium hydroxide in 40
mL of water are placed in a rouii™M5GEE 0 flask. The
i xture is stlrr 6 i th heati ngreatorGOC MNor

f'f\l/r /fftoglve.N p
6- am fo- 5- br oroni cot i ni cl.a CI d. LC MS- DAD- ELSD. 5"217(+)
and 219(+) = (MtH) (+) Rt (m n) = 1.71 For 3e: %43
of 6-anino-5-brononicotinic acid and 385 nl of| LoRHO
met hyl propyl anmine in 20 nL of dichl oronmethane are

placed in a round-bottoned fl ask.neﬁﬁért er @

gd;l nto Boeiks Of a 0% sbdium
bi car bonate sol utio nd>t® rnL of water, extr#ctéd
twice with 25 nL of Wi cHl or onet hane, dried over sodium
sulfate, filtered and concentrated to dryness under
reduced pressure. 859 ng «f,&,Ccy ude product are
obtained and are purified by chromatography on silica
with a gradient of heptane and_ethyl acetat
The "éF%Ié’Hf Of( FUEHeTS PSiicR Sur B{?dlé%?d\f@%%)ien‘iam{?s3 b‘iomorpg(PXE%F"YD -9H-
pyrromgz ob:56-adipyedine Rbaied Mankd faton N pibaihdinCREti R 6e6-(pyrid-3-y1)-

o8 Do S TGN, sk oy SRAIPE oG o 4psEh g peladum

compiekesofinttdiuaivpl ofcdryloen bhmerearﬁ vh acBdukinreactivouimttedptivro o dmine via a

reactlgy%?%lﬁarfvxg u%&‘%&]{y?s) 03 \?é g# U&atﬁggexfe 1nt§orﬁlgat}bﬁlz)f rahIT %ﬁo’?ﬁ&gﬁ allow the

productiarpfthgcapowssompods functiopplized in pesiign 8f ur an and 3. 103 g

of potassiumten-butoxide predissolved in 25 niL of

tetrahydrofuran are added. After stirring for one
r, the mxture s concentrated {o dryness under

 euced pressure and

reacti on m xtum

NOf “ert- but yl
6- am nos- b ononi cot i nate. LC- BS- DAD- ELSD: 217(+) anon|

(mn) = 171 WO 2009/ 150%ehem€ry FR2009/ 051100
Synt heS| s of 3g A solution of 15 nunol of

The fiast( ek %MWI fge preparing Eompend CHRIIPNG i Wit dhanrihe (3-pyridyl)
groupdh YoditRdn Ay sHIRL b B8 ink ddioR konsist off B sTaMCETovANg 30 rest@iBns:

into a dry ope-necked-flask-underargon—The sol ution

is cooled to}-78C, and 37irhpwhciof teN /but yllithium

(1.5 Min peptan &'t ren, -metded over™ 15 ni hutes. The

t enperature Qalho d toTiseto*0C a € mxture

is left stirfimg ™r 2 hours. The reac iop mxture is

again cooledjto -78C and a sol uti on™ .5 mmol of

diiodine in p nL of dry tetrahydrofuran is then added.
The reaction|m xture b tupdrMegolr ed misé aqueous

ammoni um chl brld Gti oWF 86 ch is tracIth Wi th
et hyl acetate. rgani c-phase 1°s W th

agueous sodiJﬁithﬂbsquate sol ution dnd g hen|dried
over magnesi ym sul fate and concent £t e under reduced
pressure. The crude product is purified by
chromat ogr aphy on silica @ehenfegh adi ent :

di chl oronmet hane to 95/5 di chl oronet hane/ net hanol ). 1.7
g (34% of conmpound 3g are obtai ned. UPLC- M5- DAD- ELSD:
334(+) = (MtH)(+) Rt (mn) = 0.88 Exanple 9: Synthesis
of
3-bronn-6-(pyrid-3-y1)-9kbpé?5lo[2,3-1x5,4-cr|dipyrid
ne 6 5a6 360 ng of 5a, 15 nlL of acetic acid and 10 nL
of dlnethylfornan1de are placed |n a round bot t omed

AL « o o ' I T I 1




\ -N 9a: R=Me, 121=Pr0 9b: R=RI=Et 9c: RAle R
woO $0euidk¢3sfNO 325 ng of 6 in 30 nL of dinethylfo

rﬁlﬁ'ﬁgﬁmmﬂ 100

are placed in a 50 nmL round-bottonmed flask. 80 ng o

sodi um hydri de are added under argon. After st
194 d
In 5P 9t PO A S P it or R B o

irring

}r;gi'dir?g derivative

optiotmbly rsshstituled in pasittancinorif, fefllowed bwa practioadf imtamobOulaiary faménation type,

catal)%Qd)/Qiﬁlgquri llgtﬂ[ug%&ﬁb]g)b&o\l\n% %o%E%rﬁ %dg%e{ﬂglt gf \é\?lt g(rj

ovey, mgne%qﬁfﬁahsul fate,ufi| wered and concentrated to

dr yAgsS unﬁ%{%ﬁ%uced pres§ur 355 ng of
1- (33br 2, 3-b:4", 3" -d]pyrrol -9
-y||ethanonel?areolta| and are used in the

*t'ho diTRI cation. 0.25 mmol of 7,

gerom o Seghyt

17.5 not of gdl benzyl i deneacet one) di pal | adi un(0),

37.5 umol of Tigénd (see qubga agrj_@nd 0.625 mmol of

pot assiumtert-butoxide inotenli of 1,4-di oxane are

pl aced in a 5 mL mcrowave tube. I\J,e Le Egthween 0.8 and

2.5 nmol ani ne 8a-c (see Tabl e 2y gt & Aadded. The

m Xtur e |s.;uhggéat,§d by mniHg¥ e forgs: oha&u,ﬁt at 1g/0C

AFTEY cooIMv'n'g!pcmhe |react| xt urcemiravaysgeted |

I ¢y Tﬁ%—s—od'r'um svl-ut-rtm—arrd—-ZO ey
teg, extyadteg twge $0 nl cofulet h acet &
rred over um sul tec'fllter J Qﬁovem. ncentrat edfd

to dryness i, r educed pressure. i Foducts 9a-c

R

are purified by preparative HPLC and obtatned fn
yi el ds of between 7% and 380%meATM ne 8 Ligand Structure

9 Nane Anal ysis I I zr \ Sgz Q -z

1H NVR (400

Installatizn oDKIBOL e6dthy3- Iplﬂiﬁliyrazol-4 91 it (ér, an}—otﬁerﬁar{dzof Betdthar}l. @t may be
1ntr0dé)93(d \fll?'a zl_%)uéﬂ—%ll ac’élﬂ} c‘:aéa]%d zthX alt{d&gl %%np ) is j)erfon?:\eg Vﬁz'l sequence of

three step) compgg;ng ddlemgthylgtidh reactidn, Hirg formation of a trlﬂate derivative, and a coupling

reaction of Suzuki type. The synthesis of a carboxamide

group in position 6 is also possible from

triflate: a nitrile function is first introduced by reacting zinc cyanide in the presence of a palladium

complex, and in the next step the nitrile is hydrolysed in acidic medium to give the corresponding

carboxylic acid. The final step is a formation of amide via
thionyl chloride.

the acyl chloride obtained via the action of

34

/ HCI, AcOH
0 R3  microwave 1h HO R3
£ 120°C-150°C = =
N 4 N » N
N N N
H H
(CF,50,5,0
Pyridine
Ar or HetAr R . o HelAr—E j\ :f‘._ Pd(PPh;),, Zn{CH), N\}
— == DMF 1h 180°C MW R3
R3 — —_
N N p — = = — " . I\
o oM FOCI,dpof) NN X W
gioxane/water % N ﬂ
1 Cs,CO, !
M HCI BN
A . 10 140°C
For example: o =
N\ 7 R3 1 )somz
2e )CH t:l2
R3=H,F ’N“‘
Scheme 9



Cy" pyrrolol2,3-b:5,4- 1 H 8.08 (d, J=

WO Wodi1Bosgiid-3-amine 2.9 Hz, 1 H 8.29 (d, J= 2.9 pldz/rR2009/051100
H 8.49 (dt J=8.5 2.0 Hz, 1 H 8.56 (dd, J =

4.5, 2.0 Hz, 1 H 8.88 (d, J—lOHz 1H W

The 9%{\% ﬁ 81P?Fn/1 FRZO OSltﬁ?ik Sgloc cﬁqyal Smaylg'lf_ﬁ be e’mpil'oyed ina
metallaGeivisdDAfpIEESHoB iﬁ'(aely dfbdb’bﬂﬁ?ﬂ &él”ejna&ily?(hﬁter-a Sitzuli keaptidd, the compound
obtaidlYRan be subjected to the same sequence as previously (demethylation, formation of the triflate

and then introduction of the heteroaryl via a Suzuki coupling).

/
o

F PdPPhy), Cs,CO, O

F 1°) NaH, TsCl, DMF

_— e dioxane/H,0
B
" 2°)LDA, I, THF, -78°C 0
N N Ar—B\ T
H o $0,Tol
HCI, AcOH
F 2h 120°C

PACI,(dppf) FS\ 0
N F s

F dioxane/water
Cs,CO,

Scheme 10

In certain cases, the variations in position 4 may be produced via a triflate group obtained from the
corresponding methoxy. In this case, the coupling-cyclization sequence is performed with the stannyl
derivative described hereinabove and 2-amino-3-iodo-4-methoxypyridine. The dimethoxy tricyclic
compound is then converted into the corresponding ditriflate in two steps. This ditriflate preferentially
reacts in position 4 during a Suzuki coupling, which makes it possible to selectively and sequentially

introduce an aryl group into position 4 and a heteroaryl group into position 6.

1°) Pd(PPh,),
\/ ~ Cul dioxane
~0 | MW 120°C 1h HCI, AcOH
o Cl 4 R - e
| = 2°) Pd{OAc),, Josiphos
=
~o N HN N"  BuOK, dioxane
95°C ovemnight

or microwave 120°C 1h

(CF,80,),0
Pyridine

S r——— e e
N PACl{dppf) PdCL(dppf)
H dioxane/water dioxane/water
Cs,CO, Cs,C0,

Scheme 11

According to another of its aspects, the present invention relates to pharmaceutical compositions

comprising, as active principle, a compound according to the invention. These pharmaceutical
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(z7 r z. al\, 0zQ -. NN
woﬁﬁ%é&s? yl)-9H pyrrolo[2, 3-6:5,4- el dipyrid- mﬁﬁmmsnoo
1 NVR (400 MHz, DMVBO d6) 8 pp 1.14 (t, J= 7.
6H) 3.42 (q, J= 7.2 Hz, 4 H) 7.51 (dd, J—80 46

compl%znii_%n% c'é%tﬁig'a]cigefge%’i\ig; d:cge2 Eg a%?st ]63@0%1181?’)%?15 (agdowi]rfg ﬁ) %f I;%Vention, or a
pharn@ic&bic{lydaccdptable Galt 2f QhdHzaid kohpodrd89nd al)so Jat 1dasO okz phdrmaceutically
J=1.0 Hz, 1 H 9.36 (d, J= 2.0 Hz, 1H
““pﬁl.e%"‘%ééty broad m 1 H) UPLC- M- DADELSD: 318( +) =
(MtH) (+) * 11 CY2P - ---- Nz G\ i ----/0\ "Pr Q
The Qid exmplen'ts are &gsen' agcord.mg to thé lﬁ\arma%euncal form and the desired mode of
4-{methyl [ 6- (pyri d3-y 1%F911- yrrol ol2, 3 , 4-cl di pyri
admnast@tlgm |fr3mth%?su&1 exgigights PV 1R Hhess gy ﬂedelejthsﬁm one 1H NMVR
(400 MHz, DMSO-d6) 8 ppm 1.72 (m 2 H 1.81 (in, 4 H

In the2 'p%:}m&tcéutigzﬁ c%'m%osytzldnszof'_%e Zﬁtegsgnt( ivention for oral, sublingual, subcutaneous,

, N-di et hyl - 6-

intramuscular, intravenous, topical, local, intratracheal, intranasal, transdermal or rectal administration,
the active principle of formula (I) above, or the salt thereof, may be administered in a unit
administration form, as a mixture with standard pharmaceutical excipients, to man and animals for the

treatment of the above disorders or diseases.

The appropriate unit administration forms include oral forms such as tablets, soft or hard gel capsules,
powders, granules and oral solutions or suspensions, sublingual, buccal, intratracheal, intraocular,
intranasal and inhalation administration forms, topical, transdermal, cutaneous, intramuscular or
intravenous administration forms, rectal administration forms and implants. For topical application,

the compounds according to the invention can be used in creams, gels, ointments or lotions.

These medicaments find their therapeutic use especially in the treatment of cancers that are sensitive

to Pim kinase deregulation.

The Pim kinase inhibitors that are the subjects of the present invention are useful for treating cancer,
especially leukaemias, lymphomas and myelomas. They may also be used for treating various solid
tumours, especially cancers of the head and neck, bowel cancer, prostate cancer, pancreatic cancer,
liver cancer and buccal cancer, for example. Insofar as cancer remains a disease for which the existing
treatments are insufficient, it is manifestly necessary to identify novel Pim kinase inhibitors that are

effective in treating cancer.

One subject of the present invention is thus a medicament, characterized in that it comprises a
compound of formula (I) as defined above, or an addition salt of this compound with a
pharmaceutically acceptable acid.

One subject of the present invention is thus pharmaceutical compositions containing, as active
principle, a compound of formula (I} as defined above and also at least one pharmaceutically

acceptable excipient.

One subject of the present invention is thus these pharmaceutical compositions used for treating cancer.
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3 H 3.20 - 3.38 (partially masked m 4 H 3.45 (m 2
wo Ho9/dsek1(dd, J= 7.8, 4.9 Hz, 1 H 8.10 (d, J= ZS/i#k2009/051100
1H) 8.34 (d, J= 2.9 Hz, 1 H 8.49 (dt, J= 7. 8 2.0 Hz,
1 H 8.56 (dd, J= 4.9, 2.0 Hz, 1 8.85 (s, 1 H 8.92
(s, 1 H 9.35 (d, J= 2.0 Hz, 1 H 11.8(s, 1H)
(

LC- Ms- DAD- ELSD 415(+) = (MtH)(-F) Pr \ prPtBu.
One subistteof thePygsetidnvientiapfis thetha el aSompowd of formula (I) as defined above for
the pr%%(oﬁ%@g’ﬁﬂeﬁ) Chhdn Qg%tgg %Qﬁs tgat%eesgns]ﬂ toPEh lgftas? deregulation.
(met hyl am no) butyric rochl on
potaSS|untcarbonate in 40 nL of 1, 4- dloxane and 20

One diJleectQ)fft &bnt @r[\@ntﬁﬂnaﬁ £4ds ihe u% SRAURHpHeldt? MRt fal (BSK defined above for
tert-but di car bonate are added.

mepﬁ??@Fmﬁf?P?&ﬁﬂmth’gmﬁﬂéF§w¥the di oxane i s evaporat ed

of f and 30 inL of mater are t hen added. Aqueous 1 M
One ﬁ%&so? |thg Presg =n% lilrllvfer?ttq% 1sS I3 %neuclf & el @'gcgu)c(: g(%c%néna amzé Igg’ﬁned above for
the prgpargtion@f mﬁdleﬁfmeetswfbn@d étrame:er demetliereper sodi um

sulfate, filtered and concentrated to dryness under

reduced pressure. 4.37 of
One sybjestof theruiesgnty esrtinsviy thléflnytioalﬁvwé; plifoyryle (s ¢efigedsabove, as kinase
inhibfddt.ai ned. Step 2: 1 g of

4- (tert-but oxycarbonyl nmet hyl am no) butyric acid in 10

rnL of dinethylformam de, 1.925 g of
One qutljecradfhihd mrasenoinfdhntidy B thud hz obrapelinds &f] foymilal (1P ay Heidnyd atedve, as Pim
: di met hyl anmoni um hexaf | uor ophosphate, 713 ng
klnasg%ﬁhﬁ,ﬂﬁﬂsdiisopropylethylarn'ne and 360 ng of pyrrolidine

are introduced into a 100 nL round-bottomed flask. The

AccoRbl ABnESorSH &b s, MhrBlepihvtiof ARMRBPES bty FHFearing the
1mﬂm&§ ion mxture is poured into 50 nL wat er and

{6 STERBET e i o PP PRI TP 4 ﬁyttwafeet yegfective dose of 2
compdiie apecdditigio thesintemkion) otlp phatmslieGidaly auresthangiaRgeof.
filtered through 2 cmof silica. The filtrate is
evaporated to dryness under vacuum 806 ng of
The exemplepthtay lfollow describe the preparation of certain compounds in accordance with the

1nvenH§1{ r’l‘lﬁles%é: ﬁ‘é@es argﬂ'){ I%Blbg%gmh fsé/rl/apﬂ]@éb) t%q l&mttﬁe ﬁ%s%mt 1lﬂye§1tlon The

obt ai ne
numbggs tofy ghe (Ifusgigd Aomwméﬁ jeffr fn thosegivantiy |tl)ectalvlb herginbelefiowigeh illustrates
the chdmi€dl stridthied QAP ﬂﬁ%ﬂyﬁcﬂ%rﬁbeﬁ&s%ﬁ’ a”hurﬁrfer Qb GBS RNIE WERRENg to the

are placed in a round-bottoned flask. The m Xxture is
inveni9h- 1 red for 3 hours 30 ninutes at room tenperature.

The reaction mxture is concentrated under reduced

EXPERBSENTRL SHeermpnoduct is purified by chromatography
(SCX), eluting wth a m xture of nethanol and 2N

aqueous anmmoni a. 125 of 4-nethyl am no-1
-pyrrolidin-I-yl but&EﬁMan N8bt ai ned. Exanpl e
13: Synthesis of 3-chloro-6-(pvrid-3-yl)-9H pyrrol of 2
» AlBita: 1'5304101&] até @b‘rlfdrdllem am]thhydrodﬁ %ﬂeﬁf@ oﬁth‘é Q”ldﬂ(tsl (Olrgatﬁ& A83Seal range.

The G (% ttshusfzﬁ1 éﬁf ﬁ}% a’gfagt}o gg%taléﬁ OC?l gﬁ% Gt OBtfuned from SDS. The
purifipdtiold or cdise cdehiard derfatined abive dilica c’.ﬁrmdlgelf(15—40 pm silica gel 60). The

prepagh@ﬁpﬁ/& éﬁ"iiﬁ%@&n@ Gte p-gﬁgﬁxge%%%ltl\hz%ﬂer% goll.u%g{ @ﬁl@le%dur C18 phase) or

e su I On

on Oﬂ@bnl@é%t(%lfaé@l Qﬁ’d@rr I égerc@ithfJblsaémnkeKroamﬂ €hrbwil snitable eluents.

extract is taken up in a methanol/dichl oronet hane
> LGME DAD-E.3B amlygiso? pessiblecapagimentat ¢raditiowncent r at ed

under reduced Fressure in order to produce a solid
9 LG AD-EJSD pralysis (erdyC-M$h@ mindidMSpr Wateest ZQ; sloglupspfaly enpde +/-; mass
range jY'zcT rl§Rd 2y rlafbh}/ Agierd i HE d40QlC (cgh-lantl eriVaters 0§ oBradehyl8 C; 3.0 x
50 mm c &6 ams LCovon7 607G flayiratacdilandnimstehanol ). The

fractions containing the expected product are conbi ned

and concentrated under reduced pressure to give 380 ng

of
3-chloro-6-(pyrid-3-y1)-9ktg;rrolo[2,3-b:5,4-c|dipyrid
ine in an NVR purity of 80% The product obtained is
taken up |n 10 nL of DNSO the |nsoluble mat ter 'S

oy e T o " .

o o,



UPLC- M5- DAD- ELSD: 330(-) = (MH (-); 332(+) = (MH) (+)

WO 1089715038141 nmin) Exanple 15: Synthesis of PCT/FR2009/051100
3- hydr oxy- 2, 2- di net hyl proul
6-(pvrid-3-yl)-9H pyrrolor2, 3-b: 5, 4-cl di pyri di ne- 3-car

Eluentyo Ay witer 121% formiSacld BFOfewgitdlf wBh theXolowjngfradient:

Tin, 2- di%fret hyBPs 1, 3- pr opanedi ol and 13 ng of sodi um
0.thydr p8le are.d ntroduced into a mcrowave reactor of
56ui tapl e silv@. The m xture is heated by m crowave for
580 nmbHutes 180 160C. The solid is then dissolved in 80
6.5 o584 1/ B.ovater/ EtOAc m xture. The organi c phase is
7.extragbed, 5dri ed over magnesi um sul fate, filtered and
evaporated. The crude residue is then purified by

O LGNISSPADSRILSIp naheis (61 LC-MS (Jahing)l 51Sg= Piftfarinl [ $ajerdidicngmsas;

electrogpeayi-€4) tnagf radont/o =1 00-0 f 00 Biabanior Alllianck 2995;,0 ataw 3 Berm. 18C column;

4.6 midre75 mack 3 pnsLC ondnad 6l°Agilanmteex peedl@dmpe.oduct are

Eheta b+ natr a0d Yclonaie atidad e dcatorteite widdhe fotloping gsadieat: t 0

Timegi veA3d ng B%25% of 3-hydroxy- 2, 2-di net hyl propyl

0 6-(pysid-3-8y1)-9H pyrrol o] 2, 3-b: 5, 4-el di pyri di ne-3-car
6.boxybate 125 1H NVR (400 MHz, DMVMBO-d6) 8 ppm 1.00 (s,
86 H)53.36 d, J = 5.4 Hz, 2 H 4.15 (s, 2 H 4.71 (t,
909 = 895.4Hz51 H 7.55 (dd, J=8.1, 4.7 Hz, 1 H 8.54
13(dt, 99= 8.5, 2.0 Hz, 1 H 8.60 (dd, J=4.7, 2.0 Hz, 1
9.08 (s, 1 H 9.13 (s, 1 H 9.18 (d, J = 2.4 Hz, 1

P URH)C-MSSDADCEL S aalybisHZ postibld)exferii@n(abeonditions; J= 2. 0 Hz,

1 H 12.78 (broad s, 1 H UPLC MsS-DAD-ELSD: 375(-) =

© URIN;-MS-PADSEISD hn&hrs(sMHEH WhtefsRuattro(PrérdienXR) elderraspodyet/-} Giass range

m/z =S4l e iVéatears UPLCHA¢quity UHELG-BeHIC13H- pyrh BaimDx 20 mm column; UPLC oven

= 70°@; fovbrate 0.0 npimimde. 3- vyl | propan-2-ol 13: 0\ MeMgBr OH

EluenfsHA =Nihtérctl B 1% J@rmrigacid, BScacatoditrile rr0. 164 fofife aaidavithl thcgraldiem:

Ting dr WYone- rB86ked fl ask under argon. The m xture is
Ocool 88l to -520C, and 0.710 m of a 3M sol ution of
5met hgl magndédum brom de in ethyl ether is added over
530 nPhutes.5 After stirring for 3 hours, 0.5 trilL of
6fet hahol i $ added, and the reaction nediumis then
hydrol ysed with 25 nL of aqueous 10% anmmoni um chl ori de

O UN«-MS-DADaRIOSI? SnatgtsisoMSwaWeters SUIR ckguaptag+/Rphaserange m /z = 100-

1100;6Miter@ UIPRC; Avduite® UMLUBeAQ 181 . 0im 8 tnbiy k 50@@h adl@mn;dRI&oven = 70°C,

flow ayeet | m@ims. um sul fate, filtered and concentrated
under reduced pressure. The dry residue is then
Eluenfitl Ai=fwagdl +oy1 96 Formivait dgB afabatoriftilst 0.1 Bafofit adid Wit tHefingredient:
Tisé | | 38) usiBlg a gradient of 3% to 10% net hanol in
0di chbs®r onetshane. The fractions containing the
p@xpest ed prsoduct are conbi ned and concentrated under
1reduoed pregsgure to give 94 ng (72% of
1246- Opyri d-186y1l) - 9H pyrrol o[ 2, 3-b: 5, 4-cl di pyrid-3-yl]p
199pams 2- ol 513, the characteristics of which are as
2ol l ovs: 1H NVR (400 MHz, DMSO-d6) 8 ppm 1.59 (s, 6
H 5.29 (s, 1 H 7.52 (dd, J = 7.8, 4.9 Hz, 1 H)

For th3.dbt2étthn; J = 7.8, 2.0 Hz, 1 H) 8.58 (dd, J = 4.9, 2.0

DAD Waveldngth coBsidéed X= 2d040nd Hz, 1 H) 8.82 (d, J = 2.4

ELSD1Bedete BEDEX 38{tbulilatidh tSmpdtaturk 245°8; RBul(z8tionJpressitte 8 3tdzhar
1 H 9.38 (d, J= 2.0 Hz, 1 H 12.15 (broad s, 1H)

N.B: L€ Mot HeSkhalys2Q 3fruckurss, thivkitihtion309énty are: ditvbthi)l (Gdifoxidt methanol;

acetofitride; Uhidrdmetfaxanpl e 17: Synt hesi s of
1-6- (pvrid-3-v11-9H pyrrol o[ 2, 3-b: 5, 4-el di pyrid-3-yl]m

et hanol 14: Sc 14SVRTHETIE PRIGCENSER20 ng of net hyl
6- pyrid-3-yl- 9Fprrro|o|2 3-b: 5, 4-cldi pyri di ne-3-car bo

Synth¥3id éftsechidps-adtimbthplee il -DET -dydslRBidie @f Exanpl e 30) in

3.5 nmL of THF, under argon, is added over 5 mnutes
0.6 mM of IMIithium alumniumhydride in THF. After
stirring for 2 hours, 0.2 nL of nethanol is added to
the reaction nmedium and thggmediumis then poured
into a mxture of 100 inL of ethyl acetate and 100 rnL
of aqueous 1M potassium sodiumtartrate solution, and
stirred vigorously for 1 hour. The organic phase is




TsCl NaH F DV F LDA, THF, N N1 SO Tol 17 19 Step

wo 3609/1503819 of 5b and 90 nL of di met hyl f or mar ni decamer2009/051100
placed in a 250 inL three-necked flask. The mi xture is
stirred, followed by addition, under argon, of 847 ny
of sodium hydride. After two hours, 4.61 of t

chl ori de iRA(PPO)ASCEE © | f or n'a:rg{:cfé‘;i%i‘lc
i rHPEg 968N 2 ho }s t room tenpérature

i nLlof i carRGn ration and 2
wat erNar |added° t he mxtu|e) extracted twce
with 300 nL et acet atte, Il ed over magnesi #m

sul fate an@t%red The filtrate is purified by
chr omat ogr a on silica gel (gradient: 100/0 to 95/5

pll chl oronmet hane/ nethanol ). 4.75 g (94% of the
nternedi ate 3-fluoro-6-pyrid-3-yl-9-(toluene-4-
1485@11 2¢ndidiloropyrigyner .M 2, &- B:(5.4455etetragiyyl-l 3i2adioxaporatag-2-yl)pyridine,

0.76 qgﬁt%ﬂ%ﬂrlpﬂeyﬁkﬁ)zshﬁngﬁgﬁhﬁ@) a?}&'96'§)of caésMH’Dai’bo)natg Bfe ifftroduced into

di i"sopr pylamne 1S
2 20 ml. g 1oy undergreonHplipwedbyggdditiop @ﬁﬁi 5&106 rhefgdipyage pod 0.7 mL of
waterUTIShix@ie BMMIQE B MRSENRE eor 1T1hﬁr H0l294C. AMe kactiaGhBohldote performed
ol | vved b ddi t |
by staﬁzlﬂé:{h%t]lng{ afiop (o 6 OYgS Inh @F sobr%‘@ ?%’tgm:qo 1% the reaction mixture
is pounedxintar 2 rhls o4 10% eetifim bwﬁs‘boﬂ‘ﬂtdﬂ&dﬂt&ﬁn afid2d alved waer, extracted twice with
di 3 0 7 '
o0 T MNPl B ek B SR s
presswrg.gx8 g pf :alcrg%quwt o obtpinsd.eafidsare pyditedi by Ghreratedraphy on silica gel,
elutmE %ﬂlaahxﬁgﬁﬂé o I‘R:Btaﬁé SndPARR Ao O P By v-Ehf?ncW tHlsWifing $.2 ¢ Cfé?%) of 5-

tirred f | mnutes The reacti on nmediumis poure
Chk’“? %IQJ %éyl?MEd’SP amoni um chl oride solution and the
resulting mxture is extracted with 500 nL of ethyl
LC-M§:-DAR-ELSBHL 16D M EDpR R eniny =dd8hed with 200 ni of
aqueous sodiumthiosul fate solution and then dried

Step DVer nmagnesi um sulfate, filtered and concentrated to

1.4 mg %‘ 2(:1?1?%&)%3/ uwg%@ﬁlog 6??%_ﬁgfir§fura%'a§e5 ing‘o&ugc%c%ntg ];1 dtrjqu found-bottomed
flask ur@kloarﬁxggnratldes@hgtd, -Guipped|withraemaknetid stioary The @btioy isrcobled B -78°C and
3.95 ri')i[‘ Qf t? bﬂtyﬁltl'lnﬂh %5 Mjinr]ﬁxgngb%g Bheh QH&dORh@r'sBSﬂF & % rIuH@ces 145 gofl

uent steps
predlﬁmlwdwm 2‘fbmlh *?f| tetsahydrefuram BJPL@ﬂNBMNDSEEQB f0625‘(0¥55 F0mL of a 1M

solutlé%fﬂt%h{efh}/ltﬁitchlﬁnae §|2he§ﬁx{é)are 2AdeP The mztgtg i Bhu@tirded forl Phour at -78°C.

i nL of net hanol inL _of tetrahydrof gran are

The rppctenppedipmds Ma?l&ses é"t“ﬂ’o‘ﬁ%ﬂ’lf pfal0Ke amza%ww lopifigsqlption and 30 mL of
waterhyﬁld’ &)sh}dﬁg BktUel i@ Rxlr47d WEceOkith 50 MIHBOetISEetatéend ther Aried over

oo 5 o B f DS By L S5 e o
are obreidéd, and gre tphefiedigutirathate@abhyi dnfsilivaigal with a gepdentief Riptane and ethyl
acetath 146 it 'fl?)()/%ci tthﬁsobdiﬁ ) 80 Ig.g%p{hﬁ? &?’ #6219 ¢ &3%) g of 5-chloro-4-
trimeBytanpyl-8(¥ -nyoidpbmeridipg 2i d- 3- y1) 9H- pyrrol o[ 2,3-b:5, 4-c'

]di pyridine 19 are thus obtained. 1H NWR (400 MHz,

Dl\/ISOdGLSgom?.SGI&dd,_J: 8.0, 4.5 Hz, .1 H _8.43 X i
LC—NE%{),ADJE 8Dp3546H) T P+ )i+)|_gasotgpggroj{’11§,cogfewndgqg6t2 a(tJdldi,enyjatlge) Rt (min)
=43¢.5, 2.0 Hz, 1 H 9.10 (d, J=8.0 Hz, 2 H) 9.27 (d, J=
2.0 Hz, 1 H 12.6 (broad m 1 H) LC Ms-DAD ELSD:
391(+) = (MtH)(+) Exanples 21 to 31 (21la - 21k):
ExamPlENERA (SPREBEDURE FOR THE SUZUI CI COUPLI NG | N PCSI TI ON
GENEFRAL FRSCEbhK Fb‘?{o 'TEE( Osé’éu (BE) Stnip CQUPLING/AMINATION
S-f 1007 0-4-T 000-0- { H—p Ol 0] 2, 3-D. 5
A : a . g RTINS kK, 26. 6 rrg
of tetralci s(t ri phenyl phosphl ne) pal I adl um( 0), 125 ny
of caesium carbonate, 2 nL of dioxane and 0.5 nL of
water are introduced into a m crowave reactor of
suitable size. The m xture igy irradiated for 1 hour
bet ween 120 and 130C. The suspensi on obtained is taken
up in water and ethyl acetate, and the solid is
suctlon flltered t hr ough a SI nter funnel (0. 45 gn)

. I




Anal ysi s 1H NWR (400 WMHz, DMSO-d6) 8 ppm
, J= 8.1, 4.9 Hz, 1 H 7.56 /ﬁ@fo
woz%oé‘/is@i’ %PIH2  7.68 (d, J= 1.2 Hz, 1 H) 5 pigd 2009/051100

J=
2352?:;:1 . Pd(CAc),, Josiphos /N
" 9 BudK, dioxane
95°C ovemight 85°C overnight
Brorl XN R
I P
2 HN N 4a-h Sa-h
3a-h

* 10 mmol of 2-amino-3-halo (bromo or iodo)pyridine 3a-h (see Table 1), 10.5 mmol of 5-chloro-4-
trimethylstannyl-2-(3’-pyridyl)pyridine 2, 1 mmol of tetrakis(triphenylphosphine)palladium(0) and 2
to 3 mmol of copper iodide in 30 mL of 1,4-dioxane are introduced into a 100 mL round-bottomed
flask. The reaction mixture is heated at 100°C overnight. After cooling, the reaction mixture is poured
into 200 mL of a 10% sodium bicarbonate solution and 25 mL of water, extracted twice with 200 mL
of ethyl acetate, dried over sodium sulfate, filtered and concentrated to dryness under reduced pressure.
The crude product is purified by chromatography on silica gel with a gradient of ethyl acetate and
methano] or of dichloromethane and methanol eluent (from 100/0 to 90/10 by volume). The coupled
products 4a-h are obtained in yields of between 40% and 75%. 5 mmol of the coupled product 4 are
dissolved in 30 mL of 1,4-dioxane, under an argon atmosphere, in a dry 150 mL round-bottomed flask.
035 mmol of palladium (I} acetate and 0.75 mmol of (R)-(-)-1-[(8)-2-
(dicyclohexylphosphino)ferrocenyljethyldi-ters-butylphosphine are placed in a dry tube under argon,
6 mL of 1,4- dioxane are added and the mixture is stirred for 10 minutes under argon, This catalyst
solution is added to the solution of 3 along with 7 to 12 mmol of potassium tert-butoxide. The
resulting mixture is heated overnight at 100°C. After cooling, 10 mL of methanol and 150 mL of ethyl
acetate are added. The organic phase is washed with aqueous sodium bicarbonate solution, dried and
evaporated. The crude product is purified by chromatography on silica gel with a gradient of ethyl
acetate and methanol or of dichloromethane and methanol eluents (from 100/0 to 90/10 by volume).
The cyclized products 5a-h are detailed in Table 1 (yield of between 35% and 80% depending on the
substrate).

The cyclization may also be performed using another catalytic system: in this case, product 4
(1 mmol) is placed in a 5mlL microwave tube with 0.05 mmol of tris(dibenzylidene-
acetone)dipalladium((), 0.11 mmol of 2-dicyclohexylphosphino-2-(N,N-dimethylamino)biphenyl and
1.5 mmol of potassium ferf-butoxide. The tube is sealed and placed under an argon atmosphere, and
4 mL of 1,4-dioxane are then added. The mixture is heated by microwave for 1 hour at 150°C. The
work-up and purification of compound 5 are performed in the manner described above. The yields are
generally lower than those obtained with the Pd(QAc),/Josiphos system.

All the steps of this sequence may be performed either by heating with microwaves (between 110 and
150°C) or by standard heating (reflux).
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c'o 7.

WO a0y 13088 0- 6- (pyrid-3- 990/ (dd,
8.14 (dt,

8 Hz, 1 H 8.03

J=z o go, N

N
J= 7.
--- y1)-9H py

8, 1.5 HZPci/Fha‘)zﬂowosuoo
rrol o[ 2, 3-b: 5,

el dipyrid-4-y11- benzenesul fonamde 7.8, 1.5 Hz, 1
Reaben83 19| ( Structute oBtaihed 4. 8 Hz, Nahl 8. 24 [(t, J= 1.A5aallylzis
1H) 8.5B H 21a 1H NMR (400 MHz, DMSO-d;)

o0-pyrid-3-y1-9H-
pyrrolo[2,3-b:5.4-
¢’ldipyridine

O ppm: 7.35 (dd, J= 8.0, 4.5 Hz,
1 H) 7.53 (dd, /=8.5, 4.5 Hz,

1 H) 8.51 (dt, /= 8.5, 1.5 Hz,

1 H) 8.59 (dd, /=4.5, 1.5 Hz,

1 H) 8.62 (dd, J=4.5, 1.5 Hz,

1 H)8.72 (dd, /= 8.0, 1.5 Hz,

1 H)891(d,/= 1.0 Hz, 1 H)
9.03 (d, J=1.0 Hz, 1 H) 9.37 (d,
J=15Hz, 1H) 12.3 (broad m,
1 H)

LC-MS-DAD-ELSD: 247(+) =
(M+H)(+)

3-fluoro-6-(pyrid-3-
yD)-9H-pyrrolo{2,3-
b:5,4-¢’]|dipyridine

1H NMR (400 MHz, DMSO-dg
S ppm: 7.54 (dd, /= 8.1,4.5 Hz,
1 H)8.48 (dt,/=8.1, 2.0 Hz,

1 H) 8.60 (dd, /=4.5, 2.0 Hz,

1 H) 8.62 - 8.69 (m, 2 H) 8.91 (4,
J=1.0Hz, 1 H)9.05 (d,J=
1.0Hz, 1 H) 9.34 (d, /= 2.0 Hz,
1 H) 12.35 (broad m, 1 H)
LC-MS-DAD-ELSD: 263(-) =
(M-H)-); 265(+) = (M+H)(+)

methyl 6-(pyrid-3-
yh-9H-pyrrolo[2,3-
b:5,4-¢’]dipyridine-
3-carboxylate

1H NMR (400 MHz, DMSO-dy
O ppm: 3.95(s,3H) 7.54 (dd, J =
8.0, 5.0 Hz, 1 H) 8.53 (dt, /= 8.0,
2.0 Hz, 1 H) 8.59 (dd, J = 5.0,
2.0Hz, 1 H)%.07 (d, /= 1.0 Hz,

1 H)9.10 (broad s, t H)9.15 (d,J
=20Hz 1 H)9.32(d,J=
2.0Hz, 1 H)9.38(d, /=2.0 Hz,

1 H) 12.5 (very broad m, 1H }
LC-MS-DAD-ELSD: 303(-) =
(M-H)(-); 305(+) = (M+H)(+)

ethyl 6-(pyrid-3-yl)-
9H-pyrrolo|2,3-
b:5,4-c’]dipyridine-
3-carboxylate

1H NMR (400 MHz, DMSO-dy)
S ppm: 1.41 (t, /=7.2Hz, 3 H)
4,42 (q,J=7.2 Hz, 2 H)} 7.55 (dd,
J=80,49Hz 1 H)8.53 (dt, /=
8.0,2.0Hz, 1 H) 8.60 (dd, /=
4.9,2.0 Hz, 1 H) 9.08 (broad s,
1H)9.13(d,/J=1.0Hz, | H)
9.17(d,J=2.0Hz, 1 H) 9.33 (d,
J=20Hz 1H)939(d,J=
2.0Hz, 1 H) 12.7 (broad m, 1 H)
LC-MS-DAD-ELSD: 317(-) =
M-H)(-); 319(+) = (M+H)(+)

2-methylpropan-2-yl
6-(pyrid-3-yl)-9H-
pyrrolo[2,3-b:5,4-
¢’ldipyridine-3-

carboxylate

TH NMR (400 MHz, DMSO-d;)
o ppm: 1.63 (s, 9 H) 7.55 (dd, J =
8.0, 4.5 Hz, 1 H) 8.53 (dt, J= 8.0,
2.0Hz, 1 H) 8.60 (dd, J=4.5,
2.0Hz, 1 H)9.07 (s, 1 H) 9.10 (s,
1H)9.11(d,J=2.5 Hz, 1 H)
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(dd, J= 4.9, 1.8 Hz,
J= 1.8 Hz,
12.67 (broad m 1 H Z Z2 22 n -2

VHz, DVMSO d6) 8 ppm

WO 209250881( d,
1H

.cfri.tv O\

1H NVR (400

1 H 8.80 (d, J=

1 H 9.10

2.4 H, 1
(d, J= pCr/FR2009/051100

3.11 (9, 3 H)

9.24(d, J=25Hz, 1 H)9.39 (d,
J=2.0Hz, 1 H) 12.66 (broad m,
1 H)

LC-MS-DAD-ELSD: 345(-) =
M-H)(-); 347(+) = (M+H)(+)

N-methyl-N-propyl-
6-(pyrid-3-yl)-9H-
pyrrolo[2,3-h:5,4-
c’]dipyridine-3-
carboxamide

1H NMR (400 MHz, DMSO-d6)
8 ppm: 0.59 - 1.09 (broad m,
3H)1.51-1.73 (broad m, 2 H)
3.05 (s, 3H) 3.25 - 3.55 (partiaily
masked m, 2 H) 7.54 (dd, J= 8.0,
4.9 Hz, 1 H) 8.50 (dt, /= 8.0,
2.0Hz, 1 H) 8.59 (dd, J=4.9,
2.0Hz, 1 H) 8.66 (broad s, 1 H)
8.83 (broad s, 1 H) 8.99 (broad s,
1 H)9.05 (d, /= 1.0 Hz, 1H) 9.36
(d,/=2.0Hz, 1 H) 12.5 (broad
m, 1 H)

LC-MS-DAD-ELSD: 344(-) =
(M-H)(-); 346(+) = (M+H)(+)

3-methoxy-6-(pyrid-
3-yl)-9H-pyrrolo-
{2,3-b:5,4-¢’]-
dipyridine

1H NMR (400 MHz, DMSO-d6)
dppm: 3.94 (s,3H) 7.53 (dd, J=
7.9, 4.8 Hz, 1 H) 8.39 (s, 2 H)
8.49 (dt,/=8.0,2.0Hz, 1 H)
8.58 (dd, J=4.8, 2.0 Hz, 1 H)
8.90 (broad s, 1 H) 8.99 (d, J =
1.0 Hz, 1 H) 9.35 (d, /= 2.0 Hz,

1 H) 12.08 (s, 1 H)

UPLC - SQD: Rt (min) = 0.41;
MH+ = 277 +; Purity: 98%

4-methoxy-6-(pyrid-
3-yI)-9H-pyrrolo-
[2,3-b:5,4-¢c’]-

1H NMR (400 MHz, DMSO-d6)
dppm4.16(s,3H)6.97(d, J=
5.6 Hz, 1 H) 7.52 (ddd, J= 8.0,
4.8,0.8 Hz, 1 H) 8.47 (ddd, J=
8.0,2.2, 1.7 Hz, 1 H) 8.50 (d, J=
5.6Hz, 1 H)8.53(d,/=1.2 Hz,
1H) 8.59 (dd, J=4.8, 1.7 Hz,

Synthesis of 3e and 3f:

dipyridine 1H)898(d,/=1.2Hz, 1 H)
9.31 (dd, J=2.2,0.8 Hz, 1 H)
12.22 (broad m, 1 H)
UPLC - SQD: Rt (min) = 0.35;
MH+ = 277 +; Purity: 98%
Table 1
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7.46 (dd, J= 8.0, 4.8 Hz, 1 H) 7.49 (d, J= 8.6 Hz, 2H)

WO 200015038W 14- (3- Fl uoro-6-(pyrid- (d, J= 8.6 Hz,pr/#FR2009/051100
3-y1l)-9H pyrrol 0[2, 3- 7.81 (s, 1 H 8.16 _
b: 5, 4-cl di pyrid-4-y1l)- phenyl | nmet hanesul fon- ani de 50%

(dt| J 2. 1 H 8.55 (
L byl e ot £GP
Hz, 1 H)l 9,06 (s, 1 F) 10.]b4 [very broad m
(broad m™~{ Wy, WO 2009/ 15088TRET/ F R2009
3 ! 1% s0Cl,
2°) tBuOK, THF
>l\° N Br
| P
N~ NH,
3

2.41 g of ethyl 2-amino-3-bromo-5-pyridinecarboxylate 3d in 120 mL of methanol and 2.8 g of
potassium hydroxide in 40 mL of water are placed in a round-bottomed flask. The mixture is stirred
with heating at 60°C for 3 hours. The methanol is evaporated off. After cooling, 10 mL of 5N
hydrochloric acid are added. The precipitate is filtered off to give 2.07 g of 6-amino-5-bromonicotinic
acid.

LC-MS-DAD-ELSD: 217(+) and 219(+) = M-+H)(+) Rt (min) = 1.71

For 3e:

543 mg of 6-amino-5-bromonicotinic acid and 385 mL of methylpropylamine in 20 mL of
dichloromethane are placed in a round-bottomed flask. Afier stirring, 1.05 g of I1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride are added. After stirring overnight, the
reaction mixture is poured into 50 mL of a 10% sodium bicarbonate solution and 10 mL of water,
extracted twice with 25 mL of dichloromethane, dried over sodium sulfate, filtered and concentrated to
dryness under reduced pressure. 859 mg of a crude product are obtained, and are purified by
chromatography on silica gel with a gradient of heptane and ethyl acetate eluent (from 95/5 to 50/50
by volume), thus giving 485 mg of 6-amino-5-bromo-N-methyl-N-propylnicotinamide 3e.

LC-MS-DAD-ELSD: 272(+) = (M+H)(+) Rt (min) = 2.59

For 3f:

1.5 g of 6-amino-5-bromonicotinic acid and 10 mL of thionyl chioride are placed in a round-bottomed
flask. The mixture is refluxed for 3 hours. The excess thionyl chloride is evaporated off and the
mixture is then taken up in 25mL of tetrahydrofuran and 3.103 g of potassium ferz-butoxide
predissolved in 25 mL of tetrahydrofuran are added. After stirring for one hour, the mixture is
concentrated to dryness under reduced pressure and the residue is purified by chromatography on
silica gel with a gradient of heptane and ethyl acetate eluents (from 100/0 to 80/20 by volume), thus

giving 230 mg of tert-butyl 6-amino-5-bromonicotinate.

LC-MS-DAD-ELSD: 217(+) and 219(+) = (M+H-C{Hy)(+) 273 and 275= (M+H)(+) Rt (min) = 1.71
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Moo VW N/NH21e / N

| uor o- 6- ~ PCT/FR2009/051100
5, 4-cl di pyridine 82% 1H
3.

o\ o/ ..--- No- fe i

I
WO 2000350381i met hoxy- phenyl) - 3-f
(pyrid-3-y1)-9H pyrrol o[ 2, 3-b:
NVR (400 MHz, DMBO-d6) 8 ppm 3.83 (s, 6 H) 6.83 (t,
Synthesispf g Hz, 1 11) 6.89 (d, J= 2.0 Hz, 2 1-1) 7.48 (dd,J
8.1, 4.8 Hz, 1 H) 7.83 (d, J= O.9Hz,1|—|)8.15(dt,

8.1, 1.9 GWe 8. 54 ddf J = 4.8, ONe El )
.72 (d, J=m,1m 41, J= 19 1)
106 (d. JmO et 1565 (broad mﬂNﬁ;ﬁN N
N H 21d N quoro4[(E) 2- phenylethe 1] - 6(pyrid-
3-y0-9H-pyrrél o [2,3- b:5,4-cl dipyri 50@1H NVR

(400 MHz, 'DMBO-d6) 8 ppm 7.42 (t, J= ' 1 H)
7.51 (m 3 11) 7.68 (d, J= 16.6 Hz, 1H)793(d J=

A sothlo% 6‘1‘21’5 CP?TEP of }!- -métg%:%/]l ddl? yfj 2|jzdu?1%thgppf?pﬁznamﬁlﬁ)1ﬂ %ry é%rahydrofuran

H{I.d is yﬁroiuc@d |l;|z syllngq)m@ aﬁgy(qjle-ngdte@ TBsk-unden atgpn. g1 Aofusion is cooled
to -78CHInd%73%m b6 of*]tert-gutg)lhﬁ'ﬁum @15‘% é%eétgneﬁ BfQRG, diedlovkd) 19 minutes. The
temperature is allowed to rise to 0°C and the mixture is left stirring for 2 hours. The reaction mixture
is again cooled to -78°C and a solution of 37.5 mmol of diiodine in 5 mL of dry tetrahydrofuran is
then added. The reaction mixture is then poured into aqueous ammonium chloride solution, which is
extracted with ethyl acetate. The organic phase is washed with aqueous sodium thiosulfate solution
and then dried over magnesium sulfate and concentrated under reduced pressure. The crude product is
purified by chromatography on silica gel (gradient: dichloromethane to  95/5
dichloromethane/methanol). 1.7 g (34%) of compound 3g are obtained.

UPLC-MS-DAD-ELSD: 334(+) = (M+H)(+) Rt (min) = 0.88

360 mg of Sa, 15 mL of acetic acid and 10 mL of dimethylformamide are placed in a round-bottomed
flask. After stirring, 0.3 mL of bromine is added dropwise. After stirring for 3 hours at room
temperature, the precipitate is filtered off and then suction-filtered with aqueous sodium thiosulfate
solution and water. After drying, 463 mg (97%) of 3-bromo-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]-
dipyridine 6 are obtained.

1H NMR (400 MHz, DMSO-d6) & ppm: 7.54 (dd, J = 8.0, 4.9 Hz, 1 H) 8.47 (dt, J = 8.0, 2.0 Hz,

L H) 8.60 (dd, J = 4.9, 2.0 Hz, 1 H) 8.69 (d, J = 2.4 Hz, 1 H) 8.93 (s, 1 H) 9.00 (d, J = 2.4 Hz, 1 H)
9.05 (s, 1 H) 9.34 (4, J=2.0 Hz, 1 H) 12.55 (broad m, 1 H)
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Co> \ * O, k7. 0a N.., N

WO 2000858381 f | uorophenyl) 3- fluoro-6- (pyrl d- 3- yl)P@ﬂFRz()ogmsuog
pyrrol o[ 2, 3-b: 5, 4-0- dipyridine 80% 1H NI\/R(4OO ,
DVSO-d6) 8 ppm 7.49 (dd, J= 8.1, 4.9 Hz, 756-

LC- Msﬁﬁxﬂ-'msﬁ 5%3(3,‘ 74(1\4 go( )% H_)a%_%ﬂ;'g ﬁ}?hg)(%)g %1% Breseélt) A

Hz, 1H) 898(broade:20H2 1 H) 909(d J=
Exambled 1bi#o 1239#')9&?2- 67 (broad m 1 H lik \ .
GENE\kAL'PRSICE] °FOR_THE AMINATION REACTION UNDER THE BUCHWALD

CONDITIONS

Pd,{dba),
tBUOK, dioxane R
MW 140C° 1h
Ligand
Amine 8a-¢

9a : R=Me, R'=Pr 4]
9b : R=R'=Et

9c:R=Me R’ = (CHZ),)LD

325 mg of 6 in 30 mL of dimethylformamide are placed in a 50 mL round-bottomed flask. 80 mg of
sodium hydride are added under argon. After stirring for two hours, 0.194 mL of acety! chloride in
2 mL of dimethylformamide is added. After stirring for two hours, the reaction mixture is poured into
50 mL of a 10% sodium bicarbonate solution and 20 mL of water, extracted twice with 50 mL of ethyl
acetate, dried over magnesium sulfate, filtered and concentrated to dryness under reduced pressure.
355 mg of 1-(3-bromo-6-pyrid-3-yldipyrido[2,3-b:4°,3’-d]pyrrol-9-yl)ethanone 7 are obtained, and are
used in the following step without purification.

0.25 mmol of 7, 17.5 pmol of tris(dibenzylideneacetone)dipalladium(0), 37.5 pmol of ligand (see
Table 2) and 0.625 mmol of potassium ferz-butoxide in 2 mL of 1,4-dioxane are placed in a 5 mL
microwave tube. Next, between 0.8 and 2.5 mmol of amine 8a-c¢ (see Table 2) are added. The mixture
is heated by microwave for 1 hour at 140°C. After cooling, the reaction mixture is poured into 50 mL
of a 10% sodium bicarbonate solution and 20 mL of water, extracted twice with 60 mL of ethyl acetate,
dried over sodium sulfate, filtered and concentrated to dryness under reduced pressure. The products

9a-c are purified by preparative HPLC and obtained in yields of between 7% and 30%.

Amine 8 Ligand Structure 9 Name Analysis

1H NMR (400 MHz,
DMSO-d6) 8 ppm:
0.94 (t, J = 7.6 Hz,

3 H) 1.60 (m, 2 H)

N, SN 2.99 (s,3H) 3.37 (t,J
B N-methyl-N-propyl- | - 76 Hz, 2 H) 7.51
j 28D | W N | Gpwidamon | Gl s 5 it
\H o F Ne | )= pyrrolo[2,3-b:5,4- 1 H) 8.08 (d, /=

i ’Jdipyrid-3-amine | 791z 1 H)8.29 (d,
sa J=2.9Hz, 1 H)8.49

(dt,J=8.5,2.0 Hz,

1 H) 8.56 (dd, J =

4.5,2.0 Hz, 1 H) 8.88
(d,/=1.0Hz, 1 H)
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WO 2009/ 150381 PCT/ FR2009/ 051100
Wozoogﬁsoﬁﬂfl uoro-6-(pyrid-3- yl)-9H pyrrol of 2, 3- k]:@[/ﬂlR)googmslmo

c']di pyrid-4-yll phenol

8 ppm 7.00 -

829% 111 NVR (400 Mz,
7.19 (m 3 H) 7.48 (dd,J

N, OH.

\ NN H 211

DMSO-

4.9 Hz,

7.52 (t,
9, 2.0

(
1

H

——

.
2
3-
en
3-

cr~5><

3

z, 1 H)
Hz,
b
| f/

Lor 0- 6-

J= 7.9 Hz,

road m 1 H)
-z

di pyrl di
2

1H)
8.54 (dd,

7.82 (s,
J= 4.9,
1 H 8.96 (d,
12.56 (broad m

:7’
TH 81
2.0 Hz

J= 2.0 Hz, 1
1

4-[(E)-2-clycl opropyl -

(pyrid-3-yl
ne 60% 1H N

1 ﬂ1 /m 2

-9H pyrrol o-
MR (400

2 15 (m 1

S.Qﬂ@d, J=1.0Hz,

11 H) 9.36 (d, J =

H).0 91z06H) 11.80

Hbrdad s, 1 H)
LC-MS-DAD-ELSD
31H+H)=M(+H)

I\/Hz DN&SS@@%IT&) Et

g

o o
wo o |l _(DU'I'_"\

GD/'\/\L.'

|‘ —
8. 1. 4.
1.7, 2.

H)-

9.5 Hz,

2.0 Hz,

"1 H 7.39
7 H, 111)
0 H,

1H g
1 H 12

1) = =

(d, J=

AR}
15.8 Hz
8.52 - 8.56 (m
71 (s, 1 H 9.
39 (broad m 1

N,N-diethyl-6-
(pyrid-3-yI)-9H-
pyrrolo|2,3-b:5.4-
¢’]dipyrid-3-amine

R (400 MHz,
-d6) & ppm:

14( J=7.2 Hz,

H) 3.42(q,J =

.2 Hz, 4 H) 7.51 (dd,
J=8.0,
4.6Hz, | H) 8.10(d,
J=29Hz, 1 H)8.27
(d,/=2.9Hz 1 H)
8.42 (s, 1 H) 8.49 (dt,
J=8.0,2.0Hz, 1 H)
8.56 (dd, /= 4.6,
2.0Hz, 1 H) 8.89 (d,
J=1.0Hz, 1 H)8.92
(d,/=1.0Hz, 1 H)
9.36 (d, J=2.0 Hz,
1 H) 11.8 {very broad
m, 1 H)
UPLC-MS-DAD-
ELSD: 318(+)
(M+H)(+)

fl
D

s

NH

4-{methyl[6-(pyrid-
3-y)-9H-pyrrolo-
[2,3-b:5,4-c’]dipy-
rid-3-yljamino}-1-
(pyrrolidin-1-yl)-
butan-1-one

1H NMR (400 MHz,
DMSO-d6) & ppm:
1.72 (m, 2 H) 1.81
(m, 4 H) 231 (t, /=
6.8 Hz, 2 H) 2.99 (s,
3H)3.20-3.38
(partially masked m,
4 H) 3.45(m, 2 H)
7.51 (dd, J=17.8,

4.9 Hz, 1 H) 8.10 (d,
J=2.9Hz, 1H) 8.34
(d,/=29Hz 1 H)
8.49 (dt, J=17.8,
2.0Hz, 1 H) 8.56 {dd,
J=49,2.0Hz 1 H)
8.85 (s, | H) 8.92 (s,
1H)9.35(d,J=
20Hz 1 H) 11.8 (s,
I H)
LC-MS-DAD-ELSD
415(+) = (M+H)(#)

Synthesis of the amine 8¢:

Table 2




NH4 -, N---NH 2111 N N-cycl opropyl-4-(3-

WO bd09nrs03di- (pyrid-3-yl1)-9H pyrrol o[ 2, 3-b: 5, 4- 0- pCT/FR2009/051100
di pyrid-4-ylibenzene- sul fonam de 47% 1H NVR (400 MHz,
DVMSO-d6) 8 ppm 0.47 (m 2 H 0.57 (m 2 H 2.24 (m 1
H 7.53 (dd, J = 8.1, 49Hz 1 H 7.65 (s, H 8.03

(dq o 8B0B,0HGO, 2 H) 8 Nemskad m 1 13 fd, J= O
Hz, dpeppeg 22 d,ow= 8.1 Hz, 1 . 58L%dd, 0
\I<4.9 2.0 L. 881 (‘ol—’HJ_24 W/\j’
"'I_‘fbroad d, J= 2. (5’1 ggp 1. _N
.71 (s, 1 H) 09/ 1503 %\5&@9/ 051100 1. ¢
1zi- .- -2 e -\ [ 2 ethyl

l§P—%ZE) 3-[3-fl uoro- 6-
3 g of PinhethyBmitHo) @O Ndid O @Joaﬂ&q&e g, g‘*métgdsﬂﬁf bé}b(ﬂlate 1n 401'nL of 1,4-
Q

dioxa%cle ]ﬁgé ?B_ni:] QP %%t?re Iggegg/logc q gz/aR ttOj]led7 gk |_EIext24 fiﬁ ggaf gli-tert-butyl
dicarléci]hatejme a,]:lﬂedZAlﬂﬁ sti]rir’,rg) for/6 Ecam(, tlet, dickare i evdporatddaff shd B mL of water are
then %Sd@xg Aéch L%_l 131 ogassnifh llgbsulg.")t% %oh?t bé«?da 9 U{’jdtil pé{:%_ 75'_&&';1"2?’(11_31})6 resulting
mixtuge 7s7e7(t@cteg :twg;e 3witly 10 mIHpf ethy3 ac(edite Jh:;ed_ oRerHgodiuin Isihlfade, FMtered and
concdnBAOAE cﬁ'ynemmé-lzmz&e& ﬁpess%re'.’bf.?:@g of 4-(tert-butoxycarbonylmethylamino)butyric
acid are obtained.

Step 2:

1 g of 4-(tert-butoxycarbonylmethylamino)butyric acid in 10 mL of dimethylformamide, 1.925 g of
[dimethylamino—(1,2,3-triazolo[4,5-b]pyrid-3-yloxy)methylene]dimethylammonium hexafluorophos-
phate, 713 mg of N,N-diisopropylethylamine and 360 mg of pyrrolidine are introduced into a 100 mL
round-bottomed flask. The solution is stirred overnight at room temperature. The reaction mixture is
poured into 50 mL of water and extracted three times with 200 mL of ethyl acetate. The product is
taken up in dichloromethane and filtered through 2 cm of silica. The filtrate is evaporated to dryness
under vacuum. 806 mg of rert-butyl methy}(4-oxo-4-pyrrolidin-1-ylbutyl)carbamate are thus obtained.

Step 3:

400 mg of fert-butyl methyl(4-oxo-4-pyrrolidin-1-ytbutyl)carbamate and 5 mL of trifluoroacetic acid
in 25 mL of dichloromethane are placed in a round-bottomed flask. The mixture is stirred for 3 hours
30 minutes at room temperature. The reaction mixture is concentrated under reduced pressure. The
product is purified by chromatography (SCX), eluting with a mixture of methanol and 2N aqueous
ammonia. 125 mg of 4-methylamino-1-pyrrolidin-1-ylbutan-1-one 8¢ are obtained.

Example 13: 8

To a solution of 493 mg of 5a in 20 m! of acetic acid and 5 mL of dimethylformamide are added
dropwise 802 mg of N-chlorosuccinimide dissolved in 5 mL of dimethylformamide. The reaction
mixture is then stirred at 25°C overnight. The suspension obtained is concentrated under reduced

pressure, and the dry extract is taken up in a methanol/dichloromethane mixture with 1 g of silica and
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o HO1 N,\ N NN J"4-2ry H 21

wogo((gﬁsﬁjsloro 6- (pyrl d 3 yl)-9H pyrrol o] 2, 3-b: 5, T/ﬁhzoowosnon
di pyrid-4-ylibutane- 1,2-diol 54% 1H NVR (400 I\]/fg

DVMSO-d6) 8 ppm 1.74 (m 1 H 1.99 (m 1H)323-

then %Elg%tégﬁﬁnc%g f—ei)%ﬁg f}i_%%ui;e 10 é)réen}()lprgguce]a g(ﬂld(dg]aosn puthe cfﬁlmn The crude
produgt & pprified bl) chgorB@egréph Gon( sitica3geH) grddias: (GZQ% J:thbrb ac&ta@ff)to 90/10 ethyl

aceta{eﬁnetlli_abnbh e %%ct (g QcﬁﬁiauqRF %‘i ﬁ)@%@t}pﬁfﬂd&ct Ep fgm 1ned grﬁ 8Pncr?ntrated under

reducg}‘ Wﬁslffe&?ygm HOmy ef @ shlorw@cmygﬂﬁpﬂ)h?%fmr@o[z,sﬂa 544 Jdipyridine in an
NMRCIblﬁitijf 80, nﬂe%%u%tloblm%s (£A4QR upiz 10 Bﬂ!ﬁ@ 19@508\;1‘19 91590 él?le matter is

separixtﬁxi ow %{gilt%aglgr(l: and tge t}_ltrtpg?s i n(? {7)§ gg;rza?eaw[e 8—&’%@ t;_\n g;ﬁ 60 gpgrqf 3-chloro-6-
(pyridf3-3R-9spyribldfl),3-b: 4Bc (diphriliime A08he dhathctdasticd of Whidh 5@ a€ follows:
J=8.1Hz, 1 H 7.83 (s, 1H 8.17 (d, J= 7.8 Hz, 1 H)
8.56 (d, J= 4.8 Hz, 1H) 8.74 (s, 1 H 8.96 (s, 1 H)
1H N@'HGG"“@MHL DMS@zdﬁaﬁp(vmdaﬁ (04, JE &), 4GHz, 104).8348 (Ht, J&,8., 2.0 Hz, 1 H)

8.60 (HaR) £43, 2.0 Hz, 1 H) 8.65 (d, /= 2.4 Hz, 1 H) 8.89 (d, J = 2.4 Hz, 1 H) 8.94 (d, /= 1.0 Hz,
1H) 9.06 (d,/=1.0 Hz, 1 H)9.34 (d, J= 2.0 Hz, 1 H) 12.09 (broad m, 1 H)
UPLC-MS-DAD-ELSD: 279(-)/...=(M-H)(-)/....; 281(+)/...=(M+H)+Y.... (1 Cl present) (Rt = 0.52

min}
Example 14: Synthesis of 3-(morpholin-4-v1}-6-(pyrid-3-v1)-9H-pyrrolo[2.3-b:5.4-¢ 1dipyridine 11

0
Pd2{dha)3 (l
tBuUQK, dioxane

MW 140C* 1h

10 iPr PCy,

50 mg of 10, 11.4 mg of tris(dibenzylideneacetone)dipalladium(0), 11.3 mg of 2-di-t-butylphosphino-
2°,4°,6-tri-i-propyl-1,1"-biphenyl, 49.9 mg of potassium tert-butoxide, 77.5 mg of morpholine and
2.5 mL of dioxane are introduced into a microwave reactor of suitable size. The mixture is heated for
1 hour at 140°C. After adding 2 mL of methanol, the reaction medium is poured into 10 mL of ethyl
acetate. 500 m g of silica are then added, and the mixture obtained is concentrated under reduced
pressure in order to produce a solid deposit on a column. The product is purified by chromatography
on silica gel (25 g of silica) using a gradient of 3% to 10% methanol in dichloromethane to give 52 mg
of crude product, which is then purified by preparative HPLC, to give 14.6 mg (23%) of 3-(morpholin-
4-y1}-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine 11.

1H NMR (400 MHz, DMSO-d6) 8 ppm: 3.20 (m, 4 H) 3.84 (m, 4 H) 7.53 (dd, /= 8.3, 4.9 Hz, 1 H)
8.34(d, J = 2.9 Hz, 1 H) 8.47 (partially masked m, 1 H) 8.49 (d, J = 2.9 Hz, 1 H) 8.57 (dd, /= 4.9,
2.0Hz, 1H) 8.88 (d, /= 1.1 Hz, 1 H) 8.96 (d, /= 1.1 Hz, 1 H) 9.34 (d, /= 2.0 Hz, 1 H) 11.99 (broad
m, 1 H)

UPLC-MS-DAD-ELSD: 330(-) = (M-H)(-); 332(+) = (M+H)(+) (Rt = 0.41 min)
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Exanpl e 32: Synt hesis of

woﬁmmcsbmr opyl-3-fluoro-6-(pyrid-3-yl)-9H pyrro'l‘l‘f"?fFfQQ)WﬁSllOﬂ
:5,4-crldirwidine 22: 22 100 ng of 19, 129.2

(4 4,5, 5-tetranet hyl 1, 3, 2- di oxabor ol an) cycl opropane
, I

. . ITIC [}
s 0
_Dy_ﬂllﬁfﬁ’jjih_&}mddter are |ntroduced into a m crowave

reactor of suitable size. The m xture is irradi ated

1 hour a§ 150C. The suspension ined is t&\ken OH
in water &nd.ethyl and id i /2(
b SUCtI'&]%E?&h a si ini . 4

ith ethyl acetate and dried. g \(87%
of Now solid Ny z
4-cycl offr opy1- 3-f 1 uor o- 6- ('pyrl d-3-yl)- 9H-pyEroI o[2,3-Db
: 5, 4-cl gl pyridine 22 are obtained. 1H NVR (400 MHz,

DI\/BO46) ppm 1.13 (m 2 H 1.40(m 2 11) 2, 70(m 1

H 7.73 (dd, J= 7.8, 5.2 Hz, 1 H 8.51 (d, J= 4.0 Hz,

100 mg ¢4)3¢82.70 of b,ﬂdadetkﬂyl—llhplﬁpa’hedﬂl, and 1Bmghof é8digrh hodrilledre 1ﬂﬁoduced into

a m1c¥ov§a\§§§w$ﬁ EP s@ lﬁg S&:él % n'{%ture 19 ?)Bzgtgd Eé)?]mlc}dlwa'_lf'_l%gx?;b rE?nutes at 160°C.

The sghid isqher dissgived gy 80 ml of a I/1 water/EtOAc mixture. The organic phase is extracted,
dried 30v@f lﬂlﬁhrgﬂesﬂm{ @Ql’fz@@ OfittdRed? addl LvpotRM idls Iryad) regihh@ﬂ E}T%h Qurified by

yridine; trifluoroacetic acid
chrongigErehy oo Siicaresh 5@ oF SHiso Ko aradisni P2 @%ni &% of methanol in
dichlg@omethaic UThet fﬁrctlmbu:bﬁnﬁlnd@ the'expedidd R6dudi 0% MHEbihe a8 A8 eRrated under

reducgd hl%%gupe to O%Si\trel?’ Fe‘rn% (2?%8 %g_@%?%@%ﬂ rdﬁ%gﬁprolgﬂ rfi-(%)?tid-?a-yl)-QH-pyrrolo-
[2,3- hbi’r %Gddlpﬁmw-bmbpﬁhlaw;(ant hene, 23.4 ngy of

tris(di benzyli deneacetone)dipal ladiumand 1 m of
anh¥drous di oxane. 1 inL of dioxane is added to rinse

1H NMR ‘@P%@MMSQUW 8iPRrhb09 (56 Hhhﬁ@(ﬂ@éFﬁd(I@;\é)fﬁ 41520 28D 471 (¢, J
= 5484, 1mmrmso (ddne=arne4t en aslded dilhe i XoulL1 ﬂ?%%brd&ﬂ Ji=S4.7,2.0 Hz,

1 4060, AT e B he U S e g et o o 0. -

2.0 Hr,adliced'8gbreasyynél)and t hen purified by preparative HPLC

orLSEEHRURHD SR 196005, 0l ™ °

suppl emented with 0.07%tri fI uoroacetic acid). The

Examble36! $y3h8siE . & %b-rﬁ?oq 13:

and concentrated unoe
(30%9 of yellow soljd

3-fluoro-4-(norphol Q-4-y1)-6-(pyrid-3-yl)-9H pyrrol o]
2, 3-h: - cldipyri ne\an"F"r@ffor f the
triflybrohcetic a sal't. "TH NMR[|(400 Mz, 8%) 8
ppm 3. 3/96 (m 4 A) % H)
8.37 (s, J= 6.0 Hz, 1 H) B4 (m

2 H) 9.03 (51 1) 9.38 (s, 1 H) 12.42"efofl s, 1 H)

Synt hesi s of

3-fluoro-6-pyri d3-y1-9-(tol uene-4-sul fontl)-4-trinmeth
130 mpel oft Seramg 17- 184 off YIiHFOdre bRedt . Hdrf-ombaibqkyd ifldiknendedargah, 3I41e mixture is
coolecmrn 9@ rgfgh%g@ﬁf(%@/ + %01I tgc}nq:é / mgh Iglaﬁ-%rlglsﬁ?ﬁ? f?{()ﬁ[ﬁ(léeaﬁ% e y &né is added
over @tqnﬂ\dté%l Adigristirteg & 3t11@ws,7(8®nlfaj1nhaﬂmoﬂ iip pdded cintlitiprreadiion medium is

then l'édt%@séd"\lvltﬁ)ﬁs H]Lbdftaﬁhéoﬁ g{ clﬁdr}cfe sh 'ﬂgorf gﬁlozgﬁnlt of f water. The
ut es, oun SSO
aqueoty] prag g ea'a%f n&e@dﬁ 6h etﬁﬂoﬁﬂdﬁﬁeﬂ @-‘lesltowrrre&tgnﬁmm Bulfate, filtered

and cdﬁﬁ&ﬂtl‘éﬁed Elﬁﬂek Et}&ﬁ&dlwetsﬁﬂ@ Thé & r@sﬁ%u% iDdedpiftied by chromatography on silica
0, I me an
el 53 i 4758 iR Babk tadorg{ﬁm"hwasmrf{):d%wyew T fractions

250 m of aqueous 10% ammoni um chl ori de sol ution and
250 nL of water, and the agqueous phase is then
extracted twice with 300 nLygf ethyl acetate. The
conmbi ned organi ¢ phases are washed with saturated
aqueous KF solution, dried over magnesi um sul fate,
filtered and concentrat ed under reduced pressure. The

o I e



4-0-
Oﬁb't'l_%flmoowosuoo

13-fluoro-6-(pyrid-3-yl1l)- 911-pyrrolo[2
wO depyrsose14- yl | (phenyl) - nmet hanone 18% 1H
DVMSO-d6) 8 ppm 7.46 (ddd, J= 8.1, 4.8,
7.63 (t, J—77Hz 2 H 7.67(d, J—12Hz, H)781
2 H
P

cont{t_‘glﬁ%th% Exp(e tZd Bljodét % 0311’18)_%‘12 gidoﬁayéegggzd] dlar 1% uclc' s u&e tB give 94 mg
(T2%ptpf 24 6-fpyrig- 38371) -Pid- pyge]o@,ng fig-c’ ]ﬂjﬁymg-'.’»grﬂp](ogap-z-gl:lig 1@ ch@ragteristics of
whichlgre ad FloRs:11 (d, J= 1.2 Hz, 1H) 12.77 (broad m 1 H)
UPLC- M5- DADELSD: 367(-) = (M H (-); 369(+)= (MtH) (+)
(Rt =0.67 mn) =( as /z NNF ge 71 1 1\4
1H NMR (4001\41& DMBGLBY & ppm: [11501(Q-HY LN t M 7.52 (dd, /= 7.8, 49 Hz, 1 H)

s.52 3 1 5y . kot o i A Th08 K2 o1 11 832 @, -

24 HENBED) 8185(d 8/ pPAHZ3] BAS.08 (d, 3 =H)8 Hz,QH)-9.38 @2 £ 2P Hi, HH) 12.15 (broad s,
1my7.57 (dd, J= 7.8, 4.8 Hz, 1 H) 8.37 (d, J= 1.2 Hz, 1
1) 842 849 (m 2 H) 863 (dd J=48 20tz 1H
LC*M PAR-ELSP=343(2 =§d-HY; 30§(+d= S+ Re=2. lcimm) 1 H)
12.56 (/1, 1 H UPLC- M5 DAD-ELSD: 396(- ) = (MH(-);
M+

,3-b: 5,
NVR (
0.7 Hz
1

m 3.22 -3.NyJ {partially
ré’M(d, )
. 1 H 8.38 (dty 2.0
1 ; A= 4.6, 2.0Hz, 1 H 8 VI= 1.9
Hz,1H)9.12§f|d, J= 0.8 Hz, 1 H 9.23 (d, M= 2.0 He,

1 H 12.70 (brgad s, 1 H UPLC- M5-DAD-ELSE 3760 =
OVIHX-): 378(9 = (M+H) (+) (Rt = 04 nin)

To a mixture of 120 mg of methyl 6-pyrid-3-yl-9H-pyrrolo[2,3-b:5,4-c’]dipyridine-3-carboxylate
(product described in step 2 of Example 30) in 3.5 mL of THF, under argon, is added over 5 minutes
0.6 ml of 1M lithium aluminium hydride in THF. After stirring for 2 hours, 0.2 mL of methanol is
added to the reaction medium, and the medium is then poured into a mixture of 100 mL of ethyl
acetate and 100 mL of aqueous IM potassium sodium tartrate solution, and stirred vigorously for
1 hour. The organic phase is extracted, dried over magnesium sulfate, filtered and concentrated under
reduced pressure. The crude residue is purified by chromatography on silica gel (15 g of silica) using a
gradient of 0 to 10% methanol in ethyl acetate. The fractions containing the expected product are
combined and concentrated under reduced pressure. The crude product obtained is then purified by
preparative HPLC to give 31.9 mg (30%) of [6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’)dipyrid-3-yl]-

methanol 14.

1H NMR (400 MHz, DMSO-d6) § ppm: 4.71 (d, J= 5.6 Hz, 2 H) 5.36 (t, J = 5.6 Hz, 1 H) 7.53
(broad dd, J = 8.0, 4.8 Hz, 1 H) 8.52 (dt, /= 8.0, 2.0 Hz, 1 H) 8.56 - 8.60 (m, 2 H) 8.68 (d, /= 2.0 Hz,
1H) 893 (d,J = 1.0Hz, 1 H) 9.01 (d, /= 1.0 Hz, 1 H) 9.37 (broad d, =2.0 Hz, 1 H) 12.20 (broad s,
1 H)

UPLC-MS-DAD-ELSD: 275(-) = (M-H)(-); 277(+) = (M+H)(+) (Rt = 0.30 min)

Example 18: Synthesis of 2-methvipro
carboxylate 15;




Table 4 Exanple 37: Synthesis of

WO do@isesgy- 3- 1 | uor o- 6- (pyrid-3-y1l-9H PCT/FR2009/051100
pw ol o] 2, 3-b: 5, 4-cidi pyridine 29: Step 1 105 |
dii sopropylamne in 3 n-iL of THF are placed in a dry
one-necked flask @nder argop. The mixture is irred

and cgql ed to -78G—%o0l | one addjtion of 28 of
n- buff'yl er Sti B or°1 | M nut es=£10

of Nx : Ny

3-f 1l uoro- - y1- OTHA N trdrte - 4- sul N- pyrrol

o[ 2, 3-b: Q|pyr|d|ne 17 in 4 nth N
The reaction mediumis stirred for 2 hours, foll owed
by addition & 191 ng of tol uenesul fonyl chforide in 1
tnL of THF. After stirring for 1 hour, the reaction
2.5 nimnd ioﬂmdeﬂlyhy-@lf@hmﬁ ec WnLlf FOF ke miced te@idtfowh0&tube, the tube is cooled

annon mch ri qu and 50 ter, .and .t he
oA B 5 B e L 8 o B e s
addedarihthe mbetsataded. Thﬁewwntn magidmds gradiated b aseewaredordhli midutes at 140°C,
and DM€ o fr@l%neﬁétﬁmaﬁeuéhgﬁtagdedf Jﬁhéreﬁg%lgafbg SCrgﬁﬁ%Qta{ 95 é& ml of saturated

under reéeduce ressure e Cr resi due obtain
aqueqys PPipFsEEn éliﬂy‘&%eamhw@g%teﬁﬂwweﬁresﬁdwdc@dg@ precpBtaty bfained s filtered off

by susndmd &adhed l\kﬁﬂhﬂﬁlﬁlﬁﬂ%i@f&h%ﬁ% dﬁédt 14 Q1104 @t@"{w@%wﬂzt ﬁﬁtﬁmi@yl 6-(pyrid-
| C I.ac IO contal nit ng e
3 l)gﬁpwgodfégged{ﬁ? Iﬁ’iﬂé‘lne FBeEY A} concentrat ed under

reduced pressure to give 81 ng (35% of

QH;??%l(t@g\g Fﬁr'%ﬁ)pg%@p@frop [}E @I'%zélﬁm 1 H)4.17 (d,J= 6.6 Hz,

P (dgy-F rdignég ¥, 1 HOS.ME(dbA: BE8.907 Hz 3 3{)8) 60 d¢d, MiF-).-8.41)7 Hz, 1 H) 9.07
s, 1£F1<)t§@i QP?HPQQ’V gd §= Qg;ﬂ%%ﬂg@oblrtg A0 aehl AY Q46161 rLatine) uy 12.75
G, II5‘1fluoro 4- chI or 0- 6- pyri d-3-y1l-9-(tol uene-4-sul fonyl)-
9H pyrrol o[ 2,3-b:5,4-c | dipyridine, 2 nL of methanol,
2 _! of THF and 41 m;l of I|th| um_hydr OXI ded| ssglved

Exa

o

t he met hanol e THF are evaporated off under OH

red crfr‘t Tl'f":eg?od*ue gbtai ned is t en
up |N and i of agu m
chl o nZtriturated, filter®

purifi ed > atative HPLC (I\/Iacher ey-
phase inverse H18 Nucl eodur 1011 col um) . ut ton i s
performed osca gradient (acetonitrile contakging 0.07%
TFA and H20 containing 0.07% TFA). The fractions

oo 590 8 MR S SE 5, SEPRRIAT L SRRyl s e

micrgasle tuhe el ef aqmeouls évadadm\hyﬂxhxﬂe kohajpiniakd xided aniichegibveels 6ealed. The
reacu?g nf%ﬁlgél i§ h‘l'ﬁ(afa fnluyr%{vggg' %S%mgluﬁzs at 148°C fol.lodved by é'lgdltlon of 2 ml of

rrolo
aqueops ﬂNNMQr({C solg»yg@T @preglpggmobmlrsq iy ﬂ]@pred]eﬁ agd dried to give 6-

(pyrltﬂ?; @2@1—1@&1‘0'11)[2 85924 é&u %'nhm'e 38cailbox§1hc8ac{d216 cﬂzar@tatﬁre@go( ‘(jg
J-lOHz 1 H) 913(d J:10Hz 1H) 936(d J =
1H NMR (460 MHz,Hi)Mse-&%ﬁ:bm@ads dd, J=Ho, 491@1;& NS—SD;AthE!LSDQ 2.0 Hz,

i €80 g Lab To i o.0s i R0 T wos M prac 9 s o
2.0 HA,- Inidt 9. 20/ (s B= leom oH59(3pYd, /e 230 Hz,)I-anﬁmvaiymf-@dm b1B, 4-
LeMEDABELSHL B8 Lo Bcd ~ o mitl Lot mim

one- necked flask under argon. The mxture is stirred

1R6is bP3-M&64-ib@-b-

of

3-fluoro-6-pyrid-3-yl-9-(tolg4yene-4-sul fonyl)-9H pyrrol
o[ 2,3-b:5,4-cldipyridine 17 in 4 nL of THF are added.
The reaction nmediumis stirred for 2 hours, followed

by addltl on of 142 5 ng of |odomet hane |n 1 m_ of THF.

AL + .



111 NWR (400 MHz, DMSO-d6) 8 ppm 3.93 (s, 3 H 7.24
WO b6ld/15d5817- 8, 4.9 Hz, 1 H 7.63 (s, 1 H 8.48 (Spcﬂmﬂkoowosnoo
8.56 (dd, J=4.9, 1.7 Hz, 1 H 8.63 (dd, J= 7. .
Hz, 1 H 11.84 (broad s, 1 H Exanples 39 to 41 (39a -
390: Preparation of the triflate and Suzuki coupling:
WO 2009/ 150381 PCT/ FR2009/ 051100 Pda2( dppf) Cs2CO3
' OR R1

-0 8iHep N
B¥rrolof 2,
t| acid are
hdelochbqfi ¢ acid sol uti
mi crofave for 3 hours at 15(5'Ctr and the insoluble |
matter, fornmed is filtered off?By suction and washe®:™
W th abethyl ether to give §712ngof 18
9H di pyrido[ 2, 3-b:4",3 -d] pyrrol -6-ol 36. L
UPLC- N5- DAD- ELSD:  186(+) = (MrH) (+) Rt (minff 0. 3
Step 2 To a suspension of 280 ng of =
9H di pyrido[ 2,3-b:4',3 -d]pyrrol-6-ol 36 in 8
pyridine is added 1 ml of trifluoronethanesulf
anhydride, and then 0.5 ml after stirring for 1 &
at 25C. The reaction nmediumis stirred overnight and
then concentrated under reduced pressure. The resjgdue
hs taken up in dichloromethane, and the organic phase
tained is washed with saturated aqueous sodi um
32 gbvf S pixb?amk of é:hwthwtfmnaam‘.b drdplaced ome @5 mhttigee-oerhiar flask. The mixture
[ A
is snng&fj HB b LRI, unbB RO gg+g gfssg&h 18 ARBUWOHES, 4.61 ¢ of

ronatograp on s [1ca u3|ng

tosylacbécrr@au iant0 Bk doimsthyGermeidey Prea%ﬁéﬁ‘bt éﬂ¢rnStﬁ@'pﬁ &47e2 hpHe at room
tempérﬁt@f‘et RSNSIL &P At180 ol it ﬁ@ar@dﬁﬁ@%bﬁﬂmp 2Rt mIR 6L wheiTie R8&kd and the

mnmg? 18 gx(t)rggtg Em[lget \%gh %‘odmi of e aceta e, %%g gv%rtm% és}{Jem ssu?fgten%d filtered.
The Ofilirfter iif | podifisdettyy| c)l'ﬁajhaft«igﬂaﬁh}f- Dt p;yli‘c[aolge[ 2(gaadh=n5 4900/0 to 95/5
L.trikl u t nesul fo
dlchlbrgbe%%ﬂeﬂngﬁ% o ﬂr':’é @ﬁ?'}‘;o %e % ipe (%%é %Afﬂ.}{ogt - (Elg é'?b ~(toluene-4-
sulforyl)- %Wl(rql))[mt-b §.Aieipyridingty «®¢ efgaiged. 0. 1 nmmol  of
9-Ktrifluoronethyl)sul fonyl]-9H pyrrolo[2,3-b:5,4-c
li:dig rid-6-yl trifluoronethanesul fonate 37, 5 unol of
L§-M5- %‘@éisﬁhéh‘%iﬂfh@éﬂﬁ(ﬁd}‘feﬂflgé@wwl chl or opal I adi unt
I1), 0.3 mml of caesium carbonate, 2 niL of di oxane,
Sten 2 500 nL of water and 0.15 nmol of the boronic
S gerivative 38a-c are introduced into a nicrowave
0.73 mbad tliisopmpylsmink sl red inZB. mIT hETHF ¥i didre raint-dbim@ckd sk meldar an argon
' di r..3 t a . t n .
smolghb @} Sl Bolth WL REC o636 vy AbNSR 1A of Byt
(2.5 My hem)z@@@vemaﬁ)mm@w EREOOD @3 § nHutera Shlomgd bf’ dtopwise addition of
1.35 g\&Pl‘PBéﬁﬁs%lveHhﬁs@ﬁxﬂa& é&raﬁmﬁéﬁﬁanahﬁe%ﬂﬁig%gz Beks at -7 °C; 131 g of

concentrated under uced pressure e cru e resi
diioding predissplved &d5 mh el @Eralmdmfﬁn% areaiiod HEPRSGHE} dbp pinture s strred for

10 mﬁlu&aen&l eittibh iedRiat a&i shackdl Bitof 290181 @€ afbfoniiyh &ﬂ&ﬁde%lutlon and the

resultér}ngﬁg%fu\é%l% ggt%%a r\”dt\;ﬁ%@g H‘Tt(\’/}d C:tglg(]sae : h{ﬁ "gl?%;l'g Lnic q@?ﬁ I8 Washes with 200 mL

of agrewus®ium 3BioSilfateC baltitedn389nd then dried over magnesium sulfate, filtered and

di py(rpilf| "t ne 3
nLof 37%

concentrated to dryness under reduced pressure. 1.65 g (91%) of the expected compound 3-fluoro-4-
10do-6-pyrid-3-yl-9-(toluene-4-sulfonyl)-9 H-pyrrolo[2,3-b:5,4-¢ |dipyridine 18 are thus obtained, and

the product is used in the subsequent steps without further purification.

UPLC-MS-DAD-ELSD: 545(+) = (M+H)(+) (Rt = 1.32 min)
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Nanme Yield Analysis z \ -z z/ \ 641-Methyl-11l-
WO Pogoazess14- y1) -9 pyrrolo [2,3-6:5,4- Chlipyri dtaEFRe669/051100
1H NVR (400 MHz, DMBO-d6) 8 ppm 3.91 (s, 3 H 7.30
(dd, J= 7.8, 4.9 Hz, 1 H 8.00 (s, 1 H 8.22 (s, 1 H)
8.42 (d, J= 1.0 Hz, 1 H) 8.57 (dd, J= 4.9, 2.0 Hz, 1

8.61 (dd, J= 7.8, 2.0 Hz, 1 H 8.84 (d, J= 1.0 Hz,
Step3: H) 12.04 (broad s, 1 H) UPLC MS-DAD-ELSD: 250(+) =

700 xﬁé\/g 8( Té mL d?tmefhag& ]anmflanQﬁ‘ltetrahydrATQan 8z éﬂcg{ﬁtﬂ \roﬁlld/ bolomed flask.

uran-3-y1-9 pyrrol o[ 2 2y di ne 80%
Aquepps NWM@@XWOM%@%; o%ﬂlﬁ)&ﬁh%@?lve@@ Syal of \gaterblsgldded The
mixtdng is stirdell fof -23wbufsdsh mﬂ,-_of fvater ark- 29dddZand thdfeaciod Aleliumlis Eﬂen Geutralized
with ?Zn’gd %Eﬁuigqg)%?\g %g%bc(ki@icla}l% %?@%n]%if H%'Ectgltftsel_‘?%ggr%é ogfaaand then dried.
380 nlgdt Hfludko-4-iddit-6-(pytil-381)8H-p ghrold[2,31h: 4k dipsiridif)e 1B2reltBus obtained.
(broad s, 1 H LC Ms-DAD-ELSD: 236(+) = (MtH) (+) (Rt =

2.30 mn) 39c H\
1H NMR (400 MHz, DMSO-46) & ppm 7.56 (dd, /= 8.0, 4.5 Hz, 1 H) 8.43 (dt, /= 8.0, 2.0 Hz, 1 H)

8.56 (s, 1 H) 8.62 (dd, /=4.5,2.0Hz, 1 H)9.10(d, /=8.0Hz, 2 H)9.27 (d,/=2.0Hz, 1 H) 12.6

(broad m, 1 H)
LC-MS-DAD-ELSD: 391{(+) = (M+H)(*+)

Examples 21 to 31 (21a — 21k):
GENERAL PROCEDURE FOR THE SUZUKI COUPLING IN POSITION 4

Pd{PPh,), Cs,CO,
dioxane/water
RO._.OR  1hmw 120-130°C
v ?
R1
19 20a-k 21a-k

100 mg (0.25 mmol) of 3-fluoro-4-iodo-6-(pyrid-3-yl}-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 19,
0.75 mmol of a boronate 20a-k, 26.6 mg of tetrakis(triphenylphosphine)palladium(0), 125 mg of
caesium carbonate, 2 mL of dioxane and 0.5 ml. of water are introduced into a microwave reactor of
suitable size. The mixture is irradiated for 1 hour between 120 and 130°C. The suspension obtained is
taken up in water and ethyl acetate, and the solid is suction-filtered through a sinter funnel (0.45 pm),
washed with ethyl acetate and dried to obtain the expected compound 21a-k.

When the purity of the solid is less than 90%, or in the cases where crystallization does not take place,
the crude reaction product is purified by preparative HPLC (VP240/50mm Nucleodur 100-10 C18ec
column) using a gradient of acetonitrile in water (Milli-Q + 0.07% TFA). The fractions containing the
expected product are combined and concentrated under reduced pressure to give the expected

compound 21a-k. The results of these experiments are collated in Table 3.
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N 6- (6-fluoropyrid-3- yl)-9H pyrrolof 2, 3-
wO Bogo/140581 di pyridine 88% 1H NVMR (400 Mz, DVBSO-mE)/F&2009/051100
ppm 7.28 - 7.38 (m 2 H) 8.62 (dd, J= 4.8, 1.8 Hz,
H 870 (m 2 H 8.90 (d, J= 0.8 Hz, 1 H 9.00 (d, J=
Reagedt ) Hz| 1 H)Sthhcfide £1d, J 0.8 Hz NakeH) 12. 29 Yi&ladad s,Analysis

TH) LG NM5-DAD-ELSD. 263(-)) = (MH)(-); 265(f) = | 1H NMR (400
(MHH) () ( R = 2.75 min)] NN, F Tabl e 3 MHZz, DMSO-d6) §
Synt hesi s of 6-nmnet hyl sul flanyl-9H pyrrolor2, 8-6:5 ppm 7.44 (dd, J =
4-cldipyridine 41: d....,,,,c-?"," N MeSNa, DMWRlg Chd 1z, 1 H)

I .." NNH, NNH, 3340 Stepl1 A mxture of 740 ny 0f56(broadm,2H)
2',5' -dichloro-[3, 41bi pyrfi dyl-2-yl am ne (product | 7gs (d, /= 1.2 Hz,
descriped in step 2oofHExanpl e 43) and 216 g of | 1H)7.95(,J=
y_x(sodi um net hanethiol aisg in 12 nL of DMF is ifradi teeiHz, 1 H) 8.03
J \in a njcrow . fot flve times 1 hour al IOOC(da'Iye=7315HZ,
8" brown sugpepsi on\obrai ned i.f_fiubletd-fi-Ane Washed W i 14 (ar, s =
et hyl acetafe, and\t heefi jgﬁ%yh%kﬁpgl_%eﬁ_rat%?dﬁ NOEN s Hz, 1 H)
reglyced presgung, AfHE crucfe]dgleyﬂ 41 s t'aken up |r319(dtj 8.1,

Jmet hyl  sulMoxi and ”l‘?eﬂzﬁfé&dlfohﬁﬂld%y pr epar atfi VeHz 1 H) 8.24 (¢,
BRi ¢ HPLC (VP 240759 mm Nucl eodur 100-10 Cl 8ec | j=15Hz 1 H)8.53

col umm)) usi ng gaé'radl ent |of acetonitril e iniwater| 4d =49, 1.8 Hz,
(MITiQ water supplemented with 0.07%¢trifl Joroacelth}:ggo(d J=
acid).| The fractions containing the expected produgmz, 1 H)9.02 (@,
are cobi ned and concentrfated under reduced pressu;glgHz 1H)9.10
to give 495 ng of o (d,J=12Hz, 1H)
5'-chlpro-2'-nethyl sul fanyl [ 3, 4" Jbi pyridyl-2-yl ami &7 (broad m, 1 H)
40 in the formof a brown solid. LC Ms-DAD ELSD:
[ 25I(F) = (MWFHy(F) (Tsotope profite corresponding TG RMR (400

chl oro| derivative) Rt (mn) = 2.44 Step 2 TJo a MHz, DMSO-d6) &
suspensi on of 450 ng of 11 (s, 3 H)
5'-chljpro-2'-net hyl sul fanyl [ 3, 41bi pyri dyl-2:yl am nl;e; d,J=’8.0
and 177.9 nRof, potassiumtert-butoxide in 10 nl \ofgy, 1 Hy7.49 (4,

%d'goxan\e, ndgr" , IS added an orange br own J=8.6 Hz, 2H) 7.71
lutipn, stiorgd Wef or ehag 10 | (4, /=38.6 Hz, 2 H)

"R nut efs, o_gf (R)-(3_ 1 H) 8.16
i cyc| opéxy ng) f er ’dioﬁz/g’ (3 (E‘SO)ZOHz
phi ne, n25M4 pg of/ padl 4 tin P§55(de—

nhydrjous di o¥and L 2d 10 |1 15§ 1z, 1 H)

‘erhe gl @asswar eFegfital ni ng t e d(CM@)Z preparation glfey y=»7Hz
“¢ eactijon mediumis "t hen |rrad|ated for 2 hours at fH) §9GLJ— ’
150C. [The inséM™uble matter of the suspension obt gi Jy¢l,. 1 H) 9.06 (s,
is separated out by filtrfation and the filtrate '%Iﬂ10240@w
taken jup in dichloromethane and then washed{with i, . ,1H) 12.55
wat er .| The organi ¢ phase |is concentrated unger redy&g m, | H)
pressure, —and—the—cruderestdue—thus—obtarned—+s >
di ssol ved in dinmethyl sulfoxide and purified by
preparative basic HPLC (VP 240/50 nm Nucl eodur 100-10
C 1 Sec colum) using a gradient of acetonitrile in
water (MI11iQ water supplenented with 0.07%
trifluoroacetic acid). The fractions containing the
expected product are conbi ned and concentrated under
reduced pressure to give 287 ng of bei ge-col oured
solid
6- met hyl sul f any1-9H pyrrol o[ 2, 3-b: 5, 4-ci di pyri di ne 41,
the characteristics of which are as follows: 111 NWR
(400 MHz, DMSO-d6) 8 ppm 2.60 (s, 3 H) 7.28 (dd, J=
7.8, 4.9 Hz, 1 H 8.11 (d, J1.5 Hz, 1H) 8.57 (dd, J=
4.9, 1.5 Hz, 1 H 8.65 (dd, J= 7.8, 1.5 Hz, 1 H) 8.78
(d, J= 1.5 Hz H 11.96 (broad m 1H) Exanple 42:

-f
5

Synt hesis o uor opyrid-3-yll-

, 1
f 6-(5
9H-ovrrol o[ 2, 3-b: 5, 4-cl di pyri di ne 42.
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wo@gﬂ;ﬁtshyélsulfanyl 9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri
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Step 1:

0.52 g of 5-brono-2-fluoropyridine,
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Xt yfeyis thu L1 rledndni] icmHJG_at
ydy ol Y@ﬁﬂdiﬁl-)tlilsvﬁ%y%l@f
ti on2208ls 40 fafpyriaineal

NS extriacted twi e W ih 5
acetate, and'the conbined organi ¢ phas
wi th aqﬁéous sodi um t hi osul fate sol ut
ri ed over sodiumsulfate, filtered ang
trated to dryness under reduced pressl
e is purified by chronatography on Si

D

T

D

]

)
I

re,
on is

mL of

ring
nL of
r 1 h

are adﬁ

8C. Th
1696

er.

—

mL of

es ar

1H NMR (400
MHz, DMSO-d6) &
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cH2d 2, TEA 57SQ2Tol 60 SO Tol 196 rTg of 4-

WO 2Go9i1589810- 9- [ (4- met hyl phenyl ) sul fony1] - 6- (pyr i dp@r/riiboﬂwosnou
9H pyrrol o[ 2,3-b:5,4-cldipyrid-4- yl}aniline 57 in

nL of tetrahydrofuran and 5 nil, of dichloronet hane

0.138 pL of triethylam ne and then 55 ng of 1H NMR (400
cycl opf opanesul fonyl chloride are placed inja reac®fz, DMSO-d6) &
and the tube is sealed and subjected to m ctowavel ppm:1.37(t,J=
irradiption for 20 mnutes at 100C. The reac¢tion |71 Hz 3H)4.33(q,
mediun)is treated with 300 nL of water and|then | y=71Hz2H)695
extracted with three tings 300 nL of ethyl acetatigq, j=16.2Hz 1 H)
The copbi ned agi ¢ phases are concentrated to |763(dd,J=77,
ness under redu ederes§ﬂ§l%2é)o3 I—Hforg-dé? mg of g_l Il{:,le};)?gg(d,
thyl phefiyl ] sul f o - 6-|(@yFifg-X-SHopymalany i r oo 1% S5 Broad d, J =
i : enyI Sy ParTIgpardsti f onam de; 68, 1 1) 8.55
L _lwhich s usedHti yude f o YHATPP-BISBOFIB] | owi NG St epl. (broad s, 1 H) 8.66
ep 2 (broad d, J= 5.1 Hz,
N- {443 f1 uoro®'6- (pyrid-3-lyl)-9H pyrrol o[ 2, 31b: 5, 4- {4y 77 (4, 7 =
yrid-4| yl ] phenyl } cycl opr dpanesul fonam de 61 148 'z, 1 H)9.13 (4,
of J=1.2Hz, 1 H)9.32
N- (4-1B-fluoro-9-[ (4-nethyl phenyl)sul fonyl]{6-( pyr(bgj,ﬁs 1H) 12.72
-y1)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri d-4-yl}phenyl )cy(g 1019)
ropanesul fonamide 60 in 4.7 nL of tetrahydr¢furan and

then 30 ng of Iithi um nydroxi de nononydrate]di SSOIMENMR (400

in 0.4 InL of water are |placed in a round-bottonegy, DMSO-d6) &

flask.{ The reaction mxture is stirred for 4 hour ’174(m 1 H)

room tenperature, followegd by addition of a furthgg 1H)3.23 -
of |Jithiumiwydr®ki de nonohydrate. The reaction 3.39 (masked m,

{xture is stirr for 42 hours at roomtem)eraturzeH)Ms(m 2H)

o.aRd then concentrated_to (df 0_16 :qheduced 367( 1 H) 4.63
ressure i is %l %5‘2— f _ DVEG, s,lH)Sll
purifiled I _ e H é"-ﬁq e phse | roads 1 H)7.51
asi ¢ jredi um V\"thl?dﬂjiad'et of water + 1844 ;=31 48Hz
L "M anponi um e + aqueous ammoni a (pH of bet V\leﬁng_so_g_ﬁo(m
and [10) 1 acetonitrile tlo give 37 ng of N 3 H) 8.88 (s, | H)

{443-f| uoro- 6- ®Pyri d- 3-y1) - OH pyrrol of 2, 3-b] 5, 4-d S 1 1) 9.39
rid-4-yl k phenyl} cycl opriopanesul fonam de 61 in tt‘tgm dd,J=2.0Hz,
formof a beige-col oured [powder. UPLC- M5- DAD- ELSL 242(broadm

0.64: [MeH] miz 460; [MH in/z 458 111 ﬁr\ﬂﬁ

(mn) E

(200 Wiz, DVBO-d6) 8 ppmT I O0t—1 07 (412

2.82 (m 1 H 7.44 (dd, J= 7.8, 4.6 Hz.1 H)|7.57 (hg[HT‘]")I;,[(;g?dﬁ)a
J=8.8 Hz, 2 H) 7.73 (d, U= 8.1 Hz, 2 H) 7.78 (d,| Jo e "t otch,
1.0 Hz, 1 H) 8.18 (dt, Jd.1, 2.0 Hz, 1 H) 8|54 (dO"p = signals are

4.8, 16 Hz, 1 H) 8.73 (q, J= 2.4 Hz, 1 H 8.94 (. wir}’lnl(m
1.7 1.0 Hz, 1 H 10.14] (br. |spile s
H) ixanpl e 47:

) 715. J=8.1 Hz,
-v1)-9H pyrrol of 2, 8- b: 5,4 27(d,J =

ehfhddro-4pBt(hangslinf pnanm d %
&-yDphemil-6-yrid-3- | i, ﬁeg ﬁ_;‘.’ 419}(2 K
9B pbFomy, 36, 4pyr i de 3y BT T

] wnlgilojf diney | | 757 (t,J=8.1 Hz,
3: Iuoro4|odop d-3-y1-9- - 4- J:p3 (s, L H)
yri y (tol uene-4 SJIfonyJB) =78 e,
-pyrrol o[ 2,3-b2%,4-c | digyridine 18, 343 ngjof 56(d,J=
4- am njo- 3- net hoxyphenyl bagroni ¢ aci d pi nacol j est er, 1) .74
ng of [tetrakis(triphenyl ghosphi ne)pall adi un{0), 22’11 o6 ) 1 &
of cae€si um carbonate in 4 nL of 1, 4-di oxanefand 1 ;ﬁg(s lg) 12}15)9
Seatod-and-cub-coted oo or ovaveLrradiatt brat {3 m 1)

for 1 hour. After 18 hours at roomtenperature, 300nil
of water are added to the reaction nmedium which is
then extracted with twice 30 nL of ethyl acetate. The
conmbi ned organi ¢ phases are concentrated to dryness
under reduced pressure. The residue is purified by

chr omat ogr aphy on a colunn of silica, eIutlng mnth a

A s o~ 2 ~es ] o~ I L T T Y T T 1 . o o




Step 2:
WO bbeomsasgll uor o- 6- (pyri d-3-y1)-9Hpyrrol of 2, 3- b: 5pé'rm|1&no9/051100
pyrid-4-yl]phenyl} -N nethylmethanesul fonanm de 66
ng of
3-fluoro-4-iodo-6-(pyrid-3-yl1)-9H pyrrol o[ 2, 3-b: 5, 4-cl
di pyridine 19, 518 ng of Table3
N-net hyl Nd4- (4, 4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an- 2-
yOphenyI ] mat hanesul f onani de di ssol ved in 10 nL of
3 5 v 5 @

22: tet r aki s(t ri phenyl phosphlne) pal Iadl t un(O) in 7 nt h of
1, 4-di oxane and 2 nth of water are placed in a
reactor and the tUbeWal ed and subjected to

hdtPPhd, KIZBC. After
11 diskangmeter an
jot :ir eac:t1|h<5fﬂV % ur e

|rredf r 30 mnutes at ro

suction und%r vacuum and then washed with 50 rr
wat er and 50 nlL of ethyl acetate and dried again under
vacuum t ¥ give 334 ngy of N {443- 22
fluoro-6-(pyrid-3-yl)-9H pyrrolo[ 2, 3-b:5,4-cldipyrid-4

100 mgl pHHeNYLY.2 Nngradf Wlm-fe&m&hﬂflﬁjaﬂioﬁaﬂaoﬁﬁan)cyciopropane 26.6 mg of

tetraw‘;@pg%ggﬁa}adﬁ%é)( fgg Iﬁ}ﬁz 6&%\7@%’“8}61%11 mhétegémL gf iﬂﬁ)xane and

0 SOO(rgL oBwafer @e mo@gced 3nteip n?lcr447a‘(eddactQ}:ef Buithble 4iz8. Hee, miktukd) is irradiated
for 1 %oﬁ‘lat (1§0°Cé the Zusgéhsmn Z)béﬁle& B talénaf]i% “gtgi'- ?ncf Qllyl ‘éﬁ;e% %Ed the solid is

ﬁ]ter?dsoff Ey Fl_chn@ @u;ougg a sgﬁqtﬂ’urml @715 (pm) waghed withipthylraestaig|apd dried. 68 mg
(87%§er pale yellow solid 4-cyclopropyl-3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2, 3-b 5 4—c dipyridine
22 ard %63 di met hyl am no) pr onv1ll- N-{443- fyl uor%yr% (p ] P
(1 =1-pyrrolo[2.3-b:5 dipyrid-4-vllphenyli
mst hanesul f onan de 68 Step 1

o g R BMAIY s ( dga PTGTR s -7,
5.2 H@O’OH}T@5 bfd, 4 =feR HArﬂeHlﬁ 7Q)(’Py¢adrd|, Aoty | 1ddr &7 (braadidd/ = 7.8 Hz, 1 H)
8.88 (@I ﬁﬂp@bs yeq,o Hz, 191)9.4@f(q, CJaSIS*] HE’ 1Cﬁ)’ ﬁ%%x%aa B4y inL

of di nethyl formam de and 't hen
3d| _thyI ﬁm noprop | chl orlde,h dr%chl orlde are

fﬂhﬁ ﬁ‘llﬂlh&o:hc‘,ét]&ﬁﬂd @dzand subJ ect ed to mcr ovvave

irradiation for 20 m nutes at 90C and then for 1 hour
at 60C. The reaction mxture is poured into 500 nL of
water and extracted with 30tal of ethyl acefat The

ni ¢ pha e ds con@entrahgvl%o%gn:tger vaﬁuumt gijve 481

rél an- 2-y henyI apesul f onanifde™ N
the for oi"'a col ourl ess «@ -I\/B-DAD 'SE

Rt (mn) 0.69; (M+H) (+) “3836 Step 2: 100 m;ﬂof\\gLOH
3-f|uordﬂ4-iodo-6-(pyrid-3+ph1)- Aek, pyr rol o[ 8 3- b: 5, 4-Cl

di pyridine 19, 294 ng of N[3- F
(di met hyl am no) propyl ] -N-[444,4,5,5 -tetranethyl -1, 3

To a mPetict: @K aﬁIDfng | oﬁﬂ9 211(]/ (34 h‘@rﬁﬂp]oﬁEsﬁlhﬂ AR bitd:0di1 1d8L BF dioxane is added a
ae.Sl um C onat e,

. 125 ]
solulB. R ok BB shasr, FRRDSISR ho) PAPFRGP GO Ffeo ety
bis(diyfenﬂphgsghlgo()amhﬁmnd 294 &ngLofOMSQ(hiieezylldeleattetdnBﬁdmﬂﬁhhm nnd 1ml of
anhyd?mﬁn Qﬁ(ﬁ%\/e 1 ﬁac(;fo rdlcgi];meS ulkt Q@deﬁ % Zgnseﬂl?l% t %&?\iyérg ;J:_ontamlng the

and subj ect to mcrowave irradiati
Xantﬂli%/?d(%c)l 288, uLTtrfénqre@éltw ore theneddade Thasmizbue elfaipert ip e Geradiated in
tnL of water and extracted with three tinmes 200 nL of
et hyl acetate. The conbi ned organi c phases are
concentrated under vacuum tgggive a brown solid. This
product is purified by chromatography on a col um of
silica, eluting with a 100/0/0 to 95/4.5/0.5
d|chIoronethane/nethanol/concentrated aqueous ammoni a
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|l ooa 7la N....-' 3-{4-[3-fluoro-6-

WO fgoprisg3s- y1) - 91 pyrrolo[ 2, 3-b:5,4-c' ] - PCT/FR2009/051100
di pyri d-4-yl ] phenyl | propanoic acid 111 NVR (400 MHz,
DVBO- d6) 8 ppm 2.71 (t, J= 7.3 Hz, 2 H; 2.97 to

a mi ox@eﬁrg% 1%5 HZ};Hur dt ??q&ﬁb*rhe] éea%g)% gézdiu;ﬁn 1s§%§cepggedluﬁfr reduced pressure
and themirified by Hspa(remve PLE (m&orsw@mtqm 10030 Q1 8¢ feiglpmn) using a
gradléntl'&f’acaeagt?ﬂd br ead: EMl]li'Q H)ater Qu O&’J@en(eﬁted ]mfﬂ) @ 0‘1""’/% tﬁﬁu&&cetk acid). The

LG VE:
fract@q egntaming the expecte pro et are combmed and concentrated under reduced pressure to
give 36 mg (30%) of yellow solid 3-fluoro-4-(morpholin-4-yl)-6-(pyrid-3-yl)-9H-pyrrolof2,3-b:5,4-
¢’Jdipyridine in the form of the trifluoroacetic acid salt.

1H NMR (400 MHz, DMSO-d6) & ppm: 3.56 (m, 4 H) 3.96 (m, 4 H) 7.76 (broad m, 1 H) 8.37 (s,
1 H)8.50 (d, J= 6.0 Hz, 1 H) 8.66 - 8.74 (m, 2 H) 9.03 (s, 1 H) 9.38 (s, 1 H) 12.42 (broad s, 1 H)

thesis of 3-fluoro-6-
dipyridine 24

id-3-y1-9-(toluene-4-sulfonyl)-4-trimethvlstannyl-9H-

LDA, THF
Me,SnCl-78°C

2.14 mL of diisopropylamine in 60 mL of THF are placed in a dry one-necked flask under argon. The
mixture is stirred and cooled to -78°C, followed by addition of 5.73 mL of n-butyllithium, After
stirring for 15 minutes, 4 g of compound 17 predissolved in 240 mL of THF are added. The reaction
medium is stirred for 2 hours, followed by addition of 3.04 g of chloro(trimethyl)stannane in 20 mL of
THF. After cooling to 25°C, the reaction medium is hydrolysed with 250 ml of aqueous 10%
ammonium chloride solution and 250 mL of water, and the aqueous phase is then extracted twice with
300 mL of ethy! acetate. The combined organic phases are washed with saturated aqueous KF solution,
dried over magnesium sulfate, filtered and concentrated under reduced pressure, The crude residue
obtained is purified by chromatography on silica gel (600 g of silica) using a gradient of 1% to 6%
methanol in dichloromethane. The fractions containing the expected product are combined and
concentrated under reduced pressure. 2.79 g of product are obtained, and are again purified by
chromatography on silica gel (200g of silica) using a gradient of 0% to 6% methanol in
dichloromethane, to give 13g (22%) of 3-fluoro-6-pyrid-3-yl-9-(toluene-4-sulfonyl)-4-
trimethylstannyl-9H-pyrrolo[2,3-b:5,4-c " |dipyridine 24.

UPLC-MS-DAD-ELSD: 583(+) = (M+H)(+) (isotope profile corresponding to a tin derivative) Rt
(min) = 1.43

Examples 34 to 36 (27a — 27¢):
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---..\' H / 71b OH "--- \

0)
wo 3od9/150881- 4- (6- met h- oxypyri d- 3- yl) 6- (pyrid- 3-yd1FR%09/051100
pyrrolo[2,3-b:5

-C
DI\/SOd6) 8 ppm 4.02

- dipyridine 114 NWR (400 MHz,
3 H; 7.20 (d, J=8.6 Hz, 1
.8 ) : :

N~ —
(7))

(d,J—24Hz, 1H) 007 100 10(m 1 H: 911 (s 1
H) ; 1 7 (s, 1 H LCTOFM: Rt (mn) = 2.43; [I\/+H-|]O
o)

2 [LIOH, H,0
THF, MeOH

$0,Tol
25a-c 26a-¢ 27a-c

0.2 mmol of 3-fluoro-6-pyrid-3-yl-9-(toluene-4-sulfonyl)-4-trimethylstannyl-9H-pyrrolo[2,3-b:5,4-¢’]-
dipyridine 24, 0.03 mmol of dichlorobis(triphenylphosphine)palladium(II), 3 mL of toluene, 0.2 mmol
of copper iodide and 0.5 mmol of chloride 25a-¢ are introduced into a microwave reactor of sujtable
size. The mixture is irradiated for 1 hour between 110 and 120°C. The reaction medium is hydrolysed
with 25 mL of water, and the aqueous phase is then extracted twice with 50 mL of ethyl acetate, The
combined organic phases are dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The crude residue obtained is purified by chromatography on silica gel (25 g of silica) using
a gradient of 0% to 6% methanol in dichloromethane. The tosyl intermediates 26a-¢ are thus obtained.
Product 26a-c is taken up in 4 mL of a methanol/tetrahydrofuran mixture (1/1 by volume), followed
by addition of aqueous lithium hydroxide solution. After stirring for 2 hours, the reaction medium is
neutralized with aqueous ammonium chloride solution and extracted with twice 40 mL of ethyl acetate,
The combined organic phases are dried over magnesium sulfate, filtered and concentrated under
reduced pressure, The residues are purified by chromatography on silica gel (25 g of silica, elution
gradient: 98/2 to 95/5 dichloromethane/methanol). The products 27a-c obtained are described in Table 4.
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* O_' - -

di pyri d-4-yl ] phenyl}-

N, .

N HNL- 00/ N{3[3-fluoro-6-
wo(zmanlsdss’i yl) 9H pyrrolo[2,3-b:5,4-cl -

PCT/FR2009/051100

nmet hanesul f onam de 111 NWVR (400

WMHz, DVSO- d6) 8 ppm 3.08 (s, 3 H; 7.47 to 7.57 (m
Reagent25H)[; 7. 68trhcdurd2¥2 (m| 2 H);, Nae (s, 1 H) yiddd 39 (d, Analysis

J= _.3 Hz, 1 H; 8.65[dd, J= 0.7 and 5. T HZ, T1HNMR 400 MHz,

8.71 (d, J =2.4H, IIH; 9.08 (s, 1 H:|9 10|(MsA-d6) 5 ppm: 7.46

H); 10. 09 (S, 1 H); 12, 69(8, 1 H) LC TOF- VB: Rt(cﬁdﬁ',ﬁl&l,zl.&

= 2./43; [MrHt mz = 434 (ESH) 1 0:7Hz.1 H) 7.63 (t, J =

71c |\ H Me 71d N OH

[3-fluoro-6-(pyrid-3-yl)-

9H-pyrrolo[2,3-b:5,4-c’]-
dipyrid-4-yl](phenyl)-
methanone

18%

7.7 Hz, 2 H) 7.67(d, J =
1.2 Hz, 1 H) 7.81 (tt,J =
7.7, 1.2 Hz, 1 H) 8.03
(dd, J=7.7,1.2 Hz, 2 H)
8.12 (dt, J=8.1, 2.0 Hz,
1H) 8.54 (dd, J= 4.8,
20Hz, 1H)887(d, /=
2.2 Hz, 1H) 8.92 (dd, J =
2.0,0.7Hz, 1H) 9.11 (d,
J=12Hz, 1H) 12.77
(broad m, 1 H)
UPLC-MS-DAD-
ELSD: 367(-) = (M-
H)(-); 369(+) =
(M+H)() (Rt = 0.67 min)

3-fluoro-N-methyl-N-
phenyl-6-(pyrid-3-yl)-9H-
pyrrolo[2.3-b:5,4-c’]-
dipyridine-4-carboxamide

12%

1H NMR (400 MHz,
DMSO-d6) 6 ppm: 3.64
(s, 3 H)7.07 - 7.22 (m,

5 H)7.57 (dd, J = 7.8,
4.8 Hz, 1 H) 8.37 (d,J =
1.2 Hz, 1 H) 8.42 - 8.49
(m, 2 H) 8.63 (dd, J =
4.8, 2.0 Hz, 1 H) 9.09 (d,
J=12Hz, 1H)9.31 (d,
J=20Hz 1 H)12.56
(m, 1 H)
UPLC-MS-DAD-ELSD:
396(-) = (M-H)-); 398(+)=
(MHH)) (Rt = 0.60 min)

[3-fluoro-6-(pyrid-3-yl)-

9H-pyrrolo[2,3-b:54-¢°]-
dipyrid-4-yl|(morpholin-4-
yl)methanone

13%

1H NMR (400 MHz,
DMBSO-d46) & ppm: 3.22
- 3.47 (partially masked
m, 4 H) 3.77 - 4.07 (m,
4 H)7.55 (dd, J = 8.0,
46Hz 1H)8.19(d, /=
0.8 Hz, | H) 8.38 (dt, J =
8.0,2.0 Hz, 1 H) 8.62
(dd, /= 4.6, 2.0Hz, 1 H)
8.77 (d,/=1.9 Hz, 1 H)
9.12(d,/=0.8 Hz, 1 H)
9.23(d,/=2.0Hz, 1 H)
12.70 (broad s, 1 H)
UPLC-MS-DAD-ELSD:

376(-) = (M+H)(-); 378(+)

=(M+H) () Rt =04 min)

Table 4
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T \ 3-fluoro-4-(4- nethylthiophen-2-
WO ydopA8etqayri d- 3-y1) - 9H-pyrrol o[ 2, 3-b: 5, 4- el di %T/ﬂkﬁﬁwmsnoo
1H NVR (400 MHz, DMBO- d6) 8- ppm 2.43 (s, 3 H); 7.6
(d, J= 1.5 Hz, 1 H; 7.64 (s, 1 H; 7.68 (dd, J= 5.0
ExangpieB78 S Pnthedsis of 4-chloro83-Aforé-8 (pyirid=-y1)-8H4 pyrtalo[2 3. 54-8 ] digyridine 29:
H; 8.66 (d, J= 5.4 Hz, 1 H); 875(d, J= 2.7 H, 1
; 9.10 (s F1 H); 9.13 (broad s d; 12.69 (s, 1H)

( = (
: . e B
Ni d- 3—y1)-— 9 o\ 3/b 504 N 7

i ne—t11 NMVR (400 i ,o. 8 ppm 6.6
6. 66 (@,40 (d, J= 8. L H\ 1 H: 7. N
2.8 Hz, C14N_%7. 64 (dd, J= 5.0 and®d%2 Hz, 1 H): 7.82

(s, 1 8: 7.88 (d, J—81Hz 1 Hp; 794(s,1H;9,'
Step 8. 31 (d, J= 8.3 Hz, 8.61 (gd%J— 1. j_agd Hz,
105 ghyolfscgiohyiahie i3 mlﬁ?f %mﬁ%&dgn & gt e I?zkeéaf%e% Ghpr argon. The

mixtutd Js stiPed4aid-vBled R -78 T )foliowd 69 additibn &F B8Q1 6ESHYtyllitium, After stirring
for 1\5 Hinutes, 210 mg of 3-fluoro-6-pyrid-3-yl1-9-(toluene-4-sulfonyl)-9H-pyrrolo[2,3-b:5,4-c ]-
dipyridine 17 in 4 mL of THF are added. The reaction medium is stirred for 2 hours, followed by
addition of 191 mg of toluenesulfonyl chloride in 1 mL of THF. After stirring for 1 hour, the reaction
medium is hydrolysed with 50 mL of aqueous 10% ammonium chloride solution and 50 mL of water,
and the aqueous phase is then extracted twice with 50 mL of ethyl acetate, The combined organic
phases are dried over magnesium sulfate, filtered and concentrated under reduced pressure. The crude
residue obtained is purified by chromatography on silica gel (25 g of silica), using a gradient of 10%
to 66% ethyl acetate in dichloromethane. The fractions containing the expected product are combined
and concentrated under reduced pressure to give 81 mg (35%) of 3-fluoro-4-chloro-6-pyrid-3-yl-9-
(toluene-4-sulfonyl)- 9H-pyrrolo[2,3-b:5,4-c "Jdipyridine 28.

LC-MS-DAD-ELSD: 453(+) = (M+H)(+) (isotope profile corresponding to a chloro derivative) Rt
(min) = 4,53

Step 2

80 mg 3-fluoro-4-chloro-6-pyrid-3-yl-9-(toluene-4-sulfonyl)-9H-pyrrolo[2,3-b:5,4-¢ "dipyridine, 2 mL
of methanol, 2 ml of THF and 41 mg of lithium hydroxide dissolved in 0.500 mL of water are placed
in a one-necked flask. The reaction mixture is stirred overnight at 25°C, then the methanol and the
THF are evaporated off under reduced pressure. The crude residue obtained is taken up in 5 mL of
water and 2 ml of aqueous 10% ammonium chloride solution, triturated, filtered and then purified by
preparative HPLC (Macherey-Nagel 250x40 mm phase inverse C18 Nucleodur 10p column). Elution
is performed on a gradient (acetonitrile containing 0.07% TFA and H,O containing 0.07% TFA). The
fractions containing the expected compound are combined, the acetonitrile is evaporated off under
reduced pressure, and the water is removed with a lyophilizer, to give 6 mg of 4-chloro-3-fluoro-6-
(pyrid-3-y1)-9H-pyrrolo{2,3-b:5,4-¢’ |dipyridine 29.

~ 1H NMR (400 MHz, DMSO-d6) & ppm: 7.54 (dd, J = 8.1, 4.8 Hz, 1 H) 8.52 (dt, J = 8.1, 1.8 Hz,

1 H) 8.60 (dd, J=4.8, 1.8 Hz, 1 H) 8.79 (d, /= 2.4 Hz, 1 H) 8.80 (d, /= 1.0 Hz, 1 H) 9.13 (d, J =
1.0 Hz, 1 H) 9.36 (d, / = 1.8 Hz, 1 H) 12.23 (broad m, 1 H)
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\ CR N71f OH../ N O—I{Z[Sfluoro 6-
WOéﬂlWllsdssﬂ y1)-9H pyrrolo[2,3-b:5,4-c']- PCT/FR2009/051100

di pyrid-4-yl | phenyl)- nmethanol 1H NVR (400 MHz,

DI\/BOd6)8ppm421to429m1H)431to439(m

UPL% BE%JDJAD i:i; %7117'3'@’1@ iﬁ/ (H;jl 2%9(&1 (1 &zgiﬂy“ @(b c;mfsegn)z(m =2.74

min)Hz, 1 Hy; 7.71 (td, J= 1.5 and 7.6 Hz, 1 H); 7.82 (d,
J= 7.3 H, 1 H: 822 (d, J=83H, 1LH:; 863(d
'8177(d J= 2.2 Hz, 1H)

106 ul of diisopropylamine in 3 mL of THF are placed in a dry one-necked flask under argon. The
mixture is stirred and cooled to -78°C, followed by addition of 280 ul of n-butyllitium. After stirring
for 15 minutes, 210 mg of 3-fluoro-6-pyrid-3-yi-9-(toluene-4-sulfonyl)-SH-pyrrolof2,3-b:5,4-¢ ']-
dipyridine 17 in 4 mL of THF are added. The reaction medium is stirred for 2 hours, followed by
addition of 142.5 mg of iodomethane in 1 mL of THF, After stirring for 1 hour, the reaction medium is
hydrolysed with 50 mL of aqueous 10% ammonium chloride solution and 50 mL of water, and the
aqueous phase 1s then extracted twice with 50 mL of ethyl acetate. The combined organic phases are
dried over magnesium sulfate, filtered and concentrated under reduced pressure. The crude residue
obtained is purified by chromatography on silica gel (25 g of silica, using a gradient of 10% to 66%
ethyl acetate in dichloromethane. The fractions containing the expected product are combined and
concentrated under reduced pressure. The 60 mg obtained are purified by semi-preparative HPLC
(Kromasil C18 5 um, 2 x 25 cm column), eluting at 18 ml/min with a mixture composed of 70%
acetonitrile and 30% water. 20 mg (28%) of 3-fluoro-4-methyl-6-pyrid-3-yl-9~(toluene-4-sulfonyl)-
9H-pyrrolo[2,3-b:5,4-¢ |dipyridine 30 are obtained.

LC-MS-DAD-ELSD: 433(+) = (M+H)(+) Rt (min) = 4.78

Step 2

16 mg of 3-fluoro-4-methyl-6-pyrid-3-yl-9<(toluene-4-sulfonyl)-9H-pyrrolo[2,3-b:5,4-c "|dipyridine,
1 mL of methanol, 0.500 mL of THF and 16 mg of lithium hydroxide dissolved in 0.500 mL of water
are placed in a one-necked flask. The reaction mixture is heated for 1 hour at 45°C, followed by
dropwise addition of aqueous 10% ammonium chloride solution until a precipitate forms. After
filtering off the precipitate by suction and washing three times with 5 mL of distilled water, 5 mg of 4-
methyl-3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine are obtained, the characteristics of

which are as follows:

1H NMR (400 MHz, DMSO-d6) 8 ppm 2.91 (d, /= 1.5 Hz, 3 H) 7.52 (dd, J = 8.1, 4.6 Hz, 1 H) 8.53
-8.61 (m, 3H) 871 (s, 1 H) 9.05 (5, 1 H) 9.41 (d, J=2.2 Hz, 1 H) 12.23 (broad m, 1 H)
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\ WD 2009/ 150381PCT/ FR2009/ 051100 71g H\/ F

WO 2009/150381. - *". . ", 1 ----,\/ INN.. - "o peDFR2009/051100
3f|uoro4(4 net hyl - thlophen3y1) 6- o
(pyrid-3-y1)-9H - pyrrol o[ 2, 3-b: 5, 4-cl di pyridine 1H
NVR (400 MHz, DMSO- d6) 8 ppm 2.06 (s, 3 H); 7.60 (S,
1,H);762(dd J—11and33Hz 1H) 7.69 (dd,

Synthesig of-madiogy-5H 3\ b: (ridine)3s: 3. 2 Hz 1 H) 8. 36
(d,J:8.6Hz,1H) 866(d J= 5.0 He, 877
(d, J= 2.4 Hz, 1 H; 9.05 (s 1 wd(PPg)lo (s
12.65 (s b]) LDA, Me,SnCl Cui dioxane N

0/ THF, -78°C MW 125°C 1 h ~ |
Cl \N
MeONa
MeOH
Pa{OAc),, Josiphos
o/ BuOK, dioxane A N
—— . MW150°C1h I
-—
N N 4 7
N o
N N~ NH,
35 34
Step 1

10.5 mL of diisopropylamine in 40 mL of THF are placed in a dry one-necked flask under argon. The
mixture is stirred and cooled to -78°C, followed by addition of 29.73 mL of n-butyllitium dropwise
over 45 minutes, and then addition of 10 g of 2,5-dichloropyridine dissolved in 170 mL of THF, over
20 minutes. The medium turns yellow and then brown. After stirring for 2 hours, 17.5 g of
chloro(trimethyl)stannane dissolved in THF are added over 20 minutes at -78°C, and the mixture is
then allowed to warm to -10°C overnight. The reaction medium is hydrolysed with I litre of
ammonium chloride solution and 300 mL of water, and the aqueous phase is then extracted with ethyl
acetate. The organic phase is dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The crude residue obtained is purified by chromatography on silica gel using a gradient of 0
to 25% ethyl acetate in heptane. The fractions containing the expected product are combined and
concentrated under reduced pressure to give 18 g of 2 5-d1ch10r0-4-tr1methylstannylpyr1d1ne 32 in the
form of a white solid.

LC-MS-DAD-ELSD: 309(+) = (M+H)(+) (isotope profile corresponding to a tin derivative) Rt (min)
=5.09

Step 2

220 mg of 2-amino-3-iodopyridine, 311 mg of 2,5-dichloro-4-trimethylstannylpyridine 32, 80.89 mg
of tetrakis(triphenylphosphine)palladium(0), 40 mg of copper iodide and 3 mL of dioxane are
introduced into a microwave reactor of suitable size. The reaction medium is irradiated for ! hour at
125°C, and then hydrolysed with 75 ml of aqueous 10% sodium bicarbonate solution and 5 mL of
water. The aqueous phase is extracted twice with 50 mL of ethyl acetate, and the combined organic
phases are then dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude

residue obtained is purified by chromatography on silica gel (70 g of silica) using a gradient of 0% to
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LCG-TOR-Ms: Rt (min) = 2.57; [MtH mz = 361 (ES+) O

WO 20097158381 uor 0- 6- (pyri d3-yl)-9H pyrrol of 2, 3- PCT/FR2009/051100
b:5,4-eldipyrid-4- yl]-N, N dinmethylaniline 1H NWVR
(400 MHz, DMSQd6) 5 ppm 2.97 (s, 6 H); 6. 96to 7 10

5% Iﬁghan%l eth;} %% get T_P‘;géac 1§ns}_%dnﬁ;hu}1_%t}§ 4 Xé) dctfgdd p_t'o:}ucé a'gfz corEbmed and
concq.q}rateg u@@r (educeg preqsuge tpigive 13Hmg o@Z’Zit-del]orG-{:’:,Q Ttdpyietdyl-2kylamine 33.

N ) = is tol i iv
LC NE%D[%}-@Z.Sb Q@@?(r-?n)(id#%(gg &gmanf’ %Jggre_spégduﬁgg’ ass( ctibto derivati €)
Rt (o) = 1.94 NV N... 71h Lo

Step 3
lg of 2°,5°-dichloro-{3,4'bipyridyl-2-ylamine, 10 mL of methanol and 202.5 mg of sodium

methoxide are introduced into a microwave reactor of suitable size. The mixture is irradiated for three
times 1 hour at 100°C, and the suspension obtained is then filtered and washed with dichloromethane.
This product is purified by preparative HPLC (acidic eluent). The fractions containing the expected
product are combined and concentrated under reduced pressure to give 2.3 g of 5’-chloro-2’-methoxy-

[3.4°]bipyridyl-2-ylamine 34 in the form of a white solid.

Step 4

To a yellow suspension of 100 mg of 5’~-chloro-2’-methoxy-[3,4’ 1bipyridyl-2-ylamine ethyl ester,
66.61 mg of potassium fert-butoxide and 5 mL of dioxane under argon is added an orange-brown
solution, stirred beforehand under argon for 10 minutes, of 25.86 mg of (R)-(~)-1-[(8)-2-
(dicyclohexylphosphino)ferrocenyl]ethyldi-fers-butylphosphine, 9.52 mg of palladium(II) acetate and
I mL of anhydrous dioxane. 1 ml of dioxane is added to rinse the glassware containing the
Josiphos/Pd(OAc), preparation. The reaction medium is then irradiated for 1 hour at 150°C. The
insoluble matter of the suspension obtained is separated out by filtration and washed with
dichloromethane, and the filtrate is then concentrated under reduced pressure. The crude residue is
purified by preparative acidic HPLC (VP 240/50 mm Nucleodur 100-10 Cl8ec column) using a
gradient of acetonitrile in MilliQ water containing 0.07% trifluoroacetic acid. The fractions containing
the expected product are combined and concentrated under reduced pressure to give 70 mg of beige-
coloured solid 6-methoxy-9H-pyrrolo[2,3-b:5,4-c’|dipyridine 35 in the form of the trifluoroacetic acid

salt,

LC-MS-DAD-ELSD: 200(+) = (M+H)(+) Rt (min) = 2.45
1H NMR (400 MHz, DMSO-d6) 3 ppm: 3.93 (s, 3 H) 7.24 (dd, J = 7.8, 4.9 Hz, 1 H) 7.63 (s, 1 H)
8.48 (s, 1 H) 8.56 (dd, J=4.9, 1.7 Hz, 1 H) 8.63 (dd, J= 7.8, 1.7 Hz, | H) 11.84 (broad s, 1 H)

Examples 39 to 41 (39a — 39¢):
Preparation of the triflate and Suzuki coupling;
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3-fluoro-4-(1-methyl 1Hindol-5-y1)-6- (pyrid-3-yl)-9H
WO P09y 1603812, 3- b: 5, 4-c1l- dipyridine 111 NVR (400 NWET/FR2009/051100
DMb0d6) 8 ppm 3.94 (s, 3 H); 6.65 (d, J= 2.9 Hz, 1
H; 7.45 to 7.61 (m 3 H,; 7.77 (d, J= 8.3 Hz, 1 H);
7/89 (s, 1 H; 801 (s, 1 H; 822 (d, J=8.3 Hz, 1

M, 8.56 (d, J= 4.6utz, 1 H); 8.73 (d, J=T. 7 Hz, 1

H) 778\ S 1dd; 9. T, d2oyRihe (S, /T ““
LB - R —Amny N2 47 'f—JQA_(_ES)N\ \
N N H 71i N,.., *--..\"/ N
N, B2- N H 71j 3-fHuoro-4-(1-nethyl - éocp

1H-pyr ol -4-y1)-6-
(pyrid-3-y1)-9Hpyrrol of 2, 3 b 5,4-c' ] - pghy 51,5(5@
NVR (400 MHz, DMBOd6) 8 ppm 4.07 (S, gidahdwatel 6§ RO -
7.81 (m J= 6.2 and 7.0 Hz, 1 H); 8. 120r(nSMW111dH)3 8 §

(s, 1 H; 8.48 (s, 1 H; 860 (d, J=8.1 Hz, 1 ; 38ac
8.69 (d, J= 2.7 Hz, 1 H); 8.71 (broad s, ;
(s, 1 H; 9.27 (broad S, 1 H); 12.60 (s,
LCGTOR-Ms: R (min) = 2.30; [MtH mz =
N, |

Step 1
To a solution of 305 mg of 6-methoxy-9H-pyrrolo[2,3-b:5,4-¢’Jdipyridine 35 in 7.5 mL of acetic acid

are added 1.5 mL of 37% hydrochloric acid solution. The mixture is heated by microwave for 3 hours
at 150°C, and the insoluble matter formed is filtered off by suction and washed with diethyl ether to
give 312 mg of 9H-dipyrido[2,3-b:4°,3’-d]pyrrol-6-ol 36.

UPLC-MS-DAD-ELSD: 186(+) = (M+H)(+) Rt (min) = 0.32

Step 2

To a suspension of 280 mg of 9H-dipyrido[2,3-b:4’,3"-d]pyrrol-6-0l 36 in 8 mL of pyridine is added
1 ml of trifluoromethanesulfonic anhydride, and then 0.5 ml after stirring for 1 hour at 25°C. The
reaction medium is stirred overnight and then concentrated under reduced pressure. The residue is
taken up in dichloromethane, and the organic phase obtained is washed with saturated aqueous sodium
bicarbonate solution, and then concentrated under reduced pressure. The brown solid obtained is
purified by chromatography on silica gel (30 g of silica) using a gradient of 0% to 100% ethy! acetate
in heptane. The fractions containing the expected product are combined and concentrated under
reduced pressure to give 305 mg of 9-[(trifluoromethyl)suifonyl]-9H-pyrrolo[2,3-b:5,4-c "|dipyrid-6-yl
trifluoromethanesulfonate, in the form of a beige-coloured solid 37.

UPLC-MS-DAD-ELSD: 450(+) = (M+H)(+) Rt (min) = 1.39

Step 3

0.1 mmol of 9-[(trifluoromethyl)sulfonyl]-9H-pyrrolo[2,3-b:5,4-¢ Jdipyrid-6-y] trifluoromethane-
sulfonate 37, 5 pmol of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium(Il), 0.3 mmol of
caesium carbonate, 2 mL of dioxane, 0.500 mL of water and 0.15 mmol of the boronic derivative
38a-c are introduced into a microwave reactor of suitable size. The mixture obtained is then irradiated

for 30 minutes at 120°C, and then taken up in ethyl acetate and water. After settling, separation and
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38

6-(1-Methyl-1H-
pyrazol-4-yI}-9H-
pyrrolo[2,3-h:5,4-
¢’]dipyridine

76%

1H NMR (400 MHz, DMSO-d6)
& ppm: 3.91 (s,3H) 7.30 (dd, /=
7.8,4.9Hz, 1 H) 8.00 (s, 1 H)
8.22 (s, 1 H) 8.42 (d, /= 1.0 Hz,
1 H) 8.57 (dd, /=4.9,2.0 Hz,

1 H) 8.61 (dd, /= 7.8, 2.0 Hz,

1 H) 8.84(d, /= 1.0 Hz, | H)
12.04 (broad s, 1 H)
UPLC-MS-DAD-ELSD: 250(+)
= (M+H)(+) ( Rt = 2.01 min)

HO_ OH

6-furan-3-yl-9H-
pyrrolo[2,3-b:54-
¢’}dipyridine

80%

1H NMR (400 MHz, DMSO-46)
S ppm: 7.12 (dd, /= 1.8, 0.8 Hz,
1H)7.32(dd,/=7.7,4.9 Hz,

1 H) 7.77 (t, /= 1.8 Hz, 1 H) 8.26
(dd, /=18, 0.8Hz, | H) 8.49 (d,
J=12Hz, 1 H)859(dd, /J=4.9,
1.7Hz, 1 H) 8.63 (dd, /= 17.7,
1.7Hz,1H) 8.8 (d,/J=1.2 Hz,
1H) 12.12 (broad 5, 1 H)
LC-MS-DAD-ELSD: 236(+) =
(M+H)(+) (Rt = 2.30 min)

N

\
z—
N,

39¢

.
Zo

6-(6-fluoropyrid-3-
yh-9H-pyrrolo|2,3-
b:5,4-¢’]dipyridine

B8%

1H NMR (400 MHz, DMSO-d6)
o ppm: 7.28 - 7.38 (m, 2 H) 8.62
(dd, /=438, 1.8 Hz, 1 H) 8.70 (m,
2H)890(d,/=0.8Hz, 1 H)

9.00 (d, /= 2.0 Hz, 1 H) 9.01 (d, J
= (0.8 Hz, 1 H) 12.29 (broad s,

1 H)

LC-MS-DAD-ELSD:

263() = (M-H)(-); 265(+) =
(M+H)(+) ( Rt = 2.75 min)

Synthesis of 6-methylsulfanv]-9H-

MeSNa, DMF

Cl = |N

= S ¢ —
o

N NH,

olo[2.3-b:5.4-¢’

Cl =z IN
= X S
_ I
N~ TNH,

Table 5

di

Pd(OAc),, Josiphos /
IBuOK, dioxans S
MW 150°C 2h
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wO 3ooprsysdi3i d-[-33--flyl7. 9roH - pyrrol 0[2 3-Db: E/F?sz 009/051100
di pyrid-4-ylibenzyll- methanesul fonani de 1H N Z(EBZ

MHz, DVBQd6) 8 ppm 2.90 (s, 3 H); 4.34 (d, J=
Ste H)750to780(m7H);8.28(d J—90Hz,1H),
.59 t0 8.65 (m J =5.6 Hz, 1 H; 8.77 (d, J= 2.2 Hz,
A mlj_ctq;g of §4Q g b ¥'ati-dichlato-[3,4’ ]lﬁpﬁﬁylezsylamniel)(pmﬂact&ﬁsc(rﬁ)ed In step 2 of

Exan{fhe 4—36:3;{95 Id\@g o?(socﬁlfﬂl me haﬂﬁ?_v‘g]%tff{'l I\ﬁ ofngF 1€' fﬁgadl(ag % 11)1 a microwave
oven for ﬁve tunes 1 hour at 100°C. The brown suspension obtained is filtered and washed with ethyl
acetate, and the filtrate is concentrated under reduced pressure. The crude residue is taken up in
dimethyl sulfoxide, and then purified by preparative Basic HPLC (VP 240/50 mm Nucleodur 100-10
Cl8ec column) using a gradient of acetonitrile in water (MilliQ water supplemented with 0.07%
trifluoroacetic acid). The fractions containing the expected product are combined and concentrated
under reduced pressure to give 495 mg of 5’-chloro-2’-methylsuifanyl[3,4 ' bipyridyl-2-ylamine 40 in

the form of a brown solid.

LC-MS-DAD-ELSD: 251(+) = (M+H)(+) (isotope profile corresponding to a chloro derivative) Rt
(min) = 2.44

Step 2

To a suspension of 450 mg of 5’-chloro-2’-methylsulfanyl[3,4’ Jbipyridyl-2-ylamine 40 and 177.9 mg
of potassium ferz-butoxide in 10 mL of dioxane, under argon, is added an orange-brown solution,
stired  beforehand under argon for 10 minutes, of 69 mg of (R)-(-)-1-[(S)-2-
(dicyclohexylphosphino)ferrocenyl]ethyldi-rert-butylphosphine, 25.4 mg of pailadium(Il) acetate and
2ml of anhydrous dioxane. 2 mL of dioxane are added to rinse the glassware containing the
Pd(OAc), preparation The reaction medium is then irradiated for 2 hours at 150°C. The insoluble
matter of the suspension obtained is separated out by filtration and the filtrate is taken up in
dichloromethane and then washed with water. The organic phase is concentrated under reduced
pressure, and the crude residue thus obtained is dissolved in dimethyl sulfoxide and purified by
preparative basic HPLC (VP 240/50 mm Nucleodur 100-10 Cl8ec column) using a gradient of
acetonitrile in water (MilliQ water supplemented with 0.07% trifluoroacetic acid). The fractions
containing the expected product are combined and concentrated under reduced pressure to give
287mg of beige-coloured solid 6-methylsulfanyl-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 41, the

characteristics of which are as follows:
1H NMR (400 MHz, DMSO-d6) 8 ppm: 2.60 (s, 3 H) 7.28 (dd, /= 7.8,49Hz, 1 H) 8.11 (d, J =
1.5 Hz, 1H) 8.57 (dd, /= 4.9, 1.5 Hz, 1 H) 8.65 (dd, /=78,1.5Hz, LH) 878 (d, J= 1.5Hz, 1 H)

11.96 (broad m, 1H)

Example 42: Synthesis of 6-(5-flyoropyrid-3-yl)- 9H-pyrrolol2.3-b:5.4-c’1dipvridine 42:
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. VOHFN..-- N 3-fluoro-4-(2- methoxyphenyl) - 6-
WO ¢eogrisg3sd- y1) - OH pyrrol o[ 2,3-b:5,4-¢' |- di pyri derrk3dos/os1100
NMR (400 MHz, HMBOd6) 8 ppm 3.72 (s, 3 H: 7.27 (t,
J= 7.3 Hz, 1 H); 7.39 (d, J=8.1Hz, 1 H); 7.49 (s, 1
H; 7.56 (dd, J= 1.3 an@dhQ.(M@ypZnl H);g7.58 to 7. 64

(n, 1 H; J= P& H, 1 H,; 824 (d, J=8.8
Hz, 1 Hs; J= AMdblee 1H); 8/723%(d, J= 2.4 Hz,
1 H; 8.95% . 907 H{s5—1Hs

LC- TOF- VBN in) = 2.50; [MM]4 rn/z =

110 E Ho\'H 71m° Bpn - .. N
o . 6

41 42

60 mg of 6-methylsulfanyl-9H-pyrrolof2,3-b:5,4-c’1dipyridine 41, 78.5 mg of 5-fluoropyridine-3-
boronic acid, 150 mg of copper thiophene-2-carboxylate, 32.2 mg of tetrakis(triphenyl-
phosphine)palladium(0) and 76.7 mg of zinc acetate are introduced into a microwave reactor of
suitable size, followed by addition of 3 mL of DMF under argon. The air present in the reactor is
removed under vacuum and replaced with argon. The mixture thus obtained is irradiated for three
times 1 hour at 150°C, and then taken up in ethyl acetate and aqueous sodium bicarbonate solution,
and filtered through 0.42 pm and 0.22 pm membranes. The organic phase is concentrated under
vacuum and the yellow oil obtained is purified by preparative acidic HPLC (VP 240/50 mm
Nucleodur 100-10 Cl8ec column) using a gradient of acetonitrile supplemented with 0.07% of
trifluoroacetic acid in MilliQ water supplemented with 0.07% trifluoroacetic acid. The fractions
containing the expected product are combined and concentrated under reduced pressure. The residue is
repurified to give 3.5 mg (5%) of 6-(5-fluoropyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’dipyridine in the

form of a beige-coloured solid 42.

1H NMR (400 MHz, DMSO-d6) & ppm: 7.38 (dd, / = 7.8, 4.9 Hz, 1 H) 8.41 (ddd, J = 10.3, 2.4,
1.5 Hz.1H) 8.60 (d, /= 2.4 Hz, 1 H) 8.64 (dd, J=4.9, 1.7 Hz, 1 H) 8.71 (dd, /= 7.8, 1.7 Hz, 1 H} 9.02
(s, 1 H) 9.04(s, 1 H) 9.28 (broad s, 1 H) 12.36 (broad s, 1 H)

Example 43 (45) and Example 44 (46):

Synthesis _of N-[4-(3-methoxy-6-(pyrid-3-v1)-9H-pyrrolo[2.3-b:5.4-¢|dipyrid-4-yDphenylImethane-
sulfonamide 46:
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N OH 4-(2-ethoxypyrid-3- yl)-3-fluoro-6-(pyrid-

WO Z60pl)50881 pyrrol o[ 2, 3- Db: 5, 4-cl dipyridine 1H NMpER@R2009/051100
MHz, DMSCQd6) 8 ppm 1.03 (t, J= 7.0 Hz, 3 H); 4.23 to
4.42 (m 2 H; 7.32 (dd,J= 4.9 and 7.3 Hz, 1 H); 7.59

1 H; 765(t J=p3 Hz, 1 H;
d %ﬁmﬁ J= 8.1 H,
2.0 and 4R 8.63 (d, oL, i Lz
2. 4-Hz 1 H) ;8
.64 (s,
= 386 (ES+) N N o\
WO 2009% 150381PCT/ FR2009/ 051]56@°|w-| % | HN..
OH N N 5
Step 1.

0.5 g of 5g and 12 mL of dimethylformamide are placed in a 150 mL three-necked flask. The mixture
is stirred, and 126 mg of sodium hydride are then added under argon. After two hours, 690 mg of tosyl
chloride in 2 mL of dimethylformamide are added. After stirring for two hours at room temperature,
100 mL of a 10% sodium bicarbonate solution and 100 mL of water are added, the mixture is
extracted with 150 mL of ethyl acetate, and the extracts are dried over magnesium sulfate and filtered.
The filtrate is purified by chromatography on silica gel (70 g of silica, gradient: 100/0 to 95/5
dichloromethane/methanol). 721 mg (93%) of the intermediate 3-methoxy-6-pyrid-3-yl-9-(tcluene—4-
sulfonyl)-8H-pyrrolo[2,3-b:5,4-c "|dipyridine 43 are obtained.

Step 2:

0.31 mL of diisopropylamine in 10 mL of THF is placed in a dry round-bottomed flask under an argon
atmosphere. The solution is cooled to -78°C, followed by addition of 1.06 mL of n-butyllithium
(2.5 M in hexane). This mixture is stirred for 15 minutes, followed by dropwise addition of 600 mg of
43 predissolved in 40 mL of tetrahydrofuran. After stirring for 2 hours at -78°C, 566 mg of diiodine
predissolved in 5 mL of tetrahydrofuran are added dropwise. The mixture is stirred for 10 minutes.
The reaction medium is poured into 250 mL of ammonium chloride solution and the resulting mixture
is extracted with 500 mL of ethyl acetate. The organic phase is washed with 200 mL of aqueous
sodium thiosulfate solution and then dried over magnesium sulfate, filtered and concentrated to
dryness under reduced pressure. The residue is purified by chromatography on silica gel (90 g of silica,
gradient: 100/0 to 95/5 dichloromethane/methanol) to give 270 mg (35%) of the expected compound
3-methoxy-4-iodo-6-pyrid-3-yl-9-(toluene-4-sulfonyl)-9H-pyrrolo[2,3-b:5,4-¢ '|dipyridine 44.

Step 3:

250 mg of 44, 6 mL of methanol and 10 mL of tetrahydrofuran are placed in a round-bottomed flask.
Aqueous lithium hydroxide solution (194 mg of LiOH.H,O dissolved in 5 mL of water) is added. The
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HO aci de 4-({343-fluoro6-(pyrid-3-yl)-9H _

WO peowvi30sg12, 3- b: 5, 4-cl di pyri d-4-yl1]- phenyl } am WT&R%%OWOSIIOO
oxobut anoi ¢ acid 113 NWR (400 MHz, DwVMsCQd6) 8 ppm 2.
to 2.57 (m 2 H); 259t0265(mJ—66Hz 2 H;
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Stepd: H 710 I
100 mg (0.25 mmol) of 3-methoxy-4-iodo-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’ Jdipyridine 46,
0.75 mmol of the boronate 20b, 28 mg of tetrakis(triphenylphosphine)palladium(0), 121 mg of
caesium carbonate, 2 mL of dioxane and 0.7 mL of water are introduced into a microwave reactor of
suitable size. The mixture is irradiated for 1 hour at 120. 1 mL of methanol is added and the mixture is
then poured into water (25 mL) and ethyl acetate (50 mL), the phases are separated and the aqueous
phase is again extracted with 50 mL of ethyl acetate. The organic phases are combined and dried over
magnesium sulfate, filtered and then concentrated under reduced pressure. The residue is purified by
chromatography on silica gel (30 g of silica, gradient: 100/0 to 90/10 dichloromethane/methanol) to
give 68 mg (61%) of the expected compound N-[4-(3-methoxy-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-
¢’ Jdipyrid-4-yDphenyl jmethanesulfonamide 46.

1H NMR (400 MHz, DMSO-d6) & ppm: 3.10 (s, 3 H) 3.87 (s, 3 H) 7.42 (partially masked dd, J =
8.0.4.9 Hz, 1 H) 7.45 (d, /= 8.0 Hz, 2 H) 7.57 (m, 3 H) 8.09 (dt, /= 8.0, 2.0 Hz, 1 H) 8.52 (dd, J=4.9,
2.0 Hz, 1H) 8.57 (s, 1 H) 8.93 (d, /= 2.0 Hz, 1 H) 8.98 (s, 1 H) 10.14 (broad m, 1 H) 12.20 (broad s,
1 H)

UPLC - SQD: Retention time Rt (min) = 0.53; MH+ = 446 +; MH- ~ 444 -; Purity: 98%

Process for synthesizing the comparative compounds (not claimed):

Synthesis of the comparative molecule 3-methoxy-6-(pyrid-3-yh-9H-pyrrolo[2.3-c:5.4-¢’]dipyridine

s1:
¢l LDA, I,
| N THF, -78°C Ct x
-
N = o N
| _ N | 1°) Pd(PPh,),
1 N 47 = Cul divxana H:N
N MW 130°C 3 h |
N
nMe a
t-BuLl, Me,SnCl : 2y HOL MeOH
H -78°C, THF l X NHBoc¢
= NM
Me0” “NZ Pd{dba), “ g

N BuOK
u
49 dioxane O PCy
Boc,Q, dioxane !

/
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rigo 0 OHNo H/ 1- / N{443-[3-6- (pyrid-3-yl)-9H

wo Botof@bsH12, 3- b: 5, 4-cl - dipyrid-4-yl Thenzyl |- pcypRra009/051100
nmet hanesul f onam de 113 NMR (400 MHz, DMSQd6) 8 ppm
297(s 3 H; 4.37 (d, J= 6.1 Hz, 2H) 7.63 to 7.72

S H) 7. 76 (d, J= 8.1 Hz, 4 H: 830 (d, J=8.1
lep. 59 66(broads 1 H; 8.76 (d, J= 2.4 H, 1
H); 9. 09’ (s, 2 H; 12.67 (s, 1 H LCGCTO~-Ms. Rt (mn)
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flask under an argon atmosphere, equipped with a magnetic stirrer. The solution is cooled to -78°C,
followed by addition of 3.24 mL of n-butyllithium (2.5 M in hexane). After stirring for 15 minutes,
1.47 g of 1 predissolved in 20 mL of tetrahydrofuran are added. After stirring for 2 hours, 2.15 g of
diiodine dissolved in 2.5 mL of THF are added. The mixture is thus stirred for 1 hour at -78°C. The
reaction medium is hydrolysed with 120 mL of 10% ammonium chloride solution and 30 mL of water.
The resulting mixture is extracted twice with 50 mL of ethyl acetate, and the combined organic phases
are washed with aqueous sodium thiosulfate solution and then dried over sodium sulfate, filtered and
concentrated to dryness under reduced pressure. 2.25 g of a crude product are obtained, and are
purified by chromatography on silica gel with a gradient of heptane and ethyl acetate eluent (from
100/0 to 60/40 by volume), thus giving 1.58 (66%) g of 5-chloro-4-iodo-2-(3’-pyridyl)pyridine 47.

LC-MS-DAD-ELSD: 316.89(+) = (M+H)(+) Rt (min) = 3.44

Step 2 synthesis of 49:

1.0 g of 5-amino-2-methoxypyridine is placed in a one-necked flask and dissolved in 40 mL of
dioxane. 1.79 g of di-fert-butyl dicarbonate are added and the mixture is refluxed overnight. After
cooling, the solvent is evaporated off under reduced pressure and the residue is purified by
chromatography on silica gel with a gradient of heptane and ethyl acetate eluent (from 90/10 to 70/30
by volume). 1.58 g of compound 48 (97%) are obtained.

A solution of 4 mmol of 48 in dry tetrahydrofuran (20 mL) is introduced by syringe into a dry one-
necked flask under argon. The solution is cooled to -78°C and 10 mmol of tert-butyllithium (1.5 M in
pentane) are then added over 15 minutes, The temperature is allowed to rise to -10°C and the mixture
is left stirring for 3 hours. The reaction mixture is again cooled to -78°C, followed by addition of a
solution of 6 mmol of trimethyltin chloride in 4 mL of dry tetrahydrofuran. The reaction mixture is
then poured into aqueous ammonium chloride solution and the mixture is extracted with ethyl acetate.
The organic phase is dried over magnesium sulfate and concentrated under reduced pressure. The
crude product is purified by chromatography on silica gel with a gradient of heptane and ethyl acetate
eluent (from 95/5 to 70/30 by volume). 1.01 g (65%) of compound 49 are obtained.

LC-MS-DAD-ELSD: 389(+) = (M+H)(+) (isotope profile corresponding to a tin derivative) Rt (min)
=4.69

Step 3 synthesis of 50:
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acetage: lglgtogpgx& e\ll'f?rl §ca%teg? gi’ge. i@?l{flgS(Gﬁ‘?Q Sfjthe é]x%ecgedl colr_nlzpburgd H)
LC-MS-DAD-ELSD: 413(+) = (M+H)(+) Rt (min) = 3.59

The product is redissolved in 10 mL of methanol, followed by addition of 50 mL of 4M hydrochloric
acid in dioxane. After two hours, the solvents are evaporated off, the residue is dissolved in 100 mL of
ethyl acetate and this phase is washed with aqueous sodium bicarbonate solution (100 mL). The
organic phase is dried over magnesium sulfate and concentrated under reduced pressure. Compound

50 is obtained quantitatively, and may be used without further purification.
LC-MS-DAD-ELSD: 313(+) = (M+H){(+) Rt (min) = 2.60

Step 4 synthesis of 51:

Product 50 (400 mg, 1.28 mmol) is placed in a 20 mL microwave tube with 58 mg (0.064 mmol) of
tris(dibenzylideneacetone)dipalladium, 55 mg (0.14 mmol) of 2-dicyclohexylphosphino-2-(N,N-
dimethylamino)biphenyl and 1.8 mmol of potassium fers-butoxide. The tube is sealed and placed
under an argon atmosphere, followed by addition of 7 mL of 1,4-dioxane. The mixture is heated by
microwave for 1 hour at 130°C. After cooling, the reaction mixture is poured into 50 mL of a sodium
bicarbonate solution, extracted twice with 50 mL of ethyl acetate, dried over sodium sulfate, filtered
and concentrated to dryness under reduced pressure. The residue is purified by chromatography on
silica gel (30 g of silica, gradient: 100/0 to 90/10 ethyl acetate/methanol} to give 261 mg (74%) of the
expected compound 3-methoxy-6-(pyrid-3-yl)-9H-pyrrole[2,3c:5,4-c' |dipyridine 51.

LC-MS-DAD-ELSD: 275(-) = (M-H)(-) Rt (min) = 2.11
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Step 1:

0.52 g of 5-bromo-2-fluoropyridine, 646 mg of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
pyridine, 173 mg tetrakis(triphenylphosphine)palladium(0) and 1.46 g of caesium carbonate, and then
3.8 mL of 1,4-dioxane and 0.2 mL of water, are placed in a 5 mL microwave tube, under argon. The
mixture is heated by microwave for 1 hour at 125°C. After cooling, the reaction mixture is poured into
50 mL of a 10% sodium bicarbonate solution and 25 mL of water, extracted twice with 60 mL of ethyl
acetate, dried over sodium sulfate, filtered and concentrated to dryness under reduced pressure.
552 mg of a crude product are obtained, and are purified by chromatography on silica gel, eluting with
a mixture of heptane and ethyl acetate (gradient: 100/0 to 60/40 by volume), thus giving 220 mg
(42%) of 2-fluoro-5-(3’-pyridyl)pyridine 52.

LC-MS-DAD-ELSD: 175(+) = (M+H)(+) Rt (min) = 1.84

Step 2:

(.23 mL of diisopropylamine and 1 mL of tetrahydrofuran are introduced into a dry round-bottomed
flask under an argon atmosphere, equipped with a magnetic stirrer. The solution is cooled to -78°C,
followed by addition of 0.63 mL of n-butyllithium (2.5 M in hexane). After stirring for 15 minutes,
220 mg of 52 predissolved in 3 mL of tetrahydrofuran are added. After stirring for 1 hour, 417 mg of
diiodine dissolved in 1 mL of THF are added. The mixture is thus stirred for 1 hour at -78°C. The
reaction medium is hydrolysed with 50 mL of 10% ammonium chloride solution and 10 mL of water.
The resulting mixture is extracted twice with 50 mL of ethyl acetate, and the combined organic phases

are washed with aqueous sodium thiosulfate solution and then dried over sodium sulfate, filtered and

concentrated to dryness under reduced pressure. The residue is purified by chromatography on silica
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pyrrol o[ 2, 3-b: 5, 4-cl-
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DVSO46) 8 ppm 2.93 (s, 2 H); 6.72 to 6.81 (n, 1
H) ; 6.85 to 692 (m 1 H,; 6.98to 7.07 (m 1 H); 7.18

250 £8%0.83 mdio) @683 40-5-(3-pyridylpyridine 53, 278 mg (0.91 mmol) of the
boronate 54, 96 mg of tetrakis(triphenylphosphine)palladium(0), 543 mg of caesium carbonate,
2.5 mL of dioxane and 0.3 mL of water are placed in a 5 mL microwave reactor. The mixture is
irradiated for 1 hour at 120 C. After cooling, the reaction mixture is poured into 40 mL of a 10%
sodium bicarbonate solution and 5 mL of water, extracted twice with 50 mL of ethyl acetate, dried
over sodium sulfate, filtered and concentrated to dryness under reduced pressure. 289 mg of a crude
product are obtained, and are purified by chromatography on silica gel (30 g of silica, gradient: 100/0
1o 90/10 ethyl acetate/methanol), thus giving 202 mg (59%) of 55.

LC-MS-DAD-ELSD: 351(+) = (M+H)(+) Rt (min) = 2.68

Step 4:

175 mg of 55 preground in 2.5 g of pyridinium hydrochloride are placed in a 5 mL microwave reactor.
The tube is sealed and the powders are heated by microwave for 30 minutes at 220°C. After cooling,
the solid is dissolved in ethyl acetate and this phase is then washed with aqueous sodium bicarbonate
solution. After drying and evaporating off the solvent, the residue is purified by preparative HPLC
(phase Chiraicel OD-I 20um) to give 8 mg (6.5%) of the expected compound 3-(pyrid-3-y1)-9H-
pyrrolof2,3-b:5,4-b’|dipyridine 56.

LC-MS-DAD-ELSD: 247(+) = (M+H)(+) Rt (min) = 2.14

Example 45: 1-chloro-N-

methanesulfonamide 59

Step 1: 4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyrid-4-
yl}aniline
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1H; 7.42 (s, 1 H; 7.57 (d,J=7.6 Hz, 1 H; 8.26 (d,

WO Jooofsgsdniz, 1 H); 8.56 to 8.66 On, 2 H); 8.73 (RCPFR2009/051100
2.4 Hz, 1 H; 8931t09.01(n, 1 H; 9.06 (s, 1 H;
12.53 (s, 1 H LCGTOF-Ms: Rt (mn) = 2.30; [ H]+|n/z

= 434 ( +) 1i HF
5* H ﬁ‘?

Pd{PPh,),

Cs,C0O, dioxane/water

330 mg of 3-fluoro4-iodo-6-pyrid-3-yl-9-(toluene-4-sulfonyl)-9H-pyrrolo[2,3-b:5,4-¢ Jdipyridine 18,
398 mg of 4-(4,4,55-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline, 70 mg of tetrakis(triphenyl-
phosphine)palladium(0), 296 mg of caesium carbonate in 8.5 mL of 1,4-dioxane and 1.5 mL of water
are placed in a reactor, and the tube is sealed and subjected to microwave irradiation at 125°C for
1 hour. 200 mL of water are added to the reaction medium, which is then extracted with twice 250 mL
of ethyl acetate. The combined organic phases are concentrated to dryness under reduced pressure.
The residue is purified by chromatography on a column of silica, eluting with a 100/0 to 97/3
dichloromethane/methanol mixture to give 793 mg of 4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-
(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢"|dipyrid-4-yl} aniline 57.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 1.25; (M+H)(#)' 510(+)

Step 2: 1-chloro-N-(4-{3-fluoro-9-[(4-methylphenyl}sulfonyl]-6-(pyrid-3-yl}-9H-pyrrolo[2,3-b:5,4-
c¢’]dipyrid-4-yl} phenyl)methanesulfonamide 58

{

Sg-c?
& _a HN
cicH” s\\o
T—
CH,Cl,, TEA

58  SO,Tol

60 mg of 4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ |dipyrid-4-
yl}aniline 57 in 6 mL of tetrahydrofuran and 3 mL of dichloromethane, 83 ul of triethylamine and
then 35 mg of chloromethanesulfonyl chloride are placed in a reactor, and the tube is sealed and
subjected to microwave irradiation for 20 minutes at 100°C. A further 35 mg of
chloromethanesulfonyl chloride and 83 pl of triethylamine are added and the reaction mixture is again
subjected to microwave irradiation for 30 minutes at 110°C. 300 mL of water are added to the reaction
medium, which is then extracted with twice 300 mL of ethyl acetate. The combined organic phases are
concentrated to dryness under reduced pressure.

The reaction medium is diluted with 5 mL of DMSO and purified by preparative HPLC, on a reverse
phase in acidic medium, eluting with a gradient of the mixture: water containing 0.07% trifluoroacetic
acid/acetonitrile containing 0.07% trifluoroacetic acid, to give 34 mg of 1-chloro-N-(4-{3-fluoro-9-
[(4-methylphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢Jdipyrid-4-yl} phenyl)methanesulf-
onamide 58 in the form of the trifluoroacetic acid salt as a white lyophilizate.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 1.29; (M+H)(-+) 622(+)/.. .(presence of a chlorine atom).
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* N---.... ,..-- OHo \\ sys- "o 3-fluoro-4-[3-
Step §:ntethiborb-MNa{4-Grdoy@bréryrid B} v B pyrrold[23-ly: 3 #-c"[dipyrid-4-ylJphenyl } methane-
sulforhige/¥% ol o[ 2, 3-b: 5, 4- cidi pyridine 111 NVR (400 Mz,
DVSO46) 8 ppm 3.25 to 3.39 (m 3 H: 7.62 (dd, J= 5.4
and 8.3 Hz, 4 N); 7.78 (s, 1 H; 8.01gt, J= 7.8 Hz, 1
H; 8.17 (dd, J3ZI. 3 and 7.9 Hz, 1 H); 8.85e(dt, J=
1.6 and 7.9 HM 1 H); 8.40 (d, J= 7.8 Ha 1°H): 8.43

(s, 1 H: 8.63 J= 5.4 Hz, 1 H); 8.83 dan J= 2.4
Hz, 1 H); . 9.4F (s
MeOH/THF/water

58 $0,Tol

34 mg of 1-chloro-N-(4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-
¢’]Jdipyrid-4-yl} phenyl)methanesulfonamide 58 in 1mL of tetrahydrofuran and then 6.88 mg of
lithium hydroxide monohydrate dissolved in 0.11 mL of water are placed in a round-bottomed flask.
The reaction mixture is stirred for 18 hours at room temperature and then concentrated to dryness
under reduced pressure. The residue is diluted with 5 mL of DMSO and purified by preparative HPLC,
on a reverse phase in acidic medium, eluting with a gradient of water containing 0.07% trifluoroacetic
acid/acetonitrile containing 0.07% trifluoroacetic acid, to give 13 mg of 1-chloro-N-{4-[3-fluoro-6-
(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyrid-4-yl]phenyl} methanesulfonamide 59 in the form of the
trifluoroacetic acid salt as a white lyophilizate.

UPLC-MS-DAD-ELSD: Rt (min) = 0.66; [M+H]+: m/z 468.

1H NMR (400 MHz, DMSO-d6) § ppm: 5.20 (s, 2 H) 7.52 (dd, /= 7.8, 4.9 Hz, 1 H) 7.57 (d, J =
8.8 He, 2 H)7.76 (d, /= 8.3 Hz, 2 H) 7.82 (s, 1 H) 8.23(d, /= 7.8 Hz, 1 H) 8.59 (d, /= 4.4 Hz, 1 H)
8.74 (d, J= 2.4 Hz, 1H) 9.04 - 9.09 (m, 2 H) 10.76 (s, 1 H) 12.60 (s, 1 H).

Example 46: N-{4-[3-fluoro-6-{pyrid-3-y1)-9H-pyrrolo[2.3-b:5.4-c’ ldipyrid-4-viIphenvl i cvclo-
propanesulfonamide 61

Step 1: N-(4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c*Jdipyrid-
4-yl} phenyl)cyclopropanesulfonamide 60

196 mg of 4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’|dipyrid-4-
yl}aniline 57 in 10 mL of tetrahydrofuran and 5 mL of dichloromethane, 0.138 mL of triethylamine
and then 55 mg of cyclopropanesulfony! chloride are placed in a reactor, and the tube is sealed and
subjected to microwave irradiation for 20 minutes at 100°C, The reaction medium is treated with
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300 mL of water and then extracted with three times 300 mL of ethy] acetate. The combined organic
phases are concentrated to dryness under reduced pressure to give 148 mg of N-(4-{3-fluoro-9-[(4-
methylphenyl)sulfonyl]-6-(pyrid-3-y1)—9H-pyrrolo[2,3-b:5,4-c’]dipyrid-4-y1}phenyl)cyclopropanesu]f—
onamide 60, which is used in crude form in the following step.

Step 2: N-{4-[3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢")dipyrid-4-yl]phenyl} cyclopropanesulf-
onamide 61

4

Y

LiOH

MeOH/THF jwater

148 mg of N-(4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’]-
dipyrid-4-yl}phenyl)cyclopropanesulfonamide 60 in 4.7 mL of tetrahydrofuran and then 30 mg of
lithium hydroxide monohydrate dissolved in 0.47 mL of water are placed in a round-bottomed flask.
The reaction mixture is stirred for 4 hours at room temperature, followed by addition of a further
30 mg of lithium hydroxide monohydrate. The reaction mixture is stirred for 42 hours at room
temperature and then concentrated to dryness under reduced pressure. The residue is diluted with 5 mL
of DMSO and purified by preparative HPLC, on a reverse phase in basic medium, eluting with a
gradient of water + 10 mM ammonium formate + aqueous ammonia (pH of between 9 and 10y/
acetonitrile to give 37 mg of N-{4-[3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’|dipyrid-4-yl]-
phenyl}cyclopropanesulfonamide 61 in the form of a beige-coloured powder.

UPLC-MS-DAD-ELSD : Rt (min) = 0.64; [M+H]" m/z 460; [M-H]" m/z 458.

1H NMR (400 MHz, DMSO-46) 8 ppm: 1.01 - 1.07 (m, 4 H) 2.74 - 2.82 (m, 1 H) 7.44 (dd, J = 7.8,
4.6 Hz1H) 7.57 (d, J= 8.8 Hz, 2H) 7.73 (d, /= 8.1 Hz, 2 H) 7.78 (d, /= 1.0 Hz, 1 H) 8.18 (dt, J =
8.1,2.0Hz, 1H)8.54 (dd, /= 4.8, 1.6 Hz, 1 H) 8.73 (d, /= 2.4 Hz, 1 H) 8.94 (d, /= 1.7 Hz, 1 H) 9.06
(d,J=1.0Hz, 1 H) 10.14 (br. 5., 1 H) 12.55 (br. 5., 1 H).

Example 47: N-{4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolof2.3-b:5.4-¢’ ldipyrid-4-yI]-2-methoxyphenvi} -
methanesulfonamide 64

Step 1: 4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4< "1dipyrid-4-
yl}-2-methoxyaniline 62

Pd{PPh,)},
Cs,CO, dioxane/water
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8.56 to 8.69 (in, J= 4.6 Hziwl ) .jﬁb(d,lZJggz.(7 Hi
UPLC-MB-DAD-ELSDILS)E ReriinP= 208 Sa0dr).H) ;12 S,
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Step 2: N-(4- {3-ﬂuoro-9-[(4-methylpheny1)sulfonyl]-6-(pyrid-3-yl)-9H-pyrrolo[2,3~b:5,4-0’]dipyrid-
4-yl}-2-methoxyphenyl)methanesulfonamide 63

HN, P

W _.Cl
N

4
SO, Tol

113 mg of 4- {3-fluoro-9-[(4-methyiphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4- " |dipyrid-4-
yl}-2-methoxyaniline 62 in 10 mL of tetrahydrofuran and 5 mL of dichloromethane, 0.456 mL of
tricthylamine and then 55 mg of methanesulfonyl chloride are placed in a reactor, and the tube is
sealed and subjected to microwave irradiation for 20 minutes at 100°C. 300 mL of water are added to
the reaction medium, which is then extracted with twice 300 mL of ethyl acetate. The combined
organic phases are concentrated to dryness under reduced pressure to give 210 mg of N-(4-{3-fluoro-
9-[(4-methylpheny])sulfonyl]-é-(pyrid—3-yl)-9H-pyrrolo[2,3-b:5,4-0’]dipyrid-4-yl}-2-methoxy-
phenyl)methanesulfonamide 63.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 1.27; (M+H)(+)’ 618(+); (M-H)(-): 616(-).

Step 3: N-{4-[3-fluoro-6-(pyrid-3-yl) -9H-pyrrolo[2,3-b:5,4-c’]dipyrid-4-yl]-2-methoxyphenyl} -
methanesulfonamide 64

LiOH

129 mg of N-(4-{3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]-
dipyrid-4-yl}-2-methoxyphenyl)methanesulfonamide 63 in 4 mL of tetrahydrofuran and then 26 mg of
lithium hydroxide monohydrate dissolved in 0.67 mL of water are placed in a round-bottomed flask.
The reaction mixture is stirred for 16 hours at room temperature, followed by addition of 300 mL of
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pi perazin-1-yl] - 6-
600 mg of 4-methanesulfonylaminophenylboronic acid pinacol ester, 1.32 g of caesium carbonate in

40 mL of dimethylformamide and then 0.25 ml of iodomethane are placed in a reactor, and the tube is
sealed and subjected to microwave irradiation for 20 minutes at 90°C. The reaction mixture is poured
into 2 1 of water and 500 mL of ethyl acetate. After separation of the phases by settling, the organic
phase is concentrated under vacuum to give 513 mg of N-methyl-N-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl]methanesulfonamide 65 in the form of a beige-coloured oil.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 1.24; (M+H)(+)' 312(+).

Step 2: N-{4-[3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c"]dipyrid-4-yl]phenyl} -N-methyl-
methanesulfonamide 66

Pd(PPh;),
F Cs,C0, dioxane/water

500 mg of 3-fluoro-4-iodo-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 19, 518 mg of N-methyl-
N-[4-(4,4,5,5-tetramethyl-1,3 2-dloxaborolan-Z-yl)phenyl]methanesulfonamlde dissolved in 10 mL of
1,4-dioxane, 407 mg of caesium carbonate, 101 mg of tetrakis(triphenylphosphine)palladium(0) in
7 mL of 1,4-dioxane and 2 mL of water are placed in a reactor, and the tube is sealed and subjected to
microwave irradiation for 1 hour at 125°C, After 18 hours at room temperature, 1 1 of water and 1 1 of
ethyl acetate are added to the reaction mixture and the whole is then stirred for 30 minutes at room
tempetature. The precipitate formed is filtered off by suction under vacuum and then washed with
50 mL of water and 50 mL of ethyl acetate and dried again under vacuum to give 334 mg of N-{4-[3-
fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyrid4-yl]phenyl} N-methylmethanesulfonamide 66.
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(pyrid-3-yl1l)-9H pyrrolo[2,3-b:5,4- ¢ "]dipyridine
WO blitlo@sdhd81DAD- ELSD: Rt (mn) = 0.31; [MtH in/z 3831/FR2009/051100

[MH mz 389 114 NWVR (300 MHz, DMBO-d6) 80 ppm 1.08

(d, J= 6.5 Hz, 6 H 2.74 - 2.86 (m 5 H 3.53 (br. s.,

4 H 7.55 (dd, J=8.1, 4.8 Hz, 1 H) 8.37 (s, 1 H 8.41
UPLEC-MSABAD-BLSD: R} (iBin 590 6 dM-+H]" 4v/B4481 [NG-Htzm/z144K) 8. 99
1H NMR (d00-MH, BRISCL6)I5-0pnh: 520 (s13 H) 342 (536 H)lyra4 (8d,./ 17.H)4.9 Hz, 1 H)
7.64 (sP1H) 7.74 - 7.83 (m, 4 §) 810N/ = 7.8 Hz, 1 H) 8.54 (d, /= 3.4 Hz, 1 H)8.76 (s, 1 H) 9.02
(s, 1 H)9.07 (s, 1 H) 12.57 (br. 5., 1 H).

dipyrid-4-vl]phenyl}methanesulfonamide 68

Step 1: N-[3-(dimethylamino)propyl}-N-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-
methanesulfonamide 67

o Cs,CO, DMF
%" o 20 min MW 90°C ’/ \
7N /
O N B
H o

ST
l /

300 mg of 4-methanesulfonylaminophenylboronic acid pinacol ester, 1.15 g of caesium carbonate in
18 mL of dimethylformamide and then 160 mg of 3-dimethylaminopropyl chloride hydrochloride are
introduced into a microwave reactor of suitable size. The tube is sealed and subjected to microwave
irradiation for 20 minutes at 90°C and then for I hour at 60°C. The reaction mixture is poured into
500 mL of water and extracted with 300 mL of ethyl acetate. The organic phase is concentrated under
vacuum to give 481 mg of N-[3-(dimethylamino)propyl]-N-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenylJmethanesulfonamide 67 in the form of a colourless oil.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 0.69; (M+H)(+) 383(+).

Step 2:

Pd(PPh,),
Cs,CO, dioxane/water

100 mg of 3-fluoro4-iodo-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine 19, 294 mg of N-[3-
{dimethylamino)propyl}-N-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylJmethanesulfon-
amide 67 prepared in step 1, 125 mg of caesium carbonate, 30 mg of tetrakis(triphenyl-
phosphine)palladium(0), 3.6 mL of 1,4-dioxane and 0.6 mL of water are introduced into a microwave
reactor of suitable size. The tube is sealed and subjected to microwave irradiation for 1 hour at 125°C.
The reaction mixture is poured into 200 mL of water and extracted with three times 200 mL of ethyl
acetate. The combined organic phases are concentrated under vacuum to give a brown solid. This
product is purified by chromatography on a column of silica, eluting with a 100/0/0 to 95/4.5/0.5
dichloromethane/methanol/concentrated aqueous ammonia mixture, to give 16 mg of N-[3-
(dimethylamino)propyl]-N-{4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢* |dipyrid-4-yl|phenyl} -
methanesulfonamide 68 in the form of a yellow solid.

1H NMR (400 MHz, DMSO-d6) & Tppm 1.55 to 1.67 (m, 2 H); 2.04 (s, 6 H); 2.27 (t, J = 6.9 Hz,
2 H); 3.12 (s, 3 H); 3.82 (t, /= 6.9 Hz, 2 H); 7.42 (ddd, J = 0.8 and 4.9 and 8.1 Hz, 1 H); 7.62 (d, J =
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3-fluoro-4- (piperid-1-y1)-6- 'd 31) (1)YOH n - -Y -
WO 200941303815, pyrroo [2,4- c']dipyridine PCT/FR2009/051160
UPLC- M5- DAD-ELSD: Rt (min) = 0.31; [MtH m z 391; [ Mar
rn/z 389 111 NMR (400 MHz, DMBO d6) 80 ppm 1.75 (br.
1.0 Hg, 1 HR 74 (4, /858.3 Hr2 H 7,82 4d, b= 33 BA 2(1by; 8.03 (ddd4/ +).7and3.2 and 8.1 Hz,
1 H); Bchd,(dd; /7 D7 amtl 69 Hz, 1 H); 1§)778d,3%4= £.2 Hz11 H); 014#d,-B= 4.8 afd.2 Hz, 1 H);
9.07 @, Hy 18 101 Hiidl2.36%0 42.83 (bleaB ok H)Y1 H) 8.99 (s, 1 H) 9. 28
LC-MS|(7 pin}: Rit (@in=2.27; BY+HP @2 S{D{M+SH]*" /360 (base peak); [V2W]* m/z 517.
\ QNc__Th/ NN HN... \ Q(--N I N.,..,,,--N
ExampRES0t 4-[3-8u id43- b15i4pedierid4-y1]-N-(prop-2-en-1-yl)-
aniling[79 pi per azi n- 1- y1]-6-(pyrid-3- yl1)-9H pyrrol o-
[ 2, g g: 5,4-c']- dipyridine UPLC- M5- DAD-ELSD: Rt (mn)
Step E N3[42@;4,3, Metdamethyl - 143 Bliokd¥otdlannd -l )phédyl prop-2-ene- 1 -sulfonamide 69

O
o H /
/O pyridine )\I B
H2N B\ —— \0
0 o\‘ ’JO :/—gl \o

A~y

To 438 mg of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline in 10 mL of pyridine at 25°C are
added 309 mg of prop-2-ene-1-sulfonyl chloride. The reaction medium is stirred for 1 hour at 25°C
and then concentrated. The residue is taken up in ethyl acetate, and the organic phase is washed twice
with water, dried over magnesium sulfate, filtered and then concentrated to dryness under reduced
pressure to give 625 mg of N-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborelan-2-yl)phenyl prop-2-ene-1-
sulfonamide 69 in the form of a beige-coloured solid.

Step 2:

Pd(PPh;),
Cs,CO, dioxane/water

ul
-1
s’-.. ‘o
-/ I° 69

100 mg of 3-fluoro-4-iodo-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’}dipyridine 19 and 207 mg of N-
methyl-N-[4~(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylJmethanesulfonamide 69 in 1.0 mL
of 1,4-dioxane are introduced into a microwave reactor of suitable size, followed by addition of
0.34mL of aqueous 1.5 M caesium carbonate solution and 30 mg of tetrakis(triphenyl-
phosphine)palladium(0), and the mixture is subjected to microwave irradiation for 1 hour at 150°C.
The suspension is filtered and the filtrate concentrated. The residue is purified by chromatography on a
column of silica, eluting with a 0 to 10% dichloromethane/isopropanol gradient to give 15 mg of 4-[3-
ﬂuoro-6-(pyrid-3-yI)-9H-pyrrolo[2,3-b:5,4-{:’]dipyrid-4-yl]-N-(prop-Z-en—I-yl)aniline 70 in the form
of a yellow solid.

1H NMR (400 MHz, DMSO-46) & Jppm 3.81 to 3.87 (m, 2 H); 5.22 (qd, /= 1.7 and 10.3 Hz, 1 H};
3.33(qd, /= 1.7 and 17.5 Hz, 1 H); 5.90 to 6.07 (m, 1 H); 6.48 (t, /= 6.1 Hz, 1 H); 6.87 (d, J= 8.8 Hz,
2 H); 7.44 to 7.55 (m, 3 H); 8.02 (d, /= 1.0 Hz, 1 H); 8.20 (dt, /= 2.2 and 8.1 Hz, 1 H); 8.56 (dd, J=
1.7 and 4.8 He, 1 H); 8.63 (d, /= 2.9 Hz, 1 H); 9.00 (d, J = 2.2 Hz, 1 H); 9.03 (d, / = 1.0 Hz, 1 H);
12.23 to 12.58 (broad m, 1 H).

LC-MS (7 min): Rt (min) = 3.44; [M+H]" m/z 396; m/z 356 (base peak); [M-H]" mv/z 394.

Exampies 51 to 74 (71a - 71x):

GENERAL PROCEDURE
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1H NMR (400 MHz, DVMSO-d6) 80 ppm 1.47- 1.58 (m 2
w0 1008a56381 J= 10.1 Hz, 2 H) 1.89(t,
.16 (s,
.82 (hr.
4.7

9H- pyrrol
0. 47, :
DVSO-d6) 80U p

Hz 2 H) 2.57 H g

. 6,

[

J= 11.5 Hz,

H)
PdDFR2009/051100

3 H 2.25-2.32 (m 1H 2.52- 256 (m 2 H)

s., 4 H 3.53 (hr. s., 4H 7.54 (dd, J =

Hz,1H)836(s 1 H 841 - 8.47 (m 2 H
.3 Hz, 1 4prBy99 (s, 1 H 9.27(d, J =
140H Csz %Iuoro4 4

; [MH]«)—MZ 431 1H NIMER

. 68- 1.8 oL K/
1,1\
N72d di pyridine J= 3.9 Hz, 4

0.2 rrhf}ol f Mwﬁo-@ﬁbd@rﬁ—(p#nd%} -yB-%Bpiriolal 2,3 b: 54-tdipytidie B, 05 mmol of the
boron{a deriiativk2(abid M ,es@r)Hp 27mb 4f (Igiddioxkme, ahd9).4 4nnbol kif caélsldrl) carbonate in
0.5 m8. @3wetdr atk=placed iniza réactely, BlldWed By 4ddifion, whdbl) argo§of( @R mmol of
tetrakétrigheBylplosphihidpalthdibin(® .i8 9.5 (mal, ofldimSth¥lfddmamide HIndIh2tabé 3 ,sealed and
stirred att 10°foriz § hdurk)Ate? c@Bing bhe resction hitfture@OdiNted Wth § md -of 1,4-dioxane,
2 mL N mthdnoNarkQe1 il iifiNesbhetibiydid @nd theh thedtefl foraroui-at room temperature with
150 ryg pfireSinydf)préanethiol type grafted onto silica. The reaction mixture is filtered and then
washed twice with a 4/1 1,4-dioxane/methanol mixture. After evaporating under reduced pressure, the
residue is dissolved in 2 mL of dimethylformamide and 0.1 ml trifluoroacetic acid, filtered and then
purified by preparative HPLC, eluting with a 90/10 to 5/95 water + 0.1% trifluoroacetic
acid/acetonitrile + 0.1% trifluoroacetic acid gradient.

The products 71a to 71x are detailed in Table 6.

1 H 2.05
N h

T1a-71x

Boronic acid or
ester reagent

Structure obtained

Name of the neutral
compound

Analysis

o

71a

3-{4-[3-fluoro-6-
{(pyrid-3-y1)-9H-
pyrrolo[2,3-b:5,4-¢’]-
dipyrid-4-yl]phenyl}-
propanoic acid

1H NMR (400 MHz, DMSO-
d6) d ppm: 2.71 (t,/=7.3 Hz,
2H); 29710 3.13 (m, 2 H);
7.59 (d, /J=8.1 Hz, 2 H); 7.63
to 7.71 (m, 3 H); 7.74 (s, 1 H);
8.28 (d, /=8.3 Hz, 1 H); 8.59
to 8.68 (m, /= 5.9 Hz, 1 H);
8.75(d,/=2.4 Hz, 1 H); 9.07
(broad s, 1 H); 9.08 (s, 1 H);

11263 (s, 1 H)

LC-TOF-MS: Rt (min) = 2.50;
[M+H]" m/z = 413

71b

3-fluoro-4-(6-meth-
oxypyrid-3-yI)-6-
(pyrid-3-y1)-9H-
pyrrolo[2,3-b:5,4-c’]-
dipyridine

1H NMR (400 MHz, DMSO-
d6) & ppm: 4.02 (s, 3 H); 7.20
(d,J=8.6Hz, 1 H); 7.65(dd, J
= 5.4 and 8.3 Hz, 1 H); 7.89 (s,
1H); 8.17(dd, J=2.7 and
8.6Hz, 1 H); 8.38(d,J =

8.3 Hz, 1 H); 8.60 (s, 1 H);
8.64 (d, /=54 Hz, 1 H); 8.77
(d,J=2.4Hz, 1 H); 9.07 to
9.10 (m, 1 H); 9.11 (s, 1 H);
12.67 (s, 1 H)

LC-TOF-MS: Rt (min) = 2.43;
[M+HB]" m/z =372
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(p pyrrolo[2,3-b:5,4- eIdipyrid 4-yl k piperazin 1-y1}-
[MtH nilz 448; N -H n/z . r446 1H NMVR (400 I\/Hz
DMSO-d6) 8 Oppm 0.98 (t, J= 7.1 Hz, 6 H 2.51 -2.62

(m 8[H) 2.76 (br. s., Z1T) 353 (br. s. . 2 Jlnﬁl\ﬁfl(‘m{)MHz,DMSO-
(dd, = 7.9, 4.8 HZ ]7OH) 8.34 (s, 1 H) 8.41 3.08 (s, 3 H); 7.47
(m 2/ H) 860 (dd, J—48, 1.5[Hz, 1 H 9.00 %07 7?5?31{) 7.631t0 7.72
9.28 (df JE 2.4 HeX1 B) 12.36 )z 3-[3%AuordeH) | (B 2 BY; 7.86 (5, 1 H); 8.39 (4,
/@ e R A\ 3-f1 uor o4 4svieil-3-JIROAY | - 1 ‘3— 8.3 Hz, | H); 8.65 (dd, J =
' N,% aze -3-y1) 1 oléwsft&)b 9L.2. ~'nbr 441 Hz, 1 H); 8.77 (4, J
NI p AD- ELSD: &mry IpEen@t 41 = 1 H); 9.08 (s, 1 H);
ink 3 H NVR Meifon C@)m H) 10.09 (s, 1 H);
ppm 5N4 Hz, 2 41 (S 3

MS Rt (min) = 2.43;

%w Y m/z = 434 (ES+)

/\/Npc_.ool

©

<
-

'P_.

dH NMR (400 MHz, DMSO-
dby & pprht 2.43 (s, 3 H); 7.61
(d,J=1.5Hz, 1 H); 7.64 (s,

1 H); 7.68 (dd, J = 5.0 and

8.2 Hz, 1 H); 8.23 (s, 1 H);

s b: 5, _

Mé_c- 78393,/ 8.1 Hz, 1 H); 8.66

. [ M H DRy =5.58z, 1 H); 8.75 (d, J
(t, JF 6. DE.2.8Hz, 14); 9.10 (s, 1 H);
H 3.60 (g, J = 5. 4. . 5| Bia3 (Brodd)s, 1 H); 12.69 (s,
7.55 (ddJ= 8.0, , 4.7 Hz, 1 H{8.35 (s, 1 H 814B-
8. 47 (ﬂ]ﬂZZ H 8.60 (dd, J=4.8{ 1.5 Hz, 1 H) 9QL@ATOH;MS: Rt (min) =2.67;
J= 0.7 Hz, 1 H 9.28 (d, J= 2.0 Hz, 1 H) 12. 30[MRH]" m/z =361 (ES+)
Q. 17T L LA

Iz /E

Tle

3-fluoro4-(1H-indol-
6-y1)-6-(pyrid-3-yl)-
9H-pyrrolo[2,3-b:5,4-
¢’]dipyridine

1H NMR (400 MHz, DMSO-
d6) & ppm: 6.62 to 6.66 (m,

1 H); 7.40 (d, /= 8.1 Hz, 1 H);
7.58 (t,J=2.8 Hz, 1 H), 7.64
(dd,J=5.0and 8.2 Hz, | H);
7.82 (s, LH); 7.88 (d, /=

8.1 Hz, 1 H); 7.94 (s, 1 H);
8.31(d,/=83Hz, 1 H); 8.61
(dd, J= 1.7 and 4.9 Hz, 1 H);
8.75(d, J=2.7 Hz, 1 H); 8.96
(d, J=2.0 Hz, 1 H); 9.09 (s,

1 H); 11.44 (broad s, 1 H);
12.63 (s, 1 H)

LC-TOF-MS: Rt (min) = 2.60;
m/z = 380 (ES+)

HO
71f

{2-{3-fluoro-6-
(pyrid-3-yl)-9H-
pyrrolo[2,3-b:5,4-c’]-
dipyrid-4-yl]phenyl}-
methanol

1H NMR (400 MHz, DMSQO-
46) & ppm: 4.21 to 4.29 (m,

1 H); 4.31 to 4.39 (m, 1 H);
7.23(s, 1H); 748 (d, J =
7.1Hz, 1 H); 7.57 (td, J=1.2
and 7.5 Hz, 1 H); 7.65 (dd, J =
5.0 and 8.2 Hz, 1 H); 7.71 (td,
J=1.5and 7.6 Hz, 1 H); 7.82
(d,J=7.3Hz, 1 H); 8.22 (d, J
=83Hz, 1 H;863(d,J=
5.1Hz, 1 H); 8.77(d, J =
2.2Hz, 1 H); 8.90 (s, 1 H);
9.08 (s, 1 H); 12.64 (s, 1 H)
LC-TOF-MS: Rt (min) = 2.30;
[M+H]" m/z = 371 (ES+)
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01 HN %. ., I\/N---)_\---N_Ol\\l ..... - 72h /
WO 2009%15088x 4- [ 4- (4- met hyl pi perazinl-yl)p rl d- IpCT/FR2009/051100
y1l]-6-(pyrid-3- yl)-9Hpyrrolo- [2,3-b:5 c')-
di pyri di ne UPLC- M5- DAD- ELSD: Rt (mn) = o 31 [ MEH] +
mz 446 1 NI\/R(4OO Mz, DVBO-d6) 8 0 ppm 1.69-. 1. .85 )
(m 2falon’ o it o e 3y 2275, 5 it R o s
r. s r. s., L n: <. ] e
3. 48 mF J= 11.8{Hz, 2 H 7. 5 (cﬁ%l 1@7}?25‘5129{(1(11;32‘;
8.1, 46 s, 1 H)38ﬂLA>Q)4-(£m41&y1(r e 708 14
dd 1 H efSiyle-H) 9229841z 1H): 7.96(d, /=
[ _62 S L l’p 3ﬂy9m...r\3zﬂz1H),836(dJ—
. =< ' N, i1 e 8.6 Hz, 1 H); 8.66 (d, J =
Y I P /| #4- (1. 4" - b| Dippeslb@;3-b:5,4-¢]- 0Hz 1H) 877 (d /=
i'-yl -3-fluoro-6- (pyrid-3-yl) difgridigyr r ol of 2, §4_HZ IH) 905( 1_
b: 5, 4; c¥ig di pyridine UPLC-M5-DAD-ELSD: Rt (m r)2 z, 1 H); (s, 1 H);
0.61; |[MrH m z 431 1H NMR (400 |MHz, DVSO d6 + ); 12.65 (s, 1 H)
2 1183 (n 4 H)LCT -MS Rt (min) = 2.57;
) 8 Oopm 1.61 (br. s., H 1. (hr. s., T m/z = 361 (BS+
-2.08(m2H)229(d J= 11.8 Hz, 2 H) 3.28 | (MfHIsm/z (ES+)
4 H B.40 - 3.56 (m 3 H 3.85((d, J= 12.5 Fz, 1ﬁNﬂ1R(400MHz,DMSO-
7.55 (dd, J—81 4.8 Hz, 1 H [8.32 (s, 1 H 84 %g £ 2.97 (s, 6 H); 6.96
J= 5.0 Hz, 1H)850(Q J= 8.2, 1.8 Hz, 1 HY8788m 3H)7.53¢ /-
(d, JE 4.6 10 9 go(s, 11bD. 9,30 {&nd H)78}911-f) 7.70 (dd, J=5.3
- f---eRED . -N Y | and 8.2 Hz, 1 H); 7.88 (s, 1 H);
o 3-yl)-OH-pyrolol2,3- | ¢ s\ 7276 Hz, 1 HY: 8.66
. N~ F b:5,4-¢" Jdipyrid-4- (d,J=4.9 Hz, 1 H); 8.74 (d,

yl] 'N,N"
dimethylaniline

J=24Hz, 1 H); 9.02 (broad s,
1 H);9.09 (s, 1 H); 12,63 (s,

1 H)

LC-TOF-MS: Rt (min} = 2.32;
[M~+H]" m/z = 384 (ES+)

3-fluoro4-(1-methyl-

1H NMR (400 MHz, DMSO-
d6) & ppm: 3.94 (s, 3 H); 6.65
(d, J=2.9 Hz, 1 H); 7.45 to
7.61 (m, 3 H); 7.77 (d, J =

8.3 Hz, 1 H); 7.89 (s, 1 H);

N~ [H-indol-3-y1)-6- g1 1 1) 8.22 (d, J =
Eyrid3yD-9H- - g, 1 HY: 8.56 (d 7=
pyrrolo[2,3-b:5,4-¢"]- 4.6 HZ’ 1 H), 8.73 (d’ J=

. dipyridine 0 0z L e o,
2.7 Hz, 1 H); 8.91 (s, 1 H);
9.07 (s, 1 H); 12.57 (s, 1 H)
LC-TOF-MS: Rt (min) = 2.67;
m/z = 394 (ES+)
1H NMR (400 MHz, DMSO-
d6) & ppm: 4.07 (s, 3 H); 7.69
* to 7.81 (m, J=6.2 and 7.0 Hz,
3-fluoro-4-(1-methyl- | 1 H); 8.12 (s, 1 H); 8.46 (s,
/ \ 1H-pyrazol-4-yl)-6- 1 H); 848 (s, 1 H); 8.60 (d, /=
N (pyrid-3-y1)-9H- 8.1 Hz, 1 H); 8.69 (d, J=

pyrrolo[2,3-b:5,4-¢’]-
dipyridine

2.7 Hz, 1 H); 8.71 (broad s,

1 H); 9.09 (s, 1 H); 9.27 (broad
s, 1 H); 12.60 (s, 1 H)
LC-TOF-MS: Rt (min) = 2.30;
[M+H]" m/z = 345 (ES+)

e

N-{4-[3-fluoro-6-
(pyrid-3-y)-9H-
pyrrolo[2,3-b:5,4-¢’]-
dipyrid-4-yl]benzyl}-
acetamide

1H NMR (400 MHz, DMSO-
d6) & ppm: 1.95 (s, 3 H); 4.44
(d,J=6.1 Hz, 2H); 7.60 (d, J
= 8.3 Hz, 2 H); 7.67 to 7.70 (m,
1H); 7.72(d, /J=7.8 Hz, 2 H);

7.76 (s, 1 H); 8.32 (d, J =
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72j  1-[3-fluoro-6-
WO ho®/ 50881 pyri d4-y1] -
UPLC- MB- DAD- ELSD. Rt

N, Ndi et hyl pi peri d- 4-am
(mn) 0.46; [MtH in/z

(pyrid-3-yl)-9Hpyrrol o[ 2, 3-

n
3

ETT&ZO(]Q!OSIIOO

methoxyphenyl)-6-
(pyrid-3-y1)-9H-
pyrrolo[2,3-b:5,4-¢*]-
dipyridine

NVR (400 MHz, DMSO-d6) 80 ppm 1.66- 1.81 (m 2 H)
2.01 (d, J=11.2 87, 2 H 2.28T(s, 6 H) 2. 37 & & (M); 8.52 (t, / =
1 H 3.35 - 3.43(m 2 H 3.73|(d, J= 12.3 Hz, , 1 H); 8.66 (broad s,
7.54 (dd, J= h 1 H8.33 (s, 1 H §14h,876(d,J- 2.4 Hz, 1 Hy;
8.47 (m 2§ =4.7, 1.4 H, 1H 8§ t§’13(m,2H) 12.66 (s,
1 H 9.27 1 H 12.27 (hr. s., J|-1|)H)
0 h P\ 72k | yrijd-3-y1)-414-[4 | 1, c_TOF-MS: Rt (min) = 2.32;
(pyrrelidin- yl k 9H pyrrol o[ 2, $m+H]" m/z = 412 (ES+)
b: 5, 4t cl - diMg -DAD-ELSD: Rt (nin) =
0.53; | [ M+Hr SHN i n/ 2 415 1H NMVR (400 MHz,
DVBO- (16) 80 ppm DN72-N1.87 (m| 6 H) 2.15 (d, |J= 12.1
Hz, 2[H 2.72 (brays., 4 H 3.42 (hr. s., 3 3.73
d, JF IZ2°T Hz, 2 H) 7”50 (od, 7386047+ -
2(3.31 s, 1H 842 - 8.4 (m > H 861 (d, JT ??‘ﬁz(“g‘;gm?m‘f%
9. ;f 1 H ppm: (s, 3 H);
/@\/1"') .00 (9 1 H 9. %{]32[3%910?--721 (d, 7= 6.1 Hz, 2 H); 7.50 to
) ; b N, ynd- ré 80 (m, 7 H); 8.28 (d, J =
{4 019[ 4 R4 9.0Hz, 1 H); 8.59 10 865 (m, J
1 R z, 1 H); 8.77 (d, J =
ul mi 1 H); 9.02 (broad s,
(qui n. Eﬂiﬁé_ 5 > w099 (5. 1 H); 1266 G,
P5 'i' 3|j|)7 (3m546( .co (%-MS: Rt (min) = 2.40;
Pil o o g N L IMEH] Mz = 448 (ES+)
“’1_ g I‘_’E \ ‘i' H)* 9'{1 gw‘tg’@oo MHz, DMSO-
12.33 (hr. s. 1 40)\6 ppm: 3.72 (s, 3 H); 7.27
' " T, J=73Hz, 1H) 7.39(d, J =
8.1Hz, 1 H); 7.49 (s, 1 H); 7.56
3-fluoro-4-(2- (dd, J=1.3 and 7.9 Hz, 1 H);

7.58 0 7.64 (m, 1 H); 7.70 (t, J
=7.6 Hz, 1 H); 8.24 (d, J =

8.8 Hz, 1 H); 8.61 (d, J =

4.9 Hz, 1H); 8.72 (d, J =

2.4 Hz, 1 H); 8.95 (s, 1 H);
9.07 (s, 1 H); 12.57 (s, 1 H)
LC-TOF-MS: Rt (min) = 2.50;
[M+H]" m/z = 371 (ES+)

4-(2-ethoxypyrid-3-
yl)-3-fluoro-6-(pyrid-
3-y1)-9H-pyrrolo[2,3-
b:5,4-¢c’]dipyridine

1H NMR (400 MHz, DMSO-
d6) & ppm: 1.03 (t,/ = 7.0 Hz,
3H); 4.23t04.42 (m, 2 H);
7.32 (dd,J=4.9 and 7.3 Hz,
1H);7.59 (s, 1 H); 7.65 (t,J =
7.3 Hz, 1 H); 8.09 (dd, J=2.1
and 7.2 Hz, | H); 8.32(d, J=
8.1 Hz, 1 H); 8.51 (dd, /=2.0
and 4.9 Hz, 1 H); 8.63 (d, /=
5.1Hz, 1 H); 877(d,J=

2.4 Hz, 1 H); 8.99 t0 9.05 (m,
1 H); 9.10 (s, 1 H); 12.64 (s,

1 H)

LC-TOF-MS: Rt (min) = 2.48;
[M+H]" m/z = 386 (ES+)
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3-y1l)-9H pyrrol o-
-2.40 (m 6H) 2.43 1/

L\ Lni) 72m 3-fluoro-4-{4-[ 3-
woémsh@éll n-4- yfl IOIVOIO)/I ] |OI peraz in-1-yl}-6- (pny@r/FRgoowosuoo

di pyridine 2 H)

1 UPLC— V5- DAD- ELS

D Rt

[ MFHl M z 490;
DI\/ISO d6) So ppm 1.6% (qui
2.71 (hr. s.
4 H 7.55 (dd,
.48 (m 2N

171(31 (quit;
2.48 (m

4 H 7.54 (dd,
8.47 (m 2 H 8.60 (dd,
1 H 9.27 (d,

H tn/z 488 1H

LD

| Bhenyliaging)-4- 4
vpxq_burqimlczc:lﬂ.b 2
4 H 2.69 (hr.

F 7.8, 4.7 Hz, 1
J=4.7
J= 2.0 Hz,
? 0 r) (\

(Qto

S-H); 112

NVR (400
.49 (m

8 AMR/A@00 MHz, DMSO-
| ) 6§ ppmi2.53 to 2.57 (m,

hz1); .58 2.65 (m, J =

¥6 HS 2.H); 7.42 @J=

8.1 Hz, 1 H); 7.61 to 7.68 (m,
2%y, 877 (d, /= 8.3 Hz, 1 H);
7.93 (s, | H); 8.12 (s, | H);
%32)(d 7= 8.1 Hz, 1 H); 8.62
2.1 H); 8.77 (d, J =
2P, .1 H); 9.04 (broad s,
321 5.1 (s, 1 H); 10.30 (s,
A (s 1 H)

aLClTéF-MS Rt (min) = 2.37;

1 vl 3dvz = 456 (BSH

N-{4-[3-fluoro-6-
(pyrid-3-y1}-9H-
pyrrolo[2,3-b:5,4-c’]-
dipyrid-4-yllbenzyl}-
methanesulfonamide

1H NMR (400 MHz, DMSO-
dé) & ppm: 2.97 (s, 3 H); 4.37
(d, J=6.1 Hz, 2 H); 7.63 to
7.72 (m, 3 H); 7.76 (d, J =

8.1 Hz, 4 H); 8.30(d, /=

8.1 Hz, t H); 8.66 (broad s,

1 H); 8.76 (d, /=24 Hz, 1 H);
9.09 (s, 2H); 12.67 (5, | H)

LC-TOF-MS: Rt (min) = 2.39;
[M+H]" m/z = 448 (ES+)

3-fluoro4-(1-methyl-
1H-pyrazol-5-y1)-6-
(pyrid-3-yl)-9H-
pyrrolo[2,3-b:5,4-¢’]-
dipyridine

1H NMR (400 MHz, DMSO-
d6) & ppm: 3.74 (s, 3 H); 6.86
(d,J=2.0Hz, 1 H); 7.61
(broad s, 1 H); 7.68 (s, Il H);
7.84 (4, J=2.0Hz, 1 H); 831
(d, J=7.6 Hz, 1 H); 8.59 to
8.66 (m, 1 H); 8.85(d, J=

2.2 Hz, | H); 9.07 (broad s,

1 H); 9.13 (s, 1 H); 12.76 (s,

1 H)

LC-TOF-MS: Rt (min) = 2.25;
[M+H]" m/z = 345 (ESH)

N-{4-[3-fluoro-6-
{(pyrid-3-y1)-9H-
pyrrolo[2,3-b:5,4-¢’]-
dipyrid-4-yl]phenyl}-
2-methylpropanamide

1H NMR (400 MHz, DMSO-
dé6) & ppm: 1.17 (d, /= 6.8 Hz,
6 H); 2.69 (quin, /= 6.9 Hz,

1 H); 7.63 (dd, J=5.0 and
82Hz, 1H);7.73(d,J=

8.3 Hz, 2 H); 7.91 (s, 1 H);
7.94 (d, /= 8.6 Hz, 2 H); 8.36
(&, J=8.1Hz, 1 H); 8.63 (dd, J
=1.6 and 5.0 Hz, 1 H); 8.73 (d,
J=27Hz | H); 9.04 (s, 1 H);




N, N-di et hyl -3- 14[ 3-f | uor o- 6-

WO eorisdagr Y1) - 9Hpyrrol o[ 2, 3-
b: 5, 4-cl di pyrid4-yl Thi perazin-1- yll propan-1-
UPLC- M5- DAD- ELSD: Rt (i n)

= 0. 31;

PCT/FR2009/051100
am ne

[ MtHr mf z 391;

443-f | uoro- 6- (pyri d-3-0)-9H pynrol o[ 2, 3-b: 5, 4-

[MH Tz 389 1IH NYR (400 VHz, [DVMBO-d6) 80 PPM19.08.(@8/= 1.0 Hz, 1 H); 10.17
(t, JE 6.9 Hz, 6 H 1.58 - 1.68 (m 2 H 2.42 -(sa.}g)glz_ﬁg(s,m)

(m 8|H 2.70 (br. s., 4 H 3.84 (br. s., 4 H{ 7.5

(dd, §=7.8, 4.7 Hz, 1 H 8.35|(s, 1 H) 8.42 - c4SF-MS: Rt (min) = 2.54;
(m 2|H) 8.60 (d, J= 4.6 Hz, 1[H 9.00 (s, 1 HiN@4R7m/z=426 (ESH)
(s, 1|H 12.31T (br. s., T H labl €/ "EXanHHeNVIR (400 MHz, DMSO-

Gie) 5 bPAL 7.58 to 7.67 (m,

|d-4-_|]-.?_1= hyl but - 3-yn-2- amfine 73 NH, 81 (s, 1 H); 7.74 to 7.84
of o IR 20 1q 3.
N3-f | upro- 4- ¥/d- 3 y1) {9H pyrrol of 2, 3- tgn;@l%)gq O(It;: 23}%(?822}(2
I T pyr 1 di ne 1- di ﬁélq*?g@;bﬁ'dpipwdyrw_ Be. H’)-899,(£1 e
23 my|of tetwalkis(iri | phoSphi- iml?ﬁért%ﬂq’ 9.02 1o 9.06(m
.86 fg of coppen (T i/de i nbBet-¢ldipridine; et ay[_llag’hl@ CTH), 1273 G,
are placed in ar and the tube is seal ¢ ,,ighd' T TTm
subj ected to mcrowavetirradiatlion for 1 hour [at "120C.
After |18 hours at7¥oom tenperature, the reacti|qry. OF-MS: Rt (min) = 2.04;
m xtufe is concentrated under feduced pressur ¢ gn ]+:mfz=.342(ES+) o
then fissotved T a 50/ 50 drctiforometthane/ett FEONMR (400 MHz, DMSO-
m xture and 5 g of silica are added. After 6) & ppm: 2.93 (s .’z’H)-672
concentrati under reduged pressure, the soli 068{me,.1i~1)-6’85to’6§1
depos|t | by chgemat @graphy on a col lﬂrql‘fl ﬁ§‘698tc:7.07(m 1 H);
lica, e $0b0 t ¢ 90/ 10 718 (0d = 17 and 7.8 Ha,
chl pro "mi xt uf -{26[3eflupe-68 Ny lqﬁ_ﬂ?_ S l.H)'75.7(d e
A13-f | uor o- pyr i d- 3-8 - OH py (yoiderd)-3h: 5, 4+ 71'? -’826,(d‘.]= ’
i d-4-y1]-2N - 2- apyreold(3,3-nS 4408- f %'r rfllzol :8'56 to’8 66 (
~NHhei gef col our ed FLC- V5 DipridEd SOphaRyl}H ¢ i, i ): €73 (d’ J=2 41z ln;f).
$=02.10; | [MH] m z : H i nk | s#hancslfodRide40d Mo o> ") 11 0,06 (s
DVBO-{16) 8 Cl ppm 1.59 (s, 6 H) 7.53 (dd, J=|7 'Sf% ey
Hz, 1I—|)8.48(dt71é3:8.1, 2.0|Hz, 1 H 8.60 ) g2 18
4.6, 1.5 Hz, 1 H)'8.70 (d, J= 2.4 Hz, 1 H 8. Jae. o
1.0 H., 1 H 9.10 (d, J= 1.0 Hf, 1 H9.31 (d,ﬁ‘é{“& ??Eif;jﬁs)ﬂmo’
Hz; H) 1256 (ill. s——*% H) ':Aallplc 9t
o(pvrid-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-c' | di py
74 CH In a manner
3 3-fBi8rorg( 16
y pyratodf 1)36-
O (tyzid-3yyiyPH-0l 74 LEFEOF-MS: Rt (min) = 2.12;
pyrfolo[0der:B4-c']- | [M+H]" m/z = 331 (ES+)
. bdipyadiod | pyri di ne 19 and
UPLC- M5- DAD- ELSD: Rt
MH nlz 345. 111 NMR
N [ o Iad LD Al aY = [o 1 [\
J8.\Zé E’d"’J”':"g SHINMR (400 MHz, DMSO-
J= 2.4 Hz. 1 H| 96 gepm: 3.25 to 3.39 (m,
S 12 Hz, 1 H)|§Mw762(dd, J=54and
Eanol e 92 8.3Hz, 1 H); 7.78 (s, 1 H);
3 ot | _yn ﬁ._(c)liiti-lgj.SHz,lH); 8.17
f1 yor Abylsylfgnd)phenc | (Adndrildiand 7.9 He, 1 1),
o€ 75 In a A ‘ S HBIIdbhoyny 878 (dtok 16 and 7.9 iz,
O’f of | K ’H-Pyrrplf) 2,3-b:5,4- [ 1 H); 8.40(d, J=7.8 Hz, 1 H};
43- ([4- et hyl pi perazim-y1) - 3- nEIHRTRe- | - yn1} §43 (31 ) 8.63(d, /=
uor o-6- (pyri d- 3-y1) - 9H pyrrol of 2, 3- b: 5, 4- cl di pyfitth hE): 8.83 (d, /=
75 arle obtai ned fA¥m 158 ny of | 3- -4 Hz, 1 H); 9.10 (s, 1 H);
f1 uorfo- 4-i odo- 6- (pyri d- 3-y1) - 9H pyrrol of 2, 3- b] B1Ale s 12.75 (s, 1 H)

P ——

8.39 (dt, J=8.1, 1.8 Hz, 1 H) 8.61 (dd, J= 4.8.1.1

~ O~ 1 ~ o~

pyrid| ne 19 _and 109 g of 1-(1 1-dij rmfhy’l-?-

propynyl) - 4- et hyl pi perazi ne. UPLC- MS- DAD- ELSD: Rt

(mn) = 2.42; [MrHr: mlz 443; [MI11l mz 441. 1H NWR
(400 MHz, DMBO d6) BO ppm @g90 (t, J = 7.2 Hz, 3 H)
1.62 (s, 6 H 2.25 (q, J:7.§Hz, 2 H 2.41 (br. s., 4
H 2.77 (br. s., 4 H 7.55 (dd, J =7.8, 4.9 Hz, 1 H




103 ng of
W02009/18038t 4- i odo- 6- (pyrid-3-yl)-9H pyrrol of 2, 3- bPéTmlomelwo

di pyri

dine 19, 35 ng of

N, Ndi et hy1-2-[ (2- net hyl but - 3-yn- 2- ypoxy] et hanam ne 76

preparned in step 1, 16 ng of

tetral

ds(triphenyl phosphi ne) pal

[ adi um(0), 3 ny

LC-TOF-MS: Rt (min) = 2.34;
[M+H]" m/z = 419 (ES+)

copper
DVF are introduced jnto a micrgwave reactor of

sui tabl e s#z

120C.

acet af
is wa
magne

iodide, 1.5 rnL of triet

The
on3

xture is i

A lli copper

Al kyne (@

The suspensq
e and wat erN-ggo~{;
shed twice with water and

sium sul fatdWiltered and

hyl am ne and O.

rradi ated for 1
i30@lloele4 (L0 g qf
nah idig=3-

ered The or gan
then dri ed oven
concentrated U

h @'1

AHNMR (400 MHz, DMSO-
d6) & ppm: 4.10 (s, 3 H); 7.65
t@?'#g’(xﬁ Ui H); 8.03 s, 1 H);

8.51(d, J = 8.3 Hz, | H); 8.64
Yo 88

rﬁ ﬂ?&?}g H); 8.81 (d, /=

9.08 (d, J=

2H);9.12 (s, 1 B,
5éroad s, 1 H); 12.74 (s,

|1C!_D
OF-MS: Rt (min) = 2.25;
Tﬂcﬁf{] ‘m/z = 373 (ESH)

reduc
chr on
90/ 10
glve

yello
/J::rI:o 1.

(part
m 2

bd pressure. The residue

At ogr aphy on a colum of $
to 80/ 20 di or onet hane
N, N-dnet hyl - 2- ({t

Jt-3-¥p-
w sol i

143-f | uor o- 6-

b, 4-c|dipyrid-4
' 1é-[3-ﬁuqﬁrn-6t-(wfi¢-01
5b:5¢

B. 0 Hz,

S purifired by
ilica, eIuting
met hanol m xt ur

3%-956701@2,313;
~¢JdipyBd#8 t ¢
yiligridL-4ming. 99

1 H,; 8

D

ppm 7.18 (d, J=9.3 Hz,
749to764(m 1 H);
(SZIH 821(d,J=
; 8.40 to 8.52 (m,
% t0869(m,.]—
H). 8.78 (d, /=
H)911(s 1 H);
d'?ads 1 H); 12.69 (s,

13) R (400 MHz, DMSO-

i

18 and 8. 8. 59
8. (broad s,

(d, JE 1.0 Hz,

0 Hz, to 8.65 (broad|m
2.4 Hz, 1 H]

1 H; 9.20 to 928 (broad m |

1
1 Ty 8H76 (d,

J =
68 )

ED,,CQT

12.67 (broad s, I FIj. CCNMS (7 mm—R—(nn +H15?? 357 (ESH)
[ MtHr m z 446; [M21-1]2 nfaﬂggs 5 (base peak); [MH
mz 444. Exanple 94:

Examatef 45 foRofhaiar 9,6~ (nvri d- 3-y1) - 9H ovrrol of 2
3-b:5.4-eldipvrid4-yl | phenoxyl -N, Ndi met hyt hr opan-1

-amne 78 75 ng of

g[F}I(\:Iﬁ{AE PRDFEEEUR@%I@TI&%{R ATRON REALION frdR i ©!
AR

tetra ds(trlphenylphosphlne)palladlun(O) 125 ng, 1.25
nmL of di oxane and 02.5 inL of aqueous 1.5 M caesium
car bo sol ution are j, %%rognged i ntoya mcrowave

d, ne

react sui tabl e si zg o Mk X4 ur i rragdi gRed
for 4 nutes a 159C Tn guspen5| 0 btalne I's g
diluted w shed t

with wat en n|c phase,is dried ne;'un1
sul fate, Mnd t hen~goncentrat ed ced

The ﬁ¢§idue i's puPified by chromat dfjraphy on

pressure.
eluting with a 90/10 to 80/2¢F

a colum of silica,

;9 tm (cgfhkct[k?ﬁ@t ﬂ%ﬁﬁlgﬁﬁﬁ%}%my‘l Xt ngagph!ihyl Q,m}{ %. 8’ gmggofo Ins(dlbenzyhdene-

a;:rt; ;rs e%)r ad 1%m((0%) )1/11r I1 35 ?Lyas anélﬂrglsllsr } g-ldl()f{%ne arB pgac%l E’I zaturs)ﬁ lllIHlCI'4al‘l argon

100 gydfhpfh%&%&/&d N Q- 3hy; ¢ b

tert-::{?(txn?e ahgls! \ﬁ{vgl bt \ﬁ? M 13 ?ﬁ%a% o E fgretzllnsls:;l:;

;1;;; ?Ef%% Eﬁ:d %;E \.{;Eé) ie% e )715%%2& a\jlded éhe reactor is
e T t°7m° egg’alfr i a4.§znd81l—|z 1 H;

The rezctipg ngqgture\]l& peurgd iapo, a mixre of7 184nl( df ethyl atetfle 5 m]loH)vater and 75 mL
of satgrateqy ageRges sgtium bicarhauate selutiynd Afed sdfaratidn lof theSpHakes (ddsettling, the
organig phage 75 ¢rird oyeBmgnesiu)splfge, Tteted ,and svadomiteHandd reQucedBp@sbure. The

(dd, J= 0.8 and 2.2 Hz, 1 H); 9. 06 (d, J= 1.0 Hz, 1
H; 12.21 to 12.69 (broad m 1 . LG M5 (7 nin): Rt
(mn) = 2.41; [MrH mz 442?9[NM2FHZ infz 221.5 (base
peak); [MH nlz 440. Exa e 95:

4-1-3-fluoro-6-(pyrid-3- yl) 9H- pyrrol oi 2,3-b:5,4-cric
I pyrid-4-yllphenol 79 In a manner simlar to that

" NN N Y

6§-Ms: Rt (min) = 2.23;




UPLC-SQD: Rt (mm) [MH mz

WwWO040609/136381pl e 98: PCT/FR2009/
3-{4[ 3-fluoro-6-(pyrid-3-vl)-9H pyrrol o[ 2, 3-b: 5 051100
4-cl di pyrid-4-vl | phenoxv} -N, N, 2- trinethyl propan-1

residuaris perif&d bt dhpordatography on a column of silica, elutmg with a 100/0 to 80/20

= 0.47; [MH mz 454;

dlchlhrm;eﬂlanef/mﬂh?]rbyﬂnﬁl&é defendiing ob theatibsa@R! hy1- 1, 3, 2- di oxabo
The érghlﬂﬂare %’e%nll ﬁ ntof%v W@%@o&i@ﬁarg 1"/8{1%'{5/ (bepwdenq%nogqbe Wents)

of 4- (4,4, 5, 5- tetrarrethyl 1,3, 2

nl

noaof

0] U.Xd'UU ot dair= 2= y| ) IJIICIIUI Y344 Tg—0n

8L et pyl ag] thyI priopyl .chl or| d¢ hydrochl oride
m cr onave |rra 3??’3'5 for| 1°h at 150C), 594 R3YYf
NIN2=t ||||:L||_y1 344 (4 L ,':*ﬂ”ﬂwefh‘_

1,3, 2-d
obt ai ne
used in

d in the formof a
crude foymin the

oxabor ol an- 2-y1) ph

enoxy] pr opan-
col ourl ess oi}l
foll ow ng ste

1 -amne 84 are
juP AD-ELSD: Rt

,sglmsr@alzww Az 91,

 manner sinilar t§ that for| conpound 78| %ﬁ
5 mg of 3-fluorg-4\i odo- -1 iNH-41%- y1) 1HNMR (300 MHz, DMSO-46)
H-pyrrolo 2, 3-b\5 i J@Fﬂ?h%yag anémﬂwml 8dfl, /=6.5He,
N, 2-tri papefaziT Lyt ﬁ-HD 294 2.86 (m, 5 H) 3.53 (br.
,J\gloxabqr IﬂPHH%%Yq? i & HHABAP Edd. {17 8.1, 4.8 Haz,
step 1 |Per8918[?63-b'a¢ri B37(s, L H) 8.41 - 8.48 (m,
-N, N, 2-tri et hy[propan- 1- am ne 85 are §|9ﬁéﬁlifﬁ 9Nl J =
form of| a yel | oW%olid. 1H NVR (400 NHz}7¢WBtﬁ@6%3@ﬂmSw1}D
Hppm34109—+(d—3=6-5Hz 3 H):- 1099 tal2 92 (partially
masked [broad m 9 H): 3. 96 to 4.06 (m FP -M5-DAD(EISD: Rt
J= 5.6 land 9.5 Hge—1 H): 1.29 (d, J= 8 021§\4 " m/z 391;
7.48 (dd, J= 4. %an}sj 8.1 Hz, 1 H: 7.77[ a1l gz 895 1z,
2 H: 7.84.(broat—s, 1fH):| &b 4dt, JETHNMBAOMEz DMSO-d6)
Hz, 1 H)[ 8355 (dd, 1. 1 @p&icd- J5|z iDmp;ma-.??ibr(s;l,,zH)l-SS
J= 2.6 |H 95 A d, gﬁa.ﬂl ;5.9 H0B.50dbr. 4 H) 7.55
N 1.0 Hz,| 1 r 0aq pSurold[2 541_3( € 7-9-0J1z, 1K) 8.34 (s,
(mn) - Mz 456 (gllﬁg nf ¥ H2881 584 ma H) 8.60
peak); |[ M H] m z 454, Exarrple (dd, /=4.8, 1.5 Hz, | H) 8.99 (s,
3-fl uoro- 4- { 4- 134 (nor phol|i n- 4- yl)etho fﬁ?ﬂéﬁyhi=6L¥H%llﬂ
rid-3-y11-9H-pyrrolor2,3-0:5 4- el di pyfl3inér.8718ep
1-
4-1244-(4,4,5,5-tetranmet hyl-1, 3, 2- di oxpUBLEtMH-IABELSH: Rt
enoxy] ¢t hyl | mor pholine 86(In a manner [s{mn)=a®.26;¢MH-NET m/z 446;
for conpound, 84, starting|with 220 ng PfM-H]" m/z 444
4-(4,4]5, met hy1- 1, 3, 2- di oxabor ol RNMR 00 MBRIMSO-76)
N\ _and 372 ny - (2- chl or o¢BHilpbiorbidphiol | &ié ppm: 1.47 - 1.58 (m, 2 H)
drochl ori de (Wi-erowave i metilipaeridd- f or.8Q(dhdal0.aiHz, 2 H) 1.89 (1,
00), yl)piperazin-1- J=11.5Hz, 2H)2.16 (s, 3 H)

AN{244-
y{ ) phe
f of

that f
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1, 3, 2-di oxaQ

ab2t dl.3nR 4 H) 2.52 - 2.56
amed)i2r82t(bres., 4 H) 3.53
nbe s.udl &) 764 6dd, A= 7.6,
rheHz,sl 1) 8.36 (sf I0H) 8.41 -
$ay (@f, 2 H) 8.59 (dd, /= 4.8,
1.3Hz, 1 H) 8.99 (s, 1 H) 9.27 (d,
nt= 10HAy HYf  4-

or ol an2-yf | pheno

yl eth
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fleth
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0- 4- { 442- (nor phol i
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i di ne 87 are obt ai
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yl | mor phol i ne prepaf

Bdlubmo-dstep 1
Nérdorpholin-4-

Oy 1pipyetiti-19Hh-py
Né&(byrid-3tHe f g
MADpag10[@, 34 P

, UPIOCS-DIAD-ELSD: Rt
(min) = 0.47; [M+H]" m/z 433;
IMHP{Rz83D: 5, 4-

r'1H NMR(496 MRXYDMSO-d6)
B Ppfhn: 1.68 21.80(m, 1 H)

i), 2.79 (t, J 5.

ob:5f,c' 2 H) ;3

(o

7.

4.27 (t, J= 5.6 Hz,
48 (dd,
7.83 (d,
1H;
Hz,
1.

J

1 H;
2 Hz,

J= 4.7 and 8.1 Hz,
1.2
8. 55 (dd,

2 H; 7.30 ¢
1H;
,1H);
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8.96 (broad
1 H; 12.19 t

8.

3208 (1Y 316#HEM H) 2.57 (¢,
2

d, J= 8.4 Hz,
J—8.4

J= 2.0

770(d
18 (dt,
4.7 Hz, 1 H);
d, J= 2.0 Hz,

o 12.72 (broad
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682 nmg of 4-(3-bronopropoxy)benzeneboronic acid

wo Redazosgate, 2.0 nL of a 2 M solution of ethyl anp@gErErRI009/051100
tetrahydrofuran, 2.6 g of caesium carbonate and 6 nL
of tetrahydrofuran are introduced into a m crowave

react or| of t{abl e size. [ldigrdinst Ure Il g 3.9 HEI4HEIBS - 3.46 (m,
for 1 hpur zi&SOC. The mgdi um i s dil ut ad)widshyt, w4 Hz, 4 H) 3.75
acet ate] and washed three tjimes with wat ed ﬁflesmgd{)l’}’CS4(dd,J_.
phase is dried{over magnesi um sul fate, |fid 4 @rRdI HPE33 (d,/=

t hen conc vunder regduced pressun .4y, g;i}gezr@2547(m 2H)
ng of = _ 8.60 (dd, /=4.8,1.5 Hz, 1 H)
344- (4,44, f'hy1- 1, 3, 2- di oxabor| glsand, Z=ymRPAgNP) 9.27 (4,
y] pr opan- 1-a 1in the formof a byewno Bzl L HMY br. s.,

Is used in crudeZ{ormln tihe fol |l owi ng|stipp. UPLC- SQD:
Rt (mn) = 0.68;"[MH + nljz 306. Step 2: 1-am ne 92 92

I'n a manner simlar to thgt Tor corrpounqypﬂt; Nﬁ_ﬂADLE]gBD : Rt

with 125 ng of \3-fl uoro-4-|i odo-6-(pyri d 756, [M+H] ' m/z 448;
9H pyrriol of 2, :5,4-cldipyridine 19 an
éﬁ*ﬂlﬁ

R %,300 MHz, DMSO-d6)

b})ronate pre Ned in step |y NIfn1B. Of
84[ 3-fl|uor o- 6- (hzyri d- 3-y1) {Qtﬂ-j%r);ogg o[ 2 2 1 Hz, 6 H)
pyrid-4-yl]p 9 969%5%1‘1)92?76 (br. s.,

_ NOXy) Pr OfaPyrii-3-Giofe §
i n the |f orm of yal | ow sclﬁyg.oloil% br. S , 4 H) 7.54 (dd, J
d6) 8 Eppm\l. ¥6 (, J=1d 3 H,L_7924g ig}(s 1 H)
izgv in- )élgl
t am1 @

( 1 2 (a1dg4 (1%, )E0 6,/ =
2N) N 4. (d48)15 IBHEB ,1H)
H, 7.4 | 8.0 Hz, 1 H)jghg(3 4z1H)12.36
8.8 Hz,| 2 H); NZAB5\ 05H21H)(k§21t
2.0 and 8.0 Hz,-,ieH); 8.56 (dd, J= 2.0
Hy—8 72— (d; J— 24 Hz 1 H) 895
H: 9.07 (d J=0.5H, 1H. UPLC—SQ Cﬁ%“’ +fﬂi‘53/ZR3t77
0.50; [|MrHr mz 442, [M211] 2+ miz 221
440. BExanple 103 (94) and |Exanpl e 104:
(2E) - N[ 4- (di net hyl ami no) Qut yl ] - 343-f| J?f_l RGN0 3DMSOd6
y1) - 9Hgwr ol or 2, 34b: 5 4- el dizpy[] (9_4 4yII (?:2%( Qﬂzj 54Hz)
\95" stdp 1 1 gfof
\ et ) 2414 72,-2.80 (m,
?\g uo:ro 4-i odok 6- d_—3- gl;ﬁ o)%)ugne-?cg);%% ?ﬂ)z 1§zH4H)754
- pyy r ol |02 , i pyr,

(30 onatjel 20 fle, DSt 1 ) 8,44 (4

N ral di SCET phi ﬁé}g"‘é{t 3"%5ﬁmf15 ,HZS% 8%91(;1;),08(:98.0,
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are intiroduced ipfo a m criowave reacto (=07§I§f|% H)f_gg(d’
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reactidn mediumis poured|into a mixtut& st r.s.1H)
acetatg and water with vigdorous stirring. After
separati-on—of—the—phases—(the—-organ-ec—pha t AArDﬁSD R
over MySat, filtered and tlhen concentra E‘ JH t
reduced presste. The resijdue is disso %Wof“/ﬁ%
THE and 10 inL?éf met hanol|, and then 1

HO_ i t hi uh hydr oxi\de_nonohydr at @-[difkeeleef, | z, DMSO-d6)
wat er gre added ter stiligyracs-ayemni oPk PP‘PG@S 6 6.4 Hz, 2 H)
water gre added\and the pHpisolb@Ight %7?3 dliitdhe s, 4 1)

aqueo C agibeh,sedipyrian. zl'ﬁ%( gé&%ﬁlzm‘“s tJ

conpourjoa by f|idlyifpiietagi-1-5p2 200 % b’a/g 5¢fdd, /=8.0,
2EY- 343- 1 uok o- Wi d- 3y)hadit- pyrr 31"3 %HBS S (. bH) 842 -
T pyrid-4-yl] p2¥enoic acid 94 are op H)Séo(ddj 4.8,

UPLC- M- DAD- ELSD (LS): Rt [(min) = 0.56 f_, %?L?OO@J 0.7 Hz,
335(+);| (M H)(-¥2g 333(-). [Step 2 wp | 1 H)9.28(d, /=20 Hz, 1 H)
2009/ 150381PCT/ FR2009/ 051100 110 ny| b%30 (br.s, 1 H)

{’)E\ 343-fl uoro-6- (n\/rlrl B \/1)'Q|'prrr |ﬂ[7,?-h' 5_4-¢j

dlpyrld 4-yl ] prop- 2 enoic acid 94 and 10 niL of

thionyl chloride are placed in a one-necked flask. The
m xture is refluxed overnight with stirring and then
concentrated under reduced gyessure. The crude product
is taken up in 10 nL of dichloromethane, and 456 ul of
4-di met hyl am nobutyl ami ne are then added. After 1
hour the reactlon nedluntls concentrated under

— - o . - o




UPLC- M5- DAD- ELSD: Rt (mi
WO EM9H%05§12 343. 1H NWR (
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40
1
4H)752(dd J= 7.9, 4.
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4 H 3.22 (t, J= 4.6 Hz,
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Hz, 1 H) 8.46 - 8.50 (
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6104 5 nL of trifl uoroetha

nol

in 0.5 nL of

wo 9og9Rishydif or mam de are placed in a tube and 115 mgr®R2009/051100

60% sodi um hydri de in oi
stirring for 1 hour at

are added at

roomtenperature,

OC. After
the sol ution

s pourled into a reactor dontaining a mxture of 160

nmg of 3 brono-6-(pyrid-3-yl)-9H pyrrol oUPLE-MSSDAD-ELSD: Rt

cl di pyrjdine 6 and 290 ng lof copper (1) (miagEdes; MreH]" m/z 474;
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I(2rethoxyethoxy)=6=(pyrtd=—S=yi)=9tpyrrotoi2 3=

4-crldi pyridine 106 180 ng of

3-brono-6-(pyrid-3-yl1l)-9H pyrrol of 2, 3-b: 5, 4-cl di pyri di

ne 6, 169 ng of copper iodide(l), 4.1 nL of 21% sodi um

nmet hoxyet hanoat e di ssol ved i n nmet hoxyet hano
nmL of di methyl formam de are placed in a reactor,

and 0.4
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the tube is seal ed and subjected to m crowave
irradiation for 45 mnutes at 120C. The rest of the

pr ot ocol

purification, 17 nmg of 3-(

2-

is the sane as that for conpound 105. After

nmet hoxyet hoxy) - 6- (pyri d-3-yl1)-9Hpyrrol o[ 2,3-b: 5, 4-c
| di pyridine 106 are obtai nedgzlH NVR (400 MHz,

DVSO- d6) 8 Oppm 3.36 (s, 2 H 7.53 (dd, J = 7.9, 4.8
Hz, 1 H 8.39 -8.41 (m 4.6, 1.7 Hz, 1 H 8.87 (d, J=
1.0 Hz, 1 H 8.99 (d, Js., 1 H. LGM (7 min): R
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A m xture of 500 ng of

wOGodPIsoast 3- Y1) - 9H-pyrrol of 2, 3-b: 5, 4- cl di pyri di npCPAR2009/051100
5 mM of acetic acid and 502 ng of N-iodosuccininde is
stirred at roomtenperature for 4 hours and then

heated for 1 hour at 80C HAfter concent/RLCGYIYDASELSD: Rt
reduced| pressure, the resifdue is purifiQﬂhbijlﬂhﬁfﬂﬂmh39h
chr omat grqEE& on a colum gl[MtBNgn/vB8h a
WOO/O t p 0/ TO0 thept ane/ eth (N@ M | XHUNBIR @09 Mitz, DMSO-d6)
~A59 ny pf u°§ $0 ppm: 0.98 (t, J~ 6.9 Hz, 6 H)
3-i (pyrid-3M) - 9H- pyr@?ﬁ‘ ﬁ Y275 5, 1458c 1ckismy 2 B) D@2 - 2,49
107 §n the formigf’ a.dark 6 g_ I, NNR2.G400. 5., 4 H) 3.54
MHz .54 (OI SCIep 4orBs.Hem) 154dd, 7= 7.8,
8. 4 P H, lt‘gplger@fén dd 4 UHZ 141)8.35%5,3 H) 8.42 -
Hz, IH : . ¥=42.0 HUPOMR-lg. 92 | g (e, THY850 (g J = 4.6 Hz,
1 H) 3 (d, ="1.0 Hz, 13““)169 13 (d,[d9)2.0d (52, 9.3 s, 1 H)

9.33 (d|J=2.4 W20 1 H) 12/ 38 (br. s., |128) (br. &xaapl es
27 (11la - 111m): fStep 1:

I-methyl-4-1344-(4,4,5,5-tetranethyl -1, 3, 2-di oxaborol a

n-2-yl)-1H pyrazol - 1-yl ] propyl | pi perazi ne 108 330 ngy

of 60% sodi um hydride in oilyggpd 1 nmL of

di met hyl f ormam de are placed in a reactor, under an
Exarf$1890) 498 TRS RO (8rid BN aBedd 2 drmpwca@inﬂm 41120m@hy[BAOG yn-2-
amin@g30f 4-(4,4,5/5-tetranethyl-1, 3,

di oxabor ol an- 2-y1) - 1H pyrazol e di ssol ved in

di met hy mam de (tenperature at the end of dition
in the OncéFPhe evol n of gas has

ceased, of \3- (Rinet h@f 6'F‘°'per azi om de
di hydr obr ond=de ded i 20 T of de

are added. M react4 on m e is stirrgd
hour s at roomtﬁrrpe'i‘ature and then pour elRi-Af 0 ey
m xture of 100 ni,gof water and 100 tnL of ethyl
acetate. After separati on of the phases by settl i ng,

158 e RUHBHS 4ROASE 5.5 2UngblLAERe 160 50Mhe of 1,1-

L %R%ﬁ“ﬁi@ & @EQEE%%&S& *“ﬁﬁum iﬁ%e?%ﬂi&i?&%"fé

microw Je atl@ﬁ] Hr aﬁcfﬂf"% kft@rt 1% ?Irooﬁlq tﬁé&g&ﬁ)n mixture 1is
conc&rﬁrag:'d\{ﬁd r&i szure a dlssolved 1 0/50 di hlo ometh nef’m thanol mixture
and 545 UpstxliBé r co tr 1ﬂ 4’35% Tt "i)snpunﬁed by
chrofy ét grl Y ?%hl ethane/methanol

mixtig@! v@l 5 %g h;sar?g)(gh ket Eythene mettancl
th -
e %’%5 di raflwemt]l IA\{% - et rlgmg? y‘% i 3, 2 d| oxabor ol

UPL@”M%-JX%‘EH%TPX& % ' %ﬂ 6 109 In
ls?(d’ ngt Qr— 9,48 Hz, | H) 8.48 (dt, J =
(d Jg' 1‘1136 3l ‘]Li-)'; ’lrﬁ ‘% ‘@zd FED RGP banidiiis 11D 910

ormo oI ou es’s is obt ai ned from

- -2 yO 1H-pyrazo|e and 1. 18 g of
2- brono- N, N-di et hyl et hyl am ne hydrobrom de. ER/NVR

(400 MHz,-MBO-d6) 8 Cppm 0.89 (t, J= 7.1

1.24 (s,f/12)H) 2.16 (s, 3 FIPRI33 ( H 2.M5 (g, J=
7.2 Hz, 2.63 268(|ﬁU”°EAH) , .0 Hz, 2
H. Step | : F

N, N- di et hyl ,5-t amet hy1-1, B; i«gxahor ol a
n-2-y1) - 1H py Nyl ]p =1- am né'\l 007y of
4-(4,4,5, 5- tetraﬁegpyl 1, 3 2-di oxabor ol an- nyl) 1Fprr
azol e, 338 ng of 3-diethylan no-1propanol and 1491 g
of tri phenyl phosphi ne supported on resin at 1.57

mol /g in 10 naL of dichl oronethane are placed in a
reactor, under an argon atnogphere, followed by
dropwi se addition of 0.61 nalL of diisopropyl

azodi carboxyl ate (tenperature at the end of the
addition in the region of 32C). After stirring for 1




_.-Z., .".. Z 17. 1 N\I IN N--.4trN 111b FF
WO Fooksozdihyl - 1H pyrazol -3-y1)-6- (pyri d-3-y1) - SRT/FR2009/051100

pyrrolo[ 2,3-b:5,4- cidipyridine UPLC-SQD: Rt (nmm =

0.59; [MtH miz 345; [M1-1] mz 343. 111 NWR (400

MHz, DVSO d6) 89 ppm 3.96 (s, 3 1-1) 6.57 (d, J= 2.0
In a Hannet shd)ilar 1& €haf dor LompouhdHE3, 38 ol off 47 ¥-fHatd-6dpyrid-B-y1) 9HSpyrrolo[2,3-
b:5,4kdZ)dip3rié-y8-Zthethglbutd=yet 2.9 Hid, ard dHaikd 7forh d158)mg 7063 finoro-4-iodo-6-
(pyrid-3H))-B1-Brdle] 2,3 b5, Lc Adibizridirke 19)and 5 D 2ig (ofl 2-mbthyR 3 Butyin-2-dl. H)

9.05 (s, 1 H 9.10 (d, J=1.0 Hz, 1 1-1) 9.42 (d, J=
UPLC-MSHYAD-ELIED: R2 (1) € 8.80;IMHH]": \nv/z 347; OLHJ myANM5N \ 1 N. /
1H NMR,(400 MHz, DMSO-d6) & Bppinl 148 (s, 8H) &:06 Zs, T8)IMyd4-(dd, /= 8.0, 4.6 Hz, 1 H)
8.48 (i 9810 HA, Hyy 860fbr. 4-, Y H) 862 (4,0y= 1.4H3- YA) 8.91d, /= 1.0 Hz, 1H)911(dJ
= 1.2/84 t o) O[32 (@3- §; 15HYIE2. 59C(ls dimyridine UPLC SQDI Rt (mm)

0.61; [MrH nfz 369; [MH nfz 367. 111 NMR (400 I\/Hz,
Exaniph30: d.6)-(Betbyipipiiatin-9 KX Imethwibbt- GykdZ-y1B-lore6 IR r{dSPYN-9H-pyrrolo-
[2.3-8546:18ipkEdind74) 3.99 (d, J= 6.6 Hz, 2 H) 7.54 (dd, J=

8.1, 4.6 Hz, 1 H) 7.99 (s, 1 H 8.26 (s, 1 H) 8 50

(dt, J=8.0, 1.9 Hz, 1 H) 8.59 (dd, J= 4.8,

H)8.87(d,J-O7Hz,1H)889(d,J:22 ”1H)
8.92 ( 2.2 Hz, 1 H 02(d J=10Hz,N1)+)9
(d, J= Hz, 1 {1 1 %S(Pmr 1H. . N . --
fik -\ N

N
75 H

In a manner similar to that for compound 73, 29 mg of 4-[3-(4-ethylpiperazin-1-yl)-3-methylbut-1-yn-
1-yl]-3-fluoro-6-(pyrid-3-y1)-9H-pyrrolof2,3-b:5,4-c"|dipyridine 75 are obtained from 158 mg of 3-
fluoro-4-iodo-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’1dipyridine 19 and 109 mg of 1-(1,1-dimethyl-2-
propynyl)-4-ethylpiperazine.

UPLC-MS-DAD-ELSD: Rt (min) = 2.42; [M+H]": m/z 443; [M-H]" m/z 441.

1H NMR (400 MHz, DMSO-d6) 30 ppm: 0.90 (t, /= 7.2 Hz, 3 H) 1.62 (s, 6 H) 2.25 (q, /= 7.2 Hz,
2H) 2.41 (br. 5., 4 H) 2.77 (br. s., 4 H) 7.55 (dd, J = 7.8, 4.9 Hz, 1 H) 8.39 (dt, J=8.1, 1.8 Hz, 1 H)
8.61 (dd, J=4.8.1.1 Hz, 1 H) 8.71 (d, /= 2.2 Hz, 1 H) 8.73 (d, J = 0.7 Hz, 1 H) 9.12 (d, J = 0.7 Hz,
1H)9.23 (d, J= 1.5 Hz, 1H) 12.60 (br. 5., 1 H).

Example 93: N.N-diethyl-2-({4-[3-fluoro-6-(pyrid-3-y1}-9H-pyrrolo[2.3-b:5.4-¢’ Jdipyrid-4-vl]-2-
methylbut-3-yn-2-yl} oxy)ethanamine 77

Step 1: N,N-diethyl-2-[(2-methylbut-3-yn-2-yl)oxy]ethanamine 76

KOH, THF
/OH 30 min MW 120°C

1.42 g of 2-methyl-3-butyl-2-0l, 2.91 g of 2-chlorotriethylamine hydrochloride, 4.75 g of potassium
hydroxide and 17 mL of tetrahydrofuran are introduced into a microwave reactor of suitable size. The
mixture is stirred for 5 minutes at 25°C and then irradiated for 30 minutes at 120°C. The medium is
diluted with ethyl acetate, washed with water and then treated with aqueous 1N hydrochloric acid
solution. The aqueous phase is basified by addition of aqueous sodium hydroxide and then extracted
with ethyl acetate. The combined organic phases are dried over magnesium sulfate, filtered and
concentrated; the product is taken up in ethyl ether, the suspension filtered and the filtrate concentrated
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N ---N 111d OH {3-[6-(pyrid-3- yl1)-9H pyrrol o-
wo 20094583815, 4- cl - di pyrid-3-yl k phenyl | methanol pCT/FR2009/051100

UPLC-SQD: Rt (min) = 0.50; [MtHr mlz 353; [M11l]- mz

351. 1H NMR (400 MHz, DMSO-d6) 8 0 ppm 4.63 (d, J= 4.4
to givdz525 Zng-Hf NiNZABethil2-[§Z=mbth birtz3-yik-2 -y DdpxyletBhatnthe 76=in theFoiir of a yellow
Hquidl H) 7.48 -7.57 (m 2 H) 7.70 (d, J= 8.1 Hz, 1 El)

7.78 (s, 1 H 852 (dt, J=8.1, 1.9 Hz, 1 H 8.59 (dd,
UPLQ-SQD: Rt (thin=1640; M-H)]" /248, J= 2.2 Hz, 1 H 9.02 (d,

J=1.0 Hz, 1 1-1) 9.05 (d, J=1.0 Hz, 1 H 9.06 (d, J=
Step2.2 Hz, 1 H 9.38 (d, J= 1.7 Hz 12.34 (br. s., 1

N. N NIlIle N Ndiethyl-3 (pyrid-3-yl)-9H

I

, 1
- 3[ 6-
pyrrolo[2 3-b:5,4- cldipyrid-3-ylk benzam de LG NB—7

mn): (min) =2.96; [MH tn/z 422; zN420.
111 400 Mz, DVBO- apri, Qppm 28 (¥’ 6 H)
3.21 > 3. 47, TEA3, 56/( 38 (d, J =
7.3 Hz (deh—3=—7—7r 4 8/Hz, B (t,
J=7.7 8 (s, A H 7.9 , 1
8.51 (d N1.8 &, % S | \8. 80 (dd,
J= 4.8, 1.6 HH 1 H 9.00 ted, \J= 2. 4 9.03 (d,
J= 1.0 Hz, 1 HP 9.05 (d, J= 1.0 Hz, 1 H ®. 1 (d, J=
2.2 Hz, 1 H 9.37 (d, J= 1.5 Hz, 1 H) 12.42 (br. s., |

103 Hp. of 3-fluoro-4-iodo-6-(Pyrivks M-9Hl=pyNOU;)!2],f b:3;4(3]dipyeidimet 19y 135 mg of N,N-
diethyllid- [p3-nR a9 bud3-yR-2-yBotythidmérey7h) prefitdddy ke | 0] 2m@ of tetrakis(iriphenyl-
phosphirk)pht&dilm(0§i Pipi i dappddRbdideS@3 mil tof (tfidthylarEing aAd. 0.5[hllt f DMF are
introdcéd idtbla mikkbwNMRrea 000 \Waktabld AVROT BibmixBurt! isdpadidted for ( bur at 120°C. A
furthé .3, m@ of YopperBddided do mof fetrékis@righeiridphodpHifie )fhlladiu @, 35 7g of the same
alkyné .aP predioQslyiand 4.5 ML & DMF (agk addied ndthétmixtlre ) irfdfald @gdn for 1 hour at
120°0.=The.sfispension obtained is diluted with ethyl acetate and water and then filtered. The organic
phase is washed twice with water and then dried over magnesium sulfate, filtered and concentrated
under reduced pressure, The residue is purified by chromatography on a column of silica, eluting with
a 90/10 to 80/20 dichloromethane/methanol mixture to give 44 mg of N,N-diethyl-2-({4-[3-fluoro-6-
(pyrid-3-y1}-9H-pyrrolo[2,3-b:5,4-¢’Jdipyrid-4-yl]-2-methylbut-3-yn-2-yl}oxy)ethanamine 77 in the
form of a yellow solid.

1H NMR (400 MHz, DMSO-d6) & _ppm 0.63 to 1.33 (broad m, 6 H); 1.75 (s, 6 H); 2.18 to 3.44
(partially masked broad m, 6 H); 3.71 to 3.99 (broad m, 2 H); 7.55 (dd, /= 4.9 and 8.0 Hz, 1 H); 8.41
(dt, J= 1.8 and 8.0 Hz, 1 H); 8.59 to 8.65 (broad m, 1 H); 8.68 (broad s, 1 H); 8.76 (d, / = 2.4 Hz,
1 H);9.13 (d, /= 1.0 Hz, 1 H); 9.20 to 9.28 (broad m, 1 H); 12.67 (broad s, 1 H).

LC-MS (7 min): Rt (min) = 2.67; [M+H]" m/z 446; [M+2H]*" m/z 223.5 (base peak); [M-H]" m/z
444,

Pd{PPh;),
F Cs,CO, dioxanefwater

75 mg of 3-fluoro-4-iodo-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4c’]dipyridine 19, 176 mg of boronate,
22 mg of tetrakis(triphenylphosphine)palladium(0), 125 mg, 1.25 mL of dioxane and 02.5mL of
aqueous 1.5 M caesium carbonate solution are introduced into a microwave reactor of suitable size.
The mixture is irradiated for 45 minutes at 150°C. The suspension obtained is diluted with ethyl
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1.7 Hz, 1 H 8.65 (d, J= 2.0 Hz, 1 H) 8.98 (d, J= 0.7
wo téog/180381 9. 03 (d, J= 1.0 Hz, 1 H) 9.37 (d, J= PCT/FR2009/051100

1 H 12.31 (br. s., 1 H 12.42 (hr. s., 1 H. oTh W

'k N/ NN 111g 314- (norpholin4-yl)phenyl] - 6-
acetaepyd welsh8d thide-titds with maek.d[h2 ofanib phgsd isalried dvep yragukisiwen sulifie, filtered
and tiivRocé DitatddhmderDMBCE Gy ss 80. Thenesgiug & puriBe®By ¢hmpmatogfphy on a column
of silida, /dhuting itk §010 6 8620 AichPrérsthahe/nBtBndlanix@reHp ge5¥ mg of 3-{4-[3-
fluord-6epyrid B=y1 BIH pyetol6[ 2t3eh: 5 A-cH)iip¥rid4-y{]gdhendxy} 8N, 8 -dimethPlpopan-1-amine 78
in theSoind ofladgte]lod=olll. 1, 2.0 Hz, | H) 8.59 (dd, J= 4.8, 1.6 :

Hz, 1 H) 8.89(d, J—22HZ 1 H 896 - 899 (m 2 H
1H Wﬂi@(((dMHL‘DMSD-HE) S Upphn QOBiH 13K (m] 2 HD; 2.18ifs, 6 H)HE.42 (t, /= 6.6 Hz,
2 H), 42726 J(6.6 H, 2 H}t 7HY.(d, J = N3 Hz, 2 HY; 148 @i, VELS and 4.8 and 8.1 Hz, 1 H);
7.70 @ § 4-8 3£, RrEopas2(d Dpi peHazi Hy; B:17yHddpienty? jnd-B2 and 8.1 Hz, 1 H); 8.55
(dd, \PY.7iafl B8H,)1-IDHRYO () Ue{27 Bz, IH)5RAT (dd; J &iOyaniddi2idz, 1 H); 9.06 (d, J =
1.0 HYMRHY; 4901 tdHz, 69 Dbk i6) HRO ppm 1.03 (d, J= 6.6 Hz, 6 H)
LC-MS D min)? R6 Bnig)i+ 2441 HMPHP5m/z 432;7AM] Imi)228.5 Base paak2IM-H]* m/z
440.(m 4 H 7.09 (d, J=8.8 Hz, 2 H 7.54 (dd, J= 8.1,

46Hz 1 H 768(d J:8.8HZ 2H) 851(dt J=

Bl e - BOH(Aekolof2:3-8:58) iforikdiz- vyl [phédol 39 88

(d, J—22Hz 1H) 8.95 - 8.99 (m 2H) 9.02 (d, J =

1.0 Hz, Nill) 9.37 (d, J= 2.2 Hz, 1 H) 12.280(s, 1 H).

I ) 1 NN 111i NN'd'%%t:qhy -2- {4- [6 (pyrl

yl1l)-9 rolo[2,3-b;5 ¥ (r gzol -1-y
1} - ethnara zf%%%ﬁ‘w‘j 5 ob
(t, J= 7. 2.51 -2.57 (m .

6.7 Hz, 2 U, J= =6 ees2 ’

7.9, 4.8 Hz, 1NF) 7. 98““(‘@[‘% 28 (s7

(dt, J=8" 1.8 Hz, 1 H 8.59 (dd, J="4.87 1.8 Hz, 1
H 8.87 - 889 (m 2 H 8.91 (d, J= 2.0 H, | H 9.02

In a ghned)sim{ar fo Hiat fot cbihpdind I8 (sthrtink=with 200Hzag 0ﬂ.3-|f|).10r1)21 iBd0-6-(pyrid-3-yl)-
9H-p{rdlo[23-b:5,4-cHlipyridine 19 and 339 mg of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDphenol, 32 mg of 4-[3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢"]dipyrid-4-yl}phenol 79 are
obtained in the form of a yellow solid.

1H NMR (400 MHz, DMSO-d6) § (ppm 7.10 (d, /= 8.3 Hz, 2 H); 7.49 (ddd, J = 0.8 and 4.8 and
8.1 Hz, 1 H); 7.60 (d, J= 8.3 Hz, 2 H); 7.89 (d, /= 1.0 Hz, 1 H); 8.19 (ddd, /= 1.7 and 2.2 and 8.1 Hz,
1 H); 8.55 (dd, /= 1.7 and 4.8 Hz, 1 H); 8.68 (d, /= 2.7 Hz, 1 H); 8.97 (dd, /= 0.8 and 2.2 Hz, 1 H);
9.06 (d, J= 1.0 Hz, 1 H); 9.91 to 10.10 (broad m, 1 H); 12.03 to 12.72 (broad m, 1 H).

LC-MS (7 min): Rt (min) = 2.74; [M+H]" m/z 357; [M-H]" m/z 355.

Example 96: 2-{4-

dimethvlethanamine 81

Step 1: N,N-dimethyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]ethanamine 80

Cs,CQ,, THF
1h MW 130°C
-: i Paman /0i
—< >— — O—{: :)—B
AY
~ /\/CI o
80

220 mg of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol, 164 mg of 2-dimethylaminoethyl
chloride hydrochloride, 1.3 g of caesium carbonate and 4 mL of tetrahydrofuran are introduced into a
microwave reactor of suitable size. The mixture is irradiated for 1 hour at 130°C. The medium is
diluted with ethyl acetate and washed three times with water. The organic phase is dried over
magnesium sulfate, treated with carbon black, filtered and then concentrated under reduced pressure to
give 244 mg of N,N-dimethyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]ethanamine
80 in the form of a brown oil, which is used in crude form in the following step.
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Kai HNj - N NN 111 3- {1 -[3-(4- nethyl pi perazin-
woRopd/1smepyl ] - 1H pyrazol -4-y1}-6- (pyrid-3-yl)-
pyrrol o[ 2,3- b:5,4-c']- dipyridine UPLC SQD: Rt?ﬁrnmrﬁmugmsnoo
= 0.32; [MtHr mlz 453; [MH: mz 451. 111 NMR (400
SteplHz, DVBO-d6) 80 ppm 1.99 (quin, J= 6.8 Hz, 2 H) 2.15
(s, 3H 2.25-2.43 (m 10 H 4.19 (t, J=.1 Hz, 2 H
7.54 (dd, J= 7.9, 4.8 Hz, 1 H) 7.98 (d, J=0 ] Hz, 1
H 8.2% (s, 1 H 8.50 (dt, J= 8.1, 1.8 Hz, /1 ; 8. 59
.8, 1.6 Hz, Pld%;% 8.86 (d, J= 1.0 Hz, 91 H)
i

e 1 d J= 2.2 Hz,
F Cs3 E_()I) |%T‘gn]éﬂéterl. 7 HZ,

9.

. s. . ( -11.--... N, ... A
2-{3, 5-di NA- [ 6-4@0’ ﬁgH
b: 5, 4-cl di pyrﬁ/d- 3-y1] - 1H pyrdzolo~ - y1)
di et hyl et ham amine UPLC-SQ@gy Rt (m n) .
ink 440; [MH. mz 438. 111 NWR (400 MHz, §) 80
ppm 0.95 (t, J=7.1 Hz, 6 H 2.21 (s, 3 H 2.32 (s, 3
In a ppnner similar @ that fomgompopfd 28, BGirt{ng, with=757m@ ofi2;flusrok)-iodo-@8 pyrid-3-yl)-
9H—p 910%3-]55,3-ci-]§§py12dipg 19 abdl 1{@dhe G=N,N-8imethyB2-Hz(4,415, H)etramethyl-1,3,2-
diox pw@nﬁ-ﬂ)@qpo(xmeﬂ@naﬂ)imgprs@m(ddd stép-1 M3Gng df. 25{4H3flubrd=§-(pyrid-3-yl)-9H-
Pyrrofo[§,3-be S -g'Idipyria-4-pl | phendady } B, 9dinethyldtharimBe B3 afechbtahired in the form of a
browpgolidy H) 9.37(d, J= 1.7 Hz, 1 H 12.33 (s, 1 H).
<, ,NNHr" NNH...-- NN 1111 3-(1H pyrazol - 4-
1H NMR (400Nt RMSO-d6) § - Pipnp3 42 6| OH);[2243e D.9B (4,211}, 4.29 (t, /= 5.6 Hz,
2 H):di ydiiat Bie HaRl X); S@Bi(ddRY (408 and 8 Bz, 3K); 1.52 & J iR B 3 H); 7.84 (d, 7
=1.0Hz, 1 H); 8.18 (dt, /= 2.0 and 8.1 Hz, 1 H); 8.55 (dd, /= 2.0 and 4.8 Hz, 1 H); 8.71 (d, J =
2.7Hz, 1 H); 8.96 (d, /= 2.0 Hz, 1 H); 9.07 (d,/=1.0Hz 1 H); 12.54 (5, 1 H).
UPLC-SQD: Rt (min) = 0.42; [M+H]~ m/z 428; [M+2H]** m/z 214.5 (base peak); [M-H]" m/z 426.

Exgmnled97: 38-3ﬂuoro—6-( pyrid-3-yl}-4-{4-[2-(pyrrolidin-1-vl)ethoxy]phenyl }-9H-pyrrolo] 2.3-b:54-
¢’ldipyridine

Step 1: 1-{2-[4-(4,4,5,S-tetramethyl-l,3,2-dioxaboro]an—2-yI)phenoxy]ethyl}pyrrolidine 82

€s,C0,, THF
1h MW 130°C

L o0

h} & manner similar to that for compound 80, starting with 220 mg of 4-(4,4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-yl)phenol and 244 mg of 2-pyrrolidinoethyl bromide hydrochloride, 239 mg of 1-{2-
[4-(4,4,5,5-tetramethy1-1,3,2-djoxaborolan~2-yl)phenoxy]ethyl} pyrrolidine 82 are obtained in the form
of an ochre-coloured oil, which is used in crude form in the following step.

Step 2:

Pd(PPh,},
F Cs,CO, dioxanefwater

Q’_\"@{i P"
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111 NMR (400 MHz, DMBO-d6) 80 ppm 7.54 (ddd,J= 7.9,
wWO4306/190381 Hz, 1 H) 8. 05 (br. s., 1 H) 8. 30br. s. PéT)#R2009/051100

8.50 dt J= 8.1 (,)(,, 2.0 Hz, 1 H) 8.59 (dd, J= 4.

1.5 Hz, 1 H 8.87 (s, 1 H 8.93 (d, J= 2.2 H, 1 H)
In a $naBefer (iipilad ® RatXoHzompbutd 78). sthitifgtwitk) 75 AagQf HZﬂuoilo-H)od8~63@yﬁd-3-y1)-
9H-plyctplo[l53-8:5.A-djpyfithhe 1P a2l 83 Sng of 1H)2-[434,9.3, 5(tBtrameshyl-1,8, FRioxaborolan-
2-yDphenoxylethpyriolifiihe Nprepared- in "step. 1, N2- mg 'of , 3-fludro-(pyrid-Nyl)-4-{4-[2-
(pyrrblidim1 N skhd kb ity SH-{ydb6{ 2, 8-bi3;4-c Jdipyridine 83 are obtained in the form of a
velloplsphi®H- pyrrol o[ 2, 3-b: 5, 4-cl di pyrid-3-yl1]-1H

pyrazol -1-y1}- propan-1-am ne H NVR (400 MHz,
1H NOMBRQM OBV DMBO-26)30C ppm 183 1d'1.88 (tEeadtn, A)H)1 296 to(sqsy :(gﬁrtially masked
broad #, 6.H); 123 t024.89 (b20ad8n,- PHAS.36NY, b= 9)5 Mz, 29D .48 I&1, F4.7 and 8.1 Hz,
1H),HZ74(21,.V‘B=87515£;2(}gﬂ¢84@r8m,,82b t, JO= 77 hid 8, H'le 9% (ﬂd J=17and
4.7 H1 00);3.147(d, 7 42 6IHz81 B§ 8(8.(d. 1 781z59HI gto7 (s]?}? ilzs ads 1 H).
UPLKzSQD: kl)(n&)aﬂ)ﬂ(ﬁw&m 4m,@454 [M-HEm/d 459, 8. 87 (d, J— 1.
Hz, 1 H 8.88 (d, J=2.2 H,, 1H 8091 (d J=2.2 He,

i flo

: olfl2.3%: {4c"1di
trimethyifropkd. [24mifd85 S. , 1H.
0. 37; [ MtHr ml z 426; [MH mz
Step 1: N,N,2-trimethyl-3-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]propan-1-amine
84

Cs,C0;,, THF
1h MW 150°C “>_\ z
H :

In a manner similar to that for compound 80, starting with 440 mg of 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenol and 344 mg of 3-dimethylamino-2-methylpropyl chloride hydrochloride
(microwave irradiation for 1 hour at 150°C), 594 mg of N,N,2-trimethyl-3-[4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenoxy]propan-1-amine 84 are obtained in the form of a colourless oil,
which is used in crude form in the following step.

Step 2:

Pd(PPh;),
F Cs,CO, dioxane/water

In 2 manner similar to that for compound 78, starting with 75 mg of 3-fluoro-4-iodo-6-(pyrid-3-yl)-
9H-pyrrolof2,3-b:5,4-¢’]dipyridine 19 and 184 mg of N,N,2-trimethyl-3-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenoxylpropan-1-amine prepared in step 1, 26 mg of 3-{4-[3-fluoro-6-(pyrid-3-
y1)-9H-pyrrolo[2,3-b:5,4-¢’]dipyrid-4-yl]phenoxy} -N,N,2-trimethylpropan-1-amine 85 are obtained in
the form of a yellow solid.

1H NMR (400 MHz, DMSO-46) 3 _ppm 1.09 (d, /= 6.5 Hz, 3 H); 1.99 to 2.92 (partially masked
broad m, 9 H); 3.96 to 4.06 (m, 1 H); 4.11 (dd, J = 5.6 and 9.5 Hz, 1 H); 7.29 (d, J = 8.5 Hz, 2 H);
7.48 (dd, J=4.7 and 8.1 Hz, 1 H); 7.72 (d, J = 8.5 Hz, 2 H); 7.84 (broad s, | H); 8.19 (dt, /= 1.7 and
8.1Hz, 1 H); 855 (dd, /= 1.7 and 4.7 Hz, 1 H); 8.71 (d, /= 2.6 Hz, 1 H); 8.95 (d, /= 1.7 Hz, 1 H);
9.07 (d, /= 1.0 Hz, 1 H); 12.54 (broad s, I H).
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424. Table 8 Exanple 128: 3- f
woO 3dobirsesd_yl pyrrolidin-2-yl)met hyl] - 1H pyrazol - 4p¢irk2009/051100
-6-(pyrid-3-y1)-9Hpyrrol o[ 2.3- b:5,4-c' |divvridine
113 To 96 ng of 60% sodium hydride in oil in 5 nL of
LC-MB r(® tukiyr): fRo (urimiyi=ces 0y fde H] amgors 6a[M2RG T avzazddedbase ppukt)spM-H]* m/z
454.a sol ution of 500 ng of
4-(4,4,5,5-tetranmethyl-1, 3, 2- dloxaborolan 2-y1) - 1H pyr
Exanﬂm%mﬂmommmrmn shiskih-A
c’ldifyoidin8@7m nut es at 25C, a solution of 222 ng of
N- et hyl-3- chl oropi peridi ne hydrochloride in 7 nL of
Step di 4vEX-ay i o, Feridahyls , Aidiegabordia-2- g raxi jetiE thimoppholine 86
stirred for 2 hours at 25C, then for 1 hour at 70C and
then for 8 hours at re#slo@xTHThe reactlon nedlunhis
e

treated w 200 f WE and th ed _AM

t hr eeHe+ of et‘hy‘l—a'c'et The IC‘
are conbi sh drled over
magnesi um sul fate, fi ch\eﬂed and hen conent r at ed
under reduced pressure to give 0.8 g of a brown oil,

In a WohAeP sindlab &P G ad rar CostRind 85 Medeling Bin 296 'nrgvrrfrlg@[@s':}s; tengﬁrethyr-l 3,2-
dloxrfb&%%)n-Z-yﬁ el a‘ﬁ 372 of 4-6&fchloroet yl)morpholine hydrochloride (microwave
1rrad1§fi(91r @&Dl 1P Yt | So&e )g ] 5 -'te";’raéle tf 1,9)! IgiHhborolan-2-
yl)ph%x ]eﬁ{}]f oﬂlge & ar 1ﬁt 3’ %n@ 1(9 hich is used in crude form

in thelfolls yethane are ace in'a mcrowave reactor
o sur bIe si ze, follomed by addition of 6.5 nL of
Step @#queous 2 M sodi um car bonate sol ution and 65 ng of
tetral ci s(triphenyl phosphi ne) pal | adi ung and the
m xture i s subjected to mcrowave irrag ati for 10
m nutes at 150C. A further 40 ng of
B{ s(triphenyl phosphi ne) pal | adi un(0) ar esadded
he/mixture is irf#fkated for 5 minutes at
The réa e $EO%IPEPEY and rinsed wi
et hanol , /at

|Itrate concentrated.~The cr
product u’d b égig
silica, elutifg wit h@ﬁgloo @ X

di chl or omefshane/ met h mexture and thegr b l,/

preparative HPLC in acidic nmediumusing a 95/
20/ 80 gradient of water + 0.07%trifluoroacetic

In a AGANEF aﬁﬂamlthertlfbxecompeuﬂh?% lsfattink WAMOBCAE lof 3 Tbd-4-10Bo-6-(pyrid-3-yl)-

9H-p@irol6]2 8-818)4-@f |dipyridine 19 and 160 mg of 4-{2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

-yr);are{ld:wﬂe(tﬁlﬁ}eﬁ oD T @Rbgafidn i -sydp) MEt40Y ke bbF Pﬂﬁ&éﬂ'—{'tlél@;(ﬂabrpholm-ﬁl-

yl)ethoRyJpRani1 } 3y dd-3 It-aHLpyredis P 3 b’gi b—cﬁdlﬂ'ylfdnfg $Wdrk dbRed hthe form of a

yellowRolidie form of the trifluoroacetic acid salt as a

yel l ow solid. 111 NWR (400 MHz, DVBO d6) 8 Oppm 1.22
1H NMIR (460 M, 0MSG-ab) 5 ThphB2150 122. Bé}ilirﬁm B 2199, (1,3 D260, 2 H); 3.58 to
3.64 gn,am)( En27 5. 8H8 P 7%0%8 A4 94 1k, T, 748334 (A4 747 8.1 Hz, 1 H):

7.70 H, 183 (;ilJJEDl;ZPﬂz @1)(811% 4075 Garied ﬂé‘ 14865 (dd, 7= 1.7
and 417 1,1 H); 681 (0 JL 2 ﬁHErmH)ls J(=Szoi{zH)H) ?(d(ﬁil Hz, 1 H;
12192&,1282 zoardqn,aﬁ)s m 89 to 8.99 (m 3 H);

, J= 1.0 Hz, 1 H); 9 40 (broad s, 1 H,; 9.48 to 9.59
- (4L B- ﬂ%"d-ﬁilyl]-
mle
I-2 pr opyl

_eLFl N ﬂ%ﬁ;@m kriﬂzr 335%Lile Ry 30 &i[;%b?zmﬁné FpBlddk Pthbniiess

]phenvllplpera2|ne | - car boxyl ate 11

3- Brono- 6- (pyrid-3-yl)-9H pyrrol of 2, 3 b: 5, 4-cl di pyri di
ne 6 (1.5 g, 4.62 mmol ), tert-butyl 444-
(4,4,5,5-tetranet hyl [ 1, 3, 2} di oxabor ol an- 2- yOphenyl ] pi p
erazi ne-|-carboxylate (2.1 g, 6.86 mmol), PdC12(dPpf)
(190 ngy, 0.233 mmol ) and caesi um carbonate (3.0 g,
9.21 mmol ) are placed in a sealed tube. The tube is
flushed with a stream of nitrogen, followed by

addi tion of 1,2-dinethoxyethgpe (25 m) and water (2.5
m). The tube is then seal ed and heated at 110C for 7
hours. The reaction mxture is then cool ed, diluted

Wi th mater and extracted mnth a nrxture of nethylene

R T T A NN 4 oa Y ~ o~




1H NMR (300 MHz, DMBO-d6) 8 Qppm 12.58 (s, 1H), 9.42
wo(zﬁowﬂsld%sl 9.11 (s, 1H), 9.02 (s, 1H), 8.76 (S, LbdT/FR2009/051100
3 (d, 111), 8.71 (d, 1H), 8.63 (s, 1H), 7.96 (s,
111) 7.75 (dd.1H), 7.09 (s, 1H), 3.65 (g, 4H), 2.72
(a, 2H) 1. 23 (t 6H) , CsICQBHEL , 3H) . Exarrple 134

2-(di me < -(4ﬁ8ﬂﬂw6@(pvr|d/3 y pyv [2
3-b: 5H r|
phenvl|p| azi p: 1 1) angre 119 Cb oun 117o

my, 0.136 mml) and N, N-di net hyl gl ycyl chld?lde
hydr ochl ori de (49 ng 07310 mmol ) are placed in a
Kel | er tube. pyridine (1 m) is added
440 mer fotykdtS Pﬁtwaa\ﬁ%ul béﬂﬂl%a*aﬂrvlgrsawaa@ﬂn r?gf &8 Ak2e hlwmethylame
hydreghlorigie,1 26 gnpf Faestypl c¢5paitize 2nd, 8 din S Jeirahydrofiesn ae; wre@wed into a
micrpygve feaston of suitablensize; e, HHPFfPﬁ?t%mattﬁﬁl a4 hoyt étdl%ﬁe%smedm is
diluted, ith iyl @grine ad ovashady thresntimesd Wik twalgr dhe wraepic phase is dried over
magngsiug S alpetifessfeandghemroncsniraed opdet eSS PFUFANS 5;] ¥ QA03pe of N,N-
dlethaﬂ-s-[“ e BRI b -gditreboptaseyDetcotyiseaanipe S8 jgsthe form of a
Colmgl?as %W&@hﬁlﬁ%@ crugle frprin the ToHOYanE&Hen d obt ai ned i s
under reduced%Pressure at 50C to give compound
LC*W@M\B%W@@m%%ﬂ il emmRfite solid (56 nmy, 849%.
M. mz = 492 (ES+). 1H NVR (300 MHz, DVMSO-d6) 8 Oppm
Stepgs 37 (s, 1H), 9.38 (s, 111), 9.06 (s, IH), 9.05 (s,
1H), 8.99 (s, 1H), 8.96 (s, 1H), 8.60 (t; 8. 52
(dt, 1H), 7.55 (dd, 1H), 7.41 (t, 1H), 7.38 (3 1H)),
7.27 1E1), 7.03 (d, 1H), 3.68 (m 4H), 3.§2 (s,
2H),#3.32 (m 4H) . 2.MAdre5, 6H). Exanple 135:
) - ¢s400, dioxane/water

+5,4-c ' 1
di pyri d- p envII;H\ |ne vflé’q none 1
NS Brepar8d & usin
(70 ny, 0.138'nmmol) to/give a brlght white slbli
ny, 3% Mﬁ, in/z = 492 (Ese). 111 vaR(ggd‘
Ina r%r 1

N
8 BABLZ; ]é i OFG-4yTodn Bt -3-
3:—(1); ] d]ba[i_ . ]?ilt 0?(% l%}ne p% %bj%f % leﬁl?'l-ﬁgl%‘ gg}? g(ram(lc:thyr)l,rcll i’; 2-

anal -2-14-[3-fluoro-6-
(pyrid- -y )- TE 10[2,325: %}t(rgrﬁgggr gl];l 8oxy§i anamtine 89'are o 1hed in the form of
abe]%‘e- %u-r s)91’1d3v1) 9H-pyrro|o[23b 5,4-c'

8 ggaz S v ) %Qé fo; %% illyzlgsgzg
E% R ?oa%sn I"}:{I);PU? %s, : ZH 5)28(52)5(13:

1 H)

Lc-%%ah?nweﬁﬁ%nni e ba%%é#bfﬁi L8 2 RGeS, o

454portlon of acetyl chlorlde (22 ng) and
N, N- d hyl a :
o B trated to dryness The residue is

partltloned bet ween sat urated aqueous sodi um

bi car bonate sol uti on and di chl or onet hane, and the
aqueous phase is then re-extracted with

di chl oronet hane (5 x 30 ml). The organi c phases are
dried over MgSO4 and concentrated to dryness. The
residue is stirred with LiOH (5 ng) in methanol (5 n
+ a few % of water) for 30 mnutes. The solution is
evaporated to dryness and the residue obtained is
again partitioned between saturated aqueous sodi um
bi car bonate sol uti on and di chl or onet hane, and the
aqueous phase is then re-extracted with

di chl oronet hane. The organi ¢ phases are dried over

I vi2SO4 and concentrated to4@ryness, and the solid
obtained is dried under reduced pressure at 50C to
gi ve conmpound 121 in the formof an orange-red solid
(38 nm, 6296 NB niz = 449 (ES+). 1H NWR (300 MHz,

N ~ NS s



Compound 125 is prepared according to the procedure

WO 2e0y/1s0sg10und 123 starting with compound 115 (70pB#FR2009/051100
0.136 mMmmol) and acetone (78 ng, 1.35 mMmmol) to give a
white solid (52 ng, 85%. Ms: in/z = 449 (ES+) 1H NMR
(300 MHz, DMVMSO-d6) 8 ppm 12. 36 (s 1H) 938 H 1H) ,
9.04 (s, 2H), 9.00 (s, 1H, 8.94 (s, (d,
111), 8.52 (d, 1H), 7.55 (dd 1H, 7. 37 N114 , 7.32

J ,

(s, 7.22 (d, 1H), 7.00 s, 1FD 3 2

2. ¥ 1H),12.63 (ﬁﬂpﬂvb 08 (t, anpl

344> «Tplﬁ@?&fPﬁmW“§[)phenyll 6- ( pyr
)-9117gyr r)ph<¢ -b: 5, ZgLl diuvridine 126_~J0 a F

ghpouynd, 115, ( np~0. 1
ground 4 A HDIeculaﬂL§Pe%g§‘K%§b*ﬁﬁiiin 7
m) are addegl (1- ethoxycyclopropoxy)trlneg&yla

(200 ng, 1.15 mml), acetic acid (115 ng, 1.92

and sodi um cyanobor ohydride (1 Msolution in
In a hetneadipiliobuia for Gnpéurd 78, alife WA 75. m@\bf e1ubRat 10886 Rbyrid-3-y1)-
OH-pE&iTo[P Brb: 4 BUdipSridike B SRETIDI 188 ofTbokbti® 48 epl LA ARGbro-6-(pyrid-3-
yD)-9ipayirolbi2ae 6 4kedipeed4 SAbhENGLE - @EBHSHRUR-4 Hi-2-01 90 are obtained.

bi car bonat e sol uti on and dlchloronethane he aqueous
1H NMR 600 MR, DMSOL658 tjgﬁmva ol SO AMPERARE nf %Qﬂ% 35 10 3.60 (m,
4 Hy; 8)02 36 1qanbiH)esl | Diaar 589436 6. 0@ sS4 88 Y 3P, 7 = 8.6 Hz,
2 H); draprieds Jang ghd 4marmats. BA% 1 der r&duq@ Efzeﬁwfsg 89 =1.0Hz 1 H);
8.18 @, Ve 66 an8 0fHal Hglsgﬁr@alpﬁﬂ%naqlgllﬁz ﬂit]l §7§€H 35Hz, | H); 8.97
(broapuri % 2.0 ¢1zpy HERBBEG A CNED B9 BRIV 2 43 0%
UPLQYSE/DYER: gL oida; pli-a /9 B ALEY) m/fkfbsﬂg Of a yell ow

SO|Id are obtalned whi ch |s triturated |n nethanol to

hen a1l ( 300 ML, ppmm 17,
1H), 9.37 (s, 1H), 9.03 (s, 1H), 8.99 (s, 1H), 8.97
Step I N—etﬂﬁl)3r[4&4,8,3,5§l‘étrarﬂe1%')lﬂl ,33-8BxabBrolah b= dﬂl)phe&x?]%rr%%—l%ﬁﬂﬁe@l
7.69 (d, 2H), 7.55 (dd 7.10 (d, 2H), 3.19 (t,

4H), 2.71 (t, 4H), 168c(s;q031rl=rrl) 045(m 2H), 0.37

(m 2l Q) ; 1h MW 150°C
(4 @9 5:. | | p 1] o ‘
1) 9H- pyrr o A2, b’ 4 ebdﬁmvrr e 127, \.u.ouﬁd]zi

127 is prepared accordlng to the procedure for

682 ﬁg'ﬂ?%&d s 1%%(95’;) ngﬂoﬁ‘ C%HH%%&'R% 9é7 (01 m]g u? f rvi olution of

ethylwl 1etr fdr TN furan are mtroduced
into a xtu: s | ﬁdmte e medium is
1t dried over

d11ute§sr% a&ﬁ 59 {ét aAth
magn T reduced pres of N-ethyl-
3-[4-(AWR t§9£n ) 3%§E y]pgpg'x3 Stﬁ)eﬂf igég%rgbofa brown
oil, wﬁggrsul_sd gezfo 0t i%ggw‘; g?p dd’ 113:{_) 7 37 (21 1H),

6. 99 1H), 3.24 (t,
UPL&S?;’ %@1}%’” Gglﬁ)%‘zﬂ m "1H) . 0l (anI) 211) b 58
Sip? ﬁ};}ﬁ‘%ﬁé){%%g@ o PR aE R s g ereppropen

lamlnyI pyrid-2 vIIplnera2|ne | -carboxyl ate 128
Compound 128 is prepared according to the procedure
for conpound 116 from 3-brono-6-(pyrid- 3-
yl1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyridine 6 (150 ng, O.462
mmol ) and tert-butyl 41444, 4,5, 5-
tetramet hyl [ 1, 3, 2] di oxabor ol an-2-yl ) pyri d-2-yl ] pi peraz
i ne-1-carboxylate (270 ng, 0.694 nmol), to give a
white solid (160 ng, 68% . MS: inh = 508 (ES+). 111
NVR (300 MHz, DMSO-d6) 8 COppm 12.50 (s, 1H), 9.38 (s,
1H), 9.18 (s, 1H), 9.07 (s, 2H), 8.97 (s, 1H), 8.61
(d, 1H, 8.52 (d, 1H), 8.26 (d, 1H), 7.55 (dd, 1H)
7.28 (s, 1H, 7.17 (d, 111), 3.64 (m 4H), 3.50 (m
4H), 1.44 (s, 9H) . Exanpl e 1b44:
342- (pi perazin-1-yl)pyrid-4-yl]-6-(pvrid-3-yl)-9H pyrr
ol or2, 3-b:5,4-eldi pvridine 129 Conpound 129 is
prepared according to the procedure for conpound 117

A NS ~N O NA N



124 Conpound 132 is prepared according to the
wopoeesisge for conpound 131 starting with 1- PCT/FR2009/051100
(397 ng, 1.15 mml) and 3-
bronmo- 6- (pyrid-3-yl)-9H pyrrol o] 2, 3-b: 5, 4-cl di pyri di ne
6 (250 ng, 0.77 nmmol ), to give the expected‘prmgrct

(92 269 in the formof a white solid z
46 / 1H NWMR (300 MHz, DMSO-d6) 8 Cpéﬂ m12.032 (s,
11 B\99

| d( 9. 00 111),
. FQ11%Q $°é°§e’ %Q 8(21 (d :
7.75 (d, " 7\ 55 (dd, 1P, 710(d 21

211), ./ ho 51|
1. 3% (n1 21“) Exanpﬁﬁ%148 %tz 1" (rn

3-1442- (nomhgl i n- 4- vflethoxg | pheny1}-6- (pyr,dn
-pyrrolo[2.3-b:5.4-eldirwid ne 133 Conpound
prepared according to the procedure for conpound 131

In a woreet simijantb it dor{cBmpehind 78, starting with 125 mg of 3-fluoro-4- -iodo-6-(pyrid-3-yl)-

H-pyold] 23,155 4-et [dippmedity 14 dnd&fmhcgl doakasnte piPardd 1nf skdphie mwm}; @f N-ethyl-

3-{4-{hfgror6 r(pyrial-3-pie-9H3BBrololR, 3-b:5 K5’ ]ﬂi{i}h}i%}iuh&mxy}propan— -amine 92 are

obtaitidanthe Gortrpyfiai yeH@v yilid- OH- pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne
6 (250 ng, 0.77 mml), to give the expected product
R (1) MEBYDMSOJES Tpia 0fi6 &, Wai 1 2HS0d Id 2.0886 2118Km>=2 H); 2.82 to

2 93 @53 HESO) (t, LH7NNR, 6 3004. Mz, 7 DbBR0E M), g, p/ 18836, £ BL); 7.49 (dd, J

= 4.83hf) 8.091z30H(;S, 73X H]). = 9.8 0%, 1 H); 7189)(d, /% 63 HeSh HE 3D (dt8799.0 and 8.0 Hz,

1 H); (856 (A45))/,= B0 9 4.8 Hz, 1), 8.78.(62 {13 HL,H) 1); 8.952d, (1d= 2<1H)a 1 H); 9.07 (d, J

=0.5Hz8BHj.d, 2H), 7.56 (m 111), 7.16 (d, 2H), 0 (m

UPLEIQD: Rt Trhing 0. S(IlH)V.[+I—3] ‘2z 345 MEPHT B 1) 2 22E>sa[mJHq ﬁaﬁz944o

3-{443- (nDrpholln - vbpr opoxyl pheny11-6- (pyrid-3-v1)-9

i

Exa

rocedure

br@intifey or conpoun

of
131 starting with 4-{344-

Step [ 4, 4,5,5-tetranet hyl [ 1, 3, 2] di oxabor ol an- 2-yl ) phenoxy] p
ropyl } mor pholine (399 ng, 1.15 mmol) and 3-

brono- 6- (pyrid-3-yl1)-911-pyrrol o[ 8 3-b:5,4-cldipyridin g

e 6 (259 ngg 0.77 nmmol ), to gi he expected producko
7125 ny, )=3% /@Pdﬁpﬁhﬁ)t é’of ormof a whjjte sabigo M rniz
N 46 §+)/ g 3de 8002 DVBQ- d@) MBoHOTHEP

, JIN3TTES, ll&f, 9.03

. 997(SN 1H)
111), 7. %To(ﬁzi ‘ %0555 ( oy 7011 (d, 211),

(t,®11), 3.60 (t, , 2.47-2 40%% 6H), 1.9244p:>
211) Exanple 150:

s A zﬁyﬂa UL e
ag ate ¢ RO )R il dng of caesium

“water aiﬁ ntro mto a mlcrow ve reactor of suitable

carb
dive AL Sha i
}" iy .teﬁ a%a 44 139 TB&%G}D&@#@M%@HW pmixture of

ethyl sés, the organic phase is

kgl "é‘ HEge. @E"‘
dried i1 ¥i) t T lved
B og 5 "ggépﬁsw p g o
$55 Waler a ftFrl,]sélrrFr@r ater gfe aﬂ@d aﬁql Q'le pH is brought
a T )X ct§ vered b
filtrat n%g +(38 % gﬁ2%§]ﬁgﬂ0ﬁ -y -@H? %e g§-b Sg?;lgi?;(syglfic-z ;lr‘.;mp}:r
'en‘“fﬁf‘f” °d111), 8.59 (d, 1H), 8.51 (d, 111), 7.76

11 7 s, 111), 7.12 (d, 2H)
UPL‘%%%W‘@E&%&%SM%@%%— 0365 fyF 5346 BB i o
5L
§E9—446 (pyrid-3-yl)-9H pyrrolor2, 3-b:5, 4-el di pyrid-3-vllp
henol 136 OH Conpound 136 is prepared according to the
procedure for conpound 131 starting with 444,4,5, 5-
tetramethyl [ 1, 3, 2] cl i oxaborol an- 2-yl ) phenol (305 ng,
1.39 mmol ) and
3- brono- 6- (pyrid- 3- y1) 9Hpy gl o[ 2, 3-b: 5, 4-cl di pyridin
e 6 (200 ng, 0.62 mmol ), to give the expected product
(37 ng, 18% in the formof a white solid. MS: inh =
339 (ES+). 111 NMR (300 NHB DNBC>d6) 6 [ppn112 27 (s,

o~~~ A A A A A A




137 A suspension of
WO 208b( 13088 10n0- pr opoxy) phenyl] - 4, 4, 5, 5-t et r anet hyl pdrFr3b09/051100

di oxaborol ane (350 ng, 1.03 mmol),

1- (et hyl sul fonyl ) pi perazine (185 ng, 1.13 mmol) and

caesi um car bonate ¢336 ng, 1.03 mmol) /i n

tetrahydrofurage{#.0 nl) is heated atN 15 y

m crowave for 1 hgur. The reaction ne

wat er W t+h—teluene-an ether
to givey rodu&h;iS? (520 rm
of a whitish|gel. Nin/z = 424, 2 F > 00
MHz, CDCl 3) 7.25 (s, M

(d 211), 4.04 tH 211)0?3 25 (t, 4H), 2. sN 3H),
62350(m 69H) 1.94 (p, 211) 1.32 (s, 1H) Step

110 9 5 ?l Ori’ dpgrtng eB?%g—F %é‘% %aicgp -1:?1 gpe-g uern%lc acid 94
and 1 55% 1|; Den eck as e mixture 18 refluxed overnlght with
(Sjtlrlr-ll] 0 ngitra e d 1 ﬁ? (')l' % CgldB psodﬁct Mp dp 10 mL of
ic ro arm th
n}ed; co %%tg ﬁm eL v c? e s s1].1caegl;:eiaglsmg1
of si / me (58%) of
th : =e E@g ?g n‘%‘imrgy Y%IZ{E%IF%E ro- ép}ggi ? -pyrrolo[Z 3-
; Hzef jd S46 (s 1H), 8 43 (d, 111), 7.62

3 25"%?%:&})“{& ﬁzg(ﬁ :;]I) %E ﬁl)@l% 5211(%d,% J' % lt)zanflt% 7?311‘23181&2’1 121{_11)),
8.14 ‘%D 5.9 72 H); g % sio JF (;|001f1? 1@?25}?@{!}1—)
}% % 3) gl %&5 29 H L (@ 10 Hz

1et 1 1, 3, 2- di oxabor ol a

UPL(G QQPthemo)@])éﬁr[MﬁﬂT méz4|339[M3ﬂ m&zmepar ed accordi ng
to the procedure for conpound 137 startlng with
Exampled 058 Aanetios herisd- 4 £ 1dinwiridibe 86 2] d
|oxaborolane (300 ng 0.92 nnDI) and dlethylan1ne (104

ng, 1.43 nnol) to give the expected product 139 (262

n the formof a yellow op+N Ms: niz = 320

311), 7
(g, 4H I 10 t; '011) .
Compound 1 phepédr e@vadeor di ng to tNee /progeddre

stdrting with 139 (used i AnEr e

for conpound 13 H

form 259 ngy, 0.81 nmmol) and
3- br ono- 6- (pyrld 3 y1) 9FprrroIo[2 3-b:5, 4- cIdlpyrlm
xpect ed product

30 m§ % Isuor 0-60 (p %[5;11 g <f p)ajdlqgsw, i 19p Ang of sodium

metho

4 mL of methanol
are pl e an b 1 JCC d B I 1at1f at 60°C. The
reactl r 1s p j ture f4§ ng_oofvgtﬁr and 15 mL of
satura 1‘11 gf tli ﬁe seggragltgx 0f|t phas,es gz sqt%mg, the aqueous
phase ﬂﬁj 1( fg(y d thg @e%@rge{uc Phpsps arg washed with
9 ;ni_g i i d te veé gpd(ci)ac?]}trg raﬁ;ﬁlpcgd pressure.

e 1s 'purifi ed y omato aphy on a co umn of silica, eluting with a’ 100/0 to 95/5

d;;’lg l?elghx%/ PRl Xr1tP 8Yg. 1R e o Buome-fms e Gefpysif 3-4)-SH-pyrrolo-
H%Q@Ipronan | -am ne 143 Step 1:

+H]" 2
IHW@%{H R TS ST
ep

8.49( .%al &na%fﬁ@%ﬂadé@lﬁ@@iof zéﬂzsialaﬂzag(brs L H).

(264 ng 1.2 nnDI) and 2 nethyl 2 propyl
(3-bronmopropyl)- carbamate (450 ng, 1.89 mmol), to
give a brown oil (500 my). qg mMz = 378 (ES+). 1H NWR
(300 MHz, CDCI3) 8 Qopm 7.75 (d, 2H), 6.89 (d, 211),
4,05 (t, 211), 3.33 (g, 211), 1.99 (p, 211), 1.42 (s,

911), 1.35 (s, 12H). Step 2: 2-nethyl-2-propyl _



11 Conpound 144 is prepared according to the procedure
WO2009/rs08gtound 114 starting with 3-brono-6- PCT/FR2009/05110

(pyrid-3-y1)-9H pyrrol o[ 2,3-b: 5,4-cl di pyridine 6 ?1%8 0

ng, 0.462 mmol) and tert-butyl 444-nmethyl-5-

(4,4,5 5-tetranmethyl [1, 3, 2] di oxabor ol an-2-yl') pyri d-2-y

[]pip Z|ne | - carboxyl ate(242ng, O. @O mol ), to give
the éxpert ed conpound kal@) M2 0% 1Y) the forn1§[;
br own id. M5 ni z Emdﬁﬂk 4leSH) .

(s,

1H), 8. ,/8 73 1H), 8.60.4d, »axl), \8.58
(s, 1H), B7BB¢TN111),4 (s, 111). 111),
6.89 (s, 1), H3.56 (m 4 3.46 (m 431) N 2.30 (s,

311), 1.44 (s, 911). Exarrpl e 157:

28.2 % 1oi4trf§@§ﬂ%){z'lyh x{es’de{b (B J.Aé” o' 1cyclo%géézﬁpél ino2’ 4% 6’
triiso %191 N A ot smm 14 ?10 are placed in a
react ﬁlﬂsstﬁ’ﬁ FG%&%& QLG L f 16 e “r 3 -§)-PHepyrrolo[2,3-
b:5 4fé€]mﬁ hRd SItﬂﬂf bt Nhe % % i s stirred for
5 mirires)| roohptegllp&%m} eﬁ‘l&? teHrb?' % 28.2 mg of
Ensﬁci%%iy%d&%ac%ne &1 “triisopropyl-
1

anc rﬁ% rg{ﬁ:&% | t14 81 4a|5dd %‘i ﬂm;-ug% n;f(-lglrradmted by
The r n m c® t d

5 ml Byl a@th} Aigr S lfion pha%e E )aque %1 o %}gﬂc gﬁiréﬁ
times3 B of ] te a d me hic h’? €S r% then Washed wﬁq ugous sodium

ﬁ-f‘

dichldrbféthaHe R prbBthol MSQ(H%Q )
pytrolefAMEYNG iihe BY AR £ @ﬁ?% g@l YHif@yrid-3-y1)-9H-

for conpour 114 starting w

hl 115 &)lutﬁ) BIV&% 1 entra r
e ey
§ é 9 %GI' p r% gv

UPLC-MYS-DADIEY.D: ﬁd‘(f rr (Pé?h%ﬁ]*bmﬁzﬁsc[&@hﬁwl{,);}@e 6 (150
1HNMR(&0 227 5 256 J (tJ 4.6 Hz,
4H)71 4J475’9§5t1%tﬁ %ro%igz g‘é‘éngde 48,
L6 HE expecte oung’ (1 19% /<) R t I{j 44541
Examﬁlghbﬂmsi\@dli}’a ois 168 B :

dlDVTléln

99(3 1H) 895(3’ 1H) 890(3’ 1H) 860(t

Step - il b'Dmet? H? %r%%g% Eﬁl@ﬂi éby?)]%-g ﬁ%’r %{[‘% 3- ZPI—% 49 -C éé]d 1#'2!1’]9@_31‘&1% 1-

carboxk
anp e 159:
3-fluoro-6-(5-nmethoxvpyrid-32y11-9H pyrrol or2, 3-b;5
eldl yrldlne 152 Step 1: 2',5'-dichloro-5-fluoro- %@_4

S 6

2 anl_o 3- bronD 5 fRdeidbele pryPhdsd i .04 g of

2, ch -3 BT fRfyddnanny Nayed di ne 32,
tetralfis phehy| phosphine) pal | adi ) 122 ngy of
e pl aced

coppeP\ i dV’e in Z2nmoof 1,4-n

in a reactff, %nd tH@k_ﬂgg_%ﬁ seal e W ected to
microwave Irradiation for 1/wour at %g58 The reaction
mxture is filtered through a 0.45 p. msinter funnel

In a maRr $iEL WaBNRE97)i4b PadlrobhahAMRLBAN S (6 Al1AL3.- 1 10[2,3-b:5,4-
e L

pyrro 1l dd4 ¥ BYTH d

is 4,5-5ib(dip&énylbiphindPo W(ﬁlﬂetﬂrhig % e Rexperiment

di chl or omet hane/ net hanol n1xture and then taken up in
UPLCEVBYDABGRLISH: R¢ (A £15.0k) [|M+€H t. @192 hi‘lf A2 p-m

1H NMRIT6U MEDDRISGRRE) §'B ' ei —%t if
4 H) 788 (&dd, 3= scbqf’vl 9'7?1251 > @}‘% %'ii%y[ %116 ?§ &]325{2%5 (fidﬁ,IJ{';i

4.8, 1.€@HE, 1071 8 Qr I
UPLC- MB- D 7%5‘&2%9?@} LGS 180934475 do 5 1 H).
258(+)/260(+)/...(presence of tmo chlorlne atons)
Step 3: 105
5'-chl oro-5-fluoro-2'-nethoxy-[3, 41bi pyridyl-2-ylam ne
148 1.6 g of 2',5 -dichloro-5-fluoro[3,4
"]bi pyridyl-2-ylamne 147 in 10 nil, of nmethanol and




pyridine IF N., A e , N ¢,,, "O
WO Q009/13038550F. XS: cr Sx FF F A mxture of 1 ScPpiFR2009/051100

3-fluoro-9H pynol o[ 2, 3-b: 5, 4-cl di pyrid-6-0ol 150 in 20

mL of pyridine and 5.8 m of triflic anhydride is

stirred 45 mnutes at roomtenperature. The reaction
Step @1 3{pieeazirs] -plpbripid-3y - 98t dyyiolof; BbBtdec Al ridiak 99 at ed

aqueous bi carbonate solution After separation of the

phases by settling, t organlc phase is dried over
magnesji um sul f at e, f|| and the Qncent r at ed H
unde i\duced presgﬁ“ lW‘Eg__residue i fi y(;:>
chr graphy on Hﬁ; of "4l icay=d&  uting withN
100/ /ethyl'ateﬁate m XFohe _tO0~9( ve
828 ny ord- 9H pyrrol o[ 2, 3-b: 5, ANgl di pyyi ¢ 6-y1
trifluoM | fonate 151 in the formofyg
bei ge- col our solid. UPLC Ms-DAD-ELSD (LS):HRt (mn)
= 1.22: (MFH(+)®336(+); (MH)(-) 334(-). Step 9/

3- fI yor.o 6- t hox rid- 3 olo[2 .5, 4-
A rn1 4 r“?&]‘?f&fg a;g ny y ﬂ;ﬁ H o)f hydrochYonc acid [1n | 4-dloxane is stirred for

1 ho 1, ceatrping, the X 1s\diluted with 100 pl of acetic
acid l?qul {5}? i Q?IE r f ETE’C[FO%%% Y Ip]fg%raﬁf;g‘ié ﬁtgzggg% mg of 3-(piperazin-1-yl)-
-(ryridengk eyml eﬁ lhéﬂz&r SWV’Edl%ﬁ"dhepﬁOﬁ% e gifjuggoacetig gcidalt 99.

carbonate
W&q § ‘]@ ﬁé@’ﬁ)‘ﬁ) nB)??éMngﬂeﬁé%ﬁ%m or al | adi unééﬂg
Mla»rﬁdmz(nra&keémﬁdi 034dd {gﬁb Hp 1 H) 8.41
(d J 5 26Hzt i) 8.3 3 §Hnd S 38ddh dg Bhd- 051@43 1t =438, 1.6 Hz,
A LSRN NI gl iy AR

reaction n1xture i's poured |nto mater and et hyl
Exampleot; Sof)-Adpurelel2g:d-clldigyididamined02 set t | i ng,

i e or ni ¢ _phase is dried over nagne3|un1sulfate
Ste ﬁf%P AHdoPReh T dnesnd-2 zemipedPler reduced pressure.

+s purified by chromatography on a col um
e

n-

The residu

of silica, atlng Wi tdyepalf € et hyl et aten.t Qngi ve 65
ng of Cul dioxang

3-f1 uor o-{b- L nethoxypyLLd_suyi; ~Nue>r 4-
e] cli pyri dNnhe n.the formof a yeIHOM/ olid. 1Ti1
NMVR (400 Mz, d6) Oppm 3. 95 (s, "3FA)~cB. 05 (dd,
J=2.8, 1.8 Hz, M H 8. W, J' 2.7 Hz, 19H) 8.64 -

8.66 (m 2 H) 8.93 (d, J= 1.0 Hz, 1H)895(d J=1.7
4 g ot tZ-amihol)brOmO3 ittbpyddind 6% 166 5 9111(.’;'1')) 431%m 1(;1*&5 Bpyridine 2,
1.49 g&ms?mgaoylph&ﬁm%gpmadmﬁm%d 7 n mod l{éd} ELynof 164-
dioxal¥ dre H03 -argon, and the tube is sealed After stirring for 5 minutes under
argon3ttfe|réh9f09Is@uﬁjéctéﬁetbhﬂe%%ﬂ?é Sadiatioh) oo AN 510662 T:lf Reactich medium is
concéﬁtrﬁb@ﬁﬁdeﬁfeﬁ@ce&%%ss@éj&%ﬁ&p@lte% W iR% 3086 WthRForibthane/methanol mixture

and fN94e8 (Hrldgh Clarbd), ﬁﬂ%@ﬁb@ﬁuﬁhgﬁh&? rddBedd Pdssur 7.1 YR B oro-57-nitro-

3,2:41 52 terdyid®-ine 100 are obtained in the form of a brown-yell
3-f lj%?o 6- (4- met hoxypaill?el éln3ey01n)n09I§|p§/0r“;noyeof‘5p§w%er5 4-c

UPLEMSOADIERS my
N e et T e T I P L IR
et hanesul fonate 151 and 68 ng of

Step ﬂﬁﬂsﬁm%% q%}’,fﬁ laﬁ,@%emd%e?ﬁizlll Ng/ﬁ g 480th1 "
= N9 1 H 8.62 -

3-f1 uor o- 64500nethylsulfanyl)pyrld 3- yll Qﬂnpyrrolon
3-b:5,4-c'ldipyridine 154 In a manner simlar to that
for conpound 152, 50 ng of

3-fluoro-615- (net hyl sul fanyppyri d-3-y1]-9Hpyrrol of 2, 3-
b: 5, 4-cl di pyridine 154 are obtained from 100 ng of
3-fluoro-9H-pyrrol o[ 2, 3-b: 51@g cl di pyrid-6-y1l
trifluoromethanesul fonate 151 and 141 ng of

5- (et hyl t hi o) pyri di ne-3-boronic acid. 114 NWR (400
DVMSO-d6) BO ppm 2.64 (s, 3 H) 8.36 (t J= 2.1 Hz,

~ NS P —

MHz,



LC- M5- DAD- ELSD: 268(-) = (MH)(-); 270(+) = (MH) (+)
WO B009(180881 = 2. 79 Exanple 163:
3- met hoxy- 6- (1- met hvl- 1H pvrazol - 4-y1) - 9H pyrr o?%?ngO09/051100
3-b: 5, 4-cldipyridine 161 Step 1:
A mixtgh (061701 2- ofed kbloyo-82-fitmi3Pe 4hyt-eip o hptel tiongdlBH48 g of tin (1)
chlorijerdilydeateinaf00 bl of etifind -iclelloxed-fBr 2 thoxyAltéri Bhddarraing under reduced
presspRQ theireasfiort erixturh ydibkadreich i ditre @O kgl dcerate 48 1fiRl Jraw@d and is then
stirreg forgrfalhued at ackoi temperaode. Affer Ghéting throggaCREbel MleUhix@e Riseparated by
settliigl add thietnqudoud pRasé ,i6 theh dkdughefolyH pivpier iqhiedl® doBiulOhydRlgen carbonate
solutiph anéextedeted vathufhartinand 18fe. of eflyl adetate. e Brdanit Yhised hre WBnbined and
then jemapoetainendeAftdareds piessufen® fioe 3670 Uf $°-akloro B3C4° 3T teBpy@idine-27, 5"
diamgf 10¥ inrtie¢ foyrh bf aibledd powidele di ssol ved in 30 L of
tetrahydrofuran are added to the reaction mxture. The
UPLE&MSDAIN-BESH (LSE Rt $mis) #mmeﬂ(MEH)(ﬂmgﬁﬂp@fsﬁéﬂéé 8f 4 &lorik atom).
hours and then treated with 200 nL of water and 200 nL
Step &f 6-(pyuddyH-SHDyravioiDAIbLER-cIMipyriddeartiak uéd on and
extracted wth 500 ml and then 200 nL of et hyl

acet at Thens ned organic ses e dried ovemH
magnebi uin sul f af’e, Ifil tqgu%azf'@ﬁiﬁ?shen t’o_ centrat :

dryn H N ue~ls
purified cl r omat ogriaphy on a col um of |[isil
el uting w Pehl or onet hane, to give 17. ¥ N

5- chl or o- 2- met hoxy-4-(tri nmet hyl stannyl ) pyri gjane” 156 in

the formof a colourless oil. UPLC Ms-DAD-ELSD: Rt
752 tagri of ) (R-(A-148)- 2 (el ohemkipB&Bhind) R rivbARy (|4 RN buPWREpHEYE and 277
mg oBpallaginm @) aétat¢ in 3 hE2G abhyidrous 9,4H)i0xAn® 2re (pfacedBint tube, @hder an argon
atmogphere,Jand 2M)rel fbtzl 0 rdindfps a£40W. (t, J= 8.3 Hz, 1 H). Step 2:

N-(5' -chloro-2',5-di met hoxy-3,4'-bipyrid-2-yl1)-2,2-dim
3.97 ohy/toblaopadati eerpGiidide-B75 gdimhine 101 and 2.1 g of potassium fert-butoxide in
35 miNof @hydrdes b4-tiokdroxyptaded i2a peddterdinderdirgenl thy belumagtepatedPreviously
18 th?@ gdde@, a0 thg twfe iGseeladl ardouBiected to microwave irradiation for 2 hours at 125°C. After
leavinggio band/at 400t teinpertitord fot Enomts) (hy rdactionanikmes, is #Oded®to00 mL of water
and 5p@mi aif cihy] aaeiaph @ mickniktoppdiping) apdra dihisHreipiards ZQGedBIT by suction
underghcuyopidiis telgaiugen BOmLSf Mateofcidifidd wtloxmBeusd NehyatcdBIBHc hdid solution
and thery putralized uithe sodumy diydrapeh saibjraet mlvden At ! fIWBME and drying under
vacuupn, thedpléd ¢baerinddos taerhuplin a £6/50 2dRlorofnefhiand/fetharndD Aixiite, 05 g of silica are
added; end thé ciigters pineemylaet aaddn inda}ed pedstradhd Bilir{Hed 2R EhebdatdgBhphy on a
columpfof sdiopetuting ditier 100/ tad0iedl dehdrintehand Mblbi] hfxtagab Bive 911 mg of
6-(pyrids iy eXenlyrtoto] B br ol Ydipyiride Rathiat 1 62n fiRrfodn Suellah pdwde.

After 60 hours at 25C, a further 100 ng of
1H NMR (400i MUty DMiSenyd) Blopibisne)na ipdse@a0) = 730 488100 H) 7.81 (d, /=
2.4 Hz; dpes. 12 @di 2. aHd, 10HPE5@ (df 7 S BANNYIHAI € 1H) \6alsi (4€ AL 8.8 1.3 He, 1 H)
8.73 (gd dBB.2r(el 11 6.36i(& Ve He, 1smpj1eted mo m crowave
UPLG-8QRd Ratiinn= 6.04; [M-+RQUM/2062120C. The reaction m xture

IS poured into water and ethyl acetate and the
Examplud pie dspropy| dhipaiii 611 o8-y 1.3 bier-e tijaouahnCedd t €.
ing, the
aqueous phase is extracted with ethyl acetate. Th

conbi organi ¢ plases naeecHri ed over nagnesi
sul fatel filter nd t hgwuconc

pres . e I Ss—puri

a col um el ut =g

hept ane/ et h
-chloro-2', 5-gj et hoxy- 3, 4' - j02 H
bi pyrid-2-yl)-2, 2-di net hyl pr opanani de 787 in the form
A glfﬁr_e fp@(ﬁd el 23 %i’;iéﬂ)gﬁ%%%%%?@ f%%%%é%@ﬁ% 102, 55.8 1 of
proploI% > de % I’grnsg ts? p‘:g?, cyanoborohydride' in” 3 ml. of methanol 1s stirred at room
tempés, 6- cﬁrrret oxy-% H p)?? P Eﬂplc?flﬁlfi?y g and; 29 mg; 9fyspeiigin ey anapgropydride are
ng of pall adi um acetate and 152 ng of
(R-(-)-1-[(S)-2-(dicycl ohexyl phosphi no) ferrocenyl] -
et hyl di -tert-butyl phosphi nqgizn 2 nL of 1, 4-di oxane are
pl aced in a tube under argon and stirred for 10
m nutes at 40C. The solution is then added to a
suspension of 1.20 g of N-(5' -chloro-2', 5-




52 ng of 3-nethoxy-9H pyrrol o[ 2,3-b:5,4-cldipyrid-6-yl
WO teosfisosgionet hanesul fonate 160, 53 ng of ester bEEFPPRG009/051100

acid 109, 6.5 ng of

1, 1' - bi s(di phenyl phosphi no) f enocenedi chl oropal | adi un{H
addeqd andrth@misburers stifred fod 4 iowx atrreora tahpdraBe. M fuetherd1890 dSprbpibnaldehyde
and 39l maof bagdinne aydpobradleydedd stk iaddedas ehepleation mitu®, Wkiak isOthen stirred for
18 hawrst rocar igmperatack. Theeremitioh ntiawiess dilvesd vathbjoaslt @ dathi@ted aqueous sodium
hydregen cobenae soiutiaardttharcoh@ntr36d idetre@RedipressbRCThid heidue is taken up in
200 mle at ¢thylrucerate tand 200 &L tof eatee dAfier sdpaatite of the ghaud Hyaettheh, the organic
phaseniis lvoment8id Ondet hyducad girasted. Tike Mesidudr ébtainddeisCcol@ Redin a 50/50
dichloogathig/mdbemes miwnae d? p exd siti¢e arenBigad; Sintd mhes tilifrd@t ds concentrated under
reduded peeb®uk toidite <soli dapdsitaelich fsiputifediely ¢Hasraaigdraphe |ontaccolineh of silica,
elutirighveith 2 6t O6/&tdinfilcnorkeliant/adthand nikefIv gie 63 by of B5propse-6-(pyrid-3-
yD)-SHoypoio[ 23-ed,4ay]diperio-Grinmigs WP iy the forta of @ beigicalbured poveiar.

eluting with an 80/ 20 di chl oronet hane/ net hanol m xture
1H NMIR g400eMB z) HMSO-46) 50 ppm: 1.02 (t, J = 7.5 Hz, 3 H) 1.67 (sext., /= 7.2 Hz, 2 H) 3.10
(g, J N.608- i, @tH)S16624 47« 85 HR] hBEX Y50 kkidayr £ 8loph.2, 37 Bz51 By eholDY = 2.7 He,
1 H) 8.1 8¢5 ¥ 2)7 Bz, 3-Hji nset(ay X =Bt pyHez ob) 859 ddey barm, amEze1 H) 8.81(d, J =
1.0 HX6PH) .90 (MR= (1 20Q:, ViHy 9.30NE )/ e3)2, 8. 7ERp HY 1950 (br..s., dH)7. 1
LC-ME& (7 @mimh) Rt (i) 6 A28, [M+H)'m2342 (s, 3 H,; 2.50 to 2.55

(partially masked m 4 H); 2.75 (t, J = 6.7 Hz, 2 H);
Exanip1e9i2 1 { 6(pyBd-Byl)-3{ 2062 frifluorbethioy) OHFsrrobo H-b: 581-d Wify@idind 104

H; 8.34 (d, J= 2.9 Hz, 1 H); 8.39 (d, J= 2.9 Hz, 1

H; 8 N(s, 1 H)y; 11.84 (broad sN 1 H). UPLC S Rt
(min) & 0736; [MH 10/ %283 [8H) mz 391. Exanple
165: = Br  cul = o

N 1-2- (di ) et = 2= 1443- - pwr ol ol 2
. 3-b: 5, 4- Akdi - v1EECHPE yvr azdi 14y1 Bacet ani de
164 Step 1: N N N~ N

hMZ-(dinethy¢a#ino)ethyl]-244-(4,4,S,Euﬂ%tranethyl-l,S

, 2- di oxabor ol an-2-y1) - 1H pyrazol -1- yl]acetam de 163 /

5 mL N¥edhibroetiahel 6 €:5- ML /of Mimethylformahide are pladdd N a Ribe arkP18 mg of 60%

sodiusicydtideomn oiif ard 2diled ki 0°0f ANeMNstihingeloh Y ek kRRERpERME, tHR solution is

poured ifto a ré@ttot Edntifiify Altlk@ire of IM@b! ILbromb F-@HAESLy D IOPPMWrHEO[2,3-b:5,4-
¢’]dip@rifiners anfl 260 2y debpier O idfide] bid e Ribe ad sealeiabMibicted to microwave
irraditivin fer69. miflieest 12070. THE BGctidh ndQire i@ dROEANIOHN mDf of AFRIDformamide,
filteredfthrbugheCdtiexsndakdaommshadibiitty10) mil bff Siviems BbRmfhid20A BB Gn@hirsling under
reducpd prassate, 88 kdidué B plrifiedby Sbpdr@lve @IPE.CIt6 oA HEr 8zt BB/ing, 17.5 mg of
6-(pytidag)i (2, 1B aliflutoethbey) DeRSHoR2, J8 Bl i ri@ink F 108dinf e frm of the
trifludaeuseticedcid2@iCagaiphld fetiowDiph@igate.nt 0 15 [ a of aqueous 1M

pot assi um sodiumtartrate solution and then extracted

1H NMR (400 MHEE DMSOLI6PE [ipadh. 04 QPLRENE;, 2 H)e AQFEoned] 1) 8.54 (s, 2 H)

8.68 -BUIH, ¢ HYBAS €5 130)©.081(8,90- Y 8, NBPNESiHY D, $¥H1868 (5, 1 H).

UPLCE-SQIe rRe gniand 0 5hgm+egnepsigsapediang ©si ed under reduced
pressure to give 125 ng of 2-

Examfi1 M8 t30ah ki lotfdrdidt2 465 £
i oxabor ol an-2-y1)-1H pyrazol - yl'Tacetam de 163 in
the formof a pale yellowoil. LCM (7 mn): Rt (mn)

; H| nmlz 323. 52 ng of N
pyrrol o[ 2,3-b; 5, 4-
pa t gﬁ:ﬁ%’t‘f, 5
TN - —(44,5,5
-t et r amet hyNg 1//3, & dioxabBPBl an- 2- y N
53, M ng of 1 N

X- bi s(di phenyl pHbsphi no) f er r ocenedi ctisor #pal | adi un(11)
in 0.75 nmL of 1,4- dioxane and 0.30 n-iL of aqueous

492 mg, of §0%¢ sedivn iy dradebiorvelt evastell bk forshamat witl ttmeedmesn?2 L of pentane, and

1.3 mh ef zdane] apmpleged ar gonindrhottdnied flask tAfteestirsng foe i hsurbjt e@ine@mperature,

this sqlatiay i powad éntd mrreatictcontainingr 108 Sngrbf Brbasncad-(pE0G-y R pyrrolo[2,3-
reaction mxture is concentrated and the residue
obtained is then taken up in DW, silica is added, and
this mxture is concentrateghginder reduced pressure to
give a solid deposit, which is purified by
chr omat ography on a colum of silica, eluting with an
80/ 20/ 1 di chl or onet hane/ met hanaconcentrat ed aqueous

Y

\Y;




To 150 ng of product of conpound 167 are added 2 niL of
WO 2009150881chl oric acid solution in 1,4- dioxane. g&gFER2009/051100
reaction nediumis stirred with ultrasonication at 25C
for 1 hour and then filtered, the solid obtained is
b:5,4rq" Wénytding 6 446 ingw$ cuppehiodidagl) argic®6mE df dirgdtMefodrddmidd The reaction
mixtere is subjected to microwave irradiation for 1 hour at 120°C and then poured into a mixture of
50 mbAdf- ¢ByInetehiex ynd kyypyusr ahopPnd- &ildridé- eihdiop ywithd vEoiods sffdng. Afier
separapyyy f7 thie -phaseh [byesattlang; ltheaoigmec phBe iin dtibte ofe@rsodioh dulfete, filtered and
conc¢nfugted txhdrpndssi @ hasesislne BehriBedin! dhtinetbgsaph on a ¢dAmMNYRiLAO&uting with
a 10§/Pizo IBNSAckl Gipm8thhneppethanol thittore Ito 4lve( 2 mig &f) 3-ethoBb6-{iFrid-3-y1)-9H-
pyrrolo[B8-b(5-c’MipPridirk. 198, to 1.94 (m 2 H); 2.72 to 2.84 (m
2 H: 3.97 (s, 3H; 4.25 (t, J= 6.7 Hz, 2 H; 7.72 to
1H NMB24(00MEaDMSB46))S; ppin 263 10/ 87.84HA bHyad1qa, /& ) Hz S 42,53 (dd, J
= 7.9 8 8lzATHf A8 Ls, BIH) 881856¢, ¥ © 881, 6.3 HAN H) 8H48:(d8 J6-24.6,0. 817 4 H) 8.88 (s,
1 H) .88 ¢hd =rd,7 Hz, H)H) 98488, 1-02.8 931 M 2.47 {th.is., BHY5 to 9. 10
LC-MIS (bmith) Rt ()= 2952 [MH] 0m/23903M BT '0@d 289, 1 H) .
UPLC-SQD: Rt (mn) = 0.35; [MH 1nk 351. Exanple 169:
1 id-3-y1)-9H-pyrrolo[2.3-b:5.4-c’1dipyridine 106
[l ethyll-1H pyrazol -4-v1l
[ g 170 Step 1:

Exa

{142- (I -met h_yl pi perid-2-y
-9H p_yrhNolor2,3- b:5,4-c'Idipvridi

4- (4, 4,5, ¥yt Ay 1- 178 2atlbxabor
azole, 412 ny 2-(2-brgnQ9t~hHI)- 1-rrethyuip
2.6 g of caes$ium carbonate and"8 tri L ofios
tetrahydrofuran are introduced into a m crowave
180 mgelc-blomof6-uiid-Aty) S pgenlo[Thé: I-xIdipgidice 6, 6@ digadfadpper iodide(),
4.1 mi.grof 1 2Héursodivm 1 3@QoxFetmnoeac tiswivededh ufiethoxydikhadl €dnd 0.4 mL  of
dimethylfanmamidy |arapltat @ ameicwasheldthe hngeist scaled and tsibje@éEto microwave
irradiqrips forrd§aminetesha®Ci s dried over magnesium sul fate,
The rést pfithe prdtogelds thieameco tieefor rateaind hife A fiegsliiGediop) TIBLIERES-(2-
methaxyetlypxy 6 A®2ide3-gl)-8H-pyrrolo[2,3-b:5,4-c" Jdipyridine 106 are obtained.
1-met hyl 2-{244-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an
1H NMR (40)-MHz,Jy¥a0ed6) B-yphme 813y (4, piH)eyisdi, ve- 4.6 8iz] DHS De7 (¢, J = 4.4 He,
2 H) 1.5% (hdof =4.9 418G | B 38.30i-18.4 1w, eH)isusu@ed = £0,0HE 1f9y 238 (dd, J =
4.6, 171z, hél) BAT I(dvi-n0 HielpH) 37L@; SAD0 MR, 1 @yionk (& /0 B4 Hz, 1 H) 12.11 (br.
s, 1H)MrHr in/z 320. Step 2 N N/ N HN 160169N N170 70 ngy
LC-M§ (73ning R (neigt) 9 BE3pyM-H 162z 210 [M.HYF e 19y ri d- 6-y1
trifluoronmethanesul fonate 160, 91 ng of 1nmethyl-2- {2
ulle R 3 o )

IDin 1{/0 DL of 1, 4-dioxane and Q/4 of aqueous 1.5
M caesi U rbonat e sol ut Morrcatie phea
under argon/and _t ]
m crowave iMgadi ati o :
reacti on m xtureyis ®toncentrated and the e
obt ai ned i s ®henftaken up in DMBO and ptwi fH ed by HPLC
in acidic nmediumto give 32 ng of
A mixgurenef ROk e 1@ rid-2-yhethyr g2 8 b, e Ydiptrititle] Salin- MY 6Zdtetic acid
and 502 mag gf N-iodpwgeiniplidy i2 stBrad:abrodmaertipepatiire dorrdenodrg@nd thih MYRd for 1 hour
at 80°C40fer\apcenDMBO wdyr réducphpreduRtht oesiub®s fumified 8y thromao@3phy on a
columy of siival-pluting vith 4 1H0/020 BYLO0 BepBidelethy] deetalle;miftuRGo Eive 196 mg of 3-iodo-
6-(pyrig-ylMIH-pyrrplo[ 2, Bb:3@- Kljpytiding 10Bin 3G forly ofkrdark oWl solill. H) ;
8.41 (broad s, 1 H); 8.81 (d, J=1.2 Hz, 1 H); 11.86
1H NMR (400 MHz, IIMSOSGDS (Ripng Misa)dds /G- 886,4.4 NEH HS.28 8911 = 7.9, 1.8 Ho,
1 H) §59mad.-/1F 2.6ml .3 HEQ 6 H) BaSgd,neak)o HEXSE.® W79= 0ty H) 9.03 (d, J =
1.0 Hz41 H59.13 {d, g0 Bz, arH)B- 38101, A+2 pHzar H 1438/(b, s IHpyr r ol or 2
,3-b:5,4-eldipyrid-4- Yl}benzoate 177 Step 1:
5'-chloro-2', 4-di met hoxy- 3, 4' - bi pyrid-2-am ne 171 368
nmg of 5-chl oro-2-nethoxy-4-0bri met hyl stannyl ) pyridi ne
156, 250 ng of 3-iodo-4-nethoxypyrid2-ylam ne 3h, 304
ng of caesiumfluoride and 38 ng of copper iodide in 2
nmL of di methyl formam de are placed in a tube, 116 ngy

[>——I_.l__ o




A mxture of 1.72 g of
WO 2669330881 O 2, 3- b: 5, 4-ci di pyri di ne- 4, 6-di ol PCT/FR2009/051100
hydrochl oride 173 in 35 nL of pyridine and 9.1 niL of
triethylamne is cooled to 5C, followed by addition of
2.8 m of trifluoronethanesul fonic anhydride. The
Exampplescl! 5 ¢m1 Hi(ktlar-ellim)ssti rred at 0-5C for 1 hour and
then poured into a m xture of 200 nL, of water and 50
Step 41 1-withylad-{3-Et-@of, B tetromethgloidt, 2diog iHopsl arsB y1-0 Huiyir261- BAGpropyl} -
piperazing ¥t ed with 250 nL of ethyl acetate. After

separation of; the phase?ﬁhy'settllng t he aqueous
phase is e%ﬁigsted\»hgh 200 n bhyh acetatg_and the
or ganj 1as are then conblhegezh concentr °
und® yAcu®n “The res] due 1s t akeoYpAnanZt uke lof

100 of an 80/20 dREM5r onet hane/ et hylggacet at e
m xture, 6.0 g of silica are added, and this m xture

R R ﬁ@*ﬁ‘zr?é gy i s, e
dloxa 80 - ﬁi’eﬁlﬁ’g %iégm vegég

at the end of

; B
addit reg nﬁe Ptiua]i » 987 mg of 3-(N-
meth i J; ProB)Fl le b (Hg{i 91 gﬁ‘éﬂf(‘g?‘ firggthylformamide are
added: t}on jl}Ué ? NS poured into a mixture
o watc 68 et sep r o %@s settling, the

S cte Wlt
d t e oncentrated under

0 W, th %;5“? 0 u ! e,

to giye 2 %'E%g %ﬁ% et 3 2—dloxaborolan-2 1)-1H-
r r%}{}(ﬂl%ergmfé l {/?’F ?'ﬁ S491]6 di y1f ) 3’
LowliphiSii o %‘?gﬁﬁfgﬁiﬁaﬁowﬁ M BB oxane, 28 my
ﬁﬁﬁk@mwﬁ@sﬁ-ﬁ%rfwsrhr LR B 1N

nL of water are introduced into a m crowave
reactor of suitable size, nder argon. The m xture is

irradiated for 15 minutes at 140C. The suspensi on
obt ai ned |i s ed wth-Btfiyl acetate washed with
saturateéﬁge annonlunrchlorlde soljut

et g‘%n t 01(1 bine orgﬂnic phases

QD

aqueousNp sed’s xtragte t i enfiyh tatg-and the
organi ¢ fphases are t hen conblned/Jdrled ver maghesi um
sulfate, filtered and concentrated un#&r reduced

[essure,. The re | ue |s rifie chromat ogr a
(111110;&5 i -r snn Je p o[fhg %¥ggye§glﬁ4 ,é/Sp Yamethyl-1,3,2-
obtaln %ﬁg ! H—é‘( oA Wuﬁ}%ﬂ@w&%égﬁ 8?1; gﬁlob}ﬂess] o 13

s~ TWT&ZO € ar
1.18g_ 'bé%m' E}2*[ “H‘i‘ez 450. Step 6 144

IHN Qfﬂﬁng §H P8 (6./ TokHB 1B L o W) 204 (pyfH) 233 s,
S 28545 ’3?%13 ELOE oy roave TR By o] ) A
Jfo de_and 0.55 rnL of allyl bronlde are
&uﬂ!ﬁ&\ﬂ S B S il P dsaerdio 2 R bellpropan-1-

amt f m xture is irradiated for 1 hour at 100C. The
suspensi on obtained is diluted wwth ethyl acetate and

washed with aqueous S8R ARPhDI car bonat e solutlon he
aqueous pha§ extracted with ethyl acet at e?

or ganl e theh zéorrbl ned,/ driedy E\:rg | um
sul f o Oer and concentrate undeh rzdu
press to gi ve 2920 @a of

1- (prop-2-enyl)-4-(4, nfj% tetra thyl 1, 302
-dloxaborolan 2- y1) 11 pyrazole 176. 28 ng of the
product of step 5 175, 22 ng of boronate 176 prepared
in step 6, 30 ng of caesium carbonate, 0.45 inL of
di oxane, 5 ng of
1, 1" - bi s(di phenyl phosphi nojfigr r ocenedi chl or opal | adi unt
I1) and 50 pi of water are introduced into a m crowave

reactor of suitable size, under argon. The m xture is
i rradi ated for 30 nrnutes at 130C. A further 4 g of

N 2




The brown solid 182 is placed in a mcrowave tube with
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ferrocenedi chl oropal | adium(11), 0.89 nmol of caesium
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3-(1-methyl-1H-
pyrazol-3-y1)-6-
(pyrid-3-y1)-9H-
pyrrolof2,3-b:5.4-
¢’]dipyridine

UPLC-SQD: Rt (min) = 0.59;
[M-+H]" m/z 345; [M-HJ" m/z
343,

1H NMR (400 MHz, DMSO-d6)
S0 ppm 3.96 (s, 3 H) 6.57 (d, /=
20Hz, 1 H)7.56(d,J=1.7 Hz,
1H)7.77 (dd, J="7.8, 4.9 Hz,

1 H)8.71 (d,J= 4.9 Hz, 1 H)
8.74 (d, J= 7.6 Hz, 1 H) 8.80 (d,
J=22Hz, 1H)892(d,J=
2.0Hz, 1 H)9.05 (s, 1 H) 9.10 (d,
J=10Hz, 1 H) 942 (d,J=
2.0Hz, 1 H) 12.59 (s, 1 H).

3-[1-(2-methyl-

UPLC-SQD: Rt (min) = 0.61;
[M+H]" m/z 369; [M-HJ" m/z
367.

1H NMR (400 MHz, DMSO-d6)
5 Clppm 0.91 (d, J = 6.6 Hz, 6 H)
2.19 (spt, J = 6.6 Hz, 1 H) 3.99

propyl}-1H- i _
pyrascldoyll-6. | (&= 6.6Hz, 2H) 7.54 (dd, J =
(oyrid-3ylyor. | 81 46Tz 1 H) 7.99 (s, 1 H)
olo[2.3.b:5.4- | 826 (- 1 H) 8.50 (dt, J= 8.,
p?’firl. 7| 19 Ha, 1 H) 8.59 (dd, J= 48,
¢’Jdipyridine 1.6 Hz, 1 H) 8.87 (d,J=0.7 Hz,
1 H) 8.89 (d, /=2.2 Hz, 1 H)
8.92 (d,J=2.2 Hz, 1 H) 9.02 (d,
J=1.0Hz, 1 H)9.35 (d,J=
1.7 Hz, 1 H) 12.23 (br. 5., 1 H).
UPLC-SQD: Rt (min) = 0.50;
[M+H]" m/z 353; [M-H]" mv/z
351.
1H NMR (400 MHz, DMSO-46)
6 Oppm 4.63(d,/J=44Hz,2 H)
o | (I6-yrid3- | 528 (t,J=5.1Hz, 1 H)7.38(d,J
QA oH y)-9H-pyrrolo- | =7.3 Hz, 1 H) 7.48 - 7.57 (m,
- [2,3-b:54¢]- | 2H)7.70 (4,7 = 8.1 Hz, 1 H)
K N dipyrid-3-yl]- 7.78 (s, 1 H) 8.52 (dt, J=8.1,
NN phenyl}methanol | 1.9 Hz, 1 H) 8.59 (dd, J = 4.8,
111d 1.6 Hz, 1 H) 8.94 (d, /= 2.2 Hz,

1 H)9.02 (d,J= 1.0 Hz, 1 H)
9.05 (d, J= 1.0 Hz, 1 H)9.06 (d,
J=22Hz, 1H)9.38(d,J=

1.7 Hz, 1 H) 12.34 (br. 5., 1 H).

N,N-diethyl-3-[6-
(pyrid-3-y1)-9H-
pyrrolo[2,3-b:5,4-
¢’Jdipyrid-3-yl]-
benzamide

LC-MS (7 min): Rt (min) = 2.96;
[M+H]" m/z 422; [M-H]" m/z
420.

1H NMR (400 MHz, DMSO-d6)
& Oppm 1.06 - 1.28 (m, 6 H) 3.21
-3.32 (m, 2 H) 3.42 - 3.56 (m,
2H)7.38(d,/J=7.3Hz, 1 H)
7.55(dd,/=7.7,48Hz 1 H)
7.61(t,J=7.7Hz, 1 H) 7.78 (s,

1 H) 7.92 (d,J= 8.3 Hz, 1 H)
8.51(dt,/=8.1, 1.§ Hz, 1 H)
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8.60 (dd, /= 4.8, 1.6 Hz, 1 H)
9.00 (d, J=2.4 Hz, 1 H) 9.03 (d,
J=1.0Hz, 1 H)9.05(d,J=
1.0Hz, 1 H) 9.14 (d, /=22 Hz,
1H)9.37(d,J=1.5Hz, 1 H)
12.42 (br. 5., 1 H).

3-(3,5-dimethyl-
1H-pyrazol-4-yl)-
6-(pyrid-3-yl)-
OH-pyrrolo[2,3-
b:5,4-¢’]-
dipyridine

UPLC-SQD: Rt (min) = 0.41;
[M+H]" m/z 341.

1H NMR (400 MHz, DMSO-46)
d Oppm 2.28 (br. s., 6 H) 7.54
(dd, J=17.7,5.0Hz, 1 H) 8.51 (dt,
J=179,19Hz, 1 H)854(d,J=
2.2 Hz, 1 H) 8.59 (dd, J=4.6,

1.7 Hz, 1 H) 8.65 (d, J= 2.0 Hz,

1 H)898(d,/=0.7Hz, 1 H)
9.03 (d, /= 1.0 Hz, 1 H) 9.37 (d,
J=1.7Hz, 1 H) 12.31 (br. 5.,

1 H)12.42 (br. s., | H).

3-[4-(morpholin-
4-yl)phenyl]-6-

1H NMR (400 MHz, DMSO-d6)
o0 ppm 3.18 -3.22 (m, 4 H) 3.76
-3.80(m,4H)7.12(d, J=

8.8 Hz, 2 H) 7.54 (dd, /= 8.1,

46 Hz, 1 H)7.71 (d, /= 8.8 Hz,

S — (py“jj'zy?_'g}l' 2 H) 851 (dt, /= 8.1, 2.0 Hz,
NA NS bos 4] 1H) 8.59 (dd, /= 4.8, 1.6 Hz,
Ay dimmidine 1 H) 8.89 (d, /= 2.2 Hz, 1 H)
* 8.96 - 8.99 (m, 2 H) 9.02 (d, J =
11 1.0 Hz, 1 H) 9.37 (d, /= 2.2 Hz,
g 1 H) 12.26 (br. 5., 1 H).
1H NMR (400 MHz, DMSO-d6)
80 ppm 1.03 (d, J=6.6 Hz, 6 H)
2.59 - 2.63 (m, 4 H) 2.65 - 2.74
,}’ g%ﬁ;g’gﬁf‘; (m, 1 H) 3.19 - 3.23 (m, 4 H) 7.09
s b Sliohengl}-6. (d,J=8.8 Hz, 2 H) 7.54 (dd, J =
N “ Goyrid-3yh-om. | 146 Hz, 1 H) 7.68 (4, /=
= = oorrolo[2.3. 8.8 Hz, 2 H) 8.51 (dt, J = 8.1,
W bos o 2.0Hz, 1 H) 8.59 (dd, J= 4.8,
) AN dimyridine 1.6 Hz, 1 H) 8.88 (d, J= 2.2 Hz,
1 H) 8.95 - 8.99 (m, 2 H) 9.02 (d,
J=10Hz, 1H)9.37(d, /=
111k 2.2Hz, 1 H) 12.25 (s, 1 H).
1H NMR (400 MHz, DMSO-46)
60 ppm 0.95(t, J=7.1 Hz, 6 H)
. 2.51-2.57 (m, 4 H) 2.85 (¢, J =
\\N) I;lﬁédgt;g’éi 6.7 Hz, 2 H) 421 (t, /= 6.6 Hz,
o) SHmgrrolo. | 2H) 7-54(dd, /=79, 4.8 Hz,
abisde. | VH798(s 1H) 828 (s, 1H)
Ny divyrid 3glj 1. | 830 (@ J=8.1, 18 Hz, 1 H)
S\J pyzold ol | 859 (dd, /=438, 1.6 He, 1 H)
A 8.87 - 8.89 (m, 2 H) 8.91 (d, J =

2.0Hz,1H)9.02 (d, /=0.7 Hz,
1 H)9.35(d, /J=2.2Hz, 1 H)
12.23 (br. s., 1 H).
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3-{1-[3-(4-
methylpiperazin-
1-yl)propyl]-1H-
pyrazol-4-yl}-6-
(pyrid-3-y1)-9H-
pyrrolo[2,3-
b:5,4-¢’]-
dipyridine

UPLC-SQD: Rt (min) = 0.32;
[M+H]™ m/z 453; [M-H]* m/z
451.

1H NMR (400 MHz, DMSO-d6)
8T ppm 1.99 (quin, J = 6.8 Hz,
2 H) 2.15 (s, 3 H) 2.25 - 2.43 (m,
10H)4.19(t,/J=7.1 Hz, 2 H)
7.54 (dd, J=17.9, 4.8 Hz, 1 H)
7.98 (d, J=0.5 Hz, 1 H) 8.27 (s,
1 H) 8.50 (dt, J=8.1, 1.8 Hz,

1 H) 8.59 (dd, J= 4.8, 1.6 Hz,

1 H) 8.86 (d, /= 1.0 Hz, 1 H)
8.88 (d, J= 2.2 Hz, 1 H) 8.91 (d,

111 J=22Hz, 1 H)9.02 (d,/ =
1.0 Hz, 1 H) 9.35 (d, /= 1.7 Hz,
1 H) 12.24 (br. 5., 1 H).
UPLC-SQD: Rt (min) = 0.39;
M+H]" m/z 440; [M-H]" m/z
438.
p 2-{3,5-dimethyl- | 1H NMR (400 MHz, DMSO-d46)
Nt | 4-[6-(pyrid-3-y])- | 80 ppm 0.95 (t, /= 7.1 Hz, 6 H)
e . _ 9H-pyrrolo[2,3- | 2.21 (s, 3 H) 2.32 (s, 3 H) 2.51 -
~Y O b:5,4-c"1dipyrid- | 2.57 (m, 4 H) 2.76 (t, J= 7.0 Hz,
. - 3.yl]-1H-pyrazol- | 2 H) 4.08 (t, /= 6.8 Hz, 2 H) 7.54
1-yl}-N,N- (dd,J=7.9, 4.8 Hz, 1 H) 8.48 -
111K diethylethan- 8.54 (m, 2 H) 8.59 (dd, /= 4.6,
amine 1.5Hz, 1 H) 8.63 (d, /=22 Hz,

1 H) 8.99 (s, 1 H) 9.03 (d, J =
1.2 Hz, 1 H)9.37(d, J= 1.7 Hz,
1 H) 12.33 (s, 1 H).

3-(1H-pyrazol-4-
yD-6-(pyrid-3-
y1)-9H-pyrrolo-
[2,3-b:5,4-c’]-
dipyridine

UPLC-SQD: Rt (min) = 0.35;
[M-H]" m/z 311.

1H NMR (400 MHz, DMSO-d6)
60 ppm 7.54 (ddd, /=79, 4.8,
0.7 Hz, 1 H) 8.05 (br. s., 1 H)
8.30 (br. s., 1 H) 8.50 (dt, /= 8.1,
2.0 Hz, 1 H) 8.59 (dd, J = 4.6,
1.5Hz, 1 H) 8.87 (s, 1 H) 8.93 (d,
J=22Hz, 1H)894 (d, /=
2.2Hz, 1 H)9.01 (d, /= 1.0 Hz,
1H)9.36(d, /= 1.7 Hz, 1 H)
12.22 (s, 1 H) 13.03 (br. s., 1 H).

111m

N,N-diethyl-3-
{4-[6-(pyrid-3-
y1)-9H-pyrrolo-
[2,3-b:5,4¢’]-
dipyrid-3-yl]-1H-
pyrazol-1-yl}-
propan-1-amine

1H NMR (400 MHz, DMSO-46)
80 ppm 0.95 (t, /= 7.1 Hz, 6 H)
1.97 (quint, J= 7.0 Hz, 2 H) 2.38
-2.49 (m, 6 H) 4.19 (t, /= 7.0 Hz,
2 H) 7.54 (ddd, J = 8.1, 4.6,

0.7 Hz, 1 H) 7.99 (d, /= 0.5 Hz,
1H) 8.28 (s, 1 H) 8.50 (dt, J =
8.1,2.2 Hz, 1 H) 8.59 (dd, J =
4.6,1.5Hz, 1 H) 8.87 (d, J=

1.0 Hz, 1 H) 8.88 (d, /= 2.2 Hz,

1 H) 8.91 (d, J=2.2 Hz, 1 H)
9.02 (d, /= 1.2 Hz, 1 H) 9.35 (d,
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J=24Hz | H)12.24 (br. 5.,
1 H).

UPLC-8QD: Rt (min) = 0.37;
[M+H]" m/z 426; [M-H]" m/z
424,

Pd{PPh;),
K,CO,
DME, water

To 96 mg of 60% sodium hydride in oil in 5 mL of dimethylformamide under argon at 25°C is added
dropwise a solution of 500 mg of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole in
7 mL of dimethylformamide. After stirring for 30 minutes at 25°C, a solution of 222 mg of N-ethyl-3-
chloropiperidine hydrochloride in 7 mL of dimethylformamide is added. The reaction medium is
stirred for 2 hours at 25°C, then for 1 hour at 70°C and then for 8 hours at reflux. The reaction medium
is treated with 20 mL of water and then extracted with three times 20 mL of ethyl acetate. The organic
phases are combined, washed once with water, dried over magnesium sulfate, filtered and then
concentrated under reduced pressure to give 0.8 g of a brown oil, which is used in crude form in the
following reaction (112).

324 mg of 3-bromo-6-(pyrid-3-yl}-9H-pyrrolo[2,3-b:5,4-c"]dipyridine 6 and 786 mg of boronate 112
in 24 mL of 1,2-dimethoxyethane are placed in a microwave reactor of suitable size, followed by
addition of 6.5 mL of aqueous 2 M sodium carbonate solution and 65 mg of tetrakis(triphenyl-
phosphine)palladium(0), and the mixture is subjected to microwave irradiation for 10 minutes at
150°C. A further 40 mg of tetrakis(triphenylphosphine)palladium(0) are added and the mixture is
irradiated for 5 minutes at 180°C. The reaction mixture is filtered and rinsed with ethanol, and the
filtrate concentrated. The crude product is purified by chromatography on a column of silica, eluting
with a 100/0 to 80/20 dichloromethane/methanol mixture and then by preparative HPLC in acidic
medium using a 95/5 to 20/80 gradient of water + 0.07% trifluoroacetic acid/acetonitrile + 0.07%
trifluoroacetic acid, to give 7 mg of 3-{1-[(1-ethylpyrrolidin-2-yl)methyl]-1H-pyrazol-4-yl}-6-(pyrid-
3-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 113 in the form of the triflucroacetic acid salt as a yellow
solid.

1H NMR (400 MHz, DMSO-d6) § Oppm: 1.22 (t, J = 7.2 Hz, 3 H); 1.68 to 2.28 (m, 4 H); 3.02 to
3.30 (m, 4 H); 3.61 to 3.72 (m, 1 H); 4.55 (dd, J = 6.2 and 14.7 Hz, 1 H); 4.68 (dd, /= 6.6 and 14.7 Hz,
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1 H); 7.68 to 7.76 (m, 1 H); 8.16 (s, 1 H); 8.43 (s, I H); 8.67 to 8.73 (m, 2 H); 8.89 to 8.99 (m, 3 H);
9.06 (d, /= 1.0 Hz, 1 H); 9.40 (broad s, 1 H); 9.48 to 9.59 (broad m, 1 H); 12.38 (broad s, 1 H).
LC-MS (7 min): Rt (min) = 2.02; [M+H]" m/z 424; [M-H]" m/z 422,

Pd(dppf)Cl,, Cs,CO,
DME, water

3-Bromo-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c"]dipyridine 6 (1.5 g, 4.62 mmol), tert-butyl 4-[4-
(4.4,5,5-tetramethyl[1,3 2]dioxaborolan-?.-yI)pheny]]p1perazme- -carboxylate (2.1 g, 6.86 mmol),
~ PdCL(dppf) (190 mg, 0.233 mmol) and caesium carbonate (3.0 g, 9.21 mmol) are placed in a sealed
tube. The tube is flushed with a stream of nitrogen, followed by addition of 1,2-dimethoxyethane
(25 ml) and water (2.5 ml). The tube is then sealed and heated at 110°C for 7 hours. The reaction
mixture is then cooled, diluted with water and extracted with a mixture of methylene chloride
containing 10% tetrahydrofuran (60 mil) and saturated aqueous ammonium chloride solution (100 ml).
The organic phases are evaporated to dryness and chromatographed on silica with a
dichloromethane/methanol mixture. The yellow-brown solid obtained is triturated from methanol to
give, after drying, a pale yellow solid 114 (1.75 g, 75%).

MS: m/z = 507 (ES+).
1H NMR (300 MHz, DMSO-d6) 8 Oppm: 9.37 (s, 1H), 9.02 (s, 1H), 8.97 (s, 2H), 8.90 (s 1H), 8.60
(d, 1H), 8.51 (d, LH), 7.70 (d, 2H), 7.54 (dd, 1H), 7.13 (d, 2H), 3.50 (t, 4H), 3.28 (t, 4H), 1.44 (s, 9H).

Example 130: 3-[4-{piperazin-1-v}phenyl]-6-

HCl (aq)
MeOH

Compound 114 (600 mg, 1.19 mmol) suspended in methanol (18 ml) with HCI (4 N, 12 ml) is heated
at 55°C for 5 hours. The reaction mixture is cooled to 0~4°C overnight. The suspension is then filtered
and the solid is rinsed with a small amount of cold methanol. The orange solid is dried at 50°C under
reduced pressure to give compound 115 in the form of the hydrochloride (563 mg, 92%).

MS: m/z = 407 (ES+).
1H NMR (300 MHz, DMSO-46) § Oppm 12.73 (s, 1H), 9.53 (s, 1H), 9.24 (s, 3H), 9.1 (s, 1H), 9.08
(d, 1H), 8.99 (d, 2H), 8.87 (d, 1H), 8.08 (dd, 1H), 7.76 (d, 2H), 7.18 (d, 2H), 3.48 (t, 4H), 3.22 (m, 4H).
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iperazine-1-carboxylate 116

N Br
= Pd{dppf)Cl,, Cs,CO,
~ I - DME, water
S /
L O
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Compound 116 is prepared in the same manner as compound 114 starting with 3-bromo-6-(pyrid-3-
yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 6 (600 mg, 1.85 mmol) and tert-butyl 4-3-(4,4,5,5-
tetramethyl[ 1,3,2]dioxaborolan-2-yl)phenyl]piperazine-1-carboxylate (930 mg, 2.39 mmol) to give
116 in the form of a brown solid (824 mg, 80%).

MS: m/z = 507 (ES+).

1H NMR (300 MHz, DMSO-d6) 8 Oppm 12.37 (s, 1H), 9.38 (s, 1H), 9.05 (s, 1H), 9.04 (s, 1H), 8.98
(s, H), 8.95 (s, 1H), 8.60 (d, 1H), 8.52 (d, 1H), 7.55 (dd, 1H), 7.40 (t, 1H), 7.37 (s, 1H), 7.26 (d, 1H),
7.02 (d, 1H), 3.51 (t, 4H), 3.25 (t, 4H), 1.44 (s, 9H).

Example 132: 3-[3-(piperazin-1-viiphenyl

0 HCI (aq)

O MeQH

116

N
H

Compound 117 is prepared from 116 (670 mg, 1.32 mmol) as for compound 115 to give a yellow solid
in the form of the hydrochloride (636 mg, 93%).

MS: m/z = 407 (ES+).

1H NMR (300 MHz, DMSO-46) § Oppm 12.63 (s, 1H), 9.51 (s, 1H), 9.19 (s, 1H), 9.13 (d, 1H), 9.11
(s, 1H), 9.06 (s, 1H), 9.01 (s, 1H), 8.54 (d, 1H), 8.01 (dd, 1H), 7.45 (t, 1H), 7.42 (s, 1H), 7.32 (d, 1H),
7.08 (d, 1H), 3.52 (t, 4H), 3.27 (m, 4H).

Exampie 133: N.N-4-triethyl-5-[6-
118

Pd(dppf)Cl;, Cs,CO,

DME, water
HO N

:a 73 N/_
HO — N

Compound 118 is prepared according to the procedure for compound 114 starting with 3-bromo-6-
(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine 6 (120 mg, 0.369 mmol) and 6-diethylamino-4-

117



21f Example 84 72j Exanple 142 127 Exanple 27 21g
WO Bammz0ss185 72k Exanpl e 143 128 Exanpl e 28 21h Exempire009/051100
86 721 Exanple 144 129 Exanple 29 211 Exanple 87 72m
Exanpl e 145 130 Exanple 30 21j Exanpl e 88
ethylpyrid-3-ylboronic acid (160 mg, 0.721 mmol). After purification by preparative HPLC
(acetonitrile/H,O containing 0.1% trifluoroacetic acid) 50 mg of product 118 are obtained in the form
of the trifluoroacetic acid salt.

MS: m/z = 423 (ES+).

1H NMR (300 MHz, DMSO-d6) & Oppm: 12.58 (s, 1H), 9.42 (s, 1H), 9.11 (s, 1H), 9.02 (s, 1H),
8.76 (s, LH), 8.73 (d, 1H), 8.71 (d, 1H), 8.63 (s, 1H), 7.96 (s, 1H), 7.75 (dd.1H), 7.09 (s, 1H), 3.65 (q,
4H), 2.72 (q, 2H), 1.23 (t, 6H), 1.06 (t, 3H).

Compound 117 (70 mg, 0.136 mmol) and N,N-dimethylglycyl chloride hydrochloride (49 mg,
0.310 mmol) are placed in a Keller tube. Anhydrous pyridine (1 ml) is added under nitrogen, followed
by N,N-diisopropylethylamine (148 mg, 1.15 mmol). The orange suspension is then stirred for
1.5 hours, and then diluted with saturated aqueous sodium bicarbonate solution and extracted with
dichloromethane containing 10% tetrahydrofuran (5 x 30 ml). The combined organic phases are dried
over MgSO, and concentrated to dryness. The solid obtained is dried under reduced pressure at 50°C
to give compound 119 in the form of a cream-white solid (56 mg, 84%).

MS: m/z = 492 (ES+).

1H NMR (300 MHz, DMSO-46) 8 Oppm 12.37 (s, 1H), 9.38 (s, 1H), 9.06 (s, 1H), 9.05 (s, 1H), 8.99
(s, 1H), 8.96 (s, 1H), 8.60 (t, 1H), 8.52 (dt, 1H), 7.55 (dd, 1H), 7.41 (t, 1H), 7.38 (s, 1H), 7.27 (d, 1H),
7.03 (d, 1H), 3.68 (m, 4H), 3.52 (s, 2H), 3.32 (m, 4H), 2.41 (s, 6H).

henvl}pipetazin-1-ylethanone 120

Compound 120 is prepared as for 119 using compound 115 (70 mg, 0.136 mmol) to give a bright
white solid (42 mg, 63%).

MS: nvz = 492 (ES+).

1H NMR (300 MHz, DMSO-d6) & Oppm 12.30 (s, 1H), 9.37 (s, 1H), 9.03 (s, 2H), 8.99(s, 1H), 8.90
(s, 1H), 8.60 (d, 1H), 8.51 (dd, 1H), 7.72 (d, 2H), 7.55 (dd, 1H), 7.15 (d, 2H), 3.71 (¢, 2H), 3.64 (¢, 2H),
3.25 (m, 4H), 3.22 (s, 2H), 2.25 (s, 6H).
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To a suspension of compound 117 (70 mg, 0.136 mmol) in dichloromethane (1.5 ml) is added N,N-
diisopropylethylamine (74 mg, 0.1 ml, 0.574 mmol). The reaction is stirred at 25°C for 15 minutes,
followed by addition of acetyl chloride (22 mg, 0.28 mmol). After stirring at 25°C for 1 hour, a further
portion of acetyl chloride (22 mg) and N,N-diisopropylethylamine (0.2 ml) is added. After a further
15 minutes, methanol (0.5 mi) is added and the mixture is concentrated to dryness. The residue is
partitioned between saturated aqueous sodium bicarbonate solution and dichloromethane, and the
aqueous phase is then re-extracted with dichloromethane (5 * 30 ml). The organic phases are dried
over MgSO, and concentrated to dryness. The residue is stirred with LiOH (5 mg) in methanol (5 ml +
a few % of water) for 30 minutes. The solution is evaporated to dryness and the residue obtained is
again partitioned between saturated aqueous sodium bicarbonate solution and dichloromethane, and
the aqueous phase is then re-extracted with dichloromethane. The organic phases are dried over
MgSO, and concentrated to dryness, and the solid obtained is dried under reduced pressure at 50°C to
give compound 121 in the form of an orange-red solid (38 mg, 62%).

MS: m/z = 449 (ES+).

1H NMR (300 MHz, DMSO-d6) 8 Oppm 9.38 (s, 1 H), 9.04 (s, 2H), 8.97 (s, 1H), 8.94 (s, 1H), 8.59
(d, 1H), 8.52 (d, 1H), 7.54 (dd, 1H), 7.40 (t, 1H), 7.37 (s, 1H), 7.26 (d, 1H), 7.02 (d, 1H), 3.60 (m, 4H),
3.26 (m, 4H), 2.07 (s, 3H).

Example 137: 1-(4-{4-[6-{pyrid-3-yD)-9H-pyrrolo[2.3-b:5.4-c’]dipyrid-3-vlIphenyl} piperazin-1-yl}-

ethanone 122
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Compound 122 is prepared according to the procedure for compound 121 starting with compound 115
(70 mg, 0.136 mmol). The crude product (26 mg) is purified by SPE chromatography (SCX cartridge
eluted with 7N ammoniacal methanol solution, in dichloromethane) followed by trituration in
methanol to give 9 mg (15%) of product in the form of an orange-coloured solid.

MS: m/z = 449 (ES+).

1H NMR (300 MHz, DMSO-d6) § Cppm 12.30 (s, 1H), 9.38 (s, 1H), 9.03 (s, 1H), 8.99 (s, 2H), 8.90
(s, 1H), 8.60 (s, 1H), 8.52 (d, 1H), 7.72 (d, 2H), 7.55 (dd, 1H), 7.14 (d, 2H), 3.60 (t, 4H), 3.26 (t, 2H),
3.20 (t, 2H), 2.07 (s, 3H).

Example 138: 3-[4-{4-methylpiperazin-1-vl}pheny]
123

HCHO {aq)

Na(OAc),BH/DCE

Compound 115 (70 mg, 0.136 mmol) and sodium triacetoxyborohydride (370 mg, 1.75 mmol) in 1,2-
dichloroethane (4 ml) are stirred at 25°C for 20 minutes, followed by addition of an aqueous solution
of HCHO (0.026 ml, 37%, 0.347 mmol). The mixture is stirred overnight and then diluted with a
mixture of saturated aqueous sodium bicarbonate solution and dichloromethane. The aqueous phases
are re-extracted with dichloromethane (12 x 30 ml). The combined organic phases are dried over
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MgS0,, concentrated and dried at 50°C under reduced pressure to give compound 123 in the form of a
yellow solid (54 mg, 74%).

MS: m/z =421 (ES+).

1H NMR (300 MHz, DMSO-d6) 8 Uppm 12.32 (br, 1H), 9.38 (s, 1H), 9.03 (s, 1H), 9.02 (s, 1H),
8.97 (d, 1H), 8.89 (s, 1H), 8.60 (t, 1H), 8.52 (t, 1H), 7.70 (d, 2H), 7.55 (dt, 1H), 7.11 (d, 2H), 3.24 (m,
8H), 2.24 (s, 3H).

Example 139: 3-[3-(4-methylpiperazin-1-v]phenyl]-6-(pyrid-3-vD-9H-pyrrolo[2.3-b:5.4-¢’ ]dipyridine
124

HCHO (aq)

Na{OAc),BH/DCE

124

Iz

Compound 124 is prepared according to the procedure for compound 123, starting with compound 117
(70 mg, 0.136 mmol), to give a white solid (49 mg, 86%).

MS: m/z = 421 (ES+).

1H NMR (300 MHz, DMSO-d6) 8 Dppm 12.35 (s, 1H), 9.38 (s, 1E), 9.04 (s, 2H), 9.00 (s, 1), 8.94
(s, 1H), 8.60 (d, 1H), 8.52 (d, 1H), 7.55 (dd, 1H), 7.35 (t, LH), 7.33 (s, 1H), 7.21 (d, 1H), 7.00 (d, 1H),
3.28 (m, 8H), 2.25 (s, 3H).

Example 140: 3-{3-[4-(propan-2-yl)piperazin-1-vl]phenyl
dipyridine 125

Compound 125 is prepared according to the procedure for compound 123 starting with compound 115
(70 mg, 0.136 mmol) and acetone (78 mg, 1.35 mmol) to give a white solid (52 mg, 85%).

MS: m/z = 449 (ES+).

1H NMR (300 MHz, DMSO-46) § Oppm 12.36 (s, 1H), 9.38 (s, 1H), 9.04 (s, 2H), 9.00 (s, 1H), 8.94
(s, 1H), 8.60 (d, 1H), 8,52 (d, 1H), 7.55 (dd, 1H), 7.37 (t, 1H), 7.32 (s, 1H), 7.22 (d, 1H), 7.00 (s, 1H),
3.26 (m, 4H), 2.70 (m, 1H), 2.63 (m, 4H), 1.08 (t, 6H).

dipvridine 126
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AcOH, 4A molecular sieves
NaCNBH,, MeOH

OTMS

l><o/\

To a suspension of compound 115 (100 mg, 0.194 mmol) and ground 4 A molecular sieves (200 mg)
in methanol (5 ml) are added (1-ethoxycyclopropoxy)trimethylsilane (200 mg, 1.15 mmol), acetic acid
(115 mg, 1.92 mmol) and sodium cyanoborohydride (1 M solution in tetrahydrofuran, 0.87 ml,
0.87 mmol). After heating at 60°C for 7 hours, the reaction mixture is cooled and partitioned between
saturated aqueous sodium bicarbonate solution and dichioromethane. The aqueous phases are re-
extracted with dichloromethane (30ml x 6). The combined organic phases are concentrated to dryness
and dried at 50°C under reduced pressure to give 66 mg of a beige-coloured solid. This solid is
purified by SPE chromatography (10% SCX 7N NHjz/methanol in dichloromethane). 44 mg of a
yellow solid are obtained, which is triturated in methanol to give 40 mg of a yellow solid 126 (29%).

MS: m/z = 447 (ES+).

1H NMR (300 MHz, DMSO-d6) 5 Oppm 12.28 (s, 1H), 9.37 (s, 1H), 9.03 (s, 1H), 8.99 (s, 1H), 8.97
(s, 1H), 8.89 (s, 1H), 8.60 (d, 1H), 8.51 (d, 1H), 7.69 (d, 2H), 7.55 (dd, 1H), 7.10 (d, 2H), 3.19 (t, 4H),
2.71 (t, 4H), 1.68 (m, 1H), 0.45 (m, 2H), 0.37 (m, 2H).

Example 142: 3-[3-(4-cyclopro
dipvridine 127

H
U AcOH, 4A molecular sieves

NaCNBH;, MeOH

OTMS

o™

Compound 127 is prepared according to the procedure for compound 126 starting with compound 117
(100 mg, 0.194 mmol). The crude product obtained (97 mg) is purified by SPE chromatography (SCX,
10% of 7N ammoniacal methano! solution, in dichloromethane) to give 58 mg (42%) of an off-white
solid.

MS: m/z = 447 (ES+).

1H NMR (300 MHz, DMSO-d6) § Oppm 12.35 (s, 1H), 9.38 (s, 1H), 9.04 (s, 2H), 8.99 (s, 1H), 8.93
(s, 1H), 8.60 (d, 1H), 8.52 (d, 1H), 7.55 (dd, 1H), 7.37 (t, 1H), 7.33 (s, 1H), 7.2 (d, 1H), 6.99 (d, 1H),
3.24 (t, 4H), 2.73 (t, 4H), 1.70 (m, 1H), 0.44 (m, 2H), 0.38 (m, 2H).

Example 143: 2-methyl-2-propyl 4- {4-[6-(pyrid-3-y1)-9H-pyrrolo[2.3-b:5.4-¢1dipyrid-3-yllpyrid-2-
1}piperazine-1-carboxvlate 128
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Pd(dppf)Cl,, Cs,CO,
DME, water

Compound 128 is prepared according to the procedure for compound 116 from 3-bromo-6-(pyrid-3-
y1)-9H-pyrrolo[2,3-b:5,4-c’1dipyridine 6 (150 mg, 0.462 mmol) and fers-butyl 4-[4-(4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-yl)pyrid-2-yl]piperazine-1-carboxylate (270 mg, 0.694 mmol), to
give a white solid (160 mg, 68%).

MS: m/z = 508 (ES+).
1H NMR (300 MHz, DMSO-d6) § Oppm 12.50 (s, 1H), 9.38 (s, 1H), 9.18 (s, 1H), 9.07 (s, 2H), 8.97
(s, 1H), 8.61 (d, 1H), 8.52 (d, 1H), 8.26 (d, 1H), 7.55 (dd, 1H), 7.28 (s, 1H), 7.17 (d, 1H), 3.64 (m, 4H),
3.50 (m, 4H), 1.4 (s, OH).

Example 144: 3-[2-(piperazin-1-yl)pyrid-4-y1]-6-(pyrid-3-v1}-9H-pyrrolo[2.3-b:5.4-c’ 1dipyridine 129

Compound 129 is prepared according to the procedure for compound 117 starting with compound 128
(108 mg, 0.213 mmol), to give the expected compound (hydrochloride, 4 HC, 100 mg, 86%) in the
form of a yellow solid.

MS: m/z = 408 (ES+).

1H NMR (300 MHz, DMSO-d6) § Oppm 12.95 (s, 1H), 9.63 (br, 2H), 9.53 (s, 1H), 9.39 (s, 1H),
9.28 (s, 1H), 9.25 (s, 1H), 9.16 (t, 1H), 9.14 (s, 1H), 8.93 (d, 1H), 8.27 (d, 1H), .16 (dd, 1H), 7.72 (s,
1H), 7.46 (d, 1H), 4.10 (br, 4H), 3.30 (br, 4H).

Example 145: N.N-dimethvl-3-({5-[6-
oxv)propan-1-amine 130

Pd(dppf)Cl,, Cs,CC,
DME, water
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Compound 130 is prepared according to the procedure for compound 114 from 3-bromo-6-(pyrid-3-
y)-9H-pyrrolo[2,3-b:5,4-¢c’Jdipyridine 6 (150 mg, 0.462 mmol) and dimethyl-{3-[5-(4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-yl)pyrid-2-yloxy]propyl}amine (184 mg, 0.60 mmol), to give a
beige-coloured solid (80 mg, 41%)).

MS: m/z = 425 (ES+).
1H NMR (300 MHz, DMSO-d6) § Oppm 12.40 (s, 1H), 9.36 (s, 1H), 9.05 (s, 2H), 8.96 (s, 1H), 8.93
(s, 1H), 8.61 (s, 1H), 8.60 (d, LH), 8.51 (d, 1H), 8.16 (d, 1H), 7.55 (dd, 1H), 6.9 (d, 1H), 4.36 (1, 2H),
2.38 (t, 2H), 1.9 (s, 6H), 1.90 (m, 2H).

Example 146: N,N-dimethyl-3-44-[6-
propan-l-amine 131

Pd{PPh;),, Cs,CO,
DME, water

A suspension of 3-bromo-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’|dipyridine 6 (250 mg, 0.77 mmol),
dimethyl-{3-[4-(4,4,5,5-tetramethyl[1,3,2]dioxaborolan-2-yl)phenoxy]propyl } amine (250 mg,
0.82 mmol), Pd(PPh;), (44 mg, 0.039 mmol) and caesium carbonate (627 mg, 1.9 mmol) in 1,2-
dimethoxyethane (2.5 ml) and water (0.25 ml} is heated at 105°C under nitrogen in a sealed tube for
23 hours. The reaction mixture is diluted with dichloromethane/tetrahydrofuran/methanol and filtered
through Celite. The filtrate is concentrated to dryness and the residue is chromatographed (silica gel
treated beforehand with 1% triethylamine in dichloromethane, and then eluted with
dichloromethane/methanol) to give the product 131 in the form of a white solid (41 mg, 13%).

MS: m/z = 424 (ES+).
1H NMR (300 MHz, DMSO-46) & Oppm 12.32 (s, 1H), 9.37 (s, 1H), 9.03 (s, 1H), 9.00 (s, 1H), 8.99
(s, 1H), 8.90 (s, 1H), 8.59 (d, 1H), 8.51 (d, 1H), 7.75 (d, 2H), 7.55 (dd, 1H), 7.10 (d, 2H), 4.08 (¢, 2H),
2.39 (t, 2H), 2.17(s, 6H), 1.89 (t, 2H).

Example 147: 3-{4-[3-(piperid-1-v]}propox

dipyridine 132
N Br
=z Pd(PPh,),, Cs,CO,
S | - DME, water
= / -
| i
NN
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Compound 134 is prepared according to the procedure for compound 131 starting with 4-{3-[4-
(4,4,5,5-tetramethyl[ 1,3,2]dioxaborolan-2-yl)phenoxy]propyl ymorpholine (399 mg, 1.15 mmol) and 3-
bromo-6-(pyrid-3-yl)}-9H-pyrrolof2,3-b:5,4-c’]dipyridine 6 (250 mg, 0.77 mmol), to give the expected
product (125 mg, 35%) in the form of a white solid.
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Compound 136 is prepared according to the procedure for compound 131 starting with 4-(4,4,5,5-
tetramethyl[ 1,3,2]dioxaborolan-2-yl)phenol (305 mg, 1.39 mmol) and 3-bromo-6-(pyrid-3-y1)-9H-
pyrrolo[2,3-b:5,4-¢’1dipyridine 6 (200 mg, 0.62 mmol), to give the expected product (37 mg, 18%) in
the form of a white solid.

MS: m/z = 339 (ES+).
1H NMR (300 MHz, DMSO-d6) & Oppm 12.27 (s, 1H), 9.60 (s, 1H), 9.36 (s, 1H), 9.02 (s, 1H), 8.88
(s, LH), 8.86 (s, LH), 8.83 (d, 1H), 8.60 (d, 1H), 8.50 (d, 1H), 7.62 (d, 2H), 7.55 (dd, 1H), 6.93 (d, 2H).

Example 152: 3-(4-{3-[4-(methyisulfony]piperazin-1-vllpropoxy pheny])-6-(pyrid-3-v)-9H-pvrrolo-

2.3-b:5.4-c’]dipyridine 138
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Compound 138 is prepared according to the procedure for compound 131 starting with 137 (used in
crude form, 520 mg, 1.03 mmol) and 3-bromo-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine 6
(250 mg, 0.77 mmol), to give the expected product (118 mg, 28%) in the form of a white solid.

MS: m/z = 543 (ES+).

1H NMR (300 MHz, CDCL + methanol-d;) 8 Oppm 9.21 (s, 1H), 9.04 (s, 1H), 8.78 (s, 1H), 8.68 (s,
1H), 8.58 (d, 1H), 8.46 (s, 1H), 8.43 (d, 1H), 7.62 (d, 2H), 7.50 (dd, 1H), 7.06 (d, 2H), 4.12 (t, 2H),
3.29 (m, 4H), 2.83 (s, 3H), 2.65 (m, 6H), 2.05 (t, 2H).

amine 140

Step 1: N,N-diethyl-2~[3-(4,4,5,S-tetramethyl-1,3,2—dioxaborolan—2-yl)phenoxy]ethanamine 139

: :o\ Cs,CO,/THF i :o\
/B B /
o Br 0/ N
ZO—/_ — 20_/* \
139

"™

139 is prepared according to the procedure for compound 137 starting with 2-[3-(2-bromo-
ethoxy)phenyl]-4,4,5,5-tetramethyl[ 1,3,2]dioxaborolane (300 mg, 0.92 mmol) and diethylamine
(104 mg, 1.43 mmol), to give the expected product 139 (262 mg, 89 %) in the form of a yellow oil.
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MS: m/z = 320 (ES+).

1H NMR (300 MHz, CDCl;) § Oppm 7.46-7.26 (m, 3H), 7.03 (s, 1H), 4.10 (t, 2H), 2.89 (t, 2H), 2.64
{q, 4H), 1.35 (s, 12H), 1.10 (t, 6H).

Step 2:

Pd(PPh,),, Cs,CO,
DME, water

Compound 140 is prepared according to the procedure for compound 131 starting with 139 (used in
crude form, 259 mg, 0.81 mmol) and 3-bromo-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’Jdipyridine 6
(200 mg, 0.62 mmol), to give the expected product (56 mg, 21%) in the form of a white solid.

MS: m/z = 438 (ES+).

1H NMR (300 MHz, CDCl; + methanol-d,) 8 Dppm 9.24 (s, 1H), 9.05 (s, 1H), 8.80 (s, 1H), 8.75 (s,
LH), 8.58 (d, 1H), 8.50 (s, 1H), 8.42 (d, 1H), 7.48 (dd, 1H), 7.4 (¢, 1H), 7.33 (d, 1H), 7.32 (s, 1H),
6.97 (dd, 1H), 4.58 (t, 2H), 3.50 (t, 2H), 3.28 (q, 4H), 1.45 (t, 6H).

Example 154 (142) and Example 155: 3-{4-[ 6-(pyrid-3-y1)-9H-pyrrolof2.3-b:5.4-c’]dipvrid-3-yl]-
henoxyipropan-1-amine 143

Step 1: 2-methyl-2-propyl {3-{4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]propyl }-
carbamate 141

o}
CSZCO , THF 7
HO B ; : < > S
\o: i 0{ °
o 141

HN "

/%0,&0

141 is prepared according to the procedure for 137 starting with 4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)phenol (264 mg, 1.2 mmol) and 2-methyl-2-propyl (3-bromopropyl)-
carbamate (450 mg, 1.89 mmol), to give a brown oil (500 mg).

MS: m/z = 378 (ES+).
1H NMR (300 MHz, CDCl;) § Oppm 7.75 (d, 2H), 6.89 (d, 2H), 4.05 (t, 2H), 3.33 (g, 2H), 1.99 (p,
2H), 1.42 (s, SH), 1.35 (s, 12H).

Step 2: 2-methyl-2-propyl (3-{4-[6—(pyrid—3-yl)-9H-pyrrolo[2,3-b:5,4-0’]dipyrid-3-y1]phenoxy}-
propyl)carbamate 142
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142 is prepared according to the procedure for compound 131 starting with 141 (used in crude form,
500 mg, 1.32 mmol) and 3-bromo-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 6 (200 mg,
0.62 mmol)}, to give the expected product (46 mg, 15%) in the form of a pale yellow solid.

1H NMR (300 MHz, CDCL) 8 Oppm 9.31 (s, 1H), 9.11 (s, 1H), 8.83 (s, 1H), 8.66 (d, 1H), 8.62 (s,
1H), 8.44 (s, 1H), 8.42 (d, 1H), 7.61 (d, 2H), 7.44 (dd, 1H), 7.05 (d, 2H), 4.82 (br, 1H), 4.11 (¢, 2H),
3.39 (q, 2H), 2.04 (p, 2H), 1.47 (s, 9H).

Step 3:

Compound 142 (45 mg, 0.09 mmol) is treated with 0.5 ml of trifluoroacetic acid in dichloromethane
(3 ml) at 0°C and then stirred at 25°C overnight. The mixture is then cooled to 0°C and neutralized
with saturated aqueous sodium bicarbonate solution to give a suspension, which is filtered; the
precipitate is washed with water and then with dichloromethane, and then dried to give 3-{4-[6-(pyrid-
3-yl)-SH-pyrrolo[2,3-b:5,4-¢*]dipyrid-3-yl]phenoxy} propan-1-amine 143 (35 mg, 97%) in the form of

an amber-yellow solid.
0—\—\

H
o TFA, CH,Cl,

MS: m/z = 396 (ES+)
1H NMR (300 MHz, DMSO-d6) 5 Oppm 9.37 (s, 1H), 9.03 (s, LH), 8.98 (s, 2H), 8.89 (s, 1H), 8.59
(d, 1H), 8.51 (d, 1H), 7.74 (d, 2H), 7.54 (dd, 1H), 7.10 (d, 2H), 4.09 (t, 2H), 3.14 (m, 2H), 2.73 (br,
1H), 1.86 (m, 2H).

Example 156: 2-methyl-2-propvl 4-
id-2-yl}piperazine-1-carboxvlate 144
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Compound 144 is prepared according to the procedure for compound 114 starting with 3-bromo-6-
(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢*dipyridine 6 (150 mg, 0.462 mmol) and tert-butyl 4-[4-methyl-5-
(4,4,5,5-tetramethyl[ 1 ,3,2]dioxaborolan-2-yl)pyrid-2-yl]piperazine-1-carboxylate (242 mg,
0.60 mmol), to give the expected compound (120 mg, 50%) in the form of a brown solid.

MS: m/z = 522 (ES+).
1H NMR (300 MHz, DMSO-d6) 8 Cppm 12.37 (s, 1H), 9.36 (s, 1H), 9.05 (s, 1H), 8.95 (s, 1H), 8.73
(s, 1H), 8.60 (d, 1H), 8.58 (s, 1H), 8.50 (m, 1H), 8.09 (s, 1H), 7.54 (dd, 1H), 6.89 (s, 1H), 3.56 (m, 4H),
3.46 (m, 4H), 2.30 (s, 3H), 1.4 (s, 9H).

Example 157: 3-[4-methv1-6-(ninerazin—1-v])Dvrid-3-v11-6-(Dvrid-3-vl)-9H—Dvrrolo[2.3-b:5.4-c’]-

dipyridine 145

oo C
HCl! (aq)
MeOH

N
H

145

Compound 145 is prepared according to the procedure for compound 115 starting with compound 144
(60 mg, 0.115 mmol), to give the expected product (hydrochloride, 4 HCI), 65 mg, 100%) in the form
of a yellow solid.

MS: m/z = 422 (ES+),

IH NMR (300 MHz, DMSO-46) & Oppm 12.78 (s, 1H), 9.54 (s, 1H), 9.45 (br, 2H), 9.26 (s, 1H),
9.17 (s, 1H), 9.14 (s, 1H), 8.90 (d, 1H), 8.81 (s, 1H), 8.69 (s, IH), 8.12 (t, 2H), 7.23 (s, 1H), 3.93 (br,
4H), 3.25 (br, 4H), 2.38 (s, 3H).

Example 158: 3-[6-(Dinerazin-1-vl}nvrid-3-vl]-6—(nvrid-3-vl)-9H-pvrrolo[2.3-b:5,4-c’]dipvridine 146
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Compound 146 is prepared according to the procedure for compound 114 starting with 3-bromo-6-
(pyrid-3-yl)-SH-pyrrolo[2,3-b:5,4-¢’|dipyridine 6 (150 mg, 0.462 mmol) and 1-5-(4,4,5,5-tetra-
methyl[1,3,2]dioxaborolan-2-yl)pyrid-2-yl]-piperazine (175 mg, 0.605 mmol), to give the expected
compound (172 mg, 92%) in the form of a brown solid.

MS: m/z = 408 (ES+).

1H NMR (300 MHz, DMSO-d6) 5 Oppm 12.32 (br, 1H), 9.37 (s, 1H), 9.03 (s, 1H), 8.9 (s, 1H),
8.95 (s, 1H), 8.90 (s, 1H), 8.60 (t, 1H), 8.58 (s, 1H), 8.51 (m, 1H), 8.00 (d, 1H), 7.55 (dd, 1H), 6.98 (d,
1H), 3.49 (t, 4H), 2.81 (t, 4H).

Step 1: 2°,5”-dichloro-5-fluoro-[3,4°|bipyridyl-2-ylamine 147

Pd(PPh,), cl
y \ Cul dioxane = N
cl €l MW120°C th |
— r—— . F ~n S Cl
—8n— F B _
| N” TNH,
32 NZ N, 147

580 mg of 2-amino-3-bromo-5-fluoropyridine, 1.04 g of 2,5-dichloro-4-trimethylstannylpyridine 32,
246 mg of tetrakis(triphenylphosphine)palladium(0) and 122 mg of copper (I} iodide in 10 mL of 1,4-
dioxane are placed in a reactor, and the tube is sealed and subjected to microwave irradiation for
1 hour at 125°C. The reaction mixture is filtered through a 0.45 pum sinter funnel and then washed with
dichloromethane. After concentrating under reduced pressure, the residue obtained is purified by
chromatography on a column of silica, eluting with a 100/0 to 95/5 dichloromethane/methanol mixture,
and then taken up in ethyl acetate. After filtering through a 0.45 pum sinter funnel and washing with
diethyl ether, 712 mg of 2°,5°-dichloro-5-fluoro[ 3,4’ |bipyridyl-2-ylamine 147 are obtained in the form
of a beige-coloured solid.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 0.96; M+H)(+)' 258(+)/260(+)/...(presence of two chlorine
atoms),

Step 3: 5’-chloro-5-fluoro-2’-methoxy-[3,4’ bipyridyl-2-ylamine 148

Cl & IN
X X 0
P l
N NH,
148
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1.6 g of 2°,5’-dichloro-5-fluoro[3,4’]bipyridyl-2-ylamine 147 in 10 mL of methanol and then 670 mg
of sodium methoxide are placed in a reactor, and the tube is scaled and subjected to microwave
irradiation for 1 hour at 100°C. The reaction mixture is filtered through a 0.45 pm sinter funnel and
then washed with dichloromethane and concentrated under reduced pressure. The residue is taken up
in dichloromethane and water. After separation of the phases by settling, the organic phase is dried
over magnesium sulfate, filtered and then concentrated under reduced pressure to give 1.3 g of 5’-
chloro-5-fluoro-2’-methoxy[ 3,4 bipyridyl-2-ylamine 148,

UPLC-MS-DAD-ELSD (LS): Rt (min) = 0.93; (M+H)(+)' 254(+)/... (presence of a chlorine atom).

Step 4: 3-fluoro-6-methoxy-9H-pyrrolo[2,3-b:5,4-c’Jdipyridine 149

Cl T Pd(OAc),, Josiphos |
| tBuQK, dioxane o F
F X 2 = | | =
T N P
- N N
N NH, H
148 149

99 mg of (R)-(-)-1-[(S)-2-(dicyclohexylphosphino)ferrocenyl]ethyldi-ter-butylphosphine and 36.3 mg
of palladium (II) acetate in 1 mL of anhydrous 1,4-dioxane are placed in a tube, under an argon
atmosphere and stirred for 10 minutes at 40°C.

410 mg of 5’-chloro-5-fluoro-2’-methoxy[3,4’ Jbipyridyl-2-ylamine 148 and 725 mg of potassium fer-
butoxide in 4 ml of anhydrous 1,4-dioxane are placed in a reactor under argon, the solution prepared
previously is then added, and the tube is sealed and subjected to microwave irradiation for 2 hours at
120°C. The reaction mixture is filtered through a 0.45 pm sinter funnel and washed with
dichloromethane, and the filtrate obtained is then concentrated under reduced pressure. The residue is
taken up in ethyl acetate and water. After separation of the phases by settling, the organic phase is
dried over magnesium sulfate, filtered and then concentrated under reduced pressure. After triturating
in ethyl acetate foliowed by filtering under vacuum, 350 mg of 3-fluoro-6-methoxy-9H-pyrrolo[2,3-
b:5,4-c’]dipyridine 149 are obtained in the form of a yellow solid.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 0.75; (M+H)(+)’ 218(+); (M-H)(-Y 216(-).

Step 5: 3-fluoro-9H-pyrrolo[2,3-b:5,4-c’)dipyrid-6-ol 150

0 F HClag HO o F

T 1] — | B
NS ACOH NS
N H

149 150

900 mg of 3-fluoro-6-methoxy-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 149 in 6 ml of acetic acid and 4 ml
of aqueous 37% hydrochloric acid solution are placed in a reactor, and the tube is sealed and subjected
to microwave irradiation for 3 hours at 130°C. The reaction mixture is filtered under vacuum and then
washed with diethyl ether to give, after drying, 1.0 g of 3-fluoro-9H-pyrrolo(2,3-b:5,4-c’]dipyrid-6-ol
150 in the form of a yellow solid.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 0.41; (M+H)(+)' 204(+); (M-H)(-)' 202(-).

Step 6: 3-fluoro-9H-pyrrolo[2,3-b:5,4-c ]dipyrid-6-y! trifluoromethanesulfonate 151
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A mixture of 1 g of 3~-fluoro-9H-pyrrolo[2,3-b:5,4-c"]dipyrid-6-0l 150 in 20 mL of pyridine and 5.8 ml
of triflic anhydride is stirred 45 minutes at room temperature. The reaction mixture is poured into ethyl
acetate and saturated aqueous bicarbonate solution. After separation of the phases by settling, the
organic phase is dried over magnesium sulfate, filtered and then concentrated under reduced pressure.
The residue is purified by chromatography on a column of silica, eluting with a 100/0 to 0/100
heptane/ethyl acetate mixture to give 828 mg of 3-fluoro-SH-pyrrolo[2,3-b:5,4-c’Jdipyrid-6-yl
trifluoromethanesulfonate 151 in the form of a beige-coloured solid.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 1.22; (M+H)(+)' 336(+); (M-H)(-)' 334(-).

Step 7: 3-fluoro-6-(5-methoxypyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢” ]dipyridine 152

>< PdCl(dppf)
§=0 dioxane/water AN
o’f o Cs,CO, ©

3= A

100 mg of 3-fluoro-9H-pyrrolo[2,3-b:5,4-¢’|dipyrid-6-yl trifluoromethanesulfonate 151, 105 mg of 3-
methoxy-5-pyridineboronic acid pinacol ester, 292 mg of caesium carbonate, 11 mg of 1,1°-
bis(diphenylphosphino)ferrocenedichloropalladium(Il) in 8 mL of 1,4-dioxane and 2 mL of water are
placed in a reactor, and the tube is sealed and subjected to microwave irradiation for 30 minutes at
125°C. The reaction mixture is poured into water and ethyl acetate. After separation of the phases by
settling, the organic phase is dried over magnesium sulfate, filtered and then concentrated under
reduced pressure. The residue is purified by chromatography on a column of silica, eluting with pure
ethyl acetate to give 65 mg of 3-fluoro-6-(5-methoxypyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine
152 in the form of a yellow solid.

1H NMR (400 MHz, DMSO-d6) 50 ppm 3.95 (s, 3 H) 8.05 (dd, J= 2.8, 1.8 Hz, 1 H) 8.31 (d, J =
2.7 Hz, 1 H) 8.64 - 8.66 (m, 2 H) 8.93 (d, /= 1.0 Hz, 1 H) 8.95 (d, J= 1.7 Hz, 1 H) 9.05 (d, /= 1.0 Hz,
1 H) 12.39 (br. s., 1 H).

LC-MS (7 min): Rt (min) = 2.68; [M+H]" m/z 295; [M-H]" m/z 293.
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In a manner similar to that for compound 152, 10 mg of 3-fluoro-6-(4-methoxypyrid-3-yl)-9H-
pyrrolo[2,3-b:5,4-c’|dipyridine 153 are obtained from 100 mg of 3-fluoro-9H-pyrrolo[2,3-b:5,4-¢’]-
dipyrid-6-yl trifluoromethanesulfonate 151 and 68 mg of 4-methoxy-3-pyridineboronic acid.

1H NMR (400 MHz, DMSO-46) 8 Oppm 3.97 (s, 3 H) 7.22 (d, J= 5.9 Hz, 1 H) 8.47 (d, J= 5.9 Hz,
1 H) 8.62 - 8.64 (m, 2 H) 8.73 (dd, J = 8.9, 2.8 Hz, 1 H) 8.84 (5, 1 H) 9.03 (d, /= 1.0 Hz, 1 H) 12.31
(br.s., 1 H).

LC-MS (7 min): Rt (min) = 2.19; [M+H]" m/'z 295; [M-H} m/z 293.

Example 161; 3-fluoro-6-[5-

"><F PACl,(dppf)
S=-' dioxane/water
o~ Cs,CO,

Cfffgu

In a manner similar to that for compound 152, 50 mg of 3-fluoro-6-[5~-(methylsulfanyl)pyrid-3-y1]-9H-
pyrrolo[2,3-b:5,4-c’]dipyridine 154 are obtained from 100 mg of 3-fluoro-9H-pyrrolo{2,3-b:5,4-c’]-
dipyrid-6-yl trifluoromethanesulfonate 151 and 141 mg of 5-(methylthio)pyridine-3-boronic acid.

154

1H NMR (400 MHz, DMSO-d6) 50 ppm 2.64 (s, 3 H) 8.36 (t, /= 2.1 Hz, 1 H) 8.49 (d, /= 2.2 Hz,
1 H) 8.62 - 8.67 (m, 2 H) 8.94 (d, J= 1.0 Hz, 1 H) 9.05 (d, /= 1.0 Hz, 1 H) 9.11 (d, /= 2.0 Hz, 1 H)
12.37 (br. 5., 1 H).

UPLC-SQD: Rt (min) = 0.67; [M+H]" m/z 311; [M-H]" m/z 309.

Example 162: 3-fluoro-6-{thiophen-3-y1)-0H-

F><F PACl,{dppf)
s__._-_ dioxane/water
o” Cs,CO,

jeswires

In & manner similar to that for compound 152, 89 mg of 3-fluoro-6-(thiophen-3-yl)-9H-pyrrolo|2,3-
b:5,4-c’|dipyridine 155 are obtained from 150 mg of 3-fluoro-9H-pyrrolo{2,3-b:5,4-¢’1dipyrid-6-yl
trifluoromethanesulfonate 151 and 86 mg of thiophenyl-3-boronic acid.
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1H NMR (400 MHz, DMSO-d6) 3 ppm 7.67 (dd, /= 3.1 and 5.1 Hz, 1 H); 7.80 (dd, /= 1.3 and
5.1 Hz, 1 H); 8.05 (dd, J= 1.3 and 3.1 Hz, 1 H); 8.61 (dd, /= 2.8 and 7.7 Hz, 1 H); 8.62 (d, /= 2.8 Hz,
1H);8.67 (d, /=12 Hz, 1 H); 8.93 (d,J= 1.2 Hz, 1 H); 12.25 (broad s, 1 H)
LC-MS-DAD-ELSD: 268(-) = (M-H)(-); 270(+) = (M+H)(+) Rt (min) = 2.79

Step 1: 5-chloro-2-methoxy-4-(trimethylstannyl)pyridine 156

LITMP, Me,SnCl N/
- THE, -78°C —3n

A mixture of 10 g of 5-chloro-2-methoxypyridine and 220 mL of tetrahydrofuran is cooled to -78°C,
followed by gradual addition of a freshly prepared solution of 14.1mL of 2,2,6,6-
tetramethylpiperidine in 50 mL of tetrahydrofuran and 36.4 mL of 2.3N n-butyllithium in hexane.
After stirring for 4 hours at -78°C, 17.3 g of trimethyltin chloride dissolved in 30mL of
tetrahydrofuran are added to the reaction mixture. The reaction mixture is stirred at room temperature
for 18 hours and then treated with 200 mL of water and 200 mL of aqueous 10% ammonium chloride
solution and extracted with 500 ml and then 200 mL of ethyl acetate. The combined organic phases are
dried over magnesium sulfate, filtered and then concentrated to dryness under reduced pressure. The
residue is purified by chromatography on a column of silica, eluting with dichloromethane, to give
17.7 g of 5-chloro-2-methoxy-4-(trimethylstannyl)pyridine 156 in the form of a colourless oil.

UPLC-MS-DAD-ELSD: Rt (min) = 1.24; [M+H]" m/z 308.

1H NMR (400 MHz, DMSO-d6) § Jppm: 0.16 (t, /= 29.6 Hz, 9 H) 3.62 (s, 3 H) 6.61 (t, J =
20.5 Hz, 1 H) 7.90 (t, /= 8.3 Hz, 1 H).

Step 2: N-(5’<chloro-2’,5-dimethoxy-3,4’-bipyrid-2-yl)-2,2-dimethylpropanamide 157

Pd{PPh,), o)
Cul dioxane
MW 120 C 1h HN N
| &

G x T -

156 3g N AN 157

1.67g of N-(3-iodo-5-methoxypyrid-2-yl)-2,2-dimethylpropanamide 3g, 2.00g of 5-chloro-2-
methoxy-4-(trimethylstannyl)pyridine 156, 404 mg of tetrakis(triphenylphosphine)palladium(0) and
200 mg of copper iodide in 15 mL of 1,4-dioxane are placed in a reactor under argon and subjected to
microwave irradiation for 1 hour at 120°C. A further 202 mg of tetrakis(triphenylphosphine)-
palladium(0) and 100 mg of copper iodide are added and the mixture is again subjected to microwave
irradiation for 1 hour at 120°C. After 60 hours at 25°C, a further 100 mg of tetrakis(triphenyl-
phosphine)palladium(0), 50 mg of copper iodide and 0.50 g of stannyl derivative are added and the
mixture is subjected to microwave irradiation for 1 hour at 120°C.

The reaction mixture is poured into water and ethyl acetate and the suspension obtained is then filtered
through Celite. After separation of the phases by settling, the aqueous phase is extracted with ethyl
acetate. The combined organic phases are dried over magnesium sulfate, filtered and then concentrated
under reduced pressure. The residue is purified by chromatography on a column of silica, eluting with
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a 50/50 to 0/100 heptane/ethyl acetate mixture to give 1.28 g of N-(5’-chloro-2’,5-dimethoxy-3,4’-
bipyrid-2-y1)-2,2-dimethylpropanamide 157 in the form of a pale yellow solid.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 1.11; (M+H)(+) 350(+)/352(+), presence of a chlorine.
atom.

Step 3: 3,6-dimethoxy-9H-pyrrolo[2,3-b:5,4-¢’]dipyridine 158

0 Pd(OAc),, Josiphos o—
tBuCK, DME |

HN N 130°C 30 min o
| & 0 W
RV VS T No )
H
N c| 157 158

54 mg of palladium acetate and 152 mg of (R)-(-)-1-[(S)-2-(dicyclohexylphosphino)ferrocenyl]-
ethyldi-terr-butylphosphine in 2 mL of 1,4-dioxane are placed in a tube under argon and stirred for
10 minutes at 40°C. The solution is then added to a suspension of 1.20 g of N-(5’-chloro-2’,5-
dimethoxy-3,4’-bipyrid-2-yl)-2,2-dimethylpropanamide 157 and 770 mg of potassium tert-butoxide in
1.75 mL of I,4-dioxane. The reaction mixture is subjected to microwave irradiation for 30 minutes at
130°C.

The reaction mixture is taken up in ethyl acetate and filtered through Celite and then washed three
times with water. The organic phase is dried over magnesium sulfate, filtered and then concentrated
under reduced pressure. The residue is purified by chromatography on a column of silica, eluting with
a 50/50 to 0/100 heptane/ethyl acetate mixture to give 417 mg of 3,6-dimethoxy-9H-pyrrolo{2,3-b:5,4-
c’]dipyridine in the form of a yellow solid 158.

UPLC-MS-DAD-ELSD (LS): Rt (min) = 0.73; (M+H)(+)' 230(+).

Step 4: 3-methoxy-9H-pyrrolo[2,3-b:5,4-¢’]dipyrid-6-0] 159

o— o—
(l) = HCI, ACOH - =
S y/ N y/
| }« | N
N AN NP~y
H H
158 159

700 mg of 3,6-dimethoxy-9H-pyrrolo[2,3-b:5,4-¢”]dipyridine 158 in 8.1 ml of acetic acid and 2.7 ml
of concentrated hydrochloric acid are placed in a reactor and the mixture is subjected to microwave
irradiation for 2.5 hours at 130°C. The reaction medium is left for 16 hours at 25°C and then filtered to
give 810 mg of 3-methoxy-9H-pyrrolo[2,3-b:5,4-¢”]dipyrid-6-0l in the form of an ochre-coloured solid

159.
UPLC-MS-DAD-ELSD (LS): Rt (min) = 0.46; (M+H)(+) 216(+).

Step 5: 3-methoxy-9H-pyrrolo[2,3-b:5,4-¢’|dipyrid-6-y! trifluoromethanesulfonate 160
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pyridine

To a solution of 860 mg of 3-methoxy-9H-pyrrolo[2,3-b:5,4-c’]dipyrid-6-ol 159 in 40 mL of pyridine
under argon is added 0.65 ml of trifluoromethanesulfonic anhydride. After 30 minutes at 25°C,
0.65 ml of trifluoromethanesulfonic anhydride is added and the reaction medium is stirred for
30 minutes and then concentrated. This residue is taken up in ethyl acetate and then washed three
times with 5% aqueous ammonia solution. The combined aqueous phases are extracted twice with
ethyl acetate and the combined organic phases are then dried over magnesium sulfate, treated with
carbon black, filtered through Celite and then concentrated under reduced pressure to give 941 mg of
3-methoxy-9H-pyrrolo[2,3-b:5,4-c’]dipyrid-6-yl trifluoromethanesulfonate 160 in the form of an
ochre-coloured solid. '

UPLC-MS-DAD-ELSD (LS): Rt (min) = 1.26; (M+H)(+) 348(+).

; F F PdC),(dppf)
o) _o 00— dioxane/water
w5 Cs,CO, N,
; = \
X\ /
Ly g8

N B
H \”\? o
160 N 161

66 mg of 3-methoxy-SH-pyrrolo[2,3-b:5,4-¢”]dipyrid-6-y] trifluoromethanesulfonate 160, 29 mg of 1-
methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, 5 mg of 1,1’-bis(diphenyl-
phosphino)ferrocenedichloropalladium(Il) in 0.69 mL of 1,4-dioxane and 0.275 mL of aqueous 1.5 M
caesium carbonate solution are placed in a reactor under argon and the mixture is then subjected to
microwave irradiation for 30 minutes at 150°C.

The reaction mixture is taken up in ethyl acetate and filtered through Celite and then washed with
water. The organic phase is dried over magnesium sulfate, treated with carbon black, filtered through
Celite and then concentrated under reduced pressure to give 12 mg of 3-methoxy-6-(1-methyl-1H-
pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 161 in the form of a brown solid.

1H NMR (400 MHz, DMSO-46) & Cppm 3.91 (s, 3 H); 3.93 (s, 3 H); 7.97 (s, L H); 8.18 (s, 1H);
8.26 (d, /= 2.7Hz, 1 H); 8.35 (d, /= 2.7 Hz, 1 H); 8.40 (broad s, 1 H); 8.80 (d, J = 1.0 Hz, 1 H);
11.83 (broad s, 1 H). '

UPLC-SQD: Rt (min) = 0.42; [M+H]™ m/z 280; [M-H]" m/z 278.

Example 164: N.N-diethyl-2-[4-{3-methox 1}-3.5-dimethvl-1H-

pyrazol-1-yl]ethanamine 162
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52 mg of 3-methoxy-9H-pyrrolo[2,3-b:5,4-¢'Jdipyrid-6-y1 trifluoromethanesulfonate 160, 53 mg of
ester boronic acid 109, 6.5 mg of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium(Il} in
0.75 mL of 1,4-dioxane and 0.30 mL of aqueous 1.5 M caesium carbonate solution are placed in a
reactor under argon and the mixture is then subjected to microwave irradiation for 30 minutes at
150°C.

The reaction mixture is treated with water and extracted with an 80/20 ethyl acetate/THF mixture. The
combined organic phases are dried over magnesium sulfate, treated with carbon black, filtered through
Celite and then concentrated under reduced pressure. The residue is purified by chromatography on a
column of silica, eluting with an 80/20 dichloromethane/methanol mixture to give 6 mg of N,N-
diethyl-2-[4-(3-methoxy-9H-pyrrolo[2,3-b:5,4-¢’|dipyrid-6-yl)-3,5-dimethyl-1 H-pyrazol-1-yl]ethan-
amine 162.

1H NMR (400 MHz, DMSO-d6) § Dppm 0.95 (t, J= 7.1 Hz, 6 H); 2,30 (s, 3 H); 2.42 (s, 3 H); 2.50
to 2.55 (partially masked m, 4 H); 2.75 (t, J = 6.7 Hz, 2 H); 3.92 (s, 3 H); 4.06 (t, J = 6.7 Hz, 2 H);
8.10 (s, 1 H); 8.34 (d, /= 2.9 Hz, 1 H); 8.39 (d, J= 2.9 Hz, 1 H); 8.89 (s, 1 H); 11.84 (broad s, 1 H).
UPLC-SQD: Rt (min) = 0.36; [M+H]" m/z 393; [M-H]" m/z 391.

Example 165: N-[2-(dimethylamino)ethv]l

1H-pyrazol-1-vl]lacetamide 164

Step 1: N-[2-(dimethylamino)ethyl]-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yt}-1H-pyrazol-1-
yl]acetamide 163

N Me A, toluene h{ ? N=
= RN
/\0’&/")\3’0 . \/\ﬁ N. .~ B/O
) \
o | o}
H,N/\/N\ 163

To a solution of 120 pl of N,N-dimethylethylenediamine in 3 mL of toluene under argon at 15°C is
added dropwise 0.5 mL of a 2M solution of trimethylaluminium in toluene. After 5 minutes at 20°C, a
solution of 280 mg of 1-(ethoxycarbonylmethyl)-1H-pyrazole-4-boronic acid pinacol ester in 1.5 mL
of toluene is added to the reaction medium. The reaction medium is stirred for 1 hour at 20°C and then
poured into 15 mL of aqueous 1M potassium sodium tartrate solution and then extracted with twice
20 mL of dichloromethane. The combined organic phases are dried over magnesium sulfate, filtered
and then concentrated and dried under reduced pressure to give 125 mg of N-[2-
{dimethylamino)ethyl]-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl]acetamide
163 in the form of a pale yellow oil.

LC-MS (7 min): Rt (min) = 2.22; [M+H]* m/z 323.
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Step 2
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52 mg of 3-methoxy-9H-pyrrolo[2,3-b:5,4-¢’Jdipyrid-6-yl trifluoromethanesulfonate 160, 53 mg of N-
[2-(dimethylamino)ethyl]-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazol-1-yl]acet-
amide 163, 7 mg of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium(Il) in 0.75 mL of 1,4-
dioxane and 0.30 mL of aqueous 1.5 M caesium carbonate solution are placed in a reactor under argon
and the mixture is then subjected to microwave irradiation for 45 minutes at 150°C. The reaction
mixture is concentrated and the residue obtained is then taken up in DMF, silica is added, and this
mixture is concentrated under reduced pressure to give a solid deposit, which is purified by
chromatography on a column of silica, eluting with an 80/20/1 dichloromethane/meth-
anol/concentrated aqueous ammonia mixture to give 25 mg of N-[2-(dimethylamino)ethyl]-2-[4-(3-
methoxy-9H-pyrrolo]2,3-b:5,4-c’]dipyrid-6-y1)-1H-pyrazol-1-yl]acetamide 164 in the form of a brown
solid.

1H NMR (400 MHz, DMSO-d6) 8 _ppm 2.56 to 2.69 (broad m, 6 H); 2.86 to 3.04 (broad m, 2 H);
3.37 to 3.45 (broad m, 2 H); 3.93 (s, 3 H); 4.90 (s, 2H); 8.02 (s, 1 H); 8.23 (s, 1 H); 8.28 (d, /=2.9 Hz,
1 H); 8.29 to 8.33 (broad m, 1 H); 8.36 (d, /= 2.9 Hz, 1H); 8.44 (s, 1 H); 8.80 (s, 1 H); 9.58 to 10.29
(broad m, 1 H); 11.89 (broad s, 1 H).

UPLC-SQD: Rt (min) = 0.31; [M+H]" m/z 394; [M-HJ" m/z 392

Example 166: N.N-diethyl-3-[4-(3-methox
ropan-1-amine 165

Step 1
PdCl,{dppf)
dioxane/water
Cs,CO,
"

[ NV\/":}*E&:%

160 110

37 mg of 3-methoxy-9H-pyrrolo[2,3-b:5,4-¢”|dipyrid-6-yl trifluoromethanesulfonate 160, 36 mg of
N,N-diethyl-3-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazol-1-yl]propan-1-amine 110,
5 mg of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium(Il} in 0.50 mL of ,4-dioxane and
0.21 mL of aqueous 1.5 M caesium carbonate solution are placed in a reactor under argon and the
mixture is then subjected to microwave irradiation for 45 minutes at 150°C. The reaction mixture is
concentrated and the residue obtained is then taken up in DMF, silica is added, and this mixture is
concentrated under reduced pressure to give a solid deposit, which is purified by chromatography on a
colummn of silica, eluting with an 80/20/1 dichloromethane/methanol/concentrated aqueous ammonia
mixture to give 18 mg of N,N-diethyl-3-[4-(3-methoxy-9H-pyrrolo[2,3-b:5,4-¢’|dipyrid-6-yl)-1H-
pyrazol-1-yl]propan-1-amine 165.
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1H NMR (400 MHz, DMSO-d6) 6 Cppm 0.90 to 1.13 (broad m, 6 H); 1.92 to 2.09 (broad m, 2 H);
2.35 to 3.20 (partially masked broad m, 6 H); 3.93 (s, 3 H); 4.15 to 4.25 (broad m, 2 H); 8.02 (s, 1 H);
8.24 (s, L H); 8.27 (d, /= 2.9 Hz, 1 H), 8.35 (d, J = 2.9 Hz, 1 H); 8.42 (broad s, 1 H); 8.81 (d, /=
1.2 Hz, 1 H); 11.85 (broad s, 1 H).

UPLC-SQD: Rt (min) = 0.36; [M+H]" m/z 379.

Example 167; 2-methyl-2-

1-yllpentvl} carbamate 167

Step I: 2-methyl-2-propyl {5-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazol-1-yl]-
pentyl}carbamate 166

O Lo}

_iﬁi;: Br N “31\\
0
- /
/i:7” NaH, DMF o‘ji‘N’/\\’/ﬂ\:;;\\ﬂfjf7”B‘;;ﬁi;f
\ =

H

100 mg of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl}-1H-pyrazole, 137 mg of N-(5-
bromopentyl)-2,2-dimethylpropanamide, 671 mg of caesium carbonate and 2.0 mL of tetrahydrofuran
are introduced into a microwave reactor of suitable size. The mixture is irradiated for 1 hour at 130°C.
The reaction medium is concentrated and then taken up in ethyl acetate and washed twice with water.
The organic phase is dried over magnesium sulfate, filtered and then concentrated under reduced
pressure to give 145 mg of 2-methyl-2-propyl {5-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yljpentyl}carbamate 166 in the form of a colourless oil, which is used in crude form in the
following step.

UPLC-SQD: Rt (min) = 1.03; [M+H]" m/z 380.

Step 2: 2-methyl-2-propyl {5-{4-(3-methoxy-9H-pyrrolo[2,3-b:5,4-¢’]dipyrid-6-y1)-1H-pyrazol-1-yl]-

pentyl}carbamate 167
(o]
Oﬁ( ¥

NH
FF F PdCl,(dppf)
i{ _0 o dioxanef/water
i Cs,CO,
R /
| o J\
N. .= N
H o u\jf ﬁ
160

70 mg of 3-methoxy-9H-pyrrolo[2,3-b:5,4-¢’|dipyrid-6-yl trifluoromethanesulfonate 160, 91 mg of 2-
methyl-2-propyl {5-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl]pentyl}-
carbamate 166, 9 mg of 1,1°-bis(diphenylphosphino)ferrocenedichloropalladium(Il} in 1.0 mL of 1,4-
dioxane and 0.4 mL of aqueous 1.5 M caesium carbonate solution are placed in a reactor under argon
and the mixture is then subjected to microwave irradiation for 45 minutes at 150°C. The reaction
mixture is concentrated and the residue obtained is then taken up in DMSO and purified by HPLC in
acidic medium to give 32 mg of 2-methyl-2-propyl {5-[4-(3-methoxy-9H-pyrrolo[2,3-b:5,4-c’]-
dipyrid-6-yl)-1H-pyrazol-1-yl]pentyl}carbamate 167 in the form of a salt with trifluoroacetic acid.
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1H NMR (400 MHz, DMSO-d6) 8 Ippm 1.19 to 1.29 (m, 2 H); 1.35 (s, 9 H}; 1.37 to 1.46 (m, 2 H);
1.78 to 1.88 (m, 2 H); 2.87 to 2.93 (m, 2 H); 3.95 (s, 3 H); 4.19 (t, J = 6.9 Hz, 2 H); 6.81 (t, /= 5.6 Hz,
1 H); 8.05 to 8.17 (m, 1 H); 8.30 to 8.42 (m, 2 H); 8.45 to 8.58 (m, 1 H); 8.60 to 8.79 (broad m, 1 H);
8.85t0 8.95 (m, 1 H); 11.85 to 12.74 (broad m, 1 H).

amine 168

To 150 mg of product of compound 167 are added 2 mL of 4N hydrochloric acid solution in 1.4-
dioxane. The reaction medium is stirred with ultrasonication at 25°C for ! hour and then filtered; the
solid obtained is rinsed three times with ethyl acetate to give 135 mg of 5-[4-(3-methoxy-9H-pyrrolo-
[2,3-b:5,4-c’]dipyrid-6-yl)-1H-pyrazol-1-yl]pentan-1-amine 168 in the form of the hydrochloride as an
ochre-coloured solid.

1H NMR (400 MHz, PMSO-d6) 6 Cppm 1.29 to 1.41 (m, 2 H); 1.55 to 1.68 (m, 2 H); 1.79 to 1.94
(m, 2H); 2.72 to 2.84 (m, 2 H); 3.97 (s, 3 H); 4.25 (t, J= 6.7 Hz, 2 H); 7.72 to 7.92 (broad m, 3 H);
8.26 to 8.34 (broad m, 1 H); 8.42 to 8.47 (m, 1 H); 8.56 to 8.63 (m, 1 H); 8.63 to 8.72 (broad m, 1 H);
8.89 t0 8.93 (m, 1 H); 8.95 to 9.10 (broad m, 1 H); 12.41 to 13.03 (broad m, 1 H).

UPLC-SQD: Rt (min) = 0.35; [M+H]" m/z 351.

Example 169; 3-methox
b:5.4-¢’]1dipyridine 170

Step 1: 1-methyl-2-{2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)}-1H-pyrazol-1-yl]ethyl} -
piperidine 169

,0

oA o

Cs,C0,, THF

388 mg of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, 412 mg of 2-(2-bromoethyl)-
1-methylpiperidine, 2.6 g of caesium carbonate and 8 mL of tetrahydrofuran are introduced into a
microwave reactor of suitable size. The mixture is irradiated for 1 hour at 130°C. The reaction medium
is diluted with ethyl acetate and washed three times with water. The organic phase is dried over
magnesium sulfate, filtered and then concentrated under reduced pressure to give 482 mg of 1-methyl-
2-{2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-ylJethyl} piperidine 169 in the
form of a colourless oil, which is used in crude form in the following step.

UPLC-SQD: Rt (min) = 0.51; [M+H]" m/z 320.

Step 2
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70 mg of 3-methoxy-9H-pyrrolo[2,3-b:5,4-c’|dipyrid-6-yl trifluoromethanesulfonate 160, 91 mg of 1-
methyl-2-{2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yliethyl} piperidine 169,
9mg of 1,1°-bis(diphenylphosphino)ferrocenedichloropalladium(Il) in 1.0 mL of 1,4-dioxane and
0.4 mL of aqueous 1.5 M caesium carbonate solution are placed in a reactor under argon and the
mixture is then subjected to microwave irradiation for 45 minutes at 150°C. The reaction mixture is
concentrated and the residue obtained is then taken up in DMSQ and purified by HPLC in acidic
medium to give 32 mg of 3-methoxy-6-{1-[2-(1-methylpiperid-2-yl)ethyl]-1H-pyrazol-4-yl}-9H-
pyrrolo[2,3-b:5,4-¢”|dipyridine 170.

1H NMR (400 MHz, DMSO-46) 8 Lppm 1.04 to 3.58 (m, 14 H); 3.93 (s, 3 H); 4.24 (m, 2 H); 8.02
(s, 1 H); 8.26 (d, J=2.9 Hz, 1 H); 8.30 (s, 1 H); 8.36 (d, /= 2.9 Hz, 1 H); 8.41 (broad s, 1 H); 8.81 (d,
J=12Hz 1 H); 11.86 (s, 1 H).

UPLC-SQD: Rt (min) = 0.36; [M+H]" m/z 391; [M+2H]*" m/z 196 (base peak).

yl}benzoate 177

Step 1: 5’-chloro-2’,4-dimethoxy-3,4’-bipyrid-2-amine 171

Pd{PPh,),

H,N. _N
Cul, CsF, dioxane 2 =
MeO. - ~S"Me; mw 125°C1h
NG NG
NN ™ |
N. .= 0\
156 ¢! cl

-

N~ TNH, 3h 17

368 mg of 5-chloro-2-methoxy-4-(trimethylstannyl)pyridine 156, 250 mg of 3-iodo-4-methoxypyrid-
2-ylamine 3h, 304 mg of caesium fluoride and 38 mg of copper iodide in 2 mL of dimethylformamide
are placed in a tube, 116 mg of tetrakis(triphenylphosphine)palladium(0) and 2mL of
dimethylformamide are then added and the tube is sealed and subjected to microwave itradiation at
125°C for 2 hours. The reaction mixture is filtered through Celite, rinsed with 10 mL of ethyl acetate
and then washed with twice 10 mL of water. After separation of the phases by settling, the organic
phase is dried over magnesium sulfate, filtered and then concentrated fo dryness under reduced
pressure. The residue is purified by chromatography on a column of silica, eluting with a 50/50 to
0/100 heptane/ethyl acetate mixture to give 125 mg of 5’-chloro-2’,4-dimethoxy-3,4’-bipyrid-2-amine
171 in the form of a white solid.

UPLC-MS-DAD-ELSD: Rt (min) = 0.44; [M+H]" m/z 266. |
1H NMR (400 MHz, DMSO-d6) 50 ppm: 3.68 (s, 3 H) 3.87 (s, 3 H) 5.40 (s, 2 H) 6.42 (d, J= 5.9 Hz,
1 H)6.72 (d,7= 0.5 Hz, 1 H) 7.94 (d, J = 5.9 Hz, 1 H) 8.28 (d, J = 0.5 Hz, 1 H).

Step 2: 4,6-dimethoxy-9H-pyrrolo[2,3-b:5,4-¢’1dipyridine 172
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171 172

103 mg of (R)-(-)-1-[(8)-2«(dicyclohexylphosphino)ferrocenyl]ethyldi-tert-butylphosphine  and
3.8 mg of palladium (II) acetate in 0.35 mL of anhydrous 1,4-dioxane are placed in a 2 ml tube under
an argon atmosphere, and the mixture is stirred for 10 minutes at 35°C.

45 mg of 5’-chloro-2’,4-dimethoxy-3,4’ -bipyrid-2-amine 171 and 38 mg of potassium fert-butoxide in
0.35 mL of anhydrous 1,4-dioxane are placed in a 2 ml reactor under argon, the solution prepared
previously and 0.20 mL of 1,4-dioxane are then added, and the tube is sealed and subjected to
microwave irradiation for 1 hour at 130°C. The reaction mixture is diluted with a 90/10
dichloromethane/methanol mixture and then filtered. After concentrating under reduced pressure, the
residue is purified by chromatography on a column of silica, eluting with a 98/2 to 94/6
dichloromethane/methanol mixture to give 28.5 mg of 4,6-dimethoxy-9H-pyrrolof2,3-b:5,4-¢’]-
dipyridine 172 in the form of a yellow solid.

UPLC-MS-DAD-ELSD: Rt (min) = 0.40; [M-+H]" m/z 230.
1H NMR (400 MHz, DMSO-d6) 8 Oppm: 3.89 (s, 3 H) 4.09 (s, 3 H) 6.85 (d, /= 5.9 Hz, 1 H) 7.30
(d,/=1.0Hz, 1 H) 8.39 - 8.42 (m, 2 H) 11.70 (br. 5., 1 H).

Step 3: 9H-pyrrolo[2,3-b:5,4-c"]dipyridine-4,6-diol hydrochloride 173

HCI ag conc
AcOH

172 173
1.52 g of 4,6-dimethoxy-9H-pyrrolo[2,3-b:5,4-c’1dipyridine 172 in 22.1 ml of acetic acid and 7.3 mL
of 37% hydrochloric acid solution are placed in a 20 ml reactor, and the tube is sealed and subjected to
microwave irradiation for 2 hours at 140°C. Afier concentrating the reaction mixture, the solid
obtained is slurried in twice 25 m! of diethyl ether and then dried under reduced pressure for 18 hours
to give 1.72 g of 9H-pyrrolo[2,3-b:5,4-c’}dipyridine-4,6-diol hydrochloride 173 in the form of a dark
beige-coloured solid.

UPLC-MS-DAD-ELSD: Rt (min) = 0.14; [M+H]" m/z 202; [M-H]" m/z 200,
TH NMR (400 MHz, DMSO-d6) 3 Oppm: 6.48 (m, 1 H) 7.62 (s, 1 H) 8.06 (d, /= 7.1 Hz, 1 H) 8.34
(s, 1 H) 12.48 (br. s, | H) ,

Step 4: 9H-pyrrolo[2,3-b:5,4-c"]dipyridine-4,6-diyl bis(trifluoromethanesulfonate) 174
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173 174

A mixture of 1.72 g of 9H-pyrrolo[2,3-b:5,4-c’]dipyridine-4,6-diol hydrochloride 173 in 35mL of
pyridine and 9.1 mL of triethylamine is cooled to 5°C, followed by addition of 2.8ml of
trifluoromethanesulfonic anhydride. The reaction mixture is stirred at 0-5°C for 1 hour and then poured
into a mixture of 200 mL of water and 50 mL of saturated aqueous sodium chloride solution and
extracted with 250 mL of ethyl acetate. After separation of the phases by settling, the aqueous phase is
extracted with 200 ml ethyl acetate and the organic phases are then combined and concentrated under
vacuum. The residue is taken up in a mixture of 100 mL of an 80/20 dichloromethane/ethyl acetate
mixture, 6.0 g of silica are added, and this mixture is concentrated under reduced pressure. The solid
deposit formed is purified by chromatography on a column of silica, eluting with a 100/0 to 80/20
dichloromethane/ethyl acetate mixture to give 124 mg of 9H-pyrrolo[2,3-b:5,4-c’1dipyridine-4,6-diyl
bis(trifluoromethanesulfonate) 174 in the form of a rust-coloured solid.

UPLC-MS-DAD-ELSD: Rt (min) = 4.81; [M+H] " m/z 466; [M-H]" m/z 464.
1H NMR (400 MHz, DMSO-46) 8 Oppm: 7.59 (d, J= 5.6 Hz, 1 H) 7.96 (s, 1 H) 8.88 (d, /= 0.7 Hz,
1 H) 8.89(d, /= 5.6 Hz, 1 H) 13.32 (br. 5., 1 H).

Step 5:
PdCl,(dppf)
dioxane/water
Cs,CO,

—0 IOE
>—<: }""B
Y
Q o]

174

158 mg of 9H-pyrrolo[2,3-b:5,4-c’]dipyridine-4,6-diyl bis(trifluoromethanesulfonate) 174, 89 mg of
boronate, 166 mg of caesium carbonate, 1.55mL of dioxane, 25 mg of 1,1’-bis(diphenyl-
phosphino)ferrocenedichloropalladium(Il) and 0.15 mL of water are introduced into a microwave
reactor of suitable size, under argon. The mixture is irradiated for 15 minutes at 140°C. The
suspension obtained is diluted with ethyl acetate and washed with saturated aqueous ammonium
chioride solution. The aqueous phase is extracted with ethy] acetate and the organic phases are then
combined, dried over magnesium sulfate, filtered and concentrated under reduced pressure. The
residue is purified by chromatography on a column of silica, eluting with an 80/20 to 50/50
dichloromethane/ethyl acetate mixture to give 30 mg of 175 in the form of a yellow solid.

UPLC-SQD: Rt (min) = 1.08; [M+H]" m/z 452; [M-H]" m/z 450,

Step 6:

Ll

P‘j Cs2C03, DMF F}B,U
o B T —— - N LY
'\/—j/ ~o N o
N 176
H
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621 mg of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, 2.08 g of caesium carbonate,
16 mL of dimethylformamide and 0.55 mL of allyl bromide are introduced into a microwave reactor
of suitable size. The mixture is irradiated for 1 hour at 100°C. The suspension obtained is diluted with
ethyl acetate and washed with aqueous sodium bicarbonate solution. The aqueous phase is extracted
with ethyl acetate and the organic phases are then combined, dried over magnesium sulfate, filtered
and concentrated under reduced pressure to give 292 mg (39%) of 1-(prop-2-enyl)4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole 176.

LC-MS (7 min): Rt (min) = 3.68; [M+H]" m/z 235.
Step 7:
PdCl,{dppf)

dioxane/water
Cs,CO,

N
H

176 177

28 mg of the product of step 5 175, 22 mg of boronate 176 prepared in step 6, 30 mg of caesium
carbonate, 0.45 mL of dioxane, 5 mg of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium(II)
and 50 ul of water are introduced into a microwave reactor of suitable size, under argon. The mixture
is irradiated for 30 minutes at 130°C. A further 4 mg of I,1 *-bis(diphenylphosphino)ferrocene-
dichloropalladium(IT), 15 mg of boronate 176 prepared in step 6, and 0.1 mL of dioxane are added and
this mixture is irradiated for a further 1 hour at 140°C. The suspension obtained is diluted with ethyl
acetate and washed with water. The aqueous phase is extracted with ethyl acetate and the organic
phases are then combined, dried over magnesium sulfate, filtered and then concentrated under reduced
pressure. The residue is purified by chromatography on a column of silica, eluting with a 100/0 to 96/4
dichloromethane/methanol mixture to give 8 mg of methyl 4-{6-[1-(prop-2-en-1-yl)-1H-pyrazol-4-yl]-
9H-pyrrolo[2,3-b:5,4-¢’]dipyrid-4-yl}benzoate 177 in the form of an ochre-coloured solid.

1H NMR (400 MHz, DMSO-d6) § Dppm: 3.96 (s, 3 H); 4.77 (broad d, J = 5.7 Hz, 2 H); 5.15 (broad
d,J=16.9 Hz, 1 H); 5.21 (broad d, /= 9.8 Hz, 1 H); 5.96 to 6.11 (m, 1 H); 7.28 (d, J = 4.9 Hz, 1 H);
7.61 (s, 1 H); 7.67 (s, 1 H); 7.93 (d, J = 8.3 Hz, 2 H); 8.00 (s, 1 H); 8.27 (d, J= 8.3 Hz, 2 H); 8.65 (d, J
=4.9Hz, 1 H); 8.90 (s, | H); 12.34 t0 12.41 (broad s, 1 H).

LC-MS (7 min): Rt (min) = 3.19; [M+H]" m/z 410; [M-H]" nv/z 408.

Example 171: N-{4-[3-fluoro-6-( 1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5.4-¢’ 1dipyrid-4-vl]-

phenvlmethanesulfonamide 183

Step 1
/ —0 F
(o] F TsCl, NaH — =
- — DMF
- N N / \ /.
N/ N
™ N/ ||4
N 80,Tol
149 178
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7.6 g of 3-fluoro-6-methoxy-9H-pyrrolo[2,3-b:5,4-¢’ 1dipyridine in 180 mL of dimethylformamide and
2.38 g of 60% sodium hydride in oil are placed in a 500 ml reactor, under argon. After stirring for
3hours at room temperature, 13.3 g of para-toluenesulfonyl chloride dissolved in 20mL of
dimethylformamide are added. The reaction medium is stirred for 3 hours at room temperature and
then poured into aqueous 5% sodium hydrogen carbonate solution. The crude product is recovered by
filtration and air-dried. After redissolving in dichloromethane, 24 g of silica are added and the whole is
concentrated under reduced pressure. Purification by chromatography on a column of silica, eluting
with a 100/0 to 95/5 dichloromethane/methanol mixture, gives 11.6 g of 3-fluore-9-[(4-methylphenyl)-
sulfonyl]-6-methoxy-9H-pyrrolo[2,3-b:5,4-c’]dipyridine.

UPLC-MS-DAD-ELSD: 372.11(+) =(M+H)(+) Rt (min) = 1.35;

Step 2
0/ . )I_.%‘-‘:.CTHF
= == 291,
N N / \ Y/ -
N~ N
178 éOZToI 179 éOZToI

3.1 mL of diisopropylamine are placed in 40 mL of tetrahydrofuran in a dry three-necked flask under
argon. After stirring and cooling to -78°C, 8.1 mL of 2.5N #-butyllithium in hexane are added
dropwise. The reaction mixture is stirred for 15 minutes at -78°C, followed by addition of 5.0 g of 3-
ﬂuoro-9-[(4-methy1phenyl)sulfony1]-6-methoxy-9H-pyrrolo[2,3-b:5,4-c’]dipyridine 178 in 250 mL of
tetrahydrofuran. After stirring for 2 hours at -78°C, 5.46 g of iodine in 10 mL of tetrahydrofuran are
added. After stirring for 1 hour, the reaction mixture is poured into 400 ml of aqueous 10%
ammonium chloride solution and 250 mL of water, and extracted twice with 400 mL of ethyl acetate.
The organic phases are washed with aqueous 5% sodium thiosulfate solution, dried over sodium
sulfate, filtered and concentrated to dryness under reduced pressure. 6.57 g of 3-fluoro-4-iodo-9-[(4-
methylphenyl)sulfonyl]-6-methoxy-9H-pyrrolo[2,3-b:5,4-¢*]dipyridine 179 are obtained.

UPLC-MS-DAD-ELSD: 498.01(+) =(M+H)(+) Rt (min) = 1.43;

Step 3
(o]
Pd(PPhj}, Cs,CO,
dioxane/water
Th MW 120-130°C

o)

0./
N "
20b

180 $0,Tol
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278 mg (0.84 mmol) of 3-fluoro-4-iodo-9-{(4-methylphenyl)sulfonyl]-6-methoxy-9H-pyrrolo[2,3-
b:5,4c’]dipyridine 179, 1.67 mmol of the boronate 20b, 77 mg of tetrakis(triphenylphosphine)-
palladium(0), 273 mg of caesium carbonate, 5.5 mL of dioxane and 1.3 mL of water are introduced
into a microwave reactor of suitable size. The mixture is irradiated for 1 hour at 120. 3 mL of
methanol are added and the mixture is then poured into water (50 mL) and ethyl acetate (100 mL), the
phases are separated and the aqueous phase is again extracted with 100 mL of ethyl acetate. The
combined organic phases are dried over magnesium sulfate, filtered and then concentrated under
reduced pressure. The residue is purified by chromatography on silica gel (60 g of silica, gradient:
100/0 to 50/50 dichloromethane/ethy] acetate) to give 250 mg (83%) of the expected compound N-[4-
(3-ﬂuoro-9-[(4-methylphcny])sulfonyl]-6-methoxy-9H-pyrrolo[2,3-b:5,4-0’]dipyr1'd-4-yl]phenyl}-
methanesulfonamide 180.

UPLC-MS-DAD-ELSD: 541.14(+) =(M+H)(+) Rt (min) = 1.31:

Step 4

HCI, AcOH
2h My 120°C

To a solution of 305 mg of N-[4-(3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-methoxy-9H-pyrrolo[2,3-
b:5,4-c’]dipyrid-4-yl]phenyl} methanesulfonamide 180 in 5.5 mL of acetic acid is added 0.5 mL of
37% hydrochloric acid solution. The mixture is heated by microwave for 2 hours at 120°C, and poured
into a mixture of ethyl acetate and aqueous 5% potassium carbonate solution with vigorous stirring.
The pH is brought to 7 by adding aqueous 5N HCI solution. After separating the phases, the organic
phase is dried over MgSQ,, filtered and then concentrated under reduced pressure to give 99 mg of N-
: [4-(3-ﬂuoro—6-hydr0xy-9H-pyrrolo[2,3-b:5,4-c’]dipyrid—4-y1]pheny1}methanesulfonamide 181.
UPLC-MS-DAD-ELSD: 373.09(+) = (M+H)(+) Rt (min) = 0.65;

Step 3
C{\ __.H
PACl,(dppf) -3
dioxana/water o
Cs,CO, \
e ——————
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To a suspension of 98 mg of N-[4-(3-fluoro-6-hydroxy-9H-pyrrolo[2,3-b:5,4-c Jdipyrid-4-yl]phenyl}-
methanesulfonamide 181 in 5 mL of pyridine is added 0.27 ml of trifluoromethanesulfonic anhydride.
The reaction medium is stirred for 2 hours and then concentrated under reduced pressure. The reaction
medium is poured into a mixture of ethyl acetate and aqueous 5% sodium bicarbonate solution with
vigorous stirring. After the separating the phases, the organic phase is dried over MgSO,, filtered and
then concentrated under reduced pressure.

UPLC-MS-DAD-ELSD: 504=(M+H){(+) Rt (min) = 1.14

The brown solid 182 is placed in a microwave tube with 20 pmol of 1,1’-bis(diphenylphosphino)-
ferrocenedichloropalladium(Il), 0.89 mmol of caesium carbonate, 4 mL of dioxane and 1 mL of water
and 0.52 mmol of 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2,dioxaborolan-2-yl)- | H-pyrazole. The mixture
obtained is then irradiated for 1 hour at 120°C, 1 mL of methanol is added and the mixture is then
poured into water (25 mL) and ethyl acetate (50 mL), the phases are separated and the aqueous phase
is again extracted with 50 mL of ethyl acetate. The organic phases are combined and dried over
magnesium sulfate, filtered and then concentrated under reduced pressure. The residue is purified by
chromatography on silica gel (30 g of silica, gradient: 100/0 to 90/10 dichloromethane/methanol) to
give 70 mg (62%) of the expected compound N-{4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-
pyrrolo[2,3-b:5,4-¢’]dipyrid-4-yl]phenyl}methanesulfonamide 183.

1H NMR (400 MHz, DMSO-d6) 3 ppm: 3.17 (s, 3 H); 3.85 (s, 3 H); 7.40 (d, /= 0.9 Hz, 1 H); 7.51
(d, J=8.6 Hz, 2 H); 7.59 (s, 1 H); 7.69 (d, J= 8.6 Hz, 2 H); 7.91 (s, 1 H); 8.67 (d,/=2.5Hz, 1 H);
8.87 (d, /= 0.9 Hz, 1 H); 9.92 to 10.24 (broad m, 1 H); 12.26 (broad s, 1 H)

UPLC - SQD: Rt (min) = 0.55; MH+ = 437+; MH- = 435-

Example 172 (187) and Example 173: (4-methylpiperazin-1-yI(9H-
methanone 188

Step 1: S-chloro-2-cyano-4-trimethylstannylpyridine 184

LDA, Me,SnC! ~.7
X P THF, 7BC 7"
cl
» N
NC” N l
o

NC N 184

5 g of 5-chloro-2-cyanopyridine, 9.35 g of trimethyltin chloride and 200 mL of THF are placed in a
dry one-necked flask under argon. The mixture is stirred and cooled to -78°C, followed by dropwise
addition of 19.85 ml of a commercial solution of LDA (2N in toluene) over 45 minutes. The medium
turns yellow and then brown. After stirring for 3 hours, the reaction medium is hydrolysed with
ammonium chloride solution, and the aqueous phase is then extracted with ethyl acetate. The organic
phase is dried over magnesium sulfate, filtered and concentrated under reduced pressure. The crude
residue obtained is purified by chromatography on silica gel using a gradient of 0 to 2% ethyl acetate
in heptane. The fractions containing the expected product are combined and concentrated under
reduced pressure to give 3.4 g (31%) of 5-chloro-2-cyano-4-trimethylstannylpyridine 184 in the form
of a white solid.
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UPL.C-MS-DAD-ELSD: 302.97(+) = (M+H)(+) (isotope profile corresponding to a tin derivative) Rt
(min) = 1.39

Step 2: 9H-pyrrolof2,3-b:5,4-¢’]dipyridine-6-carbonitrile 186

~¢ Pd
A (PPh,),
- Cul dioxane Ch_~ CulK,CO,  NC
ol MW 125°C 11 |'\I DMSO, 160°C = ==
P T NNy — N [N 4
NC N | NP N/ H N
NH
184 N, 2 135 186
' 3a

2.48 g of 2-amino-3-iodopyridine, 3.4 g of 5-chloro-2-cyano-4-trimethylstannylpyridine 184, 912 mg
of tetrakis(triphenylphosphine)palladium(0), 451 mg of copper iodide and 15mL of dioxane are
introduced into a microwave reactor of suitable size. The reaction medium is irradiated for 1 hour at
120°C and then hydrolysed with 75 ml of aqueous 10% sodium bicarbonate solution and 5 mL of
water. The aqueous phase is extracted twice with 50 mL of ethyl acetate, and the combined organic
phases are then dried over sodium sulfate, filtered and concentrated under reduced pressure. The crude
residue is then crystallized by trituration in heptane. The product 185 recovered by filtration is
dissolved in 80 mL of DMSO, then 1.32 g of copper iodide and 14.3 g of potassium carbonate are
added. The mixture is heated overnight at 160°C. After cooling, the reaction medium is poured into a
mixture of ethyl acetate and 28% aqueous ammonia with vigorous stirring. After stirring for 1 hour,
the phases are separated and the organic phase is dried over MgSQO,, filtered and then concentrated
under reduced pressure. The expected product is crystallized by trituration from dichloromethane, to

give 1.1 g (50% over the two steps) of 9H-pyrrolo[2,3-b:5,4-c’]dipyridine-6-carbonitrile.
UPLC-MS-DAD-ELSD: 195(+) = (M+H)(+) Rt (min) = 0.6%

Step 3: 9H-pyrrolo[2,3-b:5,4-¢"1dipyridine-6-carboxylic acid 187

NC
== == HCI HO
N~\ / \ v/, .
N
N
H

H
186 187

1.1 g of 9H-pyrrolo[2,3-b:5,4-c’Jdipyridine-6-carbonitrile 186 are dissolved in 10 ml of aqueous 6N
hydrochloric acid solution in a microwave machine tube. The mixture is heated by microwave at
140°C for 1 hour. After cooling, the mixture is taken up in water and ethyl acetate, and the precipitate
is filtered off. The pH of the filtrate is brought to 4, and the new precipitate formed is also isolated by
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- filtration. The two solids have the same profile in UPLC-MS. 1.03 g (86%) of SH-pyrrolo[2,3-b:5,4-
¢’]dipyridine-6-carboxylic acid 187 are obtained.

UPLC - SQD: Rt (min) = 0.25; MH+ = 214+; MH- = 212-
1H NMR (400 MHz, DMSO-d6) 8 ppm: 7.58 (dd, J=4.8 and 8.0 Hz, 1 H); 8.86 to 8.93 (m, 1 H);
9.08 t0 9.17 (m, 2 H); 9.48 (broad s, 1H)

Step 4

45 mg of 9H-pyrrolo[2,3-b:5,4-c’Jdipyridine-6-carboxylic acid 187 and 5 mL of thionyl chloride are
placed in a one-necked flask. The mixture is refluxed overnight with stirring and then concentrated
under reduced pressure. The crude product is taken up in 5 mL of dichloromethane, and 215 pl of
methylpiperazine are then added. After 1 hour, the reaction medium is concentrated under vacuum.
The product is purified by preparative HPLC in acidic medium using a gradient of water + 0.07%
trifluoroacetic acid/acetonitrile + 0.07% trifluoroacetic acid, to give 40 mg (50%) of (4-methylpiper-
azin-1-yl)(9H-pyrrolo[2,3-b:5,4-¢’]dipyrid-6-yl)methanone 188.

Mass spectrometry: Spectrum acquired by chemical ionization (reactant gas: ammonia) on a Waters
GCTof machine {direct introduction without LC): [M+H]+: m/z 296

1H NMR (400 MHz, DMSO-46) 8 ppm: 2.87 (s, 3 H); 3.05 to 3.67 (broad m, 6 H); 4.34 to 4.80
(broad m, 2 H); 7.37 (dd, / = 4.9 and 7.9 Hz, 1 H); 8.61 (d, /= 0.7 Hz, 1 H); 8.65 (dd, /= 1.8 and
4.9 Hz, 1 H); 8.79 (dd, /= 1.8 and 7.9 Hz, | H); 8.89 (d, /= 0.7 Hz, 1 H); 9.62 to 10.06 (broad m,
1 H); 12.46 (s, 1 H)

The table below shows the correspondence between the compounds described in the schemes and
preparations hereinabove, and, for the compounds that constitute products of formula (I}, their

respective example numbers from 1 to 173 in the present invention.

Example | Compound | Example | Compound | Example | Compound
No. No. No. No. No. No.
Exa:nple 5a Exa:jn;ple i Ex1a-r11';ple 111c
Exa?pie 5b Exasngple 74j Ex;a;r;3 ple 1114
Exag‘\ple | 5c Ex%T ple 71k Ex‘?%ple 111e
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Exanple 135 120 A B A Exanple 136 121 A DA
WO R9s0as1137 122 A B A Exanple 138 123 A B A pCT/FR2009/051100
Exanple 139 124 A C A

Exa;npfe 5d Exaergple 711 Ex1a£n0ple 111F
Exagnple 5e Ex%rgple 71m Ex%r;ple 111g
Exagnple 5f Exasnd:tp!e 71n Ex:;nzple 111h
Exa?ple 5g Exaéng ple o Ex1ar21;|3ple 111
Exagn ple 5h Exasr161 ple 71p Ex$ 21 ple 114
Exag1p|e 6 Exasn;ple Tq Ex1a£nsple 111K
Exa;rgple 9a Ex%rg ple 1r Ex1a£neple 1111
Exa1rf]1ple b Exaergple 71s Ex:l;nTple i‘! im
Exa;nzwple 9¢ Exa;gple 71t Ex1a£naple 113
Exa1r2ple 10 Exa;’n;lple 71u Ex‘?glgple 114
Exa:Tple 11 Exe;r;ple 71v Ex1a3r:'éple 115
Exsjlnsw ple 12 Exa_:'rgple 7w EX? :rir; ple 118
Exa;rgple 13 Exa:"r:ple 71x Ex%n2 ple 117
Exa:]n;ple 14 Exa],ns*lple 72a Ex:tsr%ple 118
ExajI ng ple 15 Exe_}rg ple 72b Ex::lg;nl ple 119
Exa;rgple 16 Exa?'r?ple 72¢ Ex1ag15 ple 120
Exe;zngple 19 Exa_,n;ple 72d Ex1a:r3n6ple 121
E:‘(a:2 T ple 21a ExaTrg ple 72 Ex1a$ple 122
Exazngple 21b Exasngple 72§ Ex:gwsple 123
Exazn:;nple 21¢ Exa8 Tple 729 EX‘T?T; ple 124
Exazrz ple 21d Exasrgple 72h Ex1a£r1r6ple 125
Exazrgple 2e Exasrgple 72i Ex1a ‘rln1ple 126
Exazrgple 21¢ Exagrzpie 72 E)(?‘Ir.r12 ple 127
Exa2n7‘1 ple 21g Exaans'\ple 72k EXTEpIe 128
Exa2 rgple 24h Exaarg ple 721 Ex:a:lple 129
Exazn;ple 21 Exaar;?ple 72m Ex1a$5ple 130
Exa:;naple 2] Exaargple 72n Ex1adrr1:3ple 131
EanTple 21k Exaérgple 720 Exﬂr_}ple 132
EX33 rgple 22 Exagrgple 73 Ex1a£18ple 133
Example 23 Example 74 Example 134
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Exanple 140 125 A C A Exanple 141 126 A C A
WOReesR0a8142 127 AD A Exanple 143 128 B B  fepAiN2809/051100
144 129 A DA
33 91 149

Ex%Tple 27a Exagr;\ple 75 Ex?gnople 135
Ex%rgple 27b Exagngple . 77 Ex1ag]]ple 136
Ex%ngple 27¢ Exaérzple 78 Exiagnzpie 138
Exasn;ple 29 Exa{ug ple 79 Ex$r5113ple 140
Ex%rgple 31 Exagrgple 81 Ex:ugl ple 142
Exasn; ple 39a Exagn;ple 83 Ex1agéple 143
Exirgple 30b Exagngple 85 Ex1aénsple 144
Exir?ple 309¢ Exagrgple 87 Ex?gjrple 145
Exinzwple 42 Ex:lgt\)ple _ | 89 Ex$g18ple 146
Exirgpl.e 45 Ex%q ple 90 Ex:gng ple 152
Exir: ple 46 Ex;acrrzple 92 Ex1a(r3nople 153
Exa4r£ple 59 Ex1a(rgple 94 Ex1a€r;r;ple 154
Exingple 61 Ex?aple 95 Ex1ag12 ple 155
Exir?ple 64 Ex1a(r)r‘15ple 96 Ex$én3ple 161
Exa4r2ple 66 Ex;agé ple 97 Ex1a(r3n4 ple 162
Exing ple 68 Ex: g]iple 98 Ex132}’ple 164
Exaggple 70 Ex%ré ple 99 Ex$Egr16ple 165
ExasTple 71a Ex'ala(r)réple 102 Ex?gn_, ple 167
Ex%ngple 71b Exix%ple 103 Ex1agéple 168
Ex%rgple e Ex1a:n1ple 104 Ex1aggjple 170
ExasTpfe 71d Ex1a‘r]r12ple 105 Ex1a;'[1)ple 177
Exasrgple 71e Ex1a;gple 106 Ex'?;l;ple 183
Exasrg ple 71f Ex‘?‘rapie 107 Ex?_:'n2 ple 187
Ex%r?ple g Ex:n:r;ple 111a Ex1a_’r%ple 188
Exasngple 71h Ex1a1rréple 111b

in vitro biochemical test procedures
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The pharmacological properties of the compounds of the invention may be confirmed by a certain
number of pharmacological assays. The examples of pharmacological assays that follow were

performed with compounds according to the invention.

Example 1
TR-FRET assay

In order to determine the inhibition of activation of Pim kinases, the compounds of the invention are
tested in accordance with a routinely used in vitro TR-FRET assay (Time-Resolved Fluorescence
Resonance Energy Transfer). The TR-FRET assay is based on detecting the phosphorylation of the
specific residue Serl12 in the Bad protein, which was found to be a natural substrate for Pim kinases
in cells. For the assay, the following reagents are used:

Pim kinase — His6-labelled recombinant full-length human Pim-1, Pim-2 or Pim-3 protein (prepared
according to J. Mol. Biol. (2005) 348, 183-193);

Bad — His6-labelled recombinant full-length human Bad protein (prepared according to J. Mol. Biol.
(2005) 348, 183-193);

-His6-APC — murine monoclonal antibody conjugated to allophycocyanin SureLight™ directed
against the His6 label (Perkin-Elmer, No. AD0059H, Waltham, Massachusetts, United States);
a-P~Bad-Eu — murine monoclonal antibody (Cell Signaling Technology #9296B, Danvers,
Massachusetts, United States) directed against phosphoBad (Ser112) (7E11) custom-labelled by
Perkin-Elmer with the reagent LANCE™ Eu-W1024.

The assay is based on Perkin-Elmer’s LANCE™ technology: the Eu-labelled antibody binds to
phospho-Ser112 and generates a TR-FRET signal by interaction with the APC-labelled antibody
directed against His6, bound to the His6 labe! of Bad. The TR-FRET signal is detected using a
SpectraMax M5 plate reader (Molecular Devices) with the following settings: Aex = 340 nm, Aeml =
615 nm, Aem?2 = 665 nm. The ratio of the fluorescence signal at 665 nm to the fluorescence signal at
615 nm is used as the signal reading for the ICs, (calculation is based on the 4-parameter logistic
model). The assay is performed in a 384-well format; the liquid manipulations are performed using a
Beckman 3000 liquid manipulations station. The test compounds are tested at 10 concentration points
in duplicate; the highest compound concentration is typically equal to 30 uM. The ATP concentration

is equal to 40 uM, which is equivalent to the apparent Ky value.

Example 2

Radiometric filter-binding assay

In order to confirm their power, the compounds of the invention may be counter-selected by using a

radiometric filter-binding assay. This assay measures the phosphorylation of a synthetic peptide
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(RSRHSSYPAGT) corresponding to amino acids 107-117 of the murine Bad protein, which includes
the Ser112 phosphorylation site (Upstate No, 12-542), in the presence of **P-ATP as second substrate.
The reaction is performed in the same format as for the TR-FRET assay described above, During the
reaction, the basic substrate peptide binds to the phosphocellulose filter, and the level of
phosphorylation is quantified by liquid scintillation counting. Once again, the ATP concentration is

40 uM, which is equivalent to the apparent Ky value.

Example 3

Cell viability assay

The representative compounds of the invention are also screened as regards their effects on cell
proliferation and viability using a variety of human tumour cell lines, which are representative of

various pathological indications. These cell lines include:

Models of haematological cancers:

TF-1 (acute myelogenic leukaemia; AML M6 at the time of diagnosis);

KG-1 (AML; erythroleukaemia evolving into AML);

KG-1a (AML; sub-clone derived from immature KG-1);

EOL-1 (AML; eosinophilic leukaemia);

PL-21 (AML; M3);

ML-2 (AML; T-NHL evolving into T-ALL evolving into AML M4);

HL-60 (AML., M3);

Kasumi-1 (AML);

GDM-1 (AML);

K-362 (CML -chronic myelogenic leukaemia; blastic crisis);

JURL-MK1 (CML; blastic crisis};

DND-41 (T-ALL —T-cell acute lymphoblastic leukaemia);

Jurkat (T-ALL); NALM-6 (B-ALL -B-cell ALL);

CEM (ALL; lymphosarcoma evolving into ALL);

Jeko-1 (B-NHL —B-cell non-Hodgkin lymphoma; mantle-cell lymphoma derived from
a variant with large cells as a leukaemic transformation);

WSU-DLCL2 (B-NHL,; large B-cell diffuse lymphoma);

RL (B-NHL; undifferentiated diffuse);

OCI-Ly10 (B-NHL);

DoHH-2 (B-NHLY;

RPMI-8226 (MM —multiple myeloma);

JVM-2 (B-CLL -B-cell chronic lymphocytic leukaemia); and

JVM-3 (B-CLL)

MV4-11 (AML)
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MOLM13 (AML).

Solid tumour models:
HCT-116 (bowel cancer);
HT-29 (bowel cancer);
HC-15 (bowel cancer);
H460 (lung cancer; non-small-cell lung cancer);
A375 (melanoma);
B16F10 (melanomay;
MDA-AL1 (breast cancer);
MDA-MB231 (breast cancer);
MDA-MB231adr (breast cancer);
PANC-1 (pancreatic cancer); and
PC-3 (prostate cancer).

In order to measure the viability, the tumour cells are incubated in a 96-well or 384-well format for 48,
72 or 96 hours, preferably 72 hours, with a compound of the invention at dilutions of a factor 3 with,
_in general, nine doses in total, the highest dose being equal to 10 pM or 30 pM. The cell viability is
evaluated by adding CellTiter-Blue® (Promega, Madison, Wisconsin, United States) for 4 hours and
end-point readings are taken using a SpectraMax Genmini EM (Molecular Devices, Sunnyvale,
California, United States). The CellTiter-Blue® cell viability assay measures the ability of the cells in
culture to reduce resazurin to resorufin, the fluorescence signal intensity being directly proportional to
the number of live cells. The ECs, represents the concentration of compound that leads to a 50%

reduction in the viability/proliferative expansion of the cells.

BIOCHEMICAL RESULTS
The biochemical results are expressed according to the following classification:

Class A: IC50 between 1 nM and 100 nM.

Class B: IC50 between 100 nM and 1000 nM (or 1 pM)
Class C: IC50 between 1 pM and 5 uM

Class D: IC50 > 5 uM

E"ﬁ]’gp'e C"";\I‘f”"d IC50 Pim1 | IC50 Pim2 | IC50 Pim3 | 1C50 PLK1 | 1C50 PI3K
Example 1 5a A C B B

Example 2 5b B B

Example 3 Sc B

Example 4 5d A c B
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Exanpl e 165

Example 5 5e A D B D

Example 6 5f B C C D

Example 7 5g A B A B

Example 8 Sh A C B B

Example 9 6 B Cc B

Example 10 9a A c A B

Example 11 Sb c

Example 12 9¢ B

Example 13 10 B C B

Example 14 11 A C A D

Example 15 12 A B A D

Example 16 13 C Cc B

Example 17 14 B D B

Example 18 15 A D B

Example 18 16 B

Example 20 19 A

Example 21 21a A D B A c
Example 22 21b A B A A B
Example 23 21¢ A D B c D
Example 24 21d B D c

Example 25 21e A D B

Example 26 21f A Cc B B
Exampie 27 21g A D B D
Example 28 21h A D B A c
Example 29 21i B D B

Example 30 21 A C B

Example 31 21k B D Cc

Example 32 22 A Cc A A

Example 33 23 A B B

Example 34 27a A D C B

Example 35 27b B D C

Example 36 27¢c B D c c

Example 37 29 B D C

Example 38 31 B D B

Example 39 39a A C B C

Exampile 40 3%b B D c D

Example 41 39¢ c D D

Example 42 42 C

Example 44 46 A A A A A
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Exanpl e

Example 45 59 A c A A
Example 46 61 A B A

Example 47 64 A c A B
Example 48 66 A B A B
Example 49 68 A A A B
Example 51 T1a A Cc B

Example 52 71b B D B

Example 53 Tc A C B

Example 54 71d A D B

Example 55 Tle A c B

Example 56 T1f C D B

Example 57 g Cc Cc B

Example 58 71h C D c

Example 59 i A D B

Example 60 71j A C B

Example 61 71k A Cc A

Example 62 Fall A C A A
Example 63 71m A D B A
Example 64 7in B D C

Example 65 710 B D c

Example 66 Tip A B A A
Example 67 7iq c D c

Example 68 Tir A C B

Example 69 71s B D B

Example 70 71t c D D

Example 71 71u A B B

Example 72 T1v B D c

Example 73 Tiw B D c

Example 74 71x B c B

Example 75 72a A c B

Example 76 72b A B A

Example 77 72c B D B

Exampie 78 72d A D B

Example 79 72e A c A B c
Example 80 72f B D B

Example 81 729 A c B

Example 82 72h A Cc B

Example 83 72i B D B

Example 84 72j B C B

157




170 177 AB B Exanple 171 183 A A A Exanple 172

woO 166/180381 D Bl OCHEM CAL RESULTS OF THE COVPAR%MEﬁzuomsnoo
Conpound No. 1C50 Piml 1C50 Pin2 1C50 PinB 51 D D

DDD
Example 85 T2k A c B
Example 86 721 A B A B D
Example 87 72m A B A
Example 88 72n A B A c
Exampie 89 720 A c B c
Example 90 73 B D B
Example 91 74 A c A
Example 92 75 A C A B
Example 94 78 A B A A
Example 95 79 A B B A
Example 96 81 A B A B
Example 97 83 A B A A
Example 98 85 A A A B
Example 99 87 A C B B
Example
100 89 A B A A
Example
101 90 A B A A
Example
105 96 A D B
Example
106 97 A D A
Example
108 99 A D A
Example
109 102 A D B
Example
110 103 A c B Cc
Example
111 104 A c B
Exampile
112 105 A B A B
Example
113 106 A c A c
Example
114 107 B Cc B
Example
115 111a A c A c
Example
116 111b A D A c
Example
117 111¢ A c A
Example
118 111d A B A B
Example
119 111e A B A B
Example '
120 111§ A D A B
Example
121 111g A c A c
Exampie ;
122 111h A B A c
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CELL RESULTS The cell

proliferation results are

WO rRopnsesed according to the follow ng cl assifi c#OPR2009/051100
Class A: 1050 between 1 riMand 100 nM d ass B: 1050

bet ween 100 nM and 1000 nM (or

1 1.1M dass C 1050

Exaveiavefn |yl and 5 pM WD 2009/ 150381P&T/ FR2009/051100
BRanpl e lqo Conpound No.l FC50 FAl-1 p M (| ynphonm)

Ex%nga KG q4aM p | (| eykaenila) |1 g50 MV4- A1M p| (nygl oma
| O MM 13 M (mvelo ) EC50_HAT116 oM (bowel)

E"gﬁ%‘b 316M4k pM| (el gnonme) EC50 H460 pM (1 uhg) & 5a € C

E"f\?ap'e 111 A D B c

Exf‘z“Tp'e 111m A 8 A c

E"f;“gp'e 114 B B

Example 115 A B A

Sxample 116 B B

Sxample 17 A B A

Sxample 118 A B

Exj‘&’,‘lp'e 119 A D A

E"fggp‘e 120 A B A

Exj‘gnﬁp'e 121 A D A

E"?s'}'.',p'e 122 A B A

Sxample 123 A B A

Fxample 124 A c A

E"fz‘o"'e 125 A c A

Exfﬂp'e 126 A c A

Fxample 127 A D A

Example 128 B B

Example 129 A D A

Exj‘%p'e 130 A B A

Exﬂ%"'e 131 A B A

Example 132 A B A

Sxamplo 133 A B A

Example 134 A B A

Ex?g:]p'e 135 A ) A

E"fg}p'e 136 A 8 A

Examplo 138 A B A

Example 140 A C A
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153
Fxample 143 A B A
Exfg'sp'e 144 A D B
Example 145 A B A
Fxample 146 A 8 A
Sxample 152 c D c
E":‘gngp'e 153 B D c
Exmp'e 154 B D B
SxaTple 155 D D c
Example 161 A B A c
Example 164 B D B b
E"fgnap'e 165 B D c
E"?‘,T?p'e 167 B c B D
Sxample 168 B D B
Exfg;p'e 170 B D B
Fxample 177 A B B
Sxample 183 A A A
Example 187 D D D

BIOCHEMICAL RESULTS OF THE COMPARATIVES

Compound | 1c50 pim1 | 1C50 Pim2 | 1C50 Pim3
51 D D D
56 D D D
CELL RESULTS

The cell proliferation resuits are expressed according to the following classification:
Class A: IC50 between 1 nM and 100 nM
Class B: IC50 between 100 nM and 1000 nM (or 1 uM)
Class C: IC50 between 1 uM and 5 pM
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WO #09B50381B 39 39a B PCT/FR2009/051100
EC50 EOL-1| EC50 KG- | IC50 Mv4- | ., 1650 ECS0 EC50 | ECS50
Example c°"‘NP:”“d LM 12 pM 11 uM MOL'I‘“:”"’ Hc:d” B16F10 uM |H460 uM
) ) (tymphoma)| (leukaemia) | {myeloma) (myeloma) | (bowel) [melanoma)| {lung)

1 5a C c c

5 Se B B B

7 5¢ B B B

8 5h B B B

10 9a B B B

14 11 B c B

15 12 B B B

2 21b A A A A A A
33 23 B c B

39 39a B B c c

44 46 A A A

49 68 A A

86 721 B B

92 75 B c

94 78 A A B

96 81 A B B

o7 83 B B B

o8 85 A B B

100 89 A B B

119 111e A B B

120 111f A A B

122 111h A A

123 111i A A A

127 111m A A

128 113 A A A

130 115 A A A

163 161 B B
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CLAIMS

1. Compounds having the general formula (I) below:

formula (i)

in which
- R3 and R4 may be, independently of each other:
H;
halogen;
CFs;
substituted oxy;

optionally substituted alkoxy;

optionally substituted amino;

substituted carbonyl;

optionally substituted carboxyl;

optionally substituted amide;

0. sulfur in different oxidation states (Il or IV or VI) such as optionally substituted

sulfides, sulfoxides or sulfones:
1. C;-Cyp linear, branched or cyclic alky! optionally comprising an optionally substituted
heteroatom;
12. optionally substituted linear, branched or cyclic C;-C; alkenyl;
13. optionally substituted linear or branched C,-Cg alkynyl;
14. optionally substituted aryl or heteroaryl;
13. optionally substituted heterocycloalkyl;

- R6 being a heteroaryl (5- or 6-membered with 1 to 4 heteroatoms chosen from N, S and O}
bonded to the azacarboline unit either via a C or via an N belonging to R6, R6 being
optionally substituted; R6 also possibly representing C(O)NRI1aR1lb or an optionally
substituted heterocycloalkyl or -C{O) optionally substituted heterocycloalkyl, such that Rla

and R1b may be, independently of each other:

H;
optionally monosubstituted or disubstituted linear or branched or cyclic (C;-Cy) Ci-Cyq alkyl;
optionally monosubstituted or disubstituted linear or branched C,-Cs alkenyl;
opticnally monosubstituted or disubstituted linear or branched C,-Cs alkynyl;
optionally monosubstituted or disubstituted aryl;
optionally monosubstituted or disubstituted heteroaryl;
optionally monosubstituted or disubstituted benzyl;
optionally monosubstituted or disubstituted CQalkyl;
optionally monosubstituted or disubstituted CQOaryl;

. optionally monosubstituted or disubstituted COheteroaryl;

. optionally monosubstituted or disubstituted CO2alkyl;

. optionally monosubstituted or disubstituted CO2aryl;

. optionally monosubstituted or disubstituted CO2heteroaryl;

. CONH2, _

. optionally monosubstituted or disubstituted CONHalkyl;
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optionally monosubstituted or disubstituted CONHaryl;
optionally monosubstituted or disubstituted CONHheteroaryl;
optionally monosubstituted or disubstituted CON(alkyl)2;
optionally monosubstituted or disubstituted CON(aryl)2;
optionally monosubstituted or disubstituted CON(heteroaryl)2;

the said products of formula (I) being in the form of the base or of an acid-addition salt.

2. Compounds of formula (I) as defined in Claim 1, in which
- R3 and R4 may be, independently of each other:

H;

F;

Cl;

Br;

L

CF3;

ORZa;

NR1aR]1b;

COR2a;

CO,R2a;

CO(NRIaR1b);

SR2a;

SOR2a;

SO;R2a;

linear or branched or cyclic (C5-C;) C;-Cyy alkyl optionally monosubstituted or disubstituted or
trisubstituted with R2a, R2b, R2¢;

linear or branched or cyclic (C;-C;) C;-C; alkenyl optionally monosubstituted or disubstituted or
trisubstituted with R2a, R2b, R2¢;

linear or branched C,-Cs alkynyl optionally monosubstituted or disubstituted or trisubstituted
with R2a, R2b, R2c¢;

aryl or heteroaryl optionally monosubstituted or disubstituted or trisubstituted with R2a, R2b,
R2c¢;

heterocycloalkyl optionally monosubstituted or disubstituted or trisubstituted with R2a, R2b,
R2¢;

being a heteroaryl (5- or 6-membered with 1 to 4 heteroatoms N, S or O) bonded to the

azacarboline unit either via a C or an N belonging to R6, Ré6 also possibly representing C(O)NR1aR1b
or an optionally substituted heterocycloalkyl or -C(O) optionally substituted heterocycloalkyl; R6
being optionally monosubstituted or disubstituted or trisubstituted with R2a, R2b, R2¢;

in which;

-R1a and R1b may be, independently of each other:
H;
linear or branched or cyclic (C;-C;) C;-Cy alkyl optionally monosubstituted or disubstituted
with R2a R2b;
linear or branched C,-C; alkenyl optionally monosubstituted or disubstituted with R2a R2b;
linear or branched C,-Cq alkynyl optionally monosubstituted or disubstituted with R2a R2b;
aryl optionally monosubstituted or disubstituted with R2a R2b;
heteroaryl optionally monosubstituted or disubstituted with R2a R2b;
benzyl optionally monosubstituted or disubstituted with R2a R2b;
COalkyl optionally monosubstituted or disubstituted with R2a R2b;
COaryl optionally monosubstituted or disubstituted with R2a R2b;

. COheteroaryl optionally monosubstituted or disubstituted with R2a R2b;

COsalkyl optionally monosubstituted or disubstituted with R2a R2b;
COxaryl optionally monosubstituted or disubstituted with R2a R2b;
COsheteroaryl optionally monosubstituted or disubstituted with R2a R2b;
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14. CONI‘IZ;

15. CONHalkyl optionally monosubstituted or disubstituted with R2a R2b;

16. CONHaryl optionally monosubstituted or disubstituted with R2a R2b;

17. CONHheteroaryl optionally monosubstituted or disubstituted with R2a R2b;
18. CON(alkyl), optionally monosubstituted or disubstituted with R2a R2b;

19. CON(aryl}), optionally monosubstituted or disubstituted with R2a R2b;

20. CON(heteroaryl), optionally monosubstituted or disubstituted with R2a R2b;

in which R2a, R2b and R2c are chosen, independently of each other, from:

F,

Cl;

Br;

L

CF;;

linear or branched C,-C,y alkyl optionally monosubstituted or polysubstituted with different

R3a;

C3-C; cycloalkyl optionally monosubstituted or polysubstituted with different R3a;

C,-C; alkenyl optionally monesubstituted or polysubstituted with different R3a;

(,-Cs alkynyl optionally monosubstituted or polysubstituted with different R3a;

0. OH;

1. linear or branched O-(C;-C,y)alkyl optionally monosubstituted or polysubstituted with different

R3a;

12, O-(C;5-Cy)eycloalkyl optionally monosubstituted or polysubstituted with different R3a;

13. O-aryl optionally monosubstituted or polysubstituted with different R3a;

14. aryl optionally monosubstituted or polysubstituted with different R3a;

15. heteroaryl optionally monosubstituted or polysubstituted with different R3a;

16. heterocycloalkyl optionally monosubstituted or polysubstituted with different R3a;

17. NHy;

18. NH-({C;-Cyplalkyl or (C;-Cj)eycloalkyl or heterocycloalkyl), each group being optionally
monosubstituted or polysubstituted with different R3a;

19. N((Ci-Cyplalkyl or (C;s-Cr)eycloalkyl),, each group being optionally monosubstituted or
polysubstituted with different R3a;

20. NH-(aryl or heteroaryl) optionally monosubstituted or polysubstituted with different R3a;

21. N(aryl or heteroaryl),, each group being optionally monosubstituted or polysubstituted with
different R3a;

22. N(aryl or heteroaryl){(C;-Ciplalkyl or (Cs-C;)cycloalkyl), each group being optionally
monosubstituted or polysubstituted with different R3a;

23. NHC(O)R3a;

24. N((C,-Cy)alkylC(O)R3a;

25. N(R32)C(O)R3b;

26. NHS(0,)R3a;

27. N((Cl-Cm)alkyIS(Oz)Rl’aa;

28. N(R32)S(0):R3b;

ISl

— = \D 00 3

29. CO,R3a;
30. SR3a;
31. SOR3a;
32, SO.R3a;
in which R3a and R3b are chosen from:
1. halogen;
3. linear or branched C,-Cy; alkyl;
4, C5-Csceycloalkyl;
5. C;-Cg alkenyl;
6. (,-C; alkynyl;
7. C;-Cyq alkylhydroxy;
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8 C;-Cygalkoxy;

9. C,-Cyyalkylamino;

10. OH;

11. linear, branched or cyclic (C3-C;) O-(C;-Cp)alkyl;

12. O-aryl;

13. aryl;

14. heteroaryl;

15. heterocycloalkyl;

17. NH-((C,-C g)alkyl or (C;-C;)cycloalkyl);

18. N({C,-Cp)alkyl or (C3-Cr)cycloalkyl),;

19. NH-(aryl or heteroaryl);

20. N{ary! or heteroaryl),;

21. N(aryl or heteroaryl}{(C;-C;p)alkyl or (C;-C;)cycloalkyl);

22. NHC(0)~((C,-Cyg)alkyl or (C3-C;)cycloalkyl or heterocycloalkyl);

23. NHC(O)-(aryl or heteroaryl);

24. NHS(0),-((C,-Cg)alkyl or (C3-Cy)cycloalkyl or heterocycloalkyl);

25. NHS(0),-(aryl or heteroaryl);

26. CO(linear or branched C;-C,, alkyl);

27. CO(C,-C,p alkylamino);

28. COylinear or branched C,-C; alkyl);

29. C(O)NH(linear or branched C,-C;, alkyl);

30. C(O)N(linear or branched C,-C,p alkyl),;

31. S(linear or branched C,-C,, alkyl);

32. 8O(linear or branched C,-C,, alkyl);

33. SOy(linear or branched C,-C, alkyl)

34. C{O)(heterocycloalkyl); ‘
the said products of formula (I) being in the form of the base or of an acid-addition salt.

3. Compounds according to Claim 1, characterized in that:
- R3 and R4 may be, independently of each other:
. H;
F;
Cl
Br;
L
CF;;
OR2a;
NR1aRl1b;
COR2a;
. CO;R2a;
. CO(NR1aR1b);
. 8R2a;
. SOR2a;
. SOsza,

0 90 N B L Lot

= et
h B — D

disubstituted or trisubstituted with R2a, R2b, R2¢;

—
(=2

disubstituted or trisubstituted with R2a, R2b, R2¢;

—_
-]

trisubstituted with R2a, R2b, R2c;

[am—
0

R2b, R2¢;
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. linear or branched or cyclic (Cs3-C;) C,-Cjp alkyl optionally monosubstituted
. linear or branched or cyclic (C;-C;) C;-Cg alkenyl optionally monosubstituted or
. linear or branched C;-Cs alkynyl optionally monosubstituted or disubstituted or

. aryl or heteroaryl optionally monosubstituted or disubstituted or trisubstituted with R2a,



CLAI M5 1. Compounds having the general formula (I)

WO febasesst- | R4 R6R3 in which - R3 and R4 may B&;T/FR2009/051100
i ndependently of each other: 1. H 2. halogen; 3. CF3;
4. substituted oxy; 5. optionally substituted al koxy;
6. Ohthepnaldlyallglibstianhily man@ubsnoged/ar dubssitutddudradsubstituted with R2a,
carbody% R®&; optionally substituted carboxyl; 9.

opt 3 Lfur in differ
oxi at i d%’wyh%&? ﬁ&f(% {) bdm%'gbfqu Wgﬁl gy hﬁte’g’gt"%“{iu g’nogﬁﬁ%nded to the
azacaghobng pmit eigher sial 4 Caesn N belbuging] @sR@rR(s béinw nﬁmalmmonosubstltuted or

dlsubQIth[Tbxlthﬁﬁ@timte@(vﬁﬁ‘ﬁb?‘bﬁrllﬁgc| ic alkyl optionally
in whe@Nprising an optional [y substituted heteroatom 12,

ORRIORRI &6 AL inbulfiboll] BRALH othiaNChed or cycl i c
G2- 37 al kenyl’; 13. "optional Iy substituted |inear or

- lo ’ . or di
5 S il B4R A SRR o g
het %&PM%&@ﬁéd(‘G’zl-Cﬁ alkefR8 oPGInAGy ﬁloﬂﬁhﬁsﬁﬁl?erdyolr &{séostlf:&fed ith R2a R2b;
@ nephesSrhnthdat, Xl %ﬁﬁ(ﬁ'{agf BASuGARREbr AN ted th R2a R2b;
an da&ﬂopﬁ@ﬁh@@%oh@suﬁﬁﬁut@dzmg éivfﬂ{]kﬁa ©i her via

@ Ndid BENE BhSelbdfudBor dREbRRKRCVAP 34
u b%hﬁﬁ?ﬁﬁgu @Asﬁ&u&@éﬁr rM sﬁﬁli}yd%ﬁﬁll’i{ja q%O) NRI aRl b
3 @i 1) Yaoshdl IR or - G(0)

opt €0 &@ﬁoﬁaq@%ﬁdnwoaﬁm@% lﬁsgtﬁut%v ﬂ)(iu Ragh that Ala
apdceh erﬂ'ﬁ'yl fonall) ARRGRTE MY or YisubREd Ledo\kil?ﬁz b, B 2.
S e wogfLli near or
b 206ReH offionaiFmbloshfsitufelor Gitatsh eﬁlmkt‘ﬁlRZa%.ZbOpt i onal l'y
rr@n@@y@&}da}w bfifonaly HbRMERfilu o bP Bttt WA R?IE faghed
@2- &6 kenyl; 4. “optionally nonosu t Itute
dk S@@ﬁi—l‘aﬂc’y’f cﬁJQmIldH? o QbstiiEN G e bl LR HM‘D S.
QB! CONBIabyY opRAABURSHokEMGERd OF ailinsttisd Wit RogREE,Y | 6.
qpt Cgﬂﬁlhéth(roE?nﬂan Rty i dib&BstRiteMb3HRBtinkbd §#h R22 R2D;
het eoRaigh), tlonﬁlﬂztﬂl%@msé{tuﬁg BPaMRsHd el vt ROK Rob;
db S@@ﬁtdr}l)ﬂoﬁ %Mﬁosul%tm&%tdr Qﬁ@c;sh%teq%f?xsﬂﬂﬁiz'bt uted or
db scORtHele89) nkiyy mor%sulﬁﬁltufeg %@hlls%smﬂﬁg SRRk Rgbed
or di substl tuf ed CCaryl; 10. optionally
in which mnmafdtmg}eeaﬂogeh Hacpubshiy atiessh SRGRE0AT V! |
F;
CL
Br;
L
CF;;
linear or branched C,-C,, alkyl optionally monosubstituted or polysubstituted with different
R3a;
C3-C, cycloalkyl optionally monosubstituted or polysubstituted with different R3a;
C;-Cs alkenyl optionally monosubstituted or polysubstituted with different R3a;
C,-Cs alkyny! optionally monosubstituted or polysubstituted with different R3a;
. OH;
. linear or branched O-(C;-Cip)alkyl optionally monosubstituted or polysubstituted with
different R3a;
12. O-(C5-C)cycloalkyl optionally monosubstituted or polysubstituted with different R3a;
13. O-aryl optionally monesubstituted or polysubstituted with different R3a;
14. aryl optionally monosubstituted or polysubstituted with different R3a;
15. heteroaryl optionally monosubstituted or polysubstituted with different R3a;
16. heterocycloalkyl optionally monosubstituted or polysubstituted with different R3a;
17. NH;;
18. NH-((C,-Cq)alkyl or (C;-C;)cycloalkyl or heterocycloalkyl), each group being optionally
monosubstituted or polysubstituted with different R3a;
19. N((C;-Cygjalkyl or (Ci-C;)cycloalkyl),, each group being optionally monosubstituted or
polysubstituted with different R3a;
20. NH-(aryl or heteroaryl) optionally monosubstituted or polysubstituted with different R3a;

P

=N GO ]
[l s - *
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11. optionally nonosubstituted or disubstituted
WO 1002akdéagli; 12. optionally nonosubstituted or PCT/FR2009/051100

di substituted CQRaryl; 13. optionally nonosubstituted
or disubstituted CQ2heteroaryl; 14. CONH2; 15.
Gt Napd ok yreteromeb, bachigravp deing optonalif sibhdsubseichtdd@Nipalykybktituted with
16. difpentdt¥al | y nonosubstituted or di substituted
CONNiry | or Heleroarplf( ©R@halkymon @S1109ticlaatkel), edch group being optionally
di smbstsulistitued oCodliubiteutedwith diffé@nt RBat i onal |y
BBNYHGERBY;,ut ed or disubstituted CON(al kyl)2; 19.
Spt Nghal|alkyt{O3RAnst i t ut ed or di substituted
CONFHEYDINEE -QQ)alkgbtor o(atd,Yeyeloaipd ubs thetetticgsdoadityl), each group being
di septiehdllywtoadsubiitthé brarobaubstijuied vitheliaém Rps;0oduct s of
26 NO(((C1-L1 oty gor (Ci-ag)cobaliydf off heteb@gcdodlityl)af eddh group being
aci aeptiagidiytmonnsubatitiited & poGauipatursdvitfdiffeedmaba (1) as
adéf NHe)(aryCloa heterbaryl) ropvibratiiy monBibstitatedRér polysubtituted with different
i ndépgendently of each other: 1. H 2. F, 3. d; 4. Br;
28. WC(@(aryTioB hetdroarfX? @aachGrouREmRbbtiord1ly wohabstihfled or polysubstituted
CO2RBadiffirent RO&X NR1aR1b) ; 12. SR2a; 13. SOR2a; 14.
SOARE) (atB . orl hetaaaryli((C BT gakiledr OT;-CYystioalky1Ce- hetdro&lctoadiyl), each
al kgrbupopingapablajly monasbdisitéd oftpelysubktitdied whxs differdneRl30r
80. NHBELJR3at ed Wi th R2a, R2b, R2c; 16. linear or
Bi.aG e atkyt3fOl)RBa; ( C3- C7) C2- C6 al kenyl optionally
ADNSHSESH(CuCamlyt i EUbS)dytlodled oF Hetetmydisdlkyl)t«ach group being
Wi tdptiR2dly niedbsubititaed drholylsutsamied ovithlliffoai 8da; C2- C6
ab.| MY Oy)(((pythdakd! by (bR WIHkyl ube theRfocgidlSdlBS)h, teldhe Grroup being
or dptipsalllp stonbsbsduted srtpoRRéehstifezd witRAdfferdBR38r yl  or
At H @Y, y{aryd pt heambtyl) opticedly hsdnofubttactedior gdolgsbstitittdiwet different
or R¥gsubstituted with R2a, R2b, R2c; 19.
A&t 18Oy ioa hktgtoaxyht, ieadhadrdup bringeptidiaily mch@dbstituted or polysubstituted
di suedifferatteRBapr trisubstituted with R2a, R2b, R2c;
B M¥(Opigardd brehaeroay YU CiBp)aliyl 6 (EpOIoyeldalivylt br Betérocydloalkyl), each
het@owpdteogwplibnaBy swon@)bdnionddad pblgsubkttutad etth diffatentni®3a; TOR 3a;
87.t¢@R3wia a C or an N belonging to R6, R6 al so
pOsH3bl y representing C(0O)NRlaR b or an optionally
§UEIRIaut ed heterocycl oal kyl or -C(0) optionally
40B¥1RByt ed heterocycl oal kyl; R6 being optionally

in which Ripnosholestfiout ed or di substituted or trisubstituted
Wi thalog@g, R2b, R2c; in which: -Rla and Rl b may be,
Bnddpendent|ly of each other: 1. H, 2. linear or
Br dinedred banchey € Cq; alkgB- C7) C1- C10 al kyl optionally
forfodibgdlodlini:ed or disubstituted wth R2a R2b; 3.
bi nedls atkenyly anched C2- C6 al kenyl optionally
forodihdtynyiut ed or di substituted with R2a R2b;
7. OH;

8. linear, branched or cyclic (C5-Cy) O-(C;-Cg)alkyl;

9. O-aryl;

10. aryl;

11. heteroaryl;

12. heterocycloalkyl;

14, NH-((C,-C,p)alkyl or (Cs-C;)cycloalkyl);

15. N((C,-C,p)alkyl or (Cs-Cy)eycloalkyl),;

16. NH-(aryl or heteroaryl);

17. N(aryl or heteroaryl),;

18. N(aryl or heteroaryl}((C,-C;g)alky! or (Cs-C;)cyeloalkyl);

19. NHC(O)«(C;-C)g)alkyl or (C;-Cy)cycloalkyl or heterocycloalkyl);
20. NC(O)(C)-Cyg)alky! or (Cs-Cy)cycloalkyl ot heterocycloalkyl)s;
21. NHC(O)~(aryl or heteroaryl);

22. NC(O)(aryl or heteroaryl);
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4. linear or branched C2-C6 al kynyl optionally

WO 1000050883t i t uted or disubstituted with R2a R2b; pPoT/BRY09/051100
optionally nonosubstituted or disubstituted with R2a
R2b; 6. heteroaryl optionally nonosubstituted or
@B sNEER)aryltoe eteoati) {2 aC Rkl at. (Ch€rneydlcathyt ordrtekdcycloalkyl);
A NYEEER-{(CuCadblkyl oG ihpyiloalkyd dr huitdrbeyB@alkiRpb; 8.
COaNE{D: ) G gallill oy (Cretigulosikyltoanheerooycl@ikyl)hst i t ut ed
w6t NHR)-faeyd or Beter@@pldy| optional | y nonosubstituted or
A7 sNB ) et wdhetsiorhyl)R2a R2b; 10. CCOhet er oaryl
@Bt N6(a)(hry] ordwesatyd((C} -0 adkyd or ({1511 jestlvdlktl edhendrodycleDiayl),
REHCOAhearcOBmhdbpd Cofidatiydl | y nonosubstituted or
@DsU0LinsauereaanahedC R aalk@h; 12. CQRaryl optionally
FonCEDNElinteart @ dranrhed iGubstliut ed wi th R2a R2b; 13.
GG Nlowarydr bapthied KaiChgalkybhmosubst i t ut ed or
B stfys¢ar brbredthed €RCRAKYIR2b; 14, CONH2; 15. CONHal | cyl
Gpt POfiatdr pr rembediBsCiotelkyBd or di substituted with R2a
RSO AlineaCONHarhad Goffhi k). | y monosubstituted or
di substituted with R2a Ri b; 17. CONHhet eroaryl

or disubstituted with R2a
+ Cm&%&nﬁ%@é«:&%?@?%ﬂ{??fh bl%g)nal |y monosubstituted or
di substituted with R2a R2b; 109. C(]\I(aryl )2 optionally

- N-{AIPNASHRE hyridl J’eigg O1- Hgﬁsif bisut ceﬂh )ﬁ%ﬁengﬁ%etlégesulfonamlde

(het eroar m)no

-N- {%[%@%Wrwéadwsﬂ thgrcﬂzz[s 3 4 %ﬂﬂﬂ@ﬁﬂd@al}p@ﬂ}xaﬁharm&fonamlde
- 4- (3§‘cﬁm&h@@9ﬁbnyl)13m&ﬂ lh;a ﬁf 91@ o1efzhﬂss4fcv]amynéme

- 4y Eop BRSSP Py BRI C bR g

- 3-m@dxy ulpstid-B 4yt )eSH -pyriobo[ 2] beffﬁét-e’r}dlpﬁﬂﬁlie 7. C3- C7
B Ty —
-3 hmwyér?ahmythyﬂnmghﬂa@md 3ty PHopyrpde (9.8 thhS4-+ diptiling 3- wrboxylate

- 4- mahéxgﬁst(%%d R3n. 9}ﬁpyrfé?o[§3§-bad KydbyrRitlel onal |y

tltute or substltuted with different R3a;

nos
-3 TRorocg P a2t PO UeEoglal | cy)
- 4-[(BE-¢yeRgtdpyletiom@sihedrb iU bash- 9&1)4@9ﬂ-p5§1%h§1 B-blstﬁa]ﬁytnhme
Cc 0
B L e T T R Oy S R O L A O
- 2-metfRylpropamrdry] oelpyiid B HoH-proredsf 1B Dt 3, 4-u’t]¢hp|yr@inne 3-carboxylate;
t ' [ aryl
-3 AR E ?ﬁ% oA R SR eM BB Y od i o
- 4-[3-dluproch-@ptid-Ray: 9P!t5¥ﬂqi<d€érbe‘ia4y1]dlemd-4ymﬂﬂ>utyle-1 2-diol;
- [3-ﬂ{m8163(yﬁﬁ3 Wbﬁ%ﬁfold?@k %%Wé’]d:;iﬁg}r'&iﬁtdylmyﬁelﬂy ?’Hnétf-uﬁ{oﬁé’t R3a;
nonosubstituted or
-33 gﬁ‘af’%‘u{if o )e"a* erqko[aﬁfbf%‘rﬁ r]@lpmia“ yHbenzegeguifonagnide;
-3- (nNﬂhélﬁr@ﬂyﬁllﬁ%ﬁrﬁd-Wb -90F- ps(rfa'fo{moesy@b @cﬂbﬁwkneor .
clo eac n ionally
at met[h SE%SDP’T’? t'i(eﬁ %];:I PEBP&?E%%%EEQE%@ é%%ngh di fferent R3a;
-3- ﬂum)-4 mh«ﬂﬂné)sd} eypyride3 -1 ESH @yirolpfd, Biab Kyclibyridiagh gr oup
t ted
-2 Bl SRR b [ R LR ©
- N-mggByli Mrieppy y6-tayridSubsH-pyrael 28rb: péiciidipkrd-pamined wi t h
- ethy 8-l 88-834)-9FBByrrolof2,3-b:5,4-c|dipyridine-3-carboxylate;
- 6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’ dipyridine;
- 3-fluoro-4-methyl-6~(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢*Jdipyridine;
- 3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine;
- 4-chloro-3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c ]dipyridine;
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21. N(aryl or heteroaryl)2, each group being

WO mpobi1se58i|l y nonosubstituted or pol ysubstituted WdMFR2009/051100
different R3a; 22. N(aryl or
hereroaryl) ((C -G 0)allcyl or (C3-C7)cycloall cyI ),

e ﬂ&‘?‘?%@gst e R, SRR W TR S A Pl o4
hqlaweﬁ (nmi)%wll)@ymyom&b 575’ 1digyR@iay:C( 0) R3b; 26.

B L e

0)
. ethygéﬁ?ﬁ(ﬂ oA S IO it LA UB Do - eneai

- 3- ﬂmcb@gaonor'p’hoh@aayl)pﬁens;ll]m%%ﬁ%%ryglomﬁﬁmstz@Jbﬂﬁ-%é&bhydme

- e PRt s 4P PR AR SR oo e 816 o1 10 al oxY:

- [6-(19rid Gyl 29-patrédy ] 2c6ab: fid:c ]ﬂl@ynd]ﬂyl]mi:thalhdlnear br anched or
e RO o 73
- N-HNWIF@IPIQHYIJ?-&PYID@;BI Ylb?H@moldﬂ)k'yé H@é]kiipthme-z_earboxarmde
- 3-f1d¥ed- ﬁlm@ﬁhﬁbﬂeﬁwﬁ brid S31)H - Fyird1galkysl) 2 %%dn{\é'-‘lr é;?ﬁéﬁhnlmde
e orh}’ﬂg%&t%g%‘ %9{*(1@?0@%% é%layqo rdtpr] e%%?%%/ dH@greliiny1-ybutan-1-
one; 22. NHC(O) - ((Cl-C10)al kyl or (C3-C7)cycloallcyl or

-l LALLM io Sl (el of et ercaryl):
- [3-flherp $r Dyt B-o B KEsbyrroldp % 3-b MMSE T idat- Wl (morphbiix-ey D methhane;
- 6-(5-fluoropyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’Jdipyridine;
- 2-[6~(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢ )dipyrid-3-yl]propan-2-ol;
- 6-(6-fluoropyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine;
- N,N-diethyl-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢]dipyrid-3-amine;
- 3-(pyrid-3-yl)-9H-pyrrolo{2,3-b:5,4-b’Jdipyridine;
- 3-methoxy-6-(pyrid-3-y1)-9H-pyrrolo[2,3-c:5,4-¢” |dipyridine;
- 1-chloro-N- {4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ |dipyrid-4-yl]phenyl } methanesulfon-
amide;
- 3-(4-methylpiperazin-1-yl)-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c" ]dipyridine;
- N-{4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c ' 1dipyrid-4-yl]phenyl} cyclopropanesuifon-
amide;
- N-{4-[3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c Jdipyrid-4-y1]-2-methoxyphenyl  methanesul {-
onamide;
~ N-{4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-c’ ]dipyrid-4-yl]phenyl } methane-
sulfonamide;
- 3-fluoro-6-(5-methoxypyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine;
- 3-fluoro-6-(4-methoxypyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine;
- 6-(1-benzyl-1H-pyrazol-4-y1)-3-fluoro-9H-pyrrolo[2,3-b:5,4-c’|dipyridine;
- 3-fluoro-6-(1-methyl-1H-pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-cdipyridine;
- 3-fluoro-6-[ 1 (2-methylpropyl)-1H-pyrazol-4-yl]-9H-pyrrolo[2,3-b:5,4-c’dipyridine;
- 3-fluoro-6-[5-(methylsulfanyl)pyrid-3-y1]-9H-pyrrolo[2,3-b:5,4-c’Jdipyridine;
- 4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyrid-4-yl]-2-methylbut-3-yn-2-ol;
- 4-[3-fluoro-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢ " Jdipyrid-4-y1]-2-methylbut-3-yn-2-amine;
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26. COlinear or branched Cl-Cl0 al kyl); 27. COQ G -C O

WO mokxkeazino); 28. C2(linear or branched Cl-Cl0 pgdyki1609/051100
29. C(O)NH(linear or branched Cl-C10 al kyl); 30.

C(O)N(li near or branched Cl-Cl10 al ky1)2; 31. S(Ilinear

L AOSRS55 3R e BSOS -

methagpsulfpyamide; 34, C( 0) (het er ocycloallcyl); the said
- 3-ﬂ1ﬂﬁ&ﬁ’ Mn%ths}f 3 gﬁﬁé{&hﬁl S/i)%uth nﬂgl'] B éfé;!-} iﬂ glgghgignﬁyi&? ?9%% ']

d&i an acid-addition salt
11’}'”@}“51 m 1, characterized in that: - R3 and R4 may be

- 4-[3indiepeRdentd-y-yDioHeRe 1L, Bers 4-4] dlpgmda-ylf:z n;’ethyﬁi% -34m-2891;
-+ 13t R e £ oy P iy 2 e
- N-{4{pRethpxyi&(pytidedr ot pytorl o2 SHes|4-ot dipyrtd-#-§1] L GRetBlbut-3-yn-2-y1} -

th hkyl optionally nonosubstituted or
me |su%[gatn|ﬁtuted or trisubstituted with Rka, R2b, R2c;

- 3-methoxyt4-Femethid 3-(pirarseind dylbut- byedl ivdl- f(—(vsmrz)ylmimnaﬂlzérm 4-¢’]-
dipyridRkj onal | y nonosubsti t ut ed or d| subst it ut ed or

3 tH%g‘Eétlt ted with R2a,
- S1groshieh Yleeeféﬁlwrmplpsﬁé |1z¥Haﬁ Wﬂ%ﬁ&s%mqlﬂ?é@ B#-<’T
dipyridinsubst i | tuted or trisubstituted with R2a, R2b, R2c;

T N T T

yhetha®l, het erocycl oal kyl optionally monosubstituted or
- 3-Mkes! Pﬁ&dﬁr{éﬂoﬁﬁ 4%[1)g§ﬂeh§‘f% %&%g‘%gwn%@gg%g%p% 4-?%@8@111@
- 3- ﬂ%&r‘é %@Em-Zml)peeT@md)ﬂb -368)-PHeyaolald B i #icildipumdine;
- 4- (4?&&1&&?}%}1&?1@&'&11@1 91- 3aﬂmot% b@gefg?y %ggﬁ%gxtﬁi&?{zfﬂﬁb bglcl‘nqlpyndme
y ubst i u | sybstitu

- B i LR TP RIS SRR RSP S Hapyiing: and
- 3-ﬂuatob4-MM -mﬁhylplﬂmﬁﬂiﬁﬁirhﬂn-wll85@(@91‘1@34?9‘91{ -Byrrolt[2,3-b:5,4-¢7]-
dlpynhllngear or branched or cyclic (C3-C7) C1-Cl0 al kyl

optional | y nonosubstituted or disubstituted with R2a
- 3-matiptyy-434-(fmederipinsrazix byl ida2yI56- (eptridetnyl)- 9B gyrrolofd, 3-4:5,4-c']-
dlpynmggosubst ituted or disubstituted with RRa Rib; 4.

| inear or branched C2-C6 al :%; é optional |l y
- 2-(41flh SRS (RE-or) B PYBeIPIZ T Bd-ckliridkaa IRperid-t31 gigerazin-1-
yleth@l;i onal | y nonosubstituted or disubstituted with R2a

- 3—m€ﬁlloxy 4-[4-(morpholin-4-yl)piperid-1-y1]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢ dipyridine;
- 3-methoxy-4-[4-(1-methylpiperid-4-yl)piperazin-1-yl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4<’]-
dipyridine;

- 3-methoxy-4-[4-(propan-2-yl)piperazin-1-y1]-6-(pyrid-3-y1)-9H-pyrrolo[ 2,3-b:5,4-¢’]dipyridine;

- 4-(4-cyclopropylpiperazin-1-yl)-3-methoxy-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine;

- 4-(4-ethylpiperazin-1-yl)-3-methoxy-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’dipyridine;

- 3-methoxy-4-{4-(methylsulfonyl)piperazin-1 -y1]-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine;
- 3-fluoro-4-[4-(methylsulfonyl)piperazin-1-y1]-6-(pyrid-3-y})-9H-pyrrolo[2,3-b:5,4-c |dipyridine;
- 3-{4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ |dipyrid-4-yl]phenyl } propanoic acid;

- 3-fluore-4-(6-methoxypyrid-3-y1)-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ }dipyridine;

- N-{3-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolof2,3-b:5,4-c’ Jdipyrid-4-yl|phenyl } methanesulfonamide;
- 3-fluoro-4-(4-methylthiophen-2-yl)-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’dipyridine;

- 3-fluoro-4-(1H-indol-6-yl}-6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’Jdipyridine;

- {2-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ ]dipyrid-4-yl}phenyl }methanol;
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6. heteroaryl optionally nonosubstituted or

woO hosubedsgit uted with R2a R2b; 7. benzyl optional |BCT/FR2009/051100
nonosubstituted or disubstituted with R2a Ri b;

CCal kyl optionally nmonosubstituted or disubstit ut ed

. ti I subst.i t ut ed or
sl R R SRl BRI LBS bt
- 3- [%fb{ﬁ%ﬁ-@yln;l 3 ndk piselb i il4 ot | dgisdbstliN, uubmewmmhm a

- 3-ﬂ15@lr@-4 (éuineth%h b%?)')l—ﬁ-%ﬁﬂ %2@)' é}y EWP% li‘-hf‘% RS &1?911&?1? ;

di substitute

- 3-Mlygsordd ettt Uﬂ@aiobﬁ yHios@pad- Iﬂut%bpmoﬂqI BB "Idipyrgine;

- 3-leRh et BlenR] yﬂi-psmkdl }J@ﬂom&ubpch 95 4-¢’]dipyridine;
bst it ut Hal Kyl

BT AT s o

- N-{R{ biluct6-6-(D@N-hy O Haptrob{id-bg, 4@]’&@@&5&@1}13%2@1}nﬁﬂ'lanesulfonamide;

-3- ﬂ&&éﬂgﬁi hﬂkﬁg @I u{glyn S’lle? ngy?rraolﬁgél {Iﬁﬁgayﬁﬁ"ﬁ R2a

- 4- (ZF%QIE)K)’PJS@M Wﬂlukiym)-@ymbﬁwbr% P}Sl‘fqirtﬁhédmﬁa%t ldipptrigliheor
- lgt 9 [ I
MBSO R B L A R b

acid; cON( het er oary1) 2 optional |y nonosubstituted or
- N- {d[Sﬂ\bﬁﬁ-BI(pI;trﬁldB yi)-DH-gegeloRd, Nb: sis ]ﬂhﬂyﬁh 4Fsimenzl§!1}ﬁleﬂ1a1%sﬁi?&amlde

S %?aammnﬁ(&ﬁﬂmgw-ynmeman

one; Cl - C10 al kyl optionally nmonosubstituted or

- 4G I oal.
NIRRT HE Sl s P ey 63 S B oo L PR

-1+ Hﬁfﬂ“@ﬁ’eﬁ@%ﬁ*ﬂ@ﬂ-@?@d%W%ﬁyI]dlomd-@)ﬂﬂbheyyl} -N,N- dlmethylmethan

amindfOnosubstituted or polysubstituted with differ ent R3a;

- 2- [391uo% rialsly ey byrefb[ 30 by ]&EB%W QI‘iﬁénEéIﬁtﬁﬂ:

pol ysubstituted wth differe i near
- 1-ch@ro-BL @8 R@rods-(tia SLyd)L otk Bl ' ]
amifie@ro po?qgubs{ it Ep?gd V\}II@% h ngyﬁhl&e{?gnfﬁ% ]&p@@%ﬁﬂ&h&l‘}:ﬂ&ﬁ&esﬂfw
0- (C3-C7) cycl oal kyI opt| onal I y nonosubstituted or
-3- (49&&35&;&4&%&!“{-%% i ?ut Elggﬁmo[f@% i5 416” difyriding]

optionally nonos or pol ysubs ituted with
- N- {2 310k R B pyRAB-y1-SH-pRr¥lo 2206 5 ARA | Yri ARR DS S Msulf
amidepOl ysubs{ﬁ?ﬁt e)él;_vvl tpﬁﬁ fer ent a]R:%T 12@§he?e}r%§f}’%a suttonr
optional |y nonosubstituted or polysubstituted with
- N-{4jst ks &-y15-6H. o) BEI81201: U QAkipYHid @R 1L RRkb Y phenyli meth
onaéua[@nosubgﬁﬁt e%lilor E}ﬁ gubst | téljjt {e%lllvm ?’?1] dﬁll?r#1 %/yg enyF%glet ancsulf
17. NH2; 18. NH"Cl- CIO) allcyl or (C3-C7)cycloal kyl or
N-{ B MIoRCH ¢RIk B py AR o AR e -
Su1fo{ng§n@subs_?|tut gd o?ypol ys%)?s}?g ut e[g W t'h 3 ? er er‘Irt]phenyl}mﬂmne
19. N((CI G o)alkyl or (C3-Cr)cycloallryl)2, each

- 3-flUBFRLE- ﬁ%&@p?ﬂ% 39{)@‘14 PELICY B ﬁdﬂ;ﬁf&l ol

pol ysubsti tu W't h fferent 20.  NH (aryl or
- 3-AuBRLE(OREM B O rfm{p@_s%%é !
upoI ygubst I%YS?P%I \?Ipt h difterent %;ﬂﬁﬂm‘e N(aryl or

- 6-(1 BEAL 04kl o RS, hu%@“om’%“m SB-Otine. 4 Roa

nonosubs uted or polysubstituted

3-41 8%-6 (REMY1-191- [
| 7) cyi((: oaP)E%ﬁa 92%?’3&’0%%%?‘%‘% tl E)nr? ally
-3 ﬂummgu@%étﬁmrspﬂpm@%ya%ﬁf SR o 35 LT B Sdhe; R32:
- 3-fluoro-6-[5-(methylsulfanyl)pyrid-3-y1]-9H-pyrrolo[2,3-b:5,4-¢ ' dipyridine;
- 3-fluoro-6-{1-[2-(morpholin-4-yl)ethyl]-1H-pyrazol-4-yl}-9H-pyrrolof2,3-b:5,4-¢"|dipyridine;

- 3-fluorc-4-[4-(propan-2-yl)piperazin-1-yl]-6-(pyrid-3-yl)-9H-pyrroio[2,3-b:5,4-c" |dipyridine;
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23. NHC(O)R3a; 24. N((Cl-do)allcylC(0)R3a; 25.

WO 200018038¢ (Cl -Cm) al | cyl or (C3-C7)cycloallcyl or pcT/FR2009/051100
het er ocycl oal kyl ), each group being optionally
nonosubstituted or polysubstituted with different R3a;

26. NC(0)((C-do)allcyl or (C3-C7)cycloal kyl or

- 3-flueet-émpsral LAED-b L yid23 -yi-athpygob(l3-bédrg]daptidiaaal | v
nonosubstituted or polysubstituted with different R3a;

- 4-[3dIporoN-(pE(i B -y ¥ N-pyoolo[AStte§, dat]fpyridpiy] ] @rmatthylbut-3-yn-2-amine;
nonosubstituted or polysubstituted with different R3a;

- 4-[3 Z@oroNrBid-Brw i Stbpytinao[@3etas Y- )] @ipyrahd- ) Grraethylbai3nm-2-ol;
optionally nonosubstituted or pol ysubstituted with

- 4-[3 i -ethglpgetaziR3layl)-2 MmetELO )| {yarlydl]-Bfluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-

c’]diptidies;oar y1) ((Cl - C10) al kyl or (C3-C7)cycl oal kyl or
het erocycl oal kyl ), each group being optionally

- 3-{4rfB rilwspb®-(piytidd ed)-TH-ppodly[2 3Hs 5, 4-c Udipgids -y Nptai §1f @oganbic B3d;
30. NHS(02)R3a; 31. N((C -C10)al kyl S(02) R3a; 32.

- 3-fUNHEH-0Reh O Gipy GO 6-Qytid-Ory Y EBp Erola BHamd -+ dibyriine;
het erocycl oal kyl ), each group being optionally

- N-{ 13ridend 6 (pyiridt Jepl)-8H-pyoblp B als:5 jdtLildipglridvid byl phkink T} e tbiiesiRBamide;
33. NS(02)((C -G o)al kyl or (C3-C7)cycloal kyl or

- 3-Tlieat-bfomythyldadpbyd-p 2 ])-teetid-arydH-batale 2,6t 4,0 03dipyridine;
nmonosubstituted or polysubstituted with different R3a;

- 3-h@rb-4-NHB(O ) 6-f 16 y(byriak3-PlgpOHryanlo] 2,3-b5 i Jaidytitine;
nonosubstituted or polysubstituted with different R3a;

- {2-[BBuorNSHORId- 2y Haryriob[ 2B -bai4rd ) dipyridaleyl ph emylindnieholg
optional |y nonosubstituted or polysubstituted with

- 3-fludior4-E-methylR8ephe3 8-y )NSPPRJ-8 3 ndH-pyrrolo[2,3-b:5,4-c*dipyridine;
het eroaryl) ((Cl- C10) al kyl or (C3-C7)cycl oal kyl or

- 3-[3-flgowrteipyid-d IAH-pyrradel 2 A-boff, o0 idipwidatyy DL N-divadthylaniline;
nmonosubstituted or polysubstituted with different R3a;

- 3-flupORBH -m@Hy!- IEEIhRBlaS-y138-(py3idshyl)-9H pyEelRBx3-b4@-c’ BERR3ias; i n
whi ch R3a is chosen from 1. halogen; 2. CF3; 3.

- 3-flupforfedlrmethy bt B ot @D-63pPridB igy) 9H-dyrr oG 2, Shedbt Qdipyeidine;

5. C2-C6 al kenyl; 6. C2-C6 al kynyl; 7. OH 8. linear,

- N-{4dB eltvotretH(rorid Syd)-P-p{ B3 elCA)b: 5,4 Qlip Gi ¥ g1 kanlzy ]} Setathidrr y | ;
10. aryl; 11. heteroaryl; 12. heterocycloal kyl; 13.

- N- {3NBZluofiod6-(piird (3¢ YD -9 Gipwiralbi2)3-b: S < |Gy @F-3-§ 1 bdnagll mettdnesul fbhamide;
NOCI - G o) al kyl or (C3-C7)cycloallcy02; 16. NH (aryl or

- 3-flubete2emethddypheh¥l)-6Mp arids3 -y DO Hag iR B p F)Re JdBridNear yl  or
het eroaryl) (Cl-Clo)al I cyl or (C3-C7)cycloal kyl); 19.

- 4-(2-BHCO0Y -8 G- Cojreb (gl d-By])-OBDyEéofy b S Al K dipyeitline;
het erocycl oal kyl); 20. NC(O)((Cl-Clo)allcyl or

- 4-({X{C3GT9-6ymirid B Wy-PH qiyrrble [263- w6 &l Idiplytid- ¥ 3P phenyl } amino)4-oxobutanoic

acid;

- N-{4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolof2,3-b:5,4-¢’ 1dipyrid-4-yl]benzy] } methanesulfonamide;

- 3-fluoro4-(1-methyl-1H-pyrazol-5-yl)-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine;

- N-{4-[3-fluoro-6(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’]dipyrid-4-yl]phenyl } -2-methylpropanamide;
- 3-fluoro-4,6-di(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’[dipyridine;

- N-{2-{3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ |dipyrid-4-yl]phenyl } methanesulfonamide;

- 3-fluoro-4-(1H-pyrazol-4-y1)-6~(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c* |dipyridine;

- 3-fluoro-4-[3-(methylsulfonyl)phenyl]-6-(pyrid-3-y1)-9H-pyrrolo{2,3-b:5,4-¢*]dipyridine;
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21. NHC(O)-(aryl or heteroaryl); 22. NC(O0)(aryl or
WO fevasezsiyl) 2,  23. NC(0) (aryl or PCT/FR2009/051100
heteroaryl) ((C -d o)al kyl or (C3-C7)cycl oal kyl or
het erocycl oal kyl ); 24. NLHS(02)-KI-C10)alkyl or
- 3-th{of834-CZFrethokypatiknidin- 64y 1) eelperid 8 Wil BBbeitg[ 2,3 D5, 4-c |dipyridine;
NS(02)((Cl-do)allcyl or (C3-C7)cycloal kyl or
- 53HBber & Qycl S KD Byrd6]2, 3NS50 Qlip (ed-y 1 pyrideiamear yl ) ;
27. NS(02)(aryl or heteroaryl)?2; 28. NS(02)(aryl or
- 3-fhlvet-e{O6Fyah1piparidc1 ) pibdtytin 0ry1 |y ST BT BN, 305 4-c']-
dipyrideeer ocycl oal I cyl ); 29. CO(linear or branched Cl-Cl0
al kyl); 30. C2(linear or branched Cl-Cl0 al kyl); 31.
- 3-fluBEO3-N(rharpiedin-doy])piesid REH6-Ghri@-BO/ 1 RO I r6l0[33-b:5,4-¢* Jdipyridine;
C(O)N(l'inear or branched C1-Cl0 al kyl)2; 33. S(linear
- N,Ndiietlpi-ani@Ha dlubib-aab9rid B k) IH-pafolo[ SO 5 meqalpyadd-hm@pa@zﬁh 1-yl}-
ethan{ilin€;10 al kyl ); 35. S02(linear or branched Cl-Cm
al kyl'). 4. Conpounds according to Caim1, chosen
- 3-fldora4r(4-methyl-1,4-diazepan-1-yl)-6-(pyrid-3-yl)}-9H-pyrrolo[2,3-b:5,4-c"|dipyridine;
N-{443-fluoro-6-(pyrid-3-yl)-9Hpyrrolo[2,3-b:5,4-c'id
- 2- {[4i[pyubeh-epyH-pHEBH-pyredibaessii-L Qaippii de-yl |pipdazin-1-y1 ethanol;
{443- met hoxy- 6- (pyrid-3-y1)-9Hpyrrolo[ 2, 3-b:5,4-c
- 3-fluocti-piA-{4emethyibibaraging b ppthdne |- (peRdaiytieIH-pyrrolo[2,3-b:5,4-¢°]-
dipyriding;3, 5- di net hoxypheny1) - 3-fl uoro-6- (pyrid-3-y1)-91-1-p
yrrolo[ 2, 3-b: 5, 4-cl di pyridine; -
- N-{4Befhotep(npyS-3)-DH woioloR; 1§ i cdiddyd }-yPphdy 1 bR Infetinesul f-
onamid§, 4- cl di pyri di ne; -
3-nmet hoxy-6- (pyrid-3-yl)-9H pyrrol o[ 2, 3-b:5,4-c"]clipy
- 3-(piperdziné ;y])-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine;
N-cycl opropyl-443-fl uoro-6-(pyrid-3-yl)-9Hpyrrolo[ 2,3
- 6-(pyrist- Byd-OHHgrmplof 3, 8Hb 4;4yd " |diemidSreasitd; f onami de; -
3- hydr oxy- 2, 2-di net hyl pr opy!l
- 4-(1.8-bipipesidH 3yly-3-¥hubid-6afpy1id B o) D Bpyatdio[ 4,3 . 4 -pydipgidie; 3- car
boxyl ate; -
- 1-[3ﬁgqetﬂq@md-ﬁ-y()wﬂ-p)drﬁo[y,l)b: D43 diyyridod -] R, 18-dbndehydpipdridigothine;
i dine; -
- 3-ﬂuaﬁfdylti?ﬂﬁﬁl)@*-l(%wirdidi&-w))p@bﬁcpY-Efl] O yZroB{ 03 -5: 54-€ | dibhyRidine;
i d-4-yl ] phenol; - _
- 3-fludrol4- B-E32piperid- ooyl Biieail 1-yB-6-{pyAe-0-B-dipyyrelo[3,33b13,4-9']-
dipyriagyr r ol o[ 2, 3-b: 5, 4-c] di pyri di ne; -
4-(3,5-di fl uorophenyl)-3-fluoro-6-(pyrid-3-yl1)-911-pyr
- 3-fluoh4s [ 2[33nivrholia-¢ ythpfyy il pedezin-1 —yI% Gl@iyhyhgﬂmﬂﬁyr?olb{l 3-b:5,4-c)-
dipyridiné;pyri d- 3-y1) - 9H pyrrol o[ 2, 3- 4-cl di pyri di ne-3-car
boxyl ate; -
- 3- {433 flhorora(prid-BgD)-9bk-fyesold] 2L3-B: ALy B byridyd-y 10 igdr i3t DI} N =dipropyl-
propai-pwidedi ne; -
443-fl uoro-6-(pyrid-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyr
- 3-ethiogly-G-(iridBY IR OB -plrrdtofd, Bb:5,4=c’ |dipyridine;
[3-fluoro-6-(pyrid-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri
- 3-iodd-6Apytig:lyBroH-pyFRASIAN B4 -c* dipyridine; |
343-fl uoro-6-(pyrid-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyr
- 3- {I-I[Ii-(rﬂery]hqliﬂeﬁ’-l?l)bﬂ@ﬂuﬂl-f Pyadsl-481} -6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c " Jdipyridine;
3- (nor phol i n-4-yl) - 6- (pyr|J 3-yl) - gh-pyfgglo&z 3-b cg Xynlne
- 3-(1-methgli- ¥4p i 8;y1)-6 @yﬁa -3-y1)-9H-pyrrolo[2,3-b:5,4-¢ ]dlp idine;
- et hyl - 1H- pyrazol - 4-y1) - QFprrroIo[Z 3- gn4 cldlpyrl
- N,N-dieth@]-3-{4-[3-fluoro-6-(pyrid-3- yl) -9H-pyrrolo[2,3-b:5,4-cJdipyrid-4-yl] 1-y1
propami3t-bnisey o- 4- ( nor phol i n- 4-y1) - 6- {pyrld 3]yfml Fié?*?ng[y}
2,3-b:5,4-cldipyridine; - 2-methyl propyl
- N.N-Brethph2- {4 Beydd-3 9t 9B-pyred 16D 2,635 B Gdiftgred-sliy Y 1L flir 8L By G 8than-
aminepoxyl ate; -
N- net hyl - N- propyl1-6- (pyrid-3-y1l)-9H pyrrol o[ 2, 3-b: 5, 4-
cl di pyrid-3-am ne; - ethyl
6-(pyrid-3-yl1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne-3-car
boxyl ate; - 173
6- (pyrid-3-yl)- 9FprrroIo[2 3-b: 5, 4-cldipyridine; -
3-fluoro-4-nmethyl-6-(pyrid-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-
cl di pyridine; -
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- et hyl
WO 100B)15@%3- f | uor o- 6- (pyrid-3-y1) - 9H pyrrol of 2, 3- E/FRE009/051100
di pyri d-4-yl]prop-2-enoate; -
3-fl uoro-443- (nor phol i n-4-yl) phenyl] -6-(pyrid-3-yl)-9H
- 3-fluqy#-mektwk -6 8pyrid-SyJ-9H-pyttio[py2, 3-iSwes’ |dipyridine;
6-(pyrid-3-yl1l)-9Hpyrrol o[ 2, 3-b: 5, 4-c
- 3-[ 1H@ingyhyilptopyd)- Bi-paratedA Wl - 6&(pad d-3;yl -9H-pyrrolo[ 2,3-b:5,4-¢’ ]dipyridine;
[6-(pyrid-3-y1)-9H pyrrol o[ 2,3-b:5,4-c
- 3-[4H(dhopholid4 -3 hphehpipbHpyral-3-yh-9Heivirglo[ 2,3-b:5,4-¢ 1dipyridine;
6-(pyrid-3-yl1l)-9Hpyrrol o[ 2, 3-b: 5, 4-c
- N-progy g {plydd-Aed )2 H-ayrbde(Q |3t £4-c dipyrid-3-amine;
N- et hyl - N- propy1- 6- (pyrid-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-
- 3-{4e[4-(pdpay2-yDipiperaBn-C i ploenglyiod@yrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢* Jdipyridine;
3-fluoro- N net hyl - N-phenyl-6-(pyrid-3-yl)- 9FprrroIo[2
- 6-(pyi3d-B-y)B-@;202-dlif o tbnyp Y H-pyao R Bbisde:’ | dipyfiding;net hy
[6-(pyrid-3 -yl1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyrid-3-yl]
- 3-fheono-Pldjpyerdiof2( Pl S Aal jdipyridide-6 ¢hrbbnitridd- 1 - one; -
6-(furan-3-yl1l)-9H pyrrol o[ 2, 3-b: 5,4-c |dipyridine; -
- 3-(2 et dyeth@ey -6 {ptid- Byl BOH Py rrOkf 3eb 5 @k Ofddhyddife;: 5, 4- C
| di pyrid-4-yllinorpholin-4-yQrethanone; -
- 3-{ 163 {(Bniekhytpigpazin- Oy Bprydyl - Bip s dl @y | -B+(Byrid-Byl#9H-pyrrolo[2,3-b:5,4-¢’]-
dipyridthepyr i di ne; -
246- (pyrid-3-yl)-9H pyrrol o[ 2,3-b:5,4-cldipyrid-3-yl]p
- {3-[6-gpaid-32ylpH-pyrrolo[ 2,3-b:5.4-¢’ 1dipyrid-3-yl)phenyl } methanol;
6- (6-fluoropyrid-3-yl)-9H pyrrolo[ 2, 3-b:5,4-c
- N, Ndiigohyyl3e[ 6 +yrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’|dipyrid-3-yl)benzamide;
N, N-di et hyl-6-(pyrid-3-yl1l)-9H pyrrolo[2,3-b:5,4-c']dip
- 3-(3prdimletBylalH-pyazol-4 31)-6-(pyrid-A-yB-9HLpyridtb[ pprb: -0 Ep@idine;
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- 3-magthdxg-64€1 yhetiphi d Hypyrarel-h-ahOslpyirotdliB-865,4-¢ [dipyridine;
3-(4-net hyl pi perazin-1-yl1l)-6-(pyrid-3-yl1l)-9H pyrrol o[ 2
- methyB4446-5] -Gprep-2 -en-pyyt ) H-p@azol-4N]-9H-pyrrolof2,3-b:5,4-¢’ |dipyrid-4-yl} benzoate;
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- NN djetliyp-@ [ # €3-theshokyp Dl pytrblof2y3h: 5,8 O pReEd-6hi)dhdintbetiyl-1 H¥yrazol -1-
yllethfnbd@ne; f | uor o- 6- (pyrid-3 -yl)-9Hpyrrol o[ 2,3-b:5,4-c
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443-fl uoro-6-(pyrid-3-yl)-9H pyrrolo[ 2, 3-b: 5, 4-c
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-yn-1-y1]-6-(pyrid-3-yl1l)-9H#rrolo[2,3-b :5,4-c 1-
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443-nethoxy 6- (pyrid-3-yl)-9H pyrrolo[2,3-b:5,4-c"]dip
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dipyritlineet hy| pi peri d- 4- yppi perazi n-1-y1]-6-(pyrid-3-yl)-9H
pyrrol o[ 2, 3-b:5,4-c dipyridine; -
- 3- {433 rebtetcpydd 8-y py 1o pamel 2R2)3005 perldipyid-4-¥1 )phenoxy } -N,N-dimethylpropan-
l-aming 1] - 6- (pyri d-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne;
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3- net hoxy- 444- (et hyl sul f onyl ) pi perazin- 1
- 3-{1-[ytithGp{rpotidine2-@l ) mythy11-DHkpprarslal-vif -8+ (Byrht- 5y d-9H-pyrrolo[2,3-b:5,4-¢']-
dipyridohepyr i di ne; - 3-fluoro-444- (et hyl sul fonyl ) pi perazi n-
-y1]-6-(pyrid-3-yl1)-9H pynol o[ 2, 3-b: 5, 4-¢C
- 3-fhdoeki-@ypryirid i+ 3rw) 4 -{4-R2 -(dy&4 Bdin{l hllethoxydpHepylk 198 Brrolo[2,3-b:5,4-c Jdipyridine;
-y1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri d-4-yl ] phenyl | propan
- 3-flwre6-@bioghen-3-y1)-9H-pyrrolo[2,3-b:5,4-c” |dipyridine;
3-fluoro-4-(6-nmethoxypyrid-3-yl)-6-(pyrid-3-yl)-9H pyr
- 2-methyl @fRo3A B- {B-] 640y rid by - P H gy rrelp[ 2;3-845,4 24 dipyrid-3-yl | phenyl } piperazine-1-
carboxyfldtetor 0- 6- (pyrid-3 -y1)-9Hpyrrolo[ 2,3 -b:5,4-c
| di pyrid-4-yl]phenyl} nethanesul fonam de; -
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aminef 443-f | uor o- 6- (pyri d-3-yl1)-9Hpyrrol o[ 2, 3-b:5,4-c
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- 3-{433Hor@helind4- yl;prapmp]pyanyl;hs-wlazs% $H P dorol 62 (305 4 &> &pyndme
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| di pyrid-4-yl]benzonitrile; - 1 -chloro-N {443
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43-fluoro-6-(pyrid-3 -yl)-9Hpyrrolo[2,3 -b :5,4-c
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y1)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyrid-4-yl]
- 3- (4={2 -[freétoihy lsul o@D yiper &siro ) -y11progaky) pHedy1p . Mpsirid- 3- B OHZiyirolb[2,3-b:5 4-c)-
dmwmwm; 3-methyl but-1 -yn- 1 -yl] -3-fluoro-6-(pyrid-3
y1)-9H pyrrol o[ 2,3-b:5,4- c idipyridine;, - 3- {4
-N NACBeth)rltIeBdé &p)(rpij?f-yld@li-pyyrbDO{B}%}SWd” Taliporid;33y1jpheroky ethanamine;
| di pyrid-4-yllphenyl} propanoic acid; 3
- 2-methyltPopropy 4¢ B-[FéshichOyyiy HebyBolofl3-b:6 4(qMiriyrld-3-yl]phenyl) piperazine-1-
carboxyldty;- OH pyrrol o[ 2, 3-b: 5, 4-c | dipyridine;, - N
(343-fluoro-6-(pyrid-3 -yl)-9Hpyrrolo[2,3 -b :5,4-c
- N.Nl4elripthy I 6 64(pyrid-py eH-pyrroieei2,B diosl dipyrird - dlgyyrid-2-amine;
3-fluoro-4-(4-nmethylthi ophen-2-yl1)-6-(pyrid-3-yl1l)-9Hp
- 3-[3y(pipahzih2 yB)pheny] | 4-@yhidiBp)rotEpyrmio[2,3-b:5,4-¢’ |dipyridine hydrochloride;
3-fluoro-4-(1Hindol-6-yl)-6-(pyrid-3-yl)-9H pyrrol o[ 2
- NN dgstly1 2-(44-3- ﬂmqw-m(mmkes -yB-9H-pyrrolo[2,3-b:5,4-¢’ ]d1pyr1d-4—y1]-2-methylbut 3-yn-
2?H¢@%$Hhhm@co 6- (pyrid-3-y1)-9Hpyrrolo[2,3-b:5,4-c
| di pyrid-4-yl]phenyl} methanol; - 3
- 4-[3=fobwe6-@yﬁd@44hﬁi—bydmlb[|2;3mmm-c adipjhid—ﬁ-y(] MNH(pirép-B-en-1-yDaniline;
-y1)-911-pyrrolo[2,3 -b :5,4-c Idipyridine;, 3
- N-(UBethylpwpar-By() 19y HebyBolp),3-Bbi4py Tdipytioe 31 Pytidihe-3-carbekiapydet
d-4-y1]-N, N-dimethylaniline; - 3-fluoro-4-(1 -nethyl-
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- 3- ﬂl@tﬂf $-(10F-pyrdzol-2-yhetHhprrdéf2 pytr H4-01]digyrydide; 6- (pyri d-3-y1) -9
H pyrrol o[ 2,3-b:5,4-c ]Jclipyridine;, - N 1443
- (2E)-N{446stimethylgminp)batyB-3-[ HJuoBi-6-fyrid Gha)-PH-ByholB[28- 16 5 4-c " [dipyrid-4-
yllpropelirqmgmidd; 4- yl Thenzyl acetam de; - N {3
43-fl uoro-6-(pyrid-3-yl)-9Hpyrrol o[ 2,3-b:5,4-c
- 6-chlog-pryimprg-H-pyrichel 2,230k 3 4vefidipyristingt f onani de; - 3
-fluoro-4-(2-nmet hoxyphenyl)-6-(pyrid-3
- 3-{4-[ gDy BI3-PY-PH ey pR[ 233-1:5 3 -Aldipytidi3pAiphehiorg propan- 1-amine;
4-(2-ethoxypyrid-3 -yl)-3-fluoro-6-(pyrid-3
- 3-{1-[§13}-n@th¥lpiperazmt Y IHrepyt]- tEbpyraml 4 gil jpg( i-oiethel- | H-piratol 43/1)-9H-
pyrrolo[23-4:5 4 Idip@ridipssr i d- 3-y1) - 9H pyrrol o[ 2, 3-b: 5, 4-¢
| di pyrid-4-yl]phenyl} am no)-4-oxobutanoic acid; -
- 33 Ki-{oathSipiriernamol-Srhpny -6 Bmpthy - B-pyryrodh ol B Bp it dio[33¢:5 4']-
dipyrifibgryr i d- 4- yl Thenzyl } net hanesul f onani de; 3
-fluoro-4-(1 -nethyl-1H pyrazol -5-y1)-6-(pyrid-3
-N N-dpmyl-gm@{r-mlemmmpmm y0)-9HHppyolo[dj3res, 4—-c’]prr1d -3-yl]-1H-pyrazol-
1-yl} eftngr@iné;| uor o- 6- (pyrid-3 -y1)-9Hpyrrolo [2,3 -b:5,4-¢c
di pyri d-4-yl] phenyl } -2-nethyl propanam de; -
- 6-(1-Baeftyl+OH @y rhz@-4aly 1§-p3{ #-[ BH1BerplglinOt=h 1y spory [phetiy B ~dH-Pyrfol 6]2,3-b:5,4-¢"]-
dipyriflidé;pyri di ne; - N {243
-fluoro-6-(pyrid-3-yl1l)-9Hpyrrolo[2,3 -b:5,4-c
- NN{dighyl2-i {8 6 lymeqhwenybymnﬂhqm)eﬁubmqmsdfs 4] @ipyrid-3-ylphenoxy} -
ethananfitejor o- 4- (1H pyrazol - 4-y1) - 6- (pyrid-3
-y1l)-9Hpyrrolo[2,3-b :5,4-c |dipyridine; - 3
- 3-ﬂuolfo|-ﬁ:|ﬁ|ﬁ1ﬂetliyl3-}( prbdoy :yI)Mf- OB ipaedY- y])pﬁpﬁnny;rewinﬁ} Y11 918f¥rrolo[2,3-
b:5,4-gidipyoidok2, 3-b: 5,4-c '] dipyridine; -
-fluoro-4- (2 nethoxypyr|n1d|n 5
- 4-[3-(4pdihylfipérpaindl €4)33-ydthy Bt pyii-1 Gl cH-Rucdo-B-( Bnfbtil-1H-pyrazol-4-y1)-9H-
pyrrolb[@j3gy§,4-di Jdipyridind
43-fl uoro-6-(pyrid-3-yl)-9Hpyrrol o[ 2,3-b: 5, 4-c'
- N-[34(diinpothylachinb)ptbihsfilyINi {d-{ 2-flasiiorts(] -methyl-1 H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-
c]dmfh¢4y@ﬁmnﬂ}@dﬁﬁﬁmﬂﬁhﬁmhalperld 4- prlperaZ|n 1
-y1l]-6-(pyrid-3-yl1)-9Hpyrrol o[ 2, 3-b: 5, 4-c di pyri di ne;
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y1l)-9H pyrrol o[ 2, 3-b: 5, 4-ci di pyridine; N, N-diethyl -
{443 -fluoro-6-(pyrid-3
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yrrolo [2,3-b :5,4-c dipyridine; -
314- (nor phol i n-4-yl ) phenyl] - 6- (pyrid-3-yl)-9H pyrrol of
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- N-ethiy - (b [BHEBrd-py -eth3L- Y Py @rél yy] -0 p R0IBEAB-155 4-ctlHip s iyil-
phenoxgimonand-aming- { 444- ( propan- 2-yepi per azi n-1 -yl i phenyl |
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phenoxy Retiingmine;i f | uor oet hoxy) - 9Hpyrrolo[2,3-b :5,4-¢
| di pyridine; -
- 3- {43 3#fluonr ¢ 19irethylr bb yrhd] -3 -yiy:- B Ayred1d[ 0,3 pyF, #-di] dipyrbi-4-gilienssy } -N,N,2-
trimethylpmpan-1-8mfr2; - met hoxyet hoxy) - 6- (pyri d- 3
-y1l)-9Hpyrrolo[2,3-b :5,4-c |dipyridine; - 3-
- 1- {4{[24Brofodé-(tembriy piHpyrazmil-A-yD)-9H pyragy[ R B-bl5H-pYdipgrid-4-¢Hphbhoxy ) -3-
(piperid3}-yPymopa-Bely 1) - OH- pyrrol o[ 2, 3-b: 5, 4-¢ 1- di pyri di ne;
- {346-(pyrid-3-y1)-9Hpyrrolo[2,3-b :5,4-c
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-met hyl - 1H pyrazol - 4-y1)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri
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- 6-(pyrith- By brdd 2t 2etsi{l DGroetRyy)-FE-pirr B[ 203-b:B3-c* Jdipytibiingh t he
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- 3-1¢-priés ek 3H-pyreolb[3)3HoS-a Y dipalidsB$1 pHaty 1 e6hol; OS( 0) 2CF3,

c, SCH3, CN.

- N,N-diethyl-3 -[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c1dipyrid-3-yl]benzamide:;

- 3-(3,5-dimethyl-1H-pyrazol-4-y1)—6-(pyrid—3—yl)-9H-pyrrolo[2,3-b:5,4-0’]dipyridine;

- 2—{3,5-dimethy1-4-[6—(pyrid—3 -y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyrid-3 -yl]-1H-pyrazol-1-yl}-N,N-
diethylethanamine;

- 3-methoxy-6-(1 -methyl-1H-pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine;
- methyl 4-{6-[1-(prop-2-en-1 -yl)-1H-pyrazol-4-yl] -9H-pyrrolof2,3-b:5,4-¢’dipyrid-4-yl }benzoate;
- N,N-diethyl-2-[4-(3-methoxy-9H-pyrrolo[ 2,3 -b:5,4-¢’]dipyrid-6-yl)-3,5-dimethyl-1H-pyrazol-1-

yl]ethanamine;
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- N-[2~(dimethylamino)ethyl]-2-[4-(3 -methoxy-9H-pyrrolo[2,3-b:5,4-¢’1dipyrid-6-y1)-1H-pyrazol-1-
yl]acetamide;

-3-( 1H-pyrazol-4-yl)-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ [dipyridine;

- N,N-diethyl-3- {4-[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’Ydipyrid-3 -yl]-1H-pyrazol-1-yl} propan-1-
amine;

- N,N-diethyl-3-[4-(3-methoxy~9H-pyrrolo[2,3-b:5,4-c’]dipyrid-6-y1)-lH-pyrazol-l-yl}propan-l-
amine;

- 9H-pyrrolo[2,3-b:5,4-¢’dipyridine-6-carboxylic acid;

- N-[3-(dimethylamino)propyl]-N- {4-[3-fluoro-6-(pyrid-3 -yl)-9H-pyrrolo[2,3-b:5,4-¢’|dipyrid-4-y1]-
phenyl} methanesulfonamide;

- (4-methylpiperazin-1-yl)(9H-pyrrolo[2,3-b:5,4¢’ |dipyrid-6-yl)methanone;
- 5-{4-(3-methoxy-9H-pyrrolo[2,3-b:5,4-¢"}dipyrid-6-yl)-1H-pyrazol-1 -yl]pentan-1-amine;

- 2-methyl-2-propyl {5-[4-(3-methoxy-9H-pyrrolo[2,3-b:5,4-c "]dipyrid-6-yl)-1H-pyrazol-1-yl]-
pentyl}carbamate;

- 3-methoxy-6- {1-[2-(1-methylpiperid-2-yl)ethyl]-1 H-pyrazol-4-yi}-9H-pyrrolo[2,3-b:5,4-c’]-
dipyridine;

- 3-{4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ ]dipyrid-4-yllphenoxy }-N,N-dimethylpropan-
l-amine;

- 4-[3-ﬂuor0-6-(pyrid—3-yl)-9H-pyrrolo[2,3—b:5,4-c’]dipyrid—4-y1]pher101;

- 2-{4-[3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ Idipyrid-4-yl]phenoxy}-N,N-dimethylethan-
amine;

- 3-{1-[(1-ethylpyrrolidin-2-yl)methyl]-1 H-pyrazol-4-yl}-6-(pyrid-3-y1)-9H-pyrrolo{2,3-b:5,4-c’]-
dipyridine;

- 3-fluoro-6-(pyrid-3-yl)-4- {4-[2-(pyrmrolidin-1 -yl)ethoxy]phenyl}-9H-pyrrolo[2,3-b:5,4-c’ ]dipyridine;
- 3-fluoro-6-(thiophen-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine;

- 2-methyl-2-propyl 4- {4-[6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5 4-¢ "]dipyrid-3-yl]phenyl}piperazine-1-
carboxylate;

- 3-{4-{3-fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5 ,4-¢’]dipyrid-4-yl]phenoxy}-N,N,2-trimethyl-
propan-l-amine;

- 3-fluoro-4- {4-[2-(morpholin-4-yl)ethoxy]phenyl} -6-(pyrid-3-yl)-9H-pyrrolo|[2,3-b:5,4-¢’]dipyridine;

- N,N-diethyl-2- {4-[3-fluoro-6-(pyrid-3 -y1)-9H-pyrrolo[2,3-b:5,4-¢]dipyrid-4-yl]lphenoxy} ethan-
amine;

- N-[2-(dimethylamino)ethyl]-5-[3-fluoro-6-(pyrid-3 -yI}-9H-pyrrolo[2,3-b:5,4-c’dipyrid-4-yl]-
pyridine-2-carboxamide;
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- 1-{4-[3-fluoro-6-(pyrid-3 ~y1)-9H-pyrrolo[2,3-b:5,4-c"]dipyrid4-yl]phenoxy}-3-(morpholin-4-
yl)propan-2-ol;

- N-ethyl-3-{4-[3-fluorc-6-(pyrid-3 -y1)-9H-pyrrolo(2,3-b:5,4-¢’ 1dipyrid-4-yl]phenoxy} propan-1 -
amine;

- 4-[6-(pyrid-3-y])-9H-pyrrolof2,3 -b:5,4-c’]dipyrid-3-yl]phenol;

- 3-[4~(piperazin-1 -yDphenyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’|dipyridine;

- 3-fluoro-6-(isoquinolin-4-y1)-9H-pyrrolo[2,3-b:5,4-c*|dipyridine;

- N,N-dimethyl-B-{4-[6-(pyrid-3-yl)-9H-pyrr010[2,3-b:5,4—c’]dipyﬁd-S-yl]phenoxy} propan-1-amine;
- 3-{4-[3-(piperid-1-yl)propoxy]phenyl} -0-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-c’ ]dipyridine;

- 3-{4-[2-(morpholin-4-yl)ethoxy]pheny!}-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c "]dipyridine;

- 3-{4-[3-(morpholin-4-yl)propoxylphenyl} -6-(pyrid-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine;

- 3-{4-[2-(1H-imidazol-1-yl)ethoxy]phenyl} -6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’ |dipyridine;

- 3-(4-{3-[4~(methylsulfonyl)piperazin-1 -yl]propoxy} phenyl)-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’]-
dipyridine;

- N,N-diethyl-2- {3-[6-(pyrid-3 -y1)-9H-pyrrolo[2,3-b:5,4-¢’]dipyrid-3-y1]phenoxy }ethanamine;

- 2-methyl-2-propyl 4-{3-[6-(pyrid-3-y])-9H-pyrrolo[2,3-b:5,4-c|dipyrid-3 -ylJphenyl}piperazine-1-
carboxylate;

- N,N,4-triethyl-5-[6-(pyrid-3-y1}-9H-pyrrolo[2,3-b:5,4-c ' |dipyrid-3 -yl]pyrid-2-amine;
- 3-{3-(piperazin-1-yl)phenyl]-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine hydrochloride;

- N,N-diethyl-2-({4-[3 -fluoro-6-(pyrid-3-y1)-9H-pyrrolo[2,3-b:5,4-c' 1dipyrid-4-yl]-2-methylbut-3-yn-
2-yl}oxy)ethanamine;

- 4-[ 3-fluoro-6-(pyrid-3 -y1)-9H-pyrrolo[2,3-b:5,4-¢’ ]dipyrid-4-y1]-N-(prop-2-en-1-yl)aniline;

- N-(2-methylpropan-2-y1)-5-(9H-pyrrolo[2,3-b:5,4-c’|dipyrid-6-yl)pyridine-3-carboxamide;

-5-(3 -fluoro-9H-pyrrolo(2,3-b:5,4-¢’1dipyrid-6-yl)-N-(2-methylpropan-2-yl)pyridine-3-carboxamide;
- 3-fluoro-6-(1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-c’|dipyridine;

- (2E)-N-{4-(dimethylamino)butyl}-3-[3-ﬂuoro-6-(pyrid-3-yl)—9H-pyrr010[2,3-b:5,4-c’]dipyrid-4-
yl]prop-2-enamide;

- 6-chloro-3-fluoro-9H-pyrrolo[2,3-b:5,4-¢’ |dipyridine;

- 3-{4-[6-(pyrid—3-yl)-9H-pyrr010[2,3-b:5,4-c’]dipyrid-3-y1]phenoxy}propan-1 -amine.
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6. Medicament, characterized in that it comprises a compound of formula (Iy according to any one of
Claims 1 to 5, or an addition salt of this compound with a pharmaceuticaily acceptable acid.

7. Pharmaceutical compositions containing, as active principle, a compound according to any one of
the preceding claims, and also at least one pharmaceutically compatible excipient.

8. Pharmaceutical compositions according to the preceding claim, used for treating cancer.

9. Use of a compound of formula (I) according to any one of Claims 1 to 5, for the preparation of a
medicament for treating diseases that are sensitive to Pim kinase deregulation.

10. Use of a compound of formula (I) according to any one of Claims 1 to 5, for the preparation of a
medicament for treating cancer.

11. Use of the products of formula (I) as defined in Claims 1 to 5, for the preparation of medicaments
for cancer chemotherapy. :

12. Compounds of formula (I) as defined in any one of Claims 1 to 5, as kinase inhibitors,
13. Compounds of formula (T) as defined in any one of Claims 1 to 5, as Pim kinase inhibitors.

14. Process for synthesizing the compounds of formula (I) as defined in any one of Claims 1 to 5,
described in Scheme 1 below:

orX i Hartwig-Buchwald R
XorM r3 Coupling
Cl = (Stille, Suzuki, etc.) or copper salt
= + I —_— —_—
-
5 HN

N R
D1 D2 4

X=Brorl

M = SnMe, or B{OR),

Scheme 1
in which the substituents R3 and R4 have the meanings given hereinabove or hereinbelow, and R

represents either the values of R6 as defined above, or the following values: OH, OCH;, OS(0),CF;,
Cl, SCH,, CN.

15. As novel industrial products, the synthetic intermediates D3:
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in which the substituents R3 and R4 have the meanings indicated in any one of Claims 1 to 5, and R
represents the values of R6 as defined in any one of Claims 1 to 5 and the following values: OH,
OCH;, OS(0),CF;, Cl, SCH,, CN.

16. As novel industrial products, the synthetic intermediates D3:

in which the substituent R3 represents a fluorine atom or a methoxy radical, and the substituent R4
represents a hydrogen atom, R being chosen from the values of R6 as defined in any one of Claims 1
to 5 and the following values: OH, OCH,, OS(0),CF;, Cl, SCH;, CN.

17. As novel industrial products, the synthetic intermediates D4:

D4
in which the substituents R3 and R4 have the meanings indicated in any one of Claims I to 5 and R
represents the following values: OH, OCHs, OS(0),CF;3, Cl, SCH;, CN.
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