9H PYRROLOf ZWQ By)/19a064 Dl FTRI DI NE AZACARBQLI NE DERI VATpYHER2BRETARAE ON

THEREOF AND THERAPEUTI C USE THEREOF The present invention relates to

9H pyrrolo [ 2, 3-b: 5, 4-cl di pyridine a-aza-p-carboline derivatives, to their

preparation and to their therapeutic use. The a-aza-p-carbolines are

defined by the 1, 7-di azacarbazol e or 8-aza-P-carboline derivatives; in the

French | UPAC nonencl ature (use of ACD/ Nane 12.00), the nanme of this :

tricyclic unit grPYRROUCIDALE;s%-B1BIFYRDME MAUME—‘OL&% EEﬁl\M: !

invention is direcPREPARMIMOIN THEREGEAN Egggs\ for

i nstance: CHK1, CDKIT, yT , beta, PI 3K,

PI ML, PI M2, PIM, PLK; TrkB al | of whi ch are involved in the devel opnent
of cancerss arti cuiji rl the present invention is directed towards

~ conpound? th F:‘U%S tinyigntion é‘%‘/@tﬁﬁ t%ﬁ@mrra@ (RS 5.t leipyiiding nvazeviecarbolinehe

devel opnent da‘rlvawesenosthempeaparaﬂoh|amaa@$he”4 tﬂg,laggmngufé Fpn; 01 %ar%g?’ﬁ’%%nma?

forma distipgt rlne/thr i nases,

role in cel Ié}8 demﬁ(? tWtth et gﬁ??%ﬁrP osnﬁ??ofp gdoline @?fé’a Yest ethgresnohi s
via which th¥ Knermitgredase DM@@M’!& h20@0 Her ndrivabf s thaRGeuncRIdi and
pronote the dewelnpmeni é[pw}feer proceeds via nodul ation of the activity
of BAD, key regul at or apoptosis. The Pim kinases are mutually highly
hormgené@us and display simlar oncogenic behaviour. Cinical reports

under | i ne t Hehe prpsdit aneRticH lstdh@ctl‘e@ltcﬁvé?ﬁs E&ﬁpcﬁ]n@slﬂ:\%%{egn Fl%tf-{' P%nﬁ??ﬁ forand

25devel f h K
Pim 2. have BRI SUTRI- C e G0N 1 HPES Gete, M. IPIGRR boidb Yot

mal i gnant hadit Glidgj PaN3 dPEKATES, ABORhRE eﬂ:b mi?cﬁvPéH tn ?H@d@\)’{é 1&s5Si gn
em a an

of Pimling | oi m a and acute |

that the over exprgerg}sgll% r@?”'?ﬁn&‘f Q{ﬁﬁ%‘éf@e?@nﬂﬁgﬁﬁffeﬂﬂca'yﬁrgﬁc%pmpdhat
activatilén iast ompitagst inewkaerfias whithacinvdladd in 1AE 86vel&iinant ¥PbancBhs. .

8857-8861 (1989)). Studies have denonstrated the overexpression of Rm1in
primtive and netastatic |ynphoma of the CNS, an aggressive form of

non- Hodgki n $nBifdNasREb EskIdEon Pét-1al Pim-Blaod dPinve) ork03, diBnct Famdy 18- 3723
(2006)) . Huk;bﬂﬁ@]’fhr&im@ kin e i HEXpEesst an of Pim2
in chronic B-cell c@é‘%\é aﬁ&egﬁg%nf? Q&\gﬁéﬁgieqﬁ%@ 8¥%tﬁ cﬁ%erg {AY9F P8 of
Pim2 may bé&P 8%@8'81 \A%lehmﬁc%‘ﬂsé“sag@r whish \ibe d"émek!opsmncaroinctéma tlesease

(Leuken2@, 20rvival 4f lc(aaG%béalls ARd a;ﬁra%f@hhe%e{}&é&h&ﬂ tetf ?ﬁd& é:fré&gedgfwg’ | 2
a

has been as th nulti Claudio e 100,
No. 6, 2175%@?5 g%e)a“'“%' Bfgé’ﬁ%%g%@u for of gpaptRsivel Neelim kitesesidreed i n

di ffuse | ar geitealylhighynfpdoogescpBRasiidisplag sinflar éhcogeNatiehSviofol . 412, 2001,
p.341-346 (2001)) and in standard and nodul ar Hodgki n | ynphoma vvith a

| ynphocyti C@redom nance (Liso et al., Blood, Vol. 108, No. 3, 1013-1020
(2006)). ﬂva'sfqmrfesuw@deeatheomnqrﬂaem ah thd mole el treX PIeSeia88s af thée Pim
ki nases2s0 waw@wﬁernq,phm%g@gpéqul cal human cancers (pr ostate, pancreas,
head and neck, etc.) and their presence is often associated with a nore
aggressive phenotype For exanple, Pim1l and Pim2 have both been

i npl i cat ed Therﬂim%rﬁses ciaeeicu=Eren.- ehndbi GO 3-451
(2005)). VaI Sse hg)\%e enonst r at ed mﬁ%& at| gf%u}%ﬁ] o?géﬁ ”%ﬂ}'n t he
case of path gu‘lnf% 13y “I“F‘g’r‘?i &' paigrantdhagmaiolonieal disrasen Amen gt ade

i ntraepit heremnlrt tpe m&@kereaeoploaﬁra-‘l(|ﬁraegﬁnﬁeé|@1gqeu@%hp§§)]d Gihe |Prﬁ[9r§&|@t e,
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char act er i sE¢ivatiQTive/aPpas teakagmias (2726 86 A@GOS&/} VoKigs. @s5l8s6 N auts9))

di scovered gh@q t a i.gni.ficantl y uI at ed
in sanpl es p e&nﬁe#osta%rge%ﬁ%&gé& %QI Adr ca % ﬁ&f”ﬁvﬁ}afﬁ R4 ’g ﬂ

anti - apopt o mPhE'f“Féjétt %‘ﬁNﬁu%ﬁgﬁﬁe’ﬁY%ﬁoen@én@reHOd@mh yriphoresRabsestéin et

h th Ut/ ked, t
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ar ound er v&% OVRIRTRIBSS Y S FIBW totiiienic B- Q?@HX”&QWCE%I@EK@@QQMasggHSbtmate
cancer, panepregtlatiorcafitier? magmeaissodiatbdeithid rﬁo,@ Rd & 8@ ghr I}i‘§ head
and neck (Ayal a et al., Cancer Research, 64, 608 - 6090 ?% ccordi ng
to Li et al., Rm3 is aberrantly expressed i n human and rrurlne

hepat ocar ci nonas and human pancreatic cancer tissues (Cancer Res. 66 (13),
6741-6747 (2006)). An aberrant 30expression of Pim3 has al so been observed
in gastric adenoma and the netastatic sites of gastric carcinoma (Zheng et
al., J. Cancer Res. din. Onco/., 134:481-488 (2008)). Toget her, these
reports suggest that R m kinase inhibitors are useful for treating
35cancer, especially | eukaem as, |ynphomas, nyel onas and various solid

t unour s, ‘




especi al | y caczo19/wboghe head and neck, bowel cancer, pEppRap !ﬁ?ﬁ% r
pagcreatig cancer, |liver cancer and oral cancer, for exarrpﬁe.&i nsofr ar

cancer remains a disease for which the existing treatnents are
insufficient, it is manifestly necessary to identify novel PimKkinase
inhibitors that are effective for treating cancer. 5Amobng the patent
applications claimng compounds of the azacarboline class, which is the

subj ect of ention, nention nay be nade of the foll ow ng docunents:
Pat ent appl |Ctl,|5<ﬁa ﬁ%m?ﬂoh@ﬁ@d@@@ﬁ» esabnormal expression of Pim-1 and of

|l owi ng

OH: pyr 1 ol Of Zifh-bhas et sbslicicdlv®em At A Ra 5 bod NEEEINS

gengyal foErgJ q é@ % § partially restrlcted%@i%grela |ve t.é o.

appl i cation A€ pu LA Qh )] R RI5.5Z R6,,z R4 114, 25 RT- Ntlgmqgch-m
Cand - Z and Z2 may al so represen

Z5, Z4 and Z3 nmay represent y e asem 5 carbon

gg%df l)paglnyaplwl?gfrgﬁgmnasdogg’l”w 1e§%ﬁe §588; Heytifisg iy dﬁ%t'?f@tféﬂ mphoweaser al
possi bi liti éEasqLﬁEJICGldﬁﬁrﬂj Wetiee oent y4@Ex 200 hep. emawl zmjpé)da.lnlg{éndala@%ﬁg oaryls

and het erOblr@MGibpﬂéd’d}k% Iygfﬁ}ﬁgﬁa@wﬁ%ﬁfﬁgbg iR R gﬁnaﬁﬁgé@s? ﬁ{%oﬁ? lgfez g];,d

this applic are limted es P&t
8 and ggtloaéhig 0% 196%i19242088))Pat ent EP 1 209 158 cl ai ms corrpounds havi ng

the foll ow ng fornmul a: V\D 2010/ 1090844PCT/ FR2009/ 052330 i n whi ch 36, 37,

58, 59 By hepte r‘?ut R7 never represents a heteroaryl. The

activity of tﬁﬁg ilbar?ret? W&?’%’f linkgd @njakoermal swPressipaet the imkingses toeriods

t owar ds t he npndaemetriogidal hemah qaheérlsQﬁ@staT@%d%%%&ﬂﬁeéd’Mﬁ@Eé&@ er}‘% Qé@s to
in i ch

i ch may oY TaRts 51 ST ERR W e er S shirope o e, 5 s
chosen fronFim-1 #pd Bim- ﬁamaygebpﬂq BeeClimplBatedin ﬁ‘ostﬂ@zcanc@HF@hen et al., Mol
Cancer Res., 3(8) 443-451 (2005)). Valdman et al. have demonstrated upregulation
15 of Pim-1 in the case of patients suffering from a prostate carcinoma and in high-
grade intraepithelial prostate neoplasia (precancerous lesions) (The Prostate, (60)
367-371 (2004)), whereas Dai et al. suggest that the overexpression of Pim-2 in
prostate cancer is associated with more aggressive clinical characteristics (The
Prostate, 65:276-286 (2005)). Xie et al. have discovered that the 44 kDa Pim-1 (Pim-
20 1L) was significantly upregulated in samples of human prostate tumour, and indicate
that Pim-1L has an anti-apoptotic effect on human prostate cancer cells in response
to chemotherapeutic drugs (Oncogene, 25, 70-78 (20086)).

Pim-2 is linked to perineural invasion (PNI}, during which the cancer cells become
25  wound around nerves, which is often found in certain cancers such as prostate
cancer, pancreatic cancer, cancer of the bile ducts and cancer of the head and neck
(Ayala et él., Cancer Research, 64, 6082 — 6090 (2004)). According to Li et al., Pim-
3 is aberrantly expressed in human and murine hepatocarcinomas and human
pancreatic cancer tissues (Cancer Res. 66 (13), 6741-6747 (2008)). An aberrant
30  expression of Pim-3 has also been observed in gastric adenoma and the metastatic

sites of gastric carcinoma (Zheng et al., J. Cancer Res. Clin. Oncol., 134:481-488
(2008)).

Together, these reports suggest that Pim kinase inhibitors are useful for treating
35  cancer, especially leukaemias, lymphomas, myelomas and various solid tumours,
especially cancers of the head and neck, bowel cancer, prostate cancer, pancreatic



- 4. -COH 155. wdeajo/ieposhi ch the al kyl part 4s optionall R w N
trisubstituted: 6. -NH2, -NH(al kyl), -N(al kéyl)z 1 whi chCTPacegp Fzﬁ@rt is

optionally nmono-, di-or trisubstituted; 7. -C(0)Oal kyl optionally nono-,

di - or trisubstituted; 8. -CONH(al kyl), CON(al kyl)2 in which
the al kyl part is optionally nono-, di-20or trisubstituted; 9. linear,
branched or cyclic C-Cl10 al kyl optionally conprising a heteroatom and
optionally nono-, di- or trisubstituted; 10. aryl or heteroaryl optionally
nono-, di- of2NCRY Jiyps cRbGer ead oral Rendrei fry exaheterlaasiyl aéScaneér Fermmndear ed

with 1 to 4 diedRedat QS&R an ] inked tq the azacarboline
T 13 tRfE E)rg on&t%rg{hgs u%fenkét 'gglaﬁ’ e%&ﬂ%ﬂ%ﬁawmmno-

~unit either .vig,aC?BV|aan_ [ bel _

" or pol ysubst'PeUifenove! Piga kigaseighiviersdeatrare pfiediive &n teating caster. - CONH2, ~ 2.

- CONHal kyl, CONHcycl oal kyl optionally nmono-, di- or trisubstituted; 3.

- CONHhet er oc Kyl ,optional.l nQo-, di- or trisubstituted; 4.

- CON( al k?l) %@%’?ﬂ‘ﬁaﬁa\t’?}ﬁ%w&%ﬂo% 33'5an corapRmeds of thepzasarboline class, which

- CON( al kyl ) (inéteesupisgt biomlrknyeption ticoiah aynenfade 6lithe Rilokig HeBghbtit ed; 106,
- CONHN( al ky1)2 in which the alkyl part is optionally nono-, di- or
trisubstituted; 7. -,%0) het er ocycl oal kyl , the heterocycl oal kyl radical

cont ai ni ng dtai¢EAPpPlicaen NYQ 2868h44 T 69ndesarives OHepydiol)2, 34614 Latipgididsi gnal | y

mono-, di - aratd-pedRslildsbede IowRy BeIA4 chr%ﬁﬁgjhﬁc%”]st BE+LR) 'ré)s"t‘:’-'icgeo’d, -
gr oups: lati ; 1. H 2 F O °Br; | 3. -0H _ 7l i near
or brandRed "eBtaR-tes BRElicRYan FppidRREd'y nono- or pol ysubstituted: 205.
-NH2; 6. -N(al kyl (01-C10) or cycloal kyl (C3-&54))2, each group being
optionally nono-or pol ysubstituted; 7.~ NHC%O) R3a; 8.
-N(al kyl (G -C10)C(0) R3a; 259. -NHS(O \528& 9. -N(al kyl (C1- C10) S(02) R3a;
11. -C2R3a; 12. -SR3a; -S(0)R3a;-S(02) R3a° ﬁ?a and Rs possibly formng a
4- to 7-nmenbered ring substi tuR@d\im'/]zhka o\xdg\gdi cal ,
R4
I7*

2.2
R77 5N H

in which - Z£5, Z4 and Z3 may represent C and
- Zand Z2 may also represent C,
15 - Z1 may finally represent C or N and

- R2 may represent a carbon bond or an alkylene radical, each
possibly being substituted with several possibilities, including heteroaryloxy,
heteroaryl(C1-C5)alkyl, heteroaryls and heterobicycloaryls.

| 20 - The preparation process and all the examples of this application are limited to
derivatives substituted in positions 2 and 8 and optionally in position 5.

Patent EP 1 209 158 claims compounds having the following formula:

R7

R6 N

|
™~ 485 AN



30conpri si ng YYO 2010/109084 ni trogen atom and #ptional |y apetrfmi20d8io8s om
chosen fromN, 0 and S and optionally substituted with one or nore radicals
chosen fromoxo, F, d, Br, |, CF3, CHF2, alkyl, OH Qal kyl, NO2, NH2, -
NHAI k and N( Al k) 2 radicals; R3a bei ng chosen from WD 2010/ 109084

6PCT/ FR2009/ 052330 1. F;, d; Br; I 2. -CF3; 3. linear or branched 01-010
al kyl 4. -C3-C7 cycl oal kyl; 55.-02-C6 al kenyl; 6. -02-06 al kynyl; 7. -OH

8. linear or Braghes clic -0-al kyl; 9.

het er ocycl oal_h)ét§7 (03~ 0‘5(77()113-8 %%nayr f’se’ltlcgcﬁn—PL(téVk%V@OPpmptscﬁheteroaryl

cycl oal kyl (03 E7gytivity of thel\lethkqun@@bf@!m)m\&htu@yisl SartidarlyCRrdefad & ag)d% he

N (al kyl ( Olrdbhniar nigi g, oal kyl (03-07)) ;14 ~N(al iyl (01260} "%or
het er ocycl oal kyl (C3-C7)) 15t he sal d products of formula (I) bei ng i n any
possi bl e r acefeqresImanye B rof 7G0T orm-—and al so
the addition salts with m ner%lt&atﬁ %?gg!?ﬂ%cdf g8p S’%FmV\FI('ﬁbﬁ'PWer al and
organi ¢ bases of the said products of fornula (I). The products of
formula (1) according to the present inve[ﬁion are such that the ring

20her ei nbel ow. bears only one substit and only one substituent Rs
as defined above, Ra and Rs being lin the carbon chain units or to
Z2, Z3 or Z4 when they represent a garbon iRS unit. 25 One subj ect of the
present invention is thus the conpouﬁ@s as fined above, characterized in
that the possible substituents of R3, Ra are chosen fromthe groups
R2a R2b and R2c chosen, |£gepende ach other, from 1.F, 302. d;

in which

-2y, Z3, Z4, which may be identical or different, represent CH, CRa, CRs or N:

10 - R3is chosen from:
1. H;
2. halogen (F, Ci, Br, i)
3. -CF;, -CHF5;
| 4, -OH
15 5. alkoxy in which the alkyl part is optionally mono-, di- or trisubstituted:
6. -NH2, -NH(alky!), -N(alkyl); in which the alkyl part is optionally mono-, di-

or trisubstituted;

~

-C(O)Qaikyf optionally mono-, di- or trisubstituted;

8. -CONH(alky!), CON(alkyt); in which the alkyl part is optionally mono-, di-
20 or trisubstituted:;

9. linear, branched or cyclic C4-Cy alkyl optionally comprising a heteroatom
and optionally mono-, di- or trisubstituted;

10. aryl or heteroaryl optionally mono-, di- or trisubstituted:



3. Br; 4. |; vBo 20¢87309086HF2 6. |inear or branched 01-019 I tionally
nono- - or pol ysubstituted; 7. -03-02cYcl oal k@l optionall Cﬁlﬂﬁé{mg&’szno

pol ysubstituted; 8. -OH 9. linear or branched -0-(C -G o)al kyl optionally
nono- or pol ysubstituted; 10. -0-cycloal kyl (03-02) optionally nono- or

pol ysubstituted; 11. -0-aryl optionally nono- or pol ysubstituted; 1012.
aryl optionally nono- or polysubstituted; 13. ‘heteroaryl optionally nono-

' | ysubst i keted: { | oal kyl optional | -
ool ysubst i tut Saoehs = epREhELR S Rplinidea Shb b nalyromsstosersiom N, s

cycl oal kyl ( G3r®Q) lidtedhettier aratatadhd hi) eitteAeh £EBHIDR! |
glr cycl oal kyI[ (%%Ngdgéﬁgyngggh%@grﬁp

pol ysubstitu ; o N(al kyl (01-010. _

bei ng opti ong%ﬂ%loéﬁoﬁg%&o%'lVﬁ?é’&”?#‘%ﬂt%‘a; 19. -NHaryl or NH heteroaryl
optional | y noRebeipg npodssatilpshosartfeghn:2020. - NHC(0) substi tuted; 21.

-N(al kyl (0 -010) C{ 0) BWi tuted; 22. -NHS(02)substituted; 23.

-N(al kyl (G -Ci o) S(02)ysubstituted; 24. -02substituted; 2525. -Ssubstituted;
26. -S(02)substi tut edONRAIky, SANHs oS tdptieRkHy 2Ronc?Xd- $rdRupsRuRand 0);

t he said products Of-céﬁlf-!rﬁ“! a g’.ﬁ%} |”tgei ng in any possible racemc,

enanti omeric or 30di aster 861 SEABRTY SPUapaly masomdi-pidrisubstiutele addi ti on
salts with mnerat aB@NGlgenbptiaaidsons-, Wi bhirdlupgh@kdand organi ¢ bases of
t he sai d products; of Il ). e subject of the present invention is
t hus thﬁgcorrpoun?is"s} a%é@éafn%ifwgﬁggé%@%ﬁﬁg&a@yi%'ér"idh Qriigubstietedpt i onal
substitdénts of .| -CONHBIEIBL), tint RBicHT BPalkaNGarl id RBLHSIAYP L, R R2b
and R2c or the groups grtlx?utc(@_osen from 1. F;§l| %I; I[3r I;?)(E’II 2.9-%85?’352Iaqrnear
or branched 01-010 al %y‘cf ed,

7. -C(O)heterocycloalkyl, the heterocycloalkyl radical containing at least one

nitrogen atom linked to C(O); and being optionally mono-, di- or

trisubstituted:;
15 - Rs being chosen from the following groups:
1. H;
2. F;Ci;Br |
3. -OH;
4. linear or branched -0~(C4-Cyp)alkyl optionally mono- or polysubstituted:
20 - 5. -NHg;
8. -N{alkyl(C:-Cyq) or cycloalkyl(Cs-C7)),, each group being optionally mono-
or polysubstituted:
7. -NHC(O)R3a;
‘8. -N(alkyl(C-C+5)C(O)R3a:
25 9. -NHS(0,)R3a;
10. -N(alkyl(C4-C15)S(0,)R3a;
11.-CO,R3a;

. 12.-8R3a; -S(0)R3a;-S(02)R3a
Ra and Rs possibly forming a 4- to 7-membered ring substituted with an oxo radical,
30 comprising at least one nitrogen atom and optionally another heteroatom chosen
from N, O and S and optionally substituted with one or more radicals chosen from

oxo, F, Cl, Br, I, CF3, CHF2, alkyl, OH, Oaikyl, NO2, NH2, NHAl and N(Alk)2
radicals;

R3a being chosen from:



4. -03-07cycl d4PidA10/1990892- C6 al kenyl ; 6. -@2-06 al kynylg
| i near or branched (01-Cl10) or cyclic (03-07) -0-alkyl; T%g%%?(]og@é&?’ggl Kyl
(C3-C7); 10. -NH2; 11. -NH(al kyl (01-010) or cycl oal kyI(CS C7)); 1512.

-N(al kyl (01-010) or cycloal kyl (C3-07))2; 13. -NH (al kyl (01-010) or '

het erocycl oal kyl (03-07)); 14. -N(al kyl (01-C10) or heterocycl oal kyl
(03-07)) 2; the said products of formula (1) being in any possible

racem c, enanti orﬁarﬁ Cl,Br; di ast ereoi sonmeric i sonmer form and al so the
addition salts wiih E%neral and organic 20acids or with mneral and organic
bases of the said 'products of formula (1). One subject of the present
invention is thus3 tihearcowpoiches cafcgeynenal formula (1) as defined above, in
whi ch - 4Z ]q47 V\ﬁ @h may be |dent| cal or different, represent CH,
CRa, CRs or N 28" “REG/YERBk¥h from 1. H 2. halogen (F, d, Br, 1); 3.
-CF3, -CHR2; 4. -EGCBO;Baa{eJﬁ Xy in-which the alkyl part is optlonally nmono- ,
di- or trlsubstl (?éjg a,” RPb, R2c; 6.-NH2, -NH(al kyl), -N(alkyl)2|n
whi ch t he al kyl % c aﬁﬁyf’)’onally nono-, di- or trisubstituted with R2a
R2b, R2c; 7.-C(0)70a])H(,yI opt| onal ly nmono-, di- or trisubstituted with R2a,
R2b, R2c; Sl & %9{?5 CO\IéIaIkyI)Zln which the al kyl part is
optional Iy m)no- d1e26pr 'T" J1tGit@er aydlih (Re€7) RaalkyR2c; 9. linear,
branched or cycl Qchéfém@@o@k%y(tg gp{l onal |y conprising a, heteroatom and
optional k ?{ nono- 0T trlsubstl uted with R2a, R2b, R2c; 510. aryl or
het er oary optloﬁ%l 2nono-, di- or trisubstituted with Rza, R2b, R2c;

- R6 being a hete’roHHyka!k 14201 H%}gp, 1 to 4 heteroatoms chosen
fromN, S and 0)14?6“{%3(1(1 'ggctheogga ar%rsl ne 75‘>It either via a Cor via an N
bel onging to R6 G 1ot Shaydigalisyt@8-CH)2; pol ysubstituted with R2a,

R2b, R2c; 10- Ra1memﬁ SRYI[CH.Ch CONHal kyl ,

CONHey cl oal kyl Bgdf( ?m)no? &Qweteréljcyc g@”@% Fﬁn ed with R2a R2b, R2c;
3. CC]\theterocyc E\}'K 6‘&1%9%1ﬂ1¢f?"0ﬁmmlkylém3 -CFH2f ri substituted with R2a,

15R2b, RZc; the said products of formula (1) being in any possible racemic, enantiomeric or
diastereocisomeric isomer form, and also the addition salts with mineral and organic

acids or with mineral and organic bases of the said products of formula (1)

The products of formula h

according {o the present invention are such that the rihg
20  hereinbelow:

Ra
/ Rs
Z
3\
. /7

2

bears only one substituent Ra and only one substituent Rs as defined above, Ra and

Rs being linked to the carbon chain units or to Z2, Z3 or Z4 when they represent a
carbon chain unit.

25

One subject of the present invention fs thus the compounds as defined above,
characterized in that the possible substituents of R3, R6 and Ra are chosen from the

groups R2a, R2b and R2c chosen, independently of each other, from;
1, F;

30 2. CI



4. - CON(al kylWYD 2410/16R@84 y nono-, di- or trizsubstitut ed pgtyErRR®/05338 R2C;
5. -CON(al kyl) (heterocycl oal kyl) optionally nmono-, di- or trisubstituted
with R2a, R2b, R2c; 6. -CONHN(al kyl)2 in which the alkyl part is
optionally nmono-, di- or 20trisubstituted with Rka, R2b, R2c; 7.
-C(0) heterocycl oal kyl, the heterocycl oal kyl radical containing at |east one
nitrogen atomlinked to 0(0); and being optionally nono-, di- or
trisubstituted; 3. Br - Rs being chosen fromthe foll ow ng groups:
251. H 2. F, d; I?T_r; | 3. -OH 4. linear or branched -0-(Cl-010)al kyl
optionally nono- Or polysubstituted with identical or different groups R3a;
305. - NH2; 6. - Neal-KyL:.(-CHF€10) or cycl oal kyl (C3-C7)) 2, each group being
optionally nono- _gr I.[%ollys bstituted with identical or different groups R3a;
7. - NHC(0) R3a; . INRRT fﬁ?smcgﬁd L1y & o rpgtionally manst oondiBapstituted; -
10. - N(al K1 ( O - 010) SC0) BasakblopihfAaond Zor pBffathsinih) F3a: - S(02) R3a 5Ra
- to

.and Rs may opti,o-ngllﬁf_orma ‘ -menbered ring substituted with an oxo
radi cal and conprTsi 5‘ at | east one nitrogen:atom and optionally

substituted w th @ndénedr grd¥ehchadls cChg 3 _F, l., OF3,
‘OF2, alkyl, OH galkyl, N2 NH2,@%ﬁw%iggﬁgpﬁf%ﬂ%ﬂ?a%ipggsg?grmed' The
groups R2a, Reb or’ R2EvarekeiGeEn) ontinaalyenermir polysubstictedot her, from  101.
F, 2. d; 3. Br; #. -Osardoptiédally mdabEdr doNdubkiitigar or branched Cl1-C10 al kyl
opti onalyy nono- ngl %’/SUbi}i tuted with identical or different groups R3a;
7. -03-07 cycl oalﬁ{vla BEHASREY MeneroiolysHbgitedubst i tuted with identical or
di fferent groups fBastethary Gtio L0 hed -0-(CG -G o)al kyl
optionally nmono- or, pol gjb@g’iir{%ﬂ?énddn\?vi ?ﬁ?%@ﬁ%@%ﬁ’ or different groups R3a;
10. -0-cycl oal kyl“(b%%%lﬁyC'eﬂka@ﬁaq)wym= oppolysobyiéutest i t ut ed with

i dentical or diff®reand, groups R3a; 11. -0O-aryl optionally nono- or

pol ysubsti tut ed x’th different groups R3a; 2512. aryl optionally nono- or
pol ysubsti t ut ed ot NHgent i cal or different gr oups

15 17. -NH-(alkylC4-Cyo) or cycloalkyl(Cs-C;) or heterocycloalkyf), each group
optionally mono- or polysubstituted:
18. -N(afkyl(C4-Cyo) or cycioalkyl(Cs-C;)),, each group being optionally mono-
or polysubstituted;
19. -NHaryl or NH heteroary! optionally mono- or polysubstituted
20 20. -NHC(O)substituted:;
21, -N(alkyl(C;-C1¢)C(O)substituted:;
22. -NHS(O;)substituted:;
23. -N(alkyl(C1-C10)S(O;)substituted:
24, -CO,substituted;
25 25. -Ssubstituted:
26. -S(0,)substituted:
27. -5(0) substituted:
28, oxo (double bond O);
the said products of formula (1) being in any possible racemic, enantiomeric or.
30 diasterecisomeric isomer form, and also the addition saits with mineral and organic

acids or with mineral and organic bases of the said products of formula (1).



R3a; 13. het onal Iy nono- or ysubstitute 1 i i.cal or
di fferent gr@ups %10%5& 14. het <§r ocycl oal kyﬁp%t{%ﬁﬁh‘gﬁ&%z%no

pol ysubstituted with identical or 30different groups R3a; 15. -NO2 16.
-NH2; 17. -NH(al kyl (01-C10) or cycl oal kyl (C3-C7) or heterocycl oal kyl),
each group optionally nono- or polysubstituted with identical or different
groups R3a; 18. -N(al kyl (G -C10) or cycloal kyl (C3-C7))2, each group being
optionally no- o fy ubstituted with identical or different groups R3a;
19. NHaryl o “‘Nﬁ“ﬁ@& i’teypreéﬁ‘ﬁtl Mentiop isoihus the cpBIPgYndss e tdsfieet wheve.

i dentical orchdidctei-entn BEOMES ﬁ@r@af %QbstNd@(sOaf%ﬁahe &Jbsu{\d(t@d gﬁshé&’é@}g&tﬁé 0) R3a;
22. NHS(02) R3a; ? fgz(a l&%l (C C10 S(02) R3a; :

S(0) R3a; S( GBS eRPRY REeier ecgrowﬁsw@h@%ﬂnﬁgqm(cs C7))2, each group
bei ng optional |y mmopocoBr:-pol ysubstituted with identical or different groups
R3a; 27. 50X0 (doubl e bond 0); 15 The possi bl e substituents of the groups
R2a, R2b“and R2c r-Gfe groups R3a are chosen from 2. F, C; Br; | 3. 4.

| i near -or branch@j ﬁgag:a,pb@h&yéd Cfo10Ghky p?cycl oal kyl; 6. -C2-C6 al kenyl; 7. .
- C2-C6 al kynyl ; i near or branched (C1- ClO) or cyclic (C3- C7)

-0-al kyl ; 2510. hé‘ter%t‘%ﬁ&b/%}a@kw (C3-C7); 11. -NH2; 12. -NH (al kyl (Cl - C10)
or cycl oaI Kyl (C345C7.)c)2,(;6]a’ﬂ(e N(al kyl ( C1- C10) or cycl oal kyl (C3-C7))2; 14.

-NH- (al kyl ( C1- Cl%) ar eterocycl oal kyl (C3-C7)); 3015.-N(al kyl (C1-C10) or
het er ocycl oal kyl O C32&pdKnY The substituents Ra and Rs as defined above

are, respectively, @M wthout
8. linear or branched (C1-C10) or cyclic (C3-C7) -O-alkyl;
9. heterocycloaiky! (Ca-Cy);
10. -NH,;
11. -NH-(alkyl(C+-C1o) or cycloalkyl(Cs-Cy));
15 12. -N(alkyl(C4-C10) or cycloalkyl{Cs-C7))y;
13. -NH-(alkyl(C1-C,) or heterocycloalkyl (Cs-C-));
- 14, -N(alkyl(C4-Cyp) or heterocycloalkyl (Cs-C7))z:
the said products of formula (I} being in any possible racemic, enantiomeric or
diastereocisomeric isomer form, and also the addition salts with mineral and organic

20 acids or with mineral and organic bases of the said products of formula (h.

One subject of the present invention is thus the compounds of general formula (I)as
defined above, in which
- Z,, Z3, Z4, which may be identical or different, represent CH, CRa, CRs or N;
25 - R83is chosen from:
1. H;
2. halogen (F, CI, Br, I);
3. -CF,, -CHF;;

4,  -OH
30 5. alkoxy in which the alkyl part is optionally mono-, di- or trisubstituted with
R2a, R2b, R2c;

6. -NHy, -NH(alkyl), -N(alkyl)2 in which the alkyl part is optionally mono-, di-
or trisubstituted with R2a, R2b, R2¢;
7. , -C(O)QOalkyl optionally mono-, di- or trisubstituted with R2a, R2b, R2¢;



preference, WQREH/10P084y of the carbons of9the ring bePOWFR2A49/082330 ch
Z2, Z3 and Z4 have the neanings indicated above. A subject of the present
invention is particularly the products of fornmula |I belonging to formula
la: Ra la in which Z2 represents CH, Z4 represents -C-Ra and R3, R,
Ra and Rs have any 10of the meani ngs given above and Z3 represents CH or N,
the said products of formula (1) being in any possible racemc,

enantiomeric or &li asCONetalkg)ESON(alkyRIwiicH e A0 p@HSQobMaW*o‘th% sal ts

with mneral a m neral and organi c bases of the
sai d products %tq‘% %utéd("lbq@%ﬁzg %ct of the present invention is

particularly the. prdmhml sraathddosrmaykic €, - oeolarmbﬁmodaﬂy E%F%H cﬁ meteroatb#ﬂ in

Fepr osont s Br BT et e wbohie ERG: HAERABani ngs gi ven above,

the 20saibd pr odU(‘Jtsacyl of‘cbremnb@ryl(d);)trda@ﬂlW@oh& any oPRREbIRed IFBNMRSa, R2b,
" enanti omeri cRé)r di ast ereoi someric isonmer form and also the addi'ti on saI ts

wi th mineral~and organic acids or with mneral and organi c bases of the
~said products of RS being & heteroaryl (5 orsaihicaberadf whiha tBrtﬁﬁéBioaldﬁYseaﬁdls%H is

Cparticularl rmul a elongln 5to fornula | cin. .
\R/m ch Rs reﬁ?otégghg gucﬁv aé%g'ﬁt%ﬁfa&?“"&rfﬂ"ﬂt BYf ése Rf vieyan 'yheloagipgsent s
-C-Ra, R6 re@msambsmg gpyionallyImdrad o plyeipbiitaralith RBN®R2H0R20! ysubsti tut ed
with one re |den |cal or different radicals Rp chosen fromF, C, Br,
|, OF3, eCSF?@y {Y OR9F oal kyl, N2, NH2, NHAl k and N(Al k)2 radical s
and R3 and Ra have ar[yONf—lzthe meani ngs gi ven above, the said products of
formula (1) bei in Si cem c, enantiomeric or
di aster ef)i ?sorrer o i SO &Hg% ' CP’&\&#V&P@'&SV&%O%U.W% dapt Eisypstifuted wik al  and
organi c acids ORZWFRIb M2aer al and organi ¢ bases of the said products of
formula (1). 15,A sut&@gf_‘ of %Lesent invention is particularly the
products of forfula I Bﬂtﬁf%éc? ¥ GPHemedly igeno-, dit gr ingubgiituéied rEh RS esent s
a hydr oten at onR2E2 Ro€l Z3 repr esent CH, Z4 20represents -C-Ra, R6

represents a azoI i onaII nono- or
P Py} yC!ON(aﬂ( 2 optlo a ly mono-de or tfrisubstituted with R2a, R2b, R2¢:

5. -CON(alkyl)(heterocycloalkyl) optionally mono-, di- or trisubstituted with

R2a, R2b, R2c;

6. -CONHN(alkyl), in which the alky! part is optionally mono-, di- or
20 trisubstituted with R2a, R2b, R2¢;

7. -C(O)heterocycloalkyl, the heterocycloalky! radical containing at least

one nitrogen atom linked to C(O); and being optionally mono-, di- or

trisubstituted;

- Rs being chosen from the following groups:

25 1 H;
2. F; Cl; Br; |
3 -OH;
4, linear or branched -O-(C4-Cyo)alkyi optionally mono- or polysubstituted
with identical or different groups R3a;
30 5. -NH,;
6. -N(alkyl(C-C+0)} or cycloalkyl(Cs-C;)),, each group being optionally
mono- or polysubstituted with identical or different groups R3a;
7. -NHC(O)R3a;

8. -N(alkyl(C+-C10)C(O)R3a;



pol ysubsti t | or nore identical,or different, radical chosen
fromF, d, “*’"@?,W@%% CHF2, alkyl, on, Galkyl, N2, tFm??jﬁ%@R?%@E%

N(Al k)2 radicals and R3 and Ra have any of the neani ngs given above, the
said products of formula (1) being in any possible racem c, enantioneric or
di astereoi soneric isomer form and also the addition salts with mneral and
organic acids or with mneral and organi c bases of the said products of
formula (0. The follaowing terns used herein above or herei nbel ow have the
foll owi ng neani ﬁgs: 'W%&QR?&!? kyl (C1l- C10) or 01-C10 al kyl neans any |inear.
or branched, satgrataedakdoo, sheirsaf 1 to 10 carbons. 10- Aryl neans
phenyl or naphthyl. - teroaryl neans any 5- or 6-nenbered aronmatic
nonocycl e cont ai1¥ri ng‘% :338ast one het er oat om (N, 0, S), especially:
pyridine, pyrinigine,SR35; d¥CORSa; -BYI N9 €, triazole, thiophene, furan,

t hi azol e, oxazol etc., and also aromatic bicyclic systens containing at

| east ong h)e%ae?'ﬁfgﬁénm?k\l,op@?na@y foreas geci tal §-{nenigirce rind shbstititerh ndthean oxo

15azai ndol e radieaal ubPrisiRe BB N 0B MBRARen SR Shi BBtiorlafy E@ARtfed with one
“Het erocycl oal E{ ‘means any non-aromati C rmng(%c e or cycle (spiro or

I
non-spi ro) CbALEE Mdp'sehdsendionh . retCar Brat ol §. NeHIE2, atkyi, Ol h@alylf NéxZent -
possi bl e oxiNbt NeRishd REAK)Mrsdlc4: W thout unsaturation, especially:
nor phol i ne, Tﬂi perazine, piperidine, pyrrolidine, oxetane, epoxide, dioxane,
i ni dazol one, P RTURS 5148nBdP 8hB2¢ riegshespin.diarsndemly[o eachiothepirame, azeti di ne,
azepi ne10 hexahydrnopg:rr ol of 3, 4-b] pyrrol e, hexahydropyrrol of 2, 3-b] pyrrol e,
hexahydr opyrrol o[ 3, 4-c] pyrrol e, hexahydropyrrol o[ 2, 3-c]pyrrole, -
2, 7-di azaspi r o[ 4; 4]qonane, 2, 6-di azaspi ro[ 4, 4] nonane, 3, 6-
di azaspiro[ 4, 4] ngnage, 3, 7-di azaspiro[ 4, 41lnonane,
3, 8-di azaspi ro[ 4, 4] nonane, 3,9- diazaspiro[4, 4] nonane,
4, 6-di azaspi ro[ 4°4]'nonane, 4, 7-di azaspi ro[ 4, 4] nonane, 4, 8-
25di azaspi ro[ 4, 4gnaggpecH, 9- di azaspi ro[ 4, 41nonane,
1, 6-di aigspi ro[ 4, 4] nonane, 1,7- diazaspiro[4,4lnonane,
1, 8- di araspi r of 454]WeAakebrancedlt 1£48 ik patianalip mane; or polysubstituted with
oct ahydr opyrrol o[ 3,i4er®lcBYdr Sifdrént g?&}p@hﬁtg{ opyrrol o[ 3, 4-d] pyri di ne,
oct ahydr opyrrol o[ 3, 4-¢e] pyri di ne, “octahydropyrrol o[ 2, 3-c] pyri di ne,
oct ahydr opyrrol of 2,'@31‘J:]]?WﬁioaikWePP%?&hyﬁﬂ®py¢rr polpsubsButsldpwith dilerticabnd
especially hEXahydrd?fm{—éﬁthr #s3P] pyrrole, 2, 7- 30diazaspiro[4,4]nonane and
oct ahydr opyrr ol 0E3, 4-c] pyridine. Cycloal kyl (C3-07) neans any non-aronatic
ring formed sol eBy fX¥bm carbon atoms, especially cycl opropane, cycl obutane,
cycl opepg ane, cyel , hept-ane; {8 p I bl ring.an
unsat urati on, forg gggﬁ@?g bé&%ﬁﬁ%geﬁ’?@ﬁ@)éw %ﬁ‘éi%l e%%ﬁlflcf%ﬁg@?%sgﬂg?d
bi cycl o[ 2. 2. 1] hept awth identicg] orcifeerentioppuppdRIXy nmeans any |inear or branched,
saturated carbonqghegy. f : n ar.j . t ane _hydroxyl
group (OH). - G L %oiaa I?%)?&%%n(%s)gﬁ@g@%@a&%o? F Eggﬁ% Sle'@%sds‘g@juirdgpg%?l &5r bon
chain of 1 to 10 cdliffriar! dseissiRidg.at | east one ether function (0-0-0).
5-al kyl am no nears _any 145 g t.e arbon chgin of 1 to
10 carbons beari Eﬁ g‘é(ryle%@tﬁﬁéoﬂxgﬁ%ﬁ g’@%g&fbﬁg@‘%g@ehcgﬁg&PGQ%PP% gb?'i ary)
functi of® A subj ég-tafﬂfopttih@albrrets@ﬁtorimmnlbsétimtnedi itbspetical drydifidrenpgredpet s of
formula (1) as def iFgfad above, the nanmes of which are as follows: 10-
4-[3-fluoro-6-(pyridin-3-yl1)-9Hpyrrolo[2,3-b:5,4-cidi pyridin-4-y1]-N(1Ht
etrazol - 5-yl - nefhyiejdrearyhnptitemally mono- or polysubstituted with identical or different
- R3R) - 3- (di net hyl a@r&@sﬁiﬁe{-m idin-1-y11{4[ 3-fluoro-6-(pyridin-3-yl)-9H pyrr
ol o[ 2,3- b:5,4-c]dipyridin-4-yl]phenyl | met hanone - _
{4- 13- f | uor o- 6- ( p§rhetiracydloaikyl Setipyally oinoh@, 8+ dbysdbsijtatepywitidiiterticyl opheny1)
[ (3aS, ) - 155- et § Eﬁl%y r rrol o[ 3, 4-b] pyrrol - 1(2H) -yl i met hanone -
NlZ-(aSgtﬁyl am no) etﬁ%ﬁgﬁ 43- IFg%?’(o- 6- (pyridin-3-yl)-9H pyrrol o[ 2,3-b:5,4-1d
i pyridi n4-yljbenzanmte -
4-[3-fluoro-6-(pygi. i_{rzl- 3-y1)-9H pyrrol o[ 2, 3-b:5,4-cldipyridin-4-y11-N-13-(2
-oxopyrrolidin-1-yl)pfopyl ] benzam de
20443- | uor o- 6- ( per-NeHAHIK YLD I myrioalkel @,-G;)borShatemcgiigniicy! ilisack -orddp N42- (p
henyl - am no) et hyl ] 1 . L , .
-N-[ (1-et hyl pyrrol |O§?ﬁ%%g1§%?rlgf ﬁWcily%pf@i"}elddgw&%’ltfﬁwriddlfeﬁ@@-gff‘i‘jgsﬁ@%yr rol of
2,3-b:5,4- c']dipyridin-4-yl]benzam de -

N43- (di met hyl am no) - 2, 2- di net hyl propyl ] - 443-f1 uor o-6-(pyridin-3-yl)-9H pyrr
ol o[ 2, 3- 25b: 5, 4-1di pyridin-4-ylibenzam de



{[(23)-1: g i di n-2-yl]nethyl |
4[3 fI uor o.lﬁﬁ ﬁq?ﬁ%l?g 4_y1)- 9H pyrrol of 2, 3 PCT/FR2009/052330

b: 5, 4-cl di pyridin-4-ylibenzam de -

N-(1- et hyl pi peridin-3-y1)-443-fl uoro-6-(pyridin-3- yl) 9H- pyrrol o[ 2, 3-b: 5, 4-

cl di pyri di n4-ylj benzam de

:(3(2) 44fhf:uoro 6- (Syrigin 3tK1|) ﬁl—l—pyrrgl o[2,3-b:5,4-cldipyridin-4-y11-N-[2-
-me y-plperlln ypet hyl j benzam de

413-f | uor o- 6- ( pyié dN(aileli(s?ip«QHr syelealkyi(Ce-C) b 8ok geaupi baing eptipnallymoney ( 1- met

‘hyl azeti di n-3-yOoeng

-13-(di et hyl'am no) pi g& IItUted W’!Lt] Pﬁﬁtéca ?rucg)n;f%re%tg(roxf})“ I ri 3-y1l)-9H pyrrol o[ 2

~,3-b:5,4- 35cldi ﬁ)@/rNhtHryi-o#N}-l h@theqayylppmrwdmmo or polysubstituted with identical

t4ﬁ3|f|2u?r06|(p3(§r| {?@r q%F% rolg[23b54c|d|pyr|d|n4y1] N1-[2-me
y pyrrolidin- ropyl [ benzam de

- N43- (didret hyl a28.ndYhpeEPR3L- 4- [ 3-f | uor 0- 6- (pyri din-3-y1)-9Hpyrrolo[2,3-b: 5
,4-cl di - pyridigy 4- m de 5- N 2- (azepan 1-ypet hyl ]

413-f1 uor 0- 6- (p%lfrl L‘ﬁgﬁ@l‘? E#@E@?% o[ 2, 3- b 5, 4- cl di pyri di n-

4-yli-benzam de 22 NHS (02)R3a,

;T;l:lﬁy}‘l uglrgefl h&‘?ﬁ%ﬁ LS@H— roI 0[2 3 b: 5 4-cldipyridin-4-yl]- N42- (1-

413-f | uor o- 6- (p%l@@a@ayl) 9H—pyrro| o[ 2,3-b:5,4-c]dipyridin-4-y1]-N-{2-[(m

et hyl 10sul f onyl Jam _
-4-13- fféjuoro 6- %%yr %%LF\}I%% g@%&}rrol o[ 2,3-b:5,4-cldipyridin-4-yl|-N42-(p
yrrolidin-I|- yOa. op\}{la]kbmzam decycloalkyl (C3-C;)),, each group being optionally mono-

413-fl uoro-6-(pyri r; iyl i di n-4-y1] - N- et hyl

CN-[(1- nethyl pi peg'%‘g?’ﬁs t‘dﬂ%@‘“ﬁ% ‘?%é‘géﬁ%%é%%gé“’%g&

4-1 3-fl uoro- 6-(3&riaﬁor¢d®@dber&i—9byrrol o[ 2,3-b:5,4-cldipyridin-4-yl]-N42-(1-

met hyl pyr- rolidin-2-ypethyl]benzam de

-N12- (di propan- 2-yl am no) et hy1] - 413-f| uor 0o- 6- (pyri di n-3-y1) - 9H pyrrol o[ 2, 3-

b: 5, 4- tHdi pheipdesiblé-subtiestsinl the groups R2a, R2b and R2c¢ or the groups R3a are

N42- (di et h ‘_lam rfoo)ngt hyl] - N-et hyl -413-f | uoro-6-(pyridin-3-yl1l)-9H pyrrol of 2,

3-b:5,4- 20 eibe) pyridin-4-yl]benzam de

NA1- (di net hyl ankno) pFoplaBr;2- y1] - 443-f | uor o- 6- (pyridin-3/1)-9Hpyrrol o[ 2, 3-b
:5,4- c]dipyri dén 4- i:]benzam de

[(35) 3- (di met hyl ami n6)’pyrrolidin-1-y1] {443-fl uoro-6-(pyridin-3-yl)-9H pyrr

ol o[ 2, 3- b:5, 4-4ldi pmadnmbréng/ﬂe]drmbﬁyb}ahm hanone

25- 443 6uoro 6; (pyrlcFi H-pyrrol o[ 2, 3-b: 5, 4-cl di pyridin-4-yl] - N net

hyl - - et hy pyrr ot enzam de

N42- (d| et hyl am 60) etmﬂq:ﬁ-auﬂe’mfl uoro-6-(pyridin-3-yl)-9Hpyrrolo[2,3-1):5, 4-

1di pyridi n-4-y1lL- N I zam de

{413-f 1 uor o- 6- (%)yrl gf\ct’rfk% at?%r}, gH— pyrrol o[ 2, 3-b: 5, 4-cl di pyri di n-4-yl ] phenyl 11

4-(2- 30net hoxyet hyl )(mﬂ,per azi n-1-ylinmet hanone

413-fl uoro-6-(pyridip-3- o) pyridin-4-yll-N-[(3-ne

t hyl - 1Hpyr azol - é erE'{a;ﬂ}ﬁ r@ﬂgg%y(éﬁ é&g o Cygm?cg &)db 2 '[

-{443-f Poior o- 6- (Qyr i HetercBysidalk@KEPEZE)X ol O 2, 3-b: 5, 4-c] cl i pyridin-4-yl] phenyl

}(2-nmet hyl - oct qpydr 9\]&2[-1- pyrrol o[ 3, 4-c] pyri di n-5- yOret hanone

12. -NH-(alkyl(C,-Cq) or cycloalkyl(Cs-C7));

13.  -N(alkyl{C+-Cyp) or cycioalkyl{C3-Cr))s;

14. -NH-(alkyl{C1-C.q) or heterocycioalkyl {Cs-Cq));
30 .15, -N(alkyl(C+-C10) or heterocycloalkyl (Cs-Cr))s.

In the context of the present invention, p03|t|ons 2 and 8 should not be substituted, in
contrast with the prior art documents



NA4- (di met hyWorzotg/tagogd] - 443- f 1 uor o- 6- (pyrbdi n- 3-y1) - OpepNRBbEH 223500 S: 4-
cldipyridin-4-yll benzam de

413-fluoro-6-(pyridin-3-yl)-9Hpyrrolo[ 2, 3-b: 5, 4-cldipyridin-4-ylj-N(1Him

i dazol - 2- yl met hyl Thenzam de

5-{443-fluoro-6-(pyridin-3-yl1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di n-4-yl ] phenyl

}(7-methyl - 2,7-di azaspiro[ 4. 4] ri on-2-yQOret hanone

413-f 1 uor o- 6= ( yridin y1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyridin-4-y1]-N-[ 2- (py

ridin-2-yl ar'ﬂ‘l%@}lgﬁﬁ%q{%gﬁzﬁpd s as de{‘med above are, respectively, and without

N- et hy1- 443-frbfeeareeSlirked td Shyofdne darbOE Sths AhSbeiow: P: 5. 4-cidipyrid

10met hyl pyrrolidi n-3-yOr net hypenzam de z,

1, 3" - bi pyrrolidin-17-y1{4-13-fl uoro- 64/py di n-3-y1l)-9H pyrrol o[ 2, 3-b: 5, 4-c

]clipyridin-4- yl]phenyl}nethanone z,

-443 fluoro-6-(pyridin-3-yl)-9H pyrrol 0[2 3-b:5,4-c]clipyridin-4-y1]-Nneth
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especially cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycioheptane:; but
also possibly bearing an unsaturation, for example cyclopentene, cyclohexene,
cycloheptene or bicyclo[2.2.1]heptane.
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N}/[ ]( . cygino [t e ro-- (ﬁgﬁ&%ﬁh)ﬂﬂ@@??@éﬁ%@f t|> Sélrc(:) dé)yl’ldln 4- ){l]hN methyl -N-[(1-
H pyrazol - 47§ E]WP@iiﬁr”d@o%y',)m%ﬁ éﬂlﬂb?néafﬁ‘d@ 4-cl di pyridin-4-yl | benzam de

4 3-f | udr o- 6- ¢[3-fimdrbyelpdridin- 3-y|) 9H pyrrolo{2 3-b:5,4-c'dipyridin-4- yq\ld [2- -methylpyr

H pyrazol - 4- oIo 5, 4-cl di ridin-4- 1]
3p%/h| azol - ?Y&ﬁgtgﬂwgé P vl
{4[ 3-fl uor o- 6- (M{mlmﬂzadEl-mlgmlaa)(ethyq-MB)chBW@Wyrndlraﬁ #1)-8Hkpyorot{2, BHbpa44 di n- 4-

y1l] - phenyl g]gd?pé,gl '”%n%weﬁ?%‘ﬁ.g y Opi perl di n-1-yl ] met hanone

-{4-13-fl uor razol y1)-9H pyrrol o[ 2, 3-b: 5, 4-c]clipyridi
n-4-y1] - phenyiZ @thylawrm)@fbml Nzetpmﬁiytﬁffkubmﬁ-(pyﬂdw?p wie:©Hepyonei[2,3-b:5,4-

1(33)- @oam@ggj 9%1419@,8;,2%,%443 rret hoxy 6-(1- rret hyI 1H pyrazol - 4-y1) - 9H py
rrolo{2,3 X & yr|d|n4 | met ha

1( 3R 4R) - 3-ani%ib- ¥%’3€‘V‘80$@P§“’d?1¥1’f[ 1399@4@(%91’?03(%3@?’(%”9@%%‘3 544 pyrazo
| -4- yl)- 9|'t]ﬂlwyhdhh01[)2],b3n£hr5|dé cl di pyridi n-4-yuphenyl i net hanone -

byt azol 4y 1 SRR B Bk RSO B Pn ey ot
N-[ (3S, 43) -b15 dyaddipyyqnge] pdemw}ﬁ}qtlhdnoﬂe[ 3
gg;:“r’é?ofz( 1 ekl fodt Q{ﬁ AgRLa- -}pglgﬁkzag]e 5. 4-C Idipyridin-4-yl]-N-methyl-N-(1-
N-[ (3R, 43) - methylavrmd@m @-ey Gtﬁzﬁﬂ”(BiWI] 4- 13- net hoxy-6-0
- met hy 1- 1H-pyr azQl faidth)a HRyéthQl- 2 2ad5rB:Spfrdih 3Ly pyah 4 Raidpyd-baenspm de
pyridin-4-yl}-N-methylbenzamide
- {4-[3-fluoro-6-(pyridin-3-y1)-9H-pyrrolof2,3-b:5,4-c'Jdipyridin-4-yl phenyi}[4-(2-
30  methoxyethyl)piperazin-1-yijmethanone
4-[3-fluoro-6-(pyridin-3-yl}-9H-pyrrolo[2,3-b:5,4-¢'[dipyridin-4-yi]-N-[(3-methyi-1H-
pyrazol-4-ylymethyl]benzamide
{4-[3-fluoro-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-¢'[dipyridin-4-yllphenyl}(2-methyl-
octahydro-5H-pyrrolo[3,4-c]pyridin-5-yl)methanone



- N-[(33, 4R) - 4- hydr oxypi peri di n- 3-y1] - 413- met hoxy-6-0 -nethyl -1

H pyrazol - 4-W®)203pf390084 o[ 2, 3- b: 5, 4- cl di pyr7 di n- 4-yl i benz@ERsfolE2330

N- R33, 5R) - 5- hydr oxypi peri di n- 3-y1] - 4-[ 3- net hoxy- 6- (1- net hyl- 1H pyrazol - 4-y1
)-9H pyrrol o[ 2,3-b:5,4-cldipyridin-4-yl]benzam de N[(1 3,23)-2-a m

i nocycl opentyl]-4-[6-(1-methyl-1 H pyrazol -4-y1)-91-1-pyrrol o[ 2, 3-

b: 5, 4-cl di pyridi n-4-yl ] benzam de -

N-[ (13, 23)-2-(ethylam no)cycl opentyl]-443-nethyl-6-(1 -nethyl-1

H pyrazol -4-y1)-91-1- 20pyrrolo[2,3-b:5, 4-cl di pyridin-4-yl]benzam de

4- I[O)é- (pyri di'%- ?0,-@%(-%’lf)“lﬁ%%‘iﬁ)ﬁ%/mwgt[ugf,'ls‘l-@r%{om-é](eyria%Biyai%-mr)sglc}[z,&t{:%.ﬂgjldipyr roli
di n- 2- yl net pytidibenglaentenide

-N-[(13,23)-2-amM I +446- (1- - 1k , | -4-y1)-9H | of 2,
3. 1[3( 5, 4- C|) di pﬁ-ﬁ-@%ﬁgﬁ:(§{f}%ﬁ%§‘]ﬂ@§ﬁk§%§rrol&§}3}yJo',4-c|_]'af?azrr|§}r%-%—yl]-N—>(l1 F)i-lmidazpo¥-_r2[ © _O[ _
25- 4- [ 3- f | ugtestBy/jbenmnidg1- 1H pyrazol - 4-y1) - 9H pyrrol o[ 2, 3-b: 5, 4- 1 di pyri di n

-4-y11- N5 [ (3SA48)mubrdy ds 2Pt DesLdi - J.hepzam de.. -
N-{2-{(33) -3 ﬁ{ﬂr o&’é’b&??@ﬁégﬁ%@ I;ﬁ’@?%;%% -b%%-%i‘%p%ﬂ'“—"%'y ERRAYRR7ARbY ) - ok
yrrol 0[ 2, 3- 2o -&azaspiraidiinoruwlmstieneranzani de

-HZI-O §/ ?;i?(r)nl ?Z_pr (i’@-%ﬁucﬁb?:(%}z%&r%—@?@#%pfé!m,]3'—915,4—0‘]dipyridin-4—y[]-N-[2-(pyridin-2-yl— |

30cl di pyri'dﬁﬁl'rzf)-)?/t‘l;g’E N2AMI9Ry dr o- 1H- i soi ndol- 1-one. The conpounds of forml a
(1) may conpri se Noathylet-[Hiceo B ByMERT-BiyD-SHEPRAANG2, STHE V- TR EDHSIAXUGH-1 N the
form of1@namétwn%ﬁgﬁ_ _itgﬁettﬁrﬁ)oi soners. These enantionerS and

di ast er eoi soner’s, and a m’Q P fer eof , i ncl udi ng racem c m xtures,

f or m 35par t - of 1. & tipyiriel@int1i-pifd-[3-Mlveo-6 dpyaimely! ) &H-pyraial R 3-1:5 i-oTeipy SmRL | se

one or noreysiiRIGOREEahstd | es of E/Z type on double bonds or of cis/trans
type on non-aromatic rings. These various stereoi soners, and al so m xtures

t hereof , fof m pdriS-bera-faryrisiredyd-Oh-pysrofia 3donpeldigsridii-4fyaNrmethy(-N) 1nay
exist in thmeﬁmnm@fd]rba@ggerganme acid-addition salts. Such addition salts
form pay of th@ﬂi nve Ei O_H, These salts may be prepared with

phar mackUt i cal¥ly" éﬂEEOé%' YA B2l 85 -Rypolog?. athr 5. 4-cldinridine Nk 2-Hera k- of

Phar maceut i dimt4-Bahéthyl|béhkeyided. ), but the salts of other acids that are

useful, for_eye r ARAY or, I sol ati he conpounds of formnula

(1) also fof mfﬁgg?%tﬁ%'?%@e"fﬁwbﬁ%—ﬂ%ﬂ?wﬁgﬂ%— DLy tio o il Kiryridiay

conpri se oné-ydbenmmidd sot opes of the atonms 15 described above, especially

deuterium D, trit4 400 bro-8XQyrigh39mn R0 19N, 18F 1231 4 1351.

These cgppounds ifrgr etjspg%c_gf&rg%ggﬁp %ﬂ?yrfogcg%gﬁ g“c"ﬁﬁ@%‘il’?%a’ﬂ:"}'f%&?ﬁﬁﬁn of

the i nveht i BRiNo)ethiilbenzaaidgynt het i ¢ i nt er medi at es not described in the

literature, - whi RIf(1-@afotRId RRAAUC LR RE- bRk TR ngkng to

t he general H?r mdl a I s%b fdg@pn%%parlmof ; t heri n\sgﬂ’ﬁ"ﬁg%%ﬁtﬁoﬁﬁ?gg@é’?or t he

synt hesi s of [¥MEF-¥REZEMKSc| eus is based on two coupling reactions:

car bon- car bomN-{Beadinb 2, 2-difiabropFapel) & 3R b MEE TR - SUh-b e GLEL 4.

pyri di nes, I!J)?fﬁﬁi-@-grl L&, Lhe, int e??rgdiqat e of oyﬁnrrul ay%n, bdayynrgﬁlpﬁg%f%?rgﬁi on

an i ntranol ecul ar (la?rﬁé’ﬁ'-'qﬁ trogen bond then | eads to the

9H- pyr 14l of 2, 3-Ns(253mine1%c3, B dyfhiodk-Renatinilpropy pa-43-Meskoa @yadin 130/ Yol ByERo- See

schene 1 bejooy-5 4-¢ el present invention is also any

synt hetic pl!r ocess i@\@&ﬁﬁmbgg%aéggki lled in the art allow ng the

pr epar at i on” Bfl{(TFR)pt-aeninscscietexy briraiflaoor-(msidied-yIpoH-mrolo2, 3-b:5, Acdibj ect

of the presgidid-nypii-amides especially a general process for synthesizing
mula (1) as defined above, described hereinbelow in the

t he products gbéf Oé -
gener al 355t Ndhe 2 )c%ﬁ@,;@cy(g@fp%wé-zl—[&ﬂuoro-6-(pynd|n-3~yl)-9H—pyrrolo[2,-3—b:5,4-c’]di-
30  pyridin-4-yllbenzamide

a
of

- N-[{1 S,28)-2-aminocyciopentyi]-4-[3-ﬂuoro-6~(pyrid]n-3-yl)—9H—pyrrolo{2,3-b:5, 4-
¢'ldipyridin-4-yl]lbenzamide
- N-[(1 R,2R)-2—aminocyclopentyl]-4-[3—ﬂuor0-6—(pyridEn-3~y_l)—9H—pyrroIo[2,3-b:5,4-
c'ldipyridin-4-yllbenzamide



A subj ect ofyd IQP1@?)§§®W I nvention is espel%i al | ydgsg;ioggé.ﬁ:éﬁropﬁ%g%%s! zi ng

t he 5products o rmula (la) as defined above, here I n
Schenme 1. Schene 1 The operating conditions for obtaining the products of
formula | a as defined above, starting fromthe internedi ates of formnul ae
An, Bn and Cn in which X, M R R4 and PG have the definitions given in the
general schene as defined above, are descri bed herei nbel ow. 5 For exanple,
the process for preparing the conpounds bearing a (3" -pyridinyl) group in
position 6 ac¢-¢3—ﬂhhmg—6t(0-rﬁe!§tﬁyli1m-lﬁ§y’ﬂaim-3ﬂpmﬂip§rltrslo[2i,31b35,4_f-d':’lo$ﬁXIri§$n?433rﬂ-Nf(4-
IC2” ((agar L;?Igm%)mygﬂl%{ %Pgb@fpg‘ﬁ%ﬁh%gzmg (2)f 310?L2y23|hglmngal Society, Perkin
Transact i ons 4:[3-f@00:6-(( 163thyl118#7yra 8- AyyiY-Bdipgmelo2) 3-b: S| L& diphiEin-4-YIBR-(tthen
o e ol n SRR 2 0 8 second = en, S 1E coupling 1
subst i t ©? ed- i HripBuqrebdi-methylrttpyraen <t d)-81-pyseRintb3)4-c IyBameBYIENH2 ' t 1 Al
Pd( PPh3) 4 CUBRIBMYaRRySEGIGMELIEHWbdhzamide ’
- 4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl}-9H-pyrrolo[2, 3-b:5,4-c |dipyridin-4-y[]-N-{2-
[(35)-3-hydroxypyrrolidin-1-yllethyl}benzamide
- 4-[3-fluoro-6-(1-methyl-1 H-pyrazol-4-y|)-QH-pyrroI0[2,3—b:5,4~c']dipyridin-4—yl]~N-(2—
10 hydroxyethyl)benzamide
- N-[(18,28)-2-aminocyclohexyl]-4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo-
[2,3-b:5,4-c'ldipyridin-4-yl]benzamide
- N-{(13,28)-2-(diethylamino)cyclohexyl]-4-[3-fluoro-6-( 1-methyl-1H-pyrazol-4-yl)-9H-
pyrrolo[2,3-b:5,4-¢'ldipyridin-4-yllbenzamide
15 - N-[(18,28)-2-(ethylamino)cyclohexyl]-4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-
pyrrolo[2,3-b:5,4-c’|dipyridin-4-ylJbenzamide .
. = 4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-¢'|dipyridin-4-yl]benz-
amide
- 4-[6-(5-chloro-1-methyl-1H-pyrazol-4-y1)-3-fluoro-9H-pyrrolo[2, 3-b:5,4-c']dipyridin-4-
20 yi}-N-(4-methylpiperazin-1-yl)benzamide
- 4-[6-(5-chloro-1-methyl-1H-pyrazol-4-yl)-3-fluoro-9H-pyrrolo[2, 3-b:5,4-¢ [dipyridin-4-
yiI-N-(1-methylpiperidin-4-yl)benzamide
- N-[2-(dimethylamino)ethyl}-4-[3-(2-methoxyethoxy)-6-(pyridin-3-yl)-9H-pyrrolo[2, 3-
b:5,4-¢'|dipyridin-4-yllbenzamide
25 - N-[2-(dimethylamino)ethyl]-5-[3-fluoro-6-(pyridin-3-y1)-9H-pyrrolo[2,3-b:5,4-¢’di-
pyridin-4-yljpyridine-2-carboxamide
- N-[2-(dimethylamino)ethyl]-2-flucro-4-[3-fluoro-6-( pyridin-3-y}-9H-pyrrolo[2,3-b:5,4-
c’ldipyridin-4-yl]benzamide.

30 A subject of the present invention is also the products of formula (1) as defined above,
the names of which are as follows:
- N-(2-aminoethyl)-4-[3-(2-methoxyethoxy)-6-( 1-methyl-1H-pyrazol-4-yl)}-9H-pyrrolo-
[2,3-b:5,4-c'Idipyridin-4-yl]benzamide
- N-{(2-aminoethyl}-4-[6-(1-methyl-1H-pyrazol-4-yl}-3-(oxetan-3-yloxy)-9H-pyrrolo[2, 3-
35  bi5,4-c'ldipyridin-4-yllbenzamide



R3 Br or.R3 Schene 3 In a third step, the tricyclic unit

(i nter medi atwoofo16/10by®e) is obtained via gn 20int ram'féﬁfﬁio@é’ézas
am nation reaction, catalysed either with a pall adi um conpl e

copper (I) iodide (Scherre 4): Pd( QAc) 2, Josi phos tBuOK, di oxane 950
overni ght or m crowaves 120C 1 h Schene 4 in which Josiphos is a
conpound having the following formula: |In a fourth step, functionalization

of position 4 (Cl-,C2-*C3) is perfornmed (Schenme 5): Scheme 5 The end of the
synthesis is perfor med in 4 steps: a coupling of Suzuki type (C3-?C4), a
depr ot ect i o \W-H18RE)-deminecyolopentylhittidn DryratranyetaoXyG6-(1€b3thylam-parbioiat i on of

the acid 10fyyrg. bﬂFbteé[fztstbSQ'c%bb rtcﬁﬂldﬂfl]'bgﬁ%a%dé{“th a known carboxyl i ¢

aci d-activating rea lon with the chosen am ne

(C5-. 1b) ( ScheneNg§™S.28- %(etfmlarﬁlﬂomyg@miﬂ] -613-&-wathorathady)-6Hé-nrties d At

i nvention I$)ytel1UE4—?l$-@EIC yadoldf2, 8-t2% @Qﬁé:ﬁyrﬁdﬁ-zl%{gyér&%ﬁ{,gé ng the p(rj oduct s ?L
endl ng on e

formul a Ib) as gg B} @bove % %
commerci 3l avai TigBi Ty awviazel-tybornethaur Pi-pyiroleR Skt Bﬁ fighinsd-pi-N-
5fornul a I &f2 R pyuralidin-2-yineethlpebearsibe ai ned with a boronic derivative

al r eady Corrprl RN, Ay Al &8%%9I%m9§o)cycﬁ%e§ﬁc E—f‘:ﬂﬁuor& 6-(1-methyl-1H-pyrazol-4-
y1)-9H- pyrroio[2 3-b:5,4-c’dipyridin-4-yilbenzamide
- N-[(15,2S )—2-am|nocyclohexyl]-4-[3—methoxy~6-(‘I -methyl-1H-pyrazol-4-yl)-9--
10 pyrrolof2,3-b:5,4-c'Jdipyridin-4-yl]benzamide
- 4-[6-(1-methyl-1 H-pyrazo[-4—yI)-3—(0xetan-3-yioxy)—9H-pyrrd[o[2,3~b:5,4—c']dipyridin-
4-yl}-N-[(2R)-pyrrolidin-2-yImethyllbenzamide
- 4-[3-methoxy-6-(1-methyl-1 H-pyrazol-4-yl)-9H-pyrrolo{2,3-b:5,4-¢'Jdipyridin-4-yl)-N-
[(28)-pyrrolidin-2-yimethyl]benzamide
15 - 4-[3-f|uoro-6-(pyridin-3-y|)—9H—pyrro|o[2,3-b:5,4-c’]dipyridin-4—y1]-N-{[(2R,3R)—3—
hydroxypyrrolidin-2-yljmethyl}benzamide
- N—[(3R,4R)—4-aminotetrahydrofuran-3—yl]-4—[3-(2umethoxyethoxy)-6-(pyridin-s-yl)-
9H-pyrrolo[2,3-b:5,4-c'[dipyridin-4-yllbenzamide
= N{(1R,2R)-2-(ethylamino)cyclohexyl]-4-[3-methoxy-6-(1 -methyl-1H-pyrazol-4-yl)-
20 9H-pyrrolo[2,3-b:5,4-c’[dipyridin-4-yljbenzamide
- N-{[(ZR,BR,4S)—3,4-dihydroxypyrrolidin—2-yl]methyl}-4-[3—methoxy-6-(1—rﬁethy1—1H-
pyrazol-4-y1)-8H-pyrrolo[2,3-b:5,4-¢’|dipyridin-4-yllbenzamide
- N-[(1S3,28)-2-hydroxycyclohexyl]-4-{3-methoxy-6-(1-methyl-1 H-pyrazol-4-yl)-9H-
pyrrolo[2,3-b:5,4-c'[dipyridin-4-yllbenzamide
25 - N-({4—[3-fluoro-6-(‘|—methyl—1H-pyrazol-4-yl)—9H-pyrrolo[2,3-b:5,4-0']dipyridin-4~yi]-
phenyficarbonyl)-B-D-galactopyranosyiamine
- N-[(3R,4R)-4-aminotetrahydrofuran-3-yl]-4-[3-fluoro-6-(1-methyl-1 H-pyrazol-4-yl)-
SH-pyrrolo[2,3-b:5,4-¢'|dipyridin-4-yl]benzamide
- N-[(15,2R,38,485)-2,3-dihydroxy-4-(hydroxymethyl)cyclopentyl)-4-[3-fluo ro-6-(1-
30 methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2, 3-b:5,4-¢'|dipyridin-4-yl]benzamide
- 4-[3-fluoro-6-( 1-methyl-1 H-pyrazol-4-yl)-9H-pyrroto[2,3-b:5,4-¢'dipyridin-4-yl}-N-
[(3S,4R)-4-hydroxytetrahydrofuran-3-yllbenzamide
- 4-[3-fluoro-6-{1-methyl-1 H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-¢'Idipyridin-4-y{]-N-
[(15.28)-2-hydroxycyclopentyllbenzamide



R3 Li OH, H2WOre#o0/MDB4R3 Ra Schene 2@ One pohiFe2bodbsiiw
present invention is thus especially a process for synthesizing the
10products of formula (lc) as defined above, described in Schene 7. The
boroni c reagent, bearing the carboxam do function, nay al so be prepared
bef ore condensation as for a commercial derivative. 15The process for
preparing the conpounds bearing a (11-nethyl-1'H pyrazol-4'-yl) unit in

position 6 accordlnq to the invention consists in a first step in preparing
the internediat e " REEtREARPIBY3.Sinon-doilehis-Bioppbri 1 anedd-dihdpwazh4-egHH e

coupling i Spﬁﬁﬂd{zerﬁs@lzl(d}&pyrﬁﬂa 4wq béhAAnddéni no- 3- (brorm or i odo) pyr| di ne
derivative optio subst It 0 on 4 or 5,
i ntranol ecul ar ar 1 §Ph HEEPRIR ﬁ@&@? dﬁ %M pAC Lo 4l ”E%?S&N/"s@ﬂa%qf‘f‘hérg’"\h th a
pal | adi um coyrle,3-tos, 4w ltihyrctippetibérzamidei de (Schene 9): Schene 9
SLnet al et on ol (o CAREM R BB LS SRRBLSRRY 2, 2,
formati on d{"%\-?S}'?“hV%fpéymféf]ph@afﬂ Iberea(0® 4C9) and a coupling reaction of
Suzuki type. (09{30i80-4-Bchei®i1- 4 )yrazol- ﬁ-%—%ﬁg;%)n%%[fﬁ—rﬂ.§4erdlpyrldm—4-yf]-N—
[(35.45)-4-hydroxypyrrolidin-3-yl]benzamide
- 4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b: 5,4-c'dipyridin-4-yl]-N-
10 [(3R.4R}-4-hydroxypyrrolidin-3-yllbenzamide
- 4-{3-fluoro-6-(1-methyl-1 H-pyrazol-4-y1}-9H-pyrrolo[2,3-b:5,4-¢’[dipyridin-4-yl]-N-
[(38,4R}-4-hydroxypyrrolidin-3-yllbenzamide
- 4-[3-fluoro-6-(1-methyl- 1H-pyrazol-4-y1)-8H-pyrrolo[2, 3-b:5,4-¢'Idipyridin-4-yl]-N-
[(3R,48)-4-hydroxypyrrolidin-3-yllbenzamide
15 - 4-[3-fluoro-6-(1-methyt-1H-pyrazol-4-y1)-9H-pyrrolo[2,3-b:5,4-c|dipyridin-4-y]-N-
[(3R,4R)-4-hydroxy-1,1-dioxidotetrahydrothiophen-3-ylJbenzamide
- 4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-y1}-9H-pyrrolof2,3-b:5,4-¢’|dipyridin-4-y{]-N-
[(3R,4S)-4-hydroxy-1,1 -dioxidotetrahydrothiophen-3-yllbenzamide
- 4-[3-fluoro-6-(1-methyl-1 H-pyrazol-4-yl)-9H-pyrrolo{2,3-b:5,4-c’ldipyridin-4-yi]-N-{2-
20 [(2R)-2-(hydroxymethy!)pyrrolidin-1-yllethyl}benzamide
- 4[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl}-9H-pyrrolo[2,3-b:5,4-¢'{dipyridin-4-yl]-N-{2-
[(2S)-2-(hydroxymethyf)pyrrolidin- 1-yllethyl}benzamide
- 4-[3-fluoro-6~(1-methyl-1H-pyrazol-4-y1}-9H-pyrrolo[2, 3-b:5,4-c dipyridin-4-yl}-N-
[(1S,3R})-3-hydroxycyclopentyllbenzamide
25 - 4~[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-c'ldipyridin-4-yi}-N-
[(1R.3R)-3-hydroxycyclopentyllbenzamide
- 4-{3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-8H-pyrrolof2,3-b:5,4-¢'|dipyridin-4-yl]-N-
[{1S,35)-3-hydroxycyclopentyllbenzamide _
- 4-[3-fluoro-6-(1-methyl-1H-pyrazoi-4-yl)-9H-pyrrolo[2,3-b:5,4-¢’Jdipyridin-4-yI]-N-
30 [(1R,38)-3-hydroxycyclopentyllbenzamide
- 4-{3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-¢ Jdipyridin-4-yl]-N-
[(1S,2R)-2-(hydroxymethyl)cyclopentyl]lbenzamide
- 4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolof2,3-b:5,4-c'|dipyridin-4-yl}-N-
[(1S,2R)-2-(hydroxymethyl)-1-methylcyclopentyllbenzamide



Schenme 10 10l ntroduction of the phenyl carboxam do unit takes place as
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intramolecular carbon-nitrdgen bond then leads to the 9H-pyrrolo[2,3-b:5,4-¢')di-
pyridine unit (intermediate of formula Cn, see scheme 1 below).

A subject of the present invention is also any synthetic process known to those
30  skilled in the art allowing the preparation of the products of formula (1) as defined
above.

A subject of the present invention is especially a general process for synthesizing the
products of formula (I} as defined above, described hereinbelow in the general
35  scheme:
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i nvention. The nun%ggg of Mhe presedted c Or“’géﬁ$2fer

in the table hereinbelow, which illustrates the chem cal

properties of a nunber of Yconpounds accg

tion. 30 Anong the exanfd es of preparation of the produg
defi ned above, cert anpl es constitute, products of

] above or synthet|€u ntler nedi at es f ok obt ai nji_ ngR& he sai d

ng to the invention,
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38 PCT/ FR20 80 64, 65, 66, % ,*B8PG69 70, 71

76, 77, 78, 79, 80, B1, 82, 83, 84, 85pc@biectBygroBBsy,88M,
102, cempounds of formula (1) in which R3, RG, Piv, Ac,
' 72,73,Z4, Ra and Rs are as defined above

General scheme

15The Pin1kinase inhibitors that are subjects of the present

a

e
, the
i es

f an

strate
to

rdi ng
ts of
fornmul a

13, 14,
46,
WO

, (2,
90, 91,

A subject of the present invention is especially a process for synthesizing the

products of

15, 16, 17,

47, 48, 49,

2010/ 109084

73, 74, 75,

99, 100, 101,
5

products of formula (1a) as defined above, described hereinbelow in Scheme 1.

Mor X R4 Coupling H,N /N
ci XorM R3  (Stile, Suzuki, etc.) |
X EN R
| * ﬁ/ -~ N g3
- =
N R4
N R H,N" N e
An X=Brorl Bn

SIS
M = SnMe, or B{OH), or HB.
¢ e 0 Hartwig-Buchwald

R = Cl, -OMe, -OH, -0S0,CF, or copper salt

R4 = H, |, -OMe, -OH, OSOZCFS

o]

R R4 R3
— —
R3 Noe [ N\ 4
I?l N
Cn H or PG
PG: protecting group tosyl, SEM,
la {compounds of fermuia | in which R3, R6 and Z, Piv, Ac,

are as defined above, Z, represents CH and Z,
represents CRa with Ra as defined above)

Scheme 1



103, 104, 105, 106, 107, 108, 109, 112, 113 and 120 constitute the
product s of W@RA10/4090845Conpounds Al, A2 @d A3 consti POTEFRIN0GIIERE30
intermedi ates of formula An Mor X R An in which X, Mand R have the
definitions indicated in the general schene. Exanples 1, 29, 39, 92 and 114
constitute synthetic internediates of fornula Bn H2ZN 10Bn in which R and R4
have the definitions indicated in the general schene. Exanples 2, 3, 4,
5, 6, 8, 18, 30, 31, 32, 33, 34, 35, 36, 40, 41, 42, 43, 93, 94, 95, 96,

97, 98, 110 11 15, 116 17,..,118 d 11 onstityte synthetjc

0t er medh at S1° SRR PR ooERng g psLoRatt Trap il o ke fe

def i ni ti onsstarntigdene the interedigieref &drmsideere .Bn and CAruwhi¥h XM, R, FRBandR4 and
PG represenpeqt LN tei i ndi c i rati of 20t he exanpl es
accor di ng trth ﬁg\l%?&ggdneﬁhﬁﬁ@ser#'\fg gnﬂjtaﬁ@e e%ﬁ%%ﬁaﬂ%ﬁg&ﬁesseiG%@E?%v@.?bov? a%Br or |
M = SnMe3 ofless(iee) Deiginbelewd R = CI, -OMe, -OH, -0502CF3 R4 = H, |, -OMe,
-OH, -03p2CF3, CO2MeCO2H PG protecting group tosyl, SEM Piv, Ac, One
subj ect of Ehe resent inventjon is thus especially, as novel industrial
products, the L@t iPOEE RERCRREY Bie oRwopRduRRAN SIS (3HRYTifiNYA 9reyp

descri bed iin gdstiog@neicaldirzsioheemvantbn dbnSeRe Hes firkt Et@ia,]iﬁ Bg 5MHoralbj ect

of the present. invention.J.s.thus. ovel J ndustri rogucts, the

synt heti c i% gy r(f-glt:h ?Sé?r&"gnz?r??b&yﬁﬁ'f‘sg\s'/x om 'ddﬁﬁr"gfh' '&'ﬁ'pé?f’i” ?‘Jﬁ“’frﬁbobeneral
schene her eihsdiemica Sdciety, erkdeT mnsactionOne2002b{ 164,t184f-1t8ke) (ScasmBat2)i nvent i on
i s thuslespecially, as novel industrial products, the synthetic

i ntermedi ates of thesproducts of for K- descri b&dMen the schenme above.

150ne subj ect of the prgsent inventiln,l le,g ially, as novel

i ndustrial. products, t nt hetic i nternedi ates the products of fornula
Bn described in the scheffe apova. One subj ect @ esent invention

is thus especially, as novel Npdustrial products, 20t he|sy/theti C

i nternmedi ates of the products of fornula Cn described,yn'the scheme above.

GENERAL | NFORMATI ON:

Scheme 2
In a second step, Stille coupling is performed with @ 2-amino-3-(bromo or iodo)pyridine
derivative optionally substituted in position 5 (intermediate B1, Scheme 3):
15

Pd(PPh,),
Cul dicxane
95°C overnight

Brorl R3

Scheme 3

In a third step, the tricyclic unit (intermediate of C1 type) is obtained via an
20 intramolecular aryl amination reaction, catalysed either with a palladium complex, or
with copper (I} iodide (Scheme 4):

Pd(OAc),, Josiphos
BuQK, dioxane

95°C overnight or
microwaves 120°C 1 h

or Cul
K,CO,, DMSO
170°C overnight

Scheme 4



25Abbrevi ati ons: 1H NVR proton nucl ear magnetic resonance DAD:

wavel engt h- WEhAKIAYP984ect or DCM di chl or 8fret hane DIVE: P@T/FR20AYO5RIPet hane
30DVF: di et hyl f ormam de DMBO. di met hyl sul foxide ELSD: |ight-scattering
detector HATU. O-(7-azabenzotriazol-1-y1)-N, N, N, N -tetranethyl uroni um
hexaf | uor ophosphat e HPLC, UPLC. high-performance |iquid chromatography
5LC. liquid chromatography LDA: lithiumdiisopropylamde Li TMP: |ithium

am de of 2,2,6,6-tetranethyl pi peridine Ms: nass spectronetry THF:

t et r ahydr of innvanchl®Biphos &t @ odmpourid maping thé follbhiagfeatid.ons are perfornmed with
anhydrous solvents fromthe Acros Organjcs AcroSeal range. The sol vents
used for the extractions and the chrona opgraphi es are obtained from SCS.
The m crowave reactions are perforne a'Bi ot age or OEM 15 nmchine. The
purifications on silica gel are perf gkyusi ng VWWR- Merck silica
cartridges (silica gel 60 15-40 pn). The pfeparative HPLC purifications are
performed on Macherey-Nagel col ums ucl eodur 018 phase) or other phases
(Chiralcel OO or QJ-H or AS-H, Chi pak, Kromasil Cs) with suitable

el uents. 20? LC MsS-DAD- ELSD anal ysi s: possi bl e experinmental conditions: o
LC- M5- DAD- ELSD anal ysis: M5 = Waters ZQ el ectrospray node +/-; nmass range
mz = 100-1200; LC = Agilent HP 1100; LC column = XBridge 180 Waters 3.0 x
50 nm - 2.5 A op@byien lingignalizalioneimepiion-4 {CI~ R A3 s pesemychiSshene 8 wat er  +
0.1%formc acid; B = acetopjirile, with therfollowi ng gradient; 3@349 . -
LG M5- DAD-E anal ysi s Mstsei Pl @it Fprm 1 | er P'MEr o '
+/-; mass r i
35colum 4.6 nmm N-2.5 pm LC @ve C flowrate 3]
El uents: A = wat 1% formic acid:>B ™Y acetoifttile, wit
gradi ents  Ti meA% 8% 0955 6.0595 8.0 & 95%™0 95 cs

Scheme 5

The end of the synthesis is performed in 4 steps: a coupling of Suzuki type (C3—C4),
a deprotection via the action of lithium hydroxide (C4—C5), an activation of the acid
10 function with thionyl chloride or with a known carboxylic acid-activating reagent,

followed by reaction with the chosen amine (C5—1b) (Scheme 6):

Pd(PPh,), Cs,CO,
dioxane/water
microwaves 120-130°C 1 h

Rs
/ \ B‘
i

RR'NH, AlMe,
foluene

LiOH, H,0
THF, MeOH

1°) SOCl,, reflux
or HATU, DMF

2°) Amine
CH,Cl,, 25°C

Z;=CHorN

Scheme 6



5 13.0 95 5 5? UPLC MS-DAD- ELSD anal ysis: 2 possi bl e experinental

condi ti ons: VBOUJRNOMNBO8HAD- ELSD anal ysis: MB = Quattro MPCOIMFRZ00MDS24BRr S;

el ectrospray +/-; mass range mz = 100-1100; UPLC Waters; Acquity UPLC BeH
018 colum 2.1 mMm x 50 nm- 1.7 pm UPLC oven = 70C, flowrate = 0.7
m/mn. 10Eluents: A = water + 0.1%formc acid; B = acetonitrile + 0.1%
formc acid, with the gradient: 15 49 UPLC- M5- DAD- ELSD anal ysts: M =
SQD Waters; el ectrospray+/-; nass range m/z = 100 1100; UPLC- Waters;

peulty UPLG, Bl 08 ROLNIDLAnigBNf, 0 Bl bl 1 SRS A0
acet oni t ri | Pradustsioifersiula ¢blas defined ebovendespribed érﬁwcheme@ A% B% 0 95 5 0.8
50 50 1.2 0 100 1.85 0 100 1.95 95 5 2.00 95 5

Depending on the commercial availability of the boronic derivatives, the products of
5 formula | of structure Ic may be obtained with a boronic derivative already comprising
a carboxamide unit Ra (Scheme 7).

i R3

LiOH, H,0
N THF, MeOH
\
c3 S0,Tol
Pd(PPh,), Cs,CO,
—@— E dioxane/water
microwaves 120-130°C 1 h
Scheme 7

One subject of the present invention is thus especially a process for synthesizing the
10 products of formuta (Ic) as defined above, described in Scheme 7.

The boronic reagent, bearing the carboxamido function, may also be prepared
before condensation as for a commercial derivative.

15 The process for preparing the compounds bearing a (1’-methyl-1'H-pyrazol-4’-yl) unit
in position 6 according to the invention consists in a first step in preparing the
intermediate A2 (Scheme 8):

LiTMP, Me,SnCl NS

Cl © —8n

l = THF, -78°C
- . cl
N
-
~o0TN - |
07 NT n

Scheme 8

20  In a second step, Stille coupling is performed (A2—B2) with a 2-amino-3-(bromo or
lodo)pyridine derivative optionally substituted in position 4 or 5, followed by an



For the detection: DAD wavel ength considered A = 210-400 nm ELSD:
Seder e SEDEXy8%010alpubgLzat i on tenperature 5, 35C, nebul i J e =
353. 7 bar NB: Depen(??tr)l%gon the structures Zagnal ysed, the@lr@??@@#@ents
are: dinmethyl sulfoxide; nethanol; acetonitrile; dichloronmethane. EXAMPLES
5-chloro-4-(trinethyl stannyl)-2,3" -bipyridine Al 5 LDA, M, SnCl SnMe, THF,
-78C Al --N% A m xture of 15 m of diisopropylamne and 40 m of
tetrahydrofuran is cooled to -74C, followed by addition of 64 m of 1.6 N
n-butyllithiumin hexane over 20 m nutes, while keeping the tenperature

bel ow - 700C.Int1nglegylayf argl @Bnapyn rebetiyn 5822078 hdadaipgayr githien evitAr £ panfilm
according t r - d Fm; Chem cal Society, Perkin
Transact i ongoﬁb?egbg@wiﬁ%%fggg'%@héséh | ss9 'ved in 170 m of

tetrahydrofuran, are aqg%q to the reacti on fi&tcureirhophil e still keeping the
tenperature bel ow - 70Cq, HREL Xt uren skstir ESAC AP 74C foy 1 hgur 30

m nutes, followedSmy gmadesad thadditi o of 190r4170ro@a\irgé2%12d"df‘irl"ré:t hyl tin _chBoride
di ssolved in 10%& & Iy i+e—keepi-rg-1b {he grature
bel ow - 70C. The | ctign m xturenis~Straredof@ar a further t a

9f tetrahy
tenperature befow z72C, foll owed by dqgiti oﬁzcgcf'mi‘\‘?p m of watér, The

mxture, warmed to room t¥nperature, i s poured THIY 300 M of wWdter and 100

m of saturated aqueous potassi um hydrogen carbonate solution and then
extracted with twice 400 ml of - ethyl Sshetwt®. The conbi ned organi c phases
are concgntrated to dryness 20 under reduced pressure and the residue is
then pur?fi &FdRtien varthank! sexhyarit-pyegel-4 ol umintpkes plrcguvia areedqiEmot aind
then with 2trh\deargmp@lc@f‘r@kisiﬂgié@é}ﬁémyr&%r{ %ﬁ%ﬁb@wﬁ%ﬁﬁ%mﬁm 9 Ao um

of silica, elutin it 0/0 to 50/50 heptane/ et acetate mxture to
ol ve 10737 Geltarnd b s Ralands coumine Frastan Al Byeis abe thissy £ i (Genane AL he

form of a beige-col oured powder. 25HtPLGHMS- DAD- ELSD'4Tr (mn) = 4.29;
[ MPkH + ml z 355; purit 98% A NNR 30 GavRA-h BWBOdG?: p 0.45 (s, 9 H)
7.52 (dd, J = 7.6, 5.1 Hr\ 1 7. 9By = 1.

8.40 (dt, J =

7.9, 2.1 Hz, 1 H 8.63N(s,/ 1\H)/8.64- 8.66 (m M (d, J =2.4 Hz, 1

30 Exanple 1: 5' -chloro~g"-N uoro-3,2':4",3"-ter ritdi n-2"-anine WO
2010/ 10908443PCT/ FR2009/ 952830 Al NH, A mi xturg8 OF 10 g of
2- am no- 3- br ono- 5-f | uor opyri dine, 19.2 g of 5-chl orj-(épssoz)zo
(trinmethylstannyl)-2,3" -bipyridine Al, 4.24 g of Pyridine
tetraki s(tri phenyl phosphine)- 5 pall adium(0) and 2.0895 g of copper (I)
iodide in 120 ml of 1, 4-dioxane is ref]uxgd, for F18 hours. The reaction
mediumis treated w aqueous 10% s gIJ\ m@r &arbonate solution and
then diluted with e e. RAfter separations/6d they phases by
settling, the agueous xtractee-twece W et hyph_acetate. The
conbi ned organic phases;\ar/ i gd overcigapydr ous di \sulfate, filtered
and concentrated 10under 8d pr esskh@watdrne resi Ps-N\taken up in a
mi xture of dichl oromet hame #nd net ha®eco,and is thes fHItered by suction to
give 11.67 g of 5 - chloro-5"-fluoro-3,2':4',3"-terpyridin-2"-amne in the
form of a beige-coloured solid. The PEI&TPa{@ is concentrated under reduced
D oS St ) ANt RSP o B oS K Tl ekt A8 hrbiioll o 4T e

palladium-catalysed coupling of Suzuki type starting with a triflate or an iodide

(intermediate C11, Scheme 11):

Pd(PPh;), Cs,CO,
dioxane/water
microwaves 120-130°C 1 h

C11
R4 =1 or OTf

Scheme 11



15 the dep05|t is purified by chromatography on a colum of silica, eluting
with a 98/ 2 W@ 2009#/109Q84chl or orret hane/ net ha&®ol i xt ur e PETHFRZ009/053330 of
5'-chloro-5"-fluoro3,2':4',3"-terpyridin-2"-anmne in the formof a
bei ge-col oured solid. UPLC MS-DAD-ELSD: Tr (mn) = 2.71; [MtH mz 301;
purity: 95% 201H NVR (400 MHz, DVMBO-d6): ppm 5.78 (s, 2 H 7.47 (dd, J =
8.8, 229 Hz, 1 H 7.55 (br. s., 1 H 8.06(s, 1 H 812 (s, 1 H 8.49 (d, J
=7.8Hz, 1 H 868 (br. s., 1 H 884 (s, 1 H 9.35 (br. s., 1 H
25Exampl e 2: 3-fluoro-6-(pyridin-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne
12 1. 574gof
(R -(+11(S) Dzle(sdlbiesztdlfdh@mﬂSphUsmﬁtino)'sr ibus osmETidll) etpnydads foresyhthbsitzint the
phosphi ne a 1} i of anhydrous
1, 4-di oxaner&%é]?lgég)lg;cgrg al(IRB %%BH% éédggct?%?%?glgrﬁgéggﬁéon at nosphere and
stlrred for 10 mnutes at 40C. 11.6 g of
5'-chl or or o -ter%rldln 2"-amne in 160 of anhydrous

5 1, 4- dlgxaﬁ‘@ ﬁlreénﬁlvﬁc@’cﬁ‘theﬁ]saf%d@t '”Qe%’i‘%“”%d‘érbeéf’@@ﬁh%r{& -mpi@yisbHut i on
prepar ed pr eyiagoisd'yl)i groapldess aisel LisywedThry f:ﬁéii(llété;b Qﬁkfdllfes5ﬁ|%z:a&t|@iﬁ d¥op gssi um

b fl f
TR N S R R s R R R
filtered undielreir\ﬁé)oumrfﬁheAfsiilIercoctpmge(riPt&ﬁ:i)rvgthumdamm@da(bmdqcpmeusswpgndlm&e
deposit is pufid i%?% %"}f %% W@ésﬂﬁ)ﬁaﬁaﬁym?{ﬁis cga?e aroi?%e‘d”% Qfﬁ ln?ramogecglaelagi 'ng

with a 98/2 to r omet hane ure ive
3- f I uor 44 6- @pyatian reastion (B3I H3) eatplyped itba SOWJEU:ISdit p:rywdjatlne state tlher @pr m of

a brown sol gslehemeu)_ UPLC- M5- DAD- ELSD: Tr (min) 0.42; [MrHr niz 265;

[MH mz 263;—purity: 15 QR%1H NMVR_(400 NMHz DI\/BOd6\ ppm 7. 54 ( dd, J =

8.0, 4.7, 0.7 Hz, 1 H_8 t, J = 7 8,798l 1z 8.6 (dd J = 4.6,

1.5 Hz, 1 H) S"‘TE%S“ 58 m Syl ”eggo(d* A1 2z, 1 H)

905(d J:\@ .R§ 11 H 20
Exanpl e 3:

3-f1 uor o- 9- [ ( 4- net hyI phenyOsquonyl/j 6°'(Wﬁ'—3 y1’$ ~GRepytrol of 2, B-b: 5, 4-
cl di pyri di ne|2H3S2Tol 253.20 g of B3  Cul or.Cata
3-fluoro-6-(pyridin-3-yl)-9H pyrrol of 2, 3-b: 5 4- c 1di pyridingol b ‘M of
di met hyl f ormam de and 0.847g of 60% sodi um hydride in oil abempi agat in a
250 m reactor under argon. After stirring for 3 hours at F,00m tenperature,
4. 61 g of paratol uenesul fonyl chloride dissolved inciQ0 m aof R3

di met hyl f or mami de are added. The reaction nmediumis i r 3 hours at
room tenperafjure and then treated with 30aqueous 10%' dr ogen
carbonate sollution and diluted with ethyl acetate.. Afdier &epar at on of the
phases by setTling; the aqueous phase Ts extracted tw ce wth —ethy
acetate. The conbi ned organi ¢ phasesSatamedghed with water and then dried
over anhydrous magnesium sulfate, filtered and concentrated under reduced

pressure. THE2 SINdLRIeR 9 hauperareedbinelinalnation ohpesitiaon! is resformed wi tee | i ca,

el ”]E' gg}?\ntEaﬂe%QQdé}]chCQQ@%wbef SIRF RRNGIMBUUREE Bbaffgts BLSyrig fbye 4- 75
g o uor

5[ (4- net hyl B %@ﬁme)wlfonyl] 6- (pyridi n-3-y1)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri d
ine. UPLC M5-DAD- ELSD: Tr {mwp = 0. 90, [ MrHs n12 4T9; puri Ty rz98% 1H NVMR

(400 MHz, DMBSO-d6) ppm 32 ‘EgM@I 3 H 7.39={d, o8 1 1z, 2V 7,59 (dd, J
= 8.1, 4.6 Hz, 1 —8C'

H 8.67 (dd, 10]= 8{ .

(dd, J= 2.9, 1.4 TN 898(d J="0.

B (B3 =(8.0,] 2.0 Hz, 1
Hz
9.70 (d, J = 0.7 Hz,gjfﬁi) Exanple 4: £1*
ret hyl phe

8, J—88C3 ol ™ H) 8. 78
Wby 17F) 9.36 (d, Wil 7 H 1 H

p

3-fluoro-9- [(4 " nypsulfonyll 6 prrl d| n-3-yl) - 9H ;Jf)kfgﬂ@(Z,S-b:SA-
cl di pyridi ne

C]'N/ )

C15 = l[:l!

Scheme 13



0.43 m of diisopropylamine in 10 ml of tetrahydrofuran is placed in a
round- bot t oM¥@ 201G{3€908Af t er stirring and @doling to - 7@ET/FRZVG9MIS2850 2. 5 N
n-butyl lithiumin hexane are 20 added. The reaction mxture is stirred for
15 m nutes at -78C, followed by addition of 0.800 g of
3-fluoro-9-[(4-nmethyl phenyl)sul fonyl]-6-(pyridin-3-yl)-9H pyrrol 0[2 3-b:5,4
- cldipyridine in 50 m of tetrahydrofuran. After stirring for 2 hours at
-78C, 0.776 g of iodine in 5 m of tetrahydrofuran is added. After stirring
for 1 hour, hhe reaction m xture is poured intg 150 ml of aqueous 10%
armoni um chlTOF £ L Sl DMgTess HstZB@V%MBfCO\Na%%F'VE ZReMesAlacive aURIRBE T vi t h

153 m OL eSaylki pet(8t - ClBe Ci7yadiee sphasfeatiar of hashred e tifal agti@oDs 5%
sodl um t hi O?

f.at dried f at | t d

Concentrat o 160a g neviehitel Gl Sprelllale B censtdl 1) ot

i odo- 9- [ ( 4- msermedisitesn gl CSulybe ranti1the- grpgudtslioh-fermyuly (B Hf plgrmdd dE 23r8-disd, 4- cl d

I pyriding aggcégglrb@\pggws ré’j%tt’r&l:%d\@ DAD-ELSD: Tr (mn) = 1.05; [MH + mz
O~

545; purity Z“WI-&W d, J=
8.1 Hz, 2 760(dd -7 4.6Hz? 8.05 (d, J =8.3 2 H) 8.47
(dt, J = 7. . 69 §‘iﬁ°&hs%§&‘3°4 8, 11.6 1 H)
9.19 (s, 1 hyl

2. 01 HzR31 5 ) :
e '9. 29 "%ﬂ f1tdzmh1 H) 9 (s, Jgenphele o amte, 5:
4-{3-fl uor ot 9y hy'l—pl'renyﬁ-svl feqnyl ] =%6- (yridim=—3=y1) -

pyrrol o[ 2, 3t bN | di | } bengzoatse( 800"
3-fl uor o- 4- | odo- 914[(4_% mow\fn | 14 6-(;&?%‘3' - 3-y1)NOH p
[2,3-b:5, 4-¢cldipysidine, 847 ng of 4qerefhO ycar banyhphenyl bO(E@nI aci d
pi nacol ester, 170 ng of tetrakis(triphenyl OdSphI ne) palj g{ , 718 ny
of caesium carbonate in 12 nl ragbhylcstodi Oxdn a@i reé(}@ re pl dced
in a reactor, and the tube i sdsesed an stibj e€tted to mﬁﬂmwarwe i rradilation
at 120C for| 1 hour. 3 ml of nBFHARSFOES 1@0"‘6\% of water,.gre added to the
reaction nediumand the resulting 15 m xtgie is then ext(ﬁ@g;fg@d ith fijve
times 150 of ethyl acetate. The org&Wc phases are conbined, 'dried |over
sodiumsulfate, filtered and conce o dryness under redu
pressure. The residue is purifi edNHy/
eluting with a 100/0 to 97/ 3 dichl%
rrg of nethy =
4-{3-fl uor ot 9- [ (4- net hyl phenyOsul f on§4 14 6

pyridin-3-yl) - 9H pyr 2,13-b:5
, 4- 20cl di pyridin-4-yl }benzoate. UPLGg M¥ DAD-ELSD: Tr (mn) W [ NHH|
- 553; purity: 40% 1H NVR (400 MHz, DVSO-d6) ppm 2.35 (s, 3 H) 3.95 (s,
3 H 7.44 (d, Jr 7.8 Hz, 2 H 7.4%ch&b214m 2 H) 7.87 (d, J = 7.8 Hz, 2
H 8.12 (d, J =83 Hz, 2 H 8.13 - 258.17 (m 1 H) 8.26 (d, J = 8.3 Hz, 2
H 8.59 (dd, J =4.9, 1.5 Hz, 1 H 8.8 (d, J =2.4 H, 1 H 8.89 (d, J =

1.5 Hz, 1 Hpng splyjegtsof the p{)eserytgmlemgoms thes pgpecially a process for synthesizing the

4- { 3- f 1 1pr opRxdLiéd oMyl | 9H- pyrrol o-
[2,3-b: 5. 4- &1 di pyri di n- A?Ri}?? ¥ldfittd ] adbolibed hUdieprevild - DT PYLT % O

tetrahydrofuran and then 479 ng of |ithium hydroxide dissolved in 15 m of
water are plragedction oaah@my@ampqm%ct)ofslt.aﬁ& mT@#%é’d%ﬂ@U@ﬁls(?e}‘fbHﬁ&j L§ingtirred

10 nf of aqlBotVaNa RyRTien b i3 AP ESreZ b rie IoPuadiny Bhegopsia -

filtered of thebgctwuodfi dibroanik dr aesticusadié ronvegpyiaint :G}yg-lgwepﬁl!&%[ﬂg b0, 4-c']di-

Toouri a8 2 Byt et D) SRl B BeBindiButi ey pesistrosysedyn %9, sas:

[MH nz 38@Sefpﬁﬂ¢ft0§bpp@5(%|qq4ﬂ3\mh€med5M-Iz DVBO-d6) ppm 7.48 (dd, J =

7.6, 4.9 Hzj| ) 791 ,JE%M;
8.1 Hz, 17H/8.\ _ N | 8. 2 . ,R“'a—RO.
=2.2 Hz, 1 12. 65mész0°cl
H) Ex

413-f 1 uor o- , ;

20( 4- met hyl pi i Mours and then ev

reduced pressure. 45@ of 1-am no-4- Mbthylplpera2|ne di ssolved in 5
of di chl or orethafid“Yfe-Bdded to-the FeN a8 After stirri ng-f.0f%1 hour at

TTanTt

room t enper at ur e, the reaction mxturséh‘?@eééaporat ed under reduced
pressure, and the residue is taken up in dichloronethane and 150 g




B SRR
5 of silica are added. The deposit is concentrated under reduced pressure
and is then purified by chromatography on a colum of silica, eluting with
a 98/ 2 to 90MO 2ditwhogosaret hane/ net hanol niggture to gi vecdfrahesfos2330

443-fl uoro-6-(pyridin-3-yl)-9Hpyrrol o[ 2, 3-b: 5, 4-cl di pyr|d|n 411] - N-(4- net hy
| pi perazi n-1-yCGbenzam de. 10UPLC- M5- DAD-ELSD: Tr (mn) 0.38; [MtHF mz
482; [MH nlz 480; purity: 98% 1H NVR (400 WHz, DIVBOdG) ppm 2.21 (s, 3
H 2.41 - 2.48 (m 4 H 2.96 (t, J =4.6 Hz, 4 H 7.46 (dd, J = 8.1, 4.6
Hz, 1 H 7.67 (s, 1H)785(dJ 8.3 H, 2 H 810 (d, J= 8.3 Hz, 2 H)
8.12 - 8.16 _mf_fll:% 54 (dd, J = 4.6, 12Hz 1 H 877 (d, J1524Hz,
1 H 8.92 (d,'ngfole “wtepf PeMely dloe rroductign of the iqdine ator) inkppetiqnbd and. , 1

H) Exanpl e 8:the formation of the phenylcarboxamido chain, are |dent|cal o those descrlbed

3-Tluoro-4-i Orge?elnatgdav%r(b%nc:ﬁ—yde?—'gy i OII-QSL alkox cldrpyridi .29

of
3-fluoro-4-iodo-9-[(4-net hyl phenyl)sul fonyl] - 6- (pyrldln 3 y1l) - 9H pyrrol of 2,

3- b:5,4-¢]d nol an 100 rah rof uran
and t hen gj 1 A%M?Jleﬁﬂ ?ﬁh%%%@a{ﬂ&%}mﬂﬁ% Eg& gl Waﬂ?@ i ?foab%t%P Bulsl aced
in a round- bo&l @ﬁ@@f'%ﬂa@ﬁ@vem aleaths pndmigs thareof| Ehesstalcr pedudierof Borfol $) at

t t 2
 hydr oChi o1 1 &0 S b an T g g peft of MieBheontf®h torkafly T by

suction and d?ﬁsgg”%ﬁ’f&?é?‘aﬁ?%%'ﬁﬁ 1GegRve aﬂdﬂ@n@akﬁ with mineral and organic acids or

3-f 1 uor 04- i odwithn(imstal #Hdorgaid basHd- P Ql@b%dﬁctgﬂﬁoﬁ‘mﬁﬂagl ypyridine.  1H NMR
(400 Mz, DVBO-d6): ppm 7.56 (dd, J= 8 6 Hz, 1 H) 843 (dt, J= 7.8,

2.0 Hz, 1 8.56 (s, 1 H 862 (dd, J =4.6, 1.2 Hz, 1 H 9.09 (s, 1 H

9.11 (s, 1 H) Aoswjddl of he pres@ntiwedtior) |slé§p6&allybras med;cénéatSSEpéﬁ;sFeh@c@of

NA2- (di met hyl gy u G- 9H- pyrr ol o-

[ 2, 3-b: 5, 4-cl di py%? |4n%¥ -f[né%éé#zea%] anﬁﬁé’f %Ctb?re SatHions

ﬁl_?ztloro 4- 1 0do- 87,8ty gﬂ%y%(o Qg%[f;zﬂr%]c?pyridmg ﬁ“T\P%H-te trasol- 5-y|9 g

di met hyl ani node#yyeenzgmida, 5, 5. tet ranet hyl - 1, 3, 2- di oxabor ol an- 2- ypbenzani de
326 gy 9 tet{% #jtl’l henyl hi ne) pal | adl unm(0), 1.84 g of caesium

car bonate n T35S ‘”1€t yigmine é"o e 121843~ Eﬁ"ﬂwowﬁ/e(t)!é’ldl'&ﬁﬁ")fﬁ“hﬁﬂtbb[a 3a 20 m

reactor, and tthedtdibipyiidinsegsbrshy@rttisdnehgcted to m crowave irradiation for

1 hour at 130C. The reaction 15 mxture is filtered and then poured into

100 mi t of V\B.]'E et {44Brflu@BeB-(dyridih- 39}‘(!}49“1 p@tﬂ’elﬁm B-bv8 4-b] dl}!)),ﬁl@l'rpﬁl Fﬂ{:‘)??lg[(a%%e%ﬁ WII frh
separation o Igh@ ase i s
108 m of et hy ta§( ﬁ’éat?ém{?he céggpyﬁ Oﬁ@gé’ﬁ ﬁ‘b"ﬁ&’%ees are dried over

| d Th
e G 1 sséur?’??%dgdﬁﬁﬁ'ﬁ%m R M S et Lt TS

100/ 0/ 0 t L09twierrEamids chl or onet hane/ net hanol/ 28% aqueous anmoni a
m xture; the product i s suspended in 15 m of ethyl acetate. After vigorous

stirring for 16*mOUYYOLH{PYBEM3renPdratrelpk, 3-piet-¢isinyadingd-fli-Nt[8+( 2 dxaryiroby

vacuum suct i ondinol-@iprepibeRzanies NA2-
(di net hyl am no) et hy11- 443-f | uoro-6- (pyridin-3-yl)-9H pyrrol o 2, 3-b: 5, 4-cl di

pyridin-4- yl] be#zdobrde-(pBdikPRLd- Qﬁ-p%@roﬁ-@@S 4e ]cﬁ;B‘}nH)n efxlg-Nﬁ@ pﬂé\AﬂB’ﬂ 1455

m M H < 45 fy: . 95% 8.11 - 8.15(m
rozs[54(kﬂdd J%m%oéeth%oelﬁéd £ H 8.61 (t, J(56Hz 1H)877(d J:

gEia%l e 1 N1§1 L{"( gtm!ﬁ’ﬁ”f’a 'Q%Q)ZO g}Hy] ‘ﬁ'@aﬁ? é‘%ﬂ@#rtﬁ‘l%?’ @63??\1 @?”E?‘Gézﬁﬁ 41

pyrrol o[ 2, 3- b: 5ldipwidin- ﬁ;b’ﬂbmzanﬁdeyl Thenzani de 10l n a manner similar to
t hat of Exarrple 9, Exanple 10 is obtained starting with
N-{3-(dimet ylamino)-2,2-dimethylpropyl]-4-[3-fluoro-6- -(pyridin-3-y1)-9H-pyrrolo[2,3-

b.5,4 c]dlpyrldm -4-yllbenzamide

- N-{[(28)1 —ethyipyrrolidin—2-yl]methyl}—4—[3-ﬂuoro-6-(pyridin—3-yl)-9H—pyrrolo[2,3-
30 b:5,4-c'ldipyridin-4-yllbenzamide

- N-(1 -ethylpiperidin-3-y|)—4-[3—ﬂuoro-6—(pyridin—3-yl)—9H—pyrr0l0[2,3-b:5,4—0’1dipyridin-
4-yllbenzamide



150 ng of

3-fl uoro-4-i vaw26td/pogosdi Nn- 3-y1) - OH pyrrol @g2, 3-b: 5, 4- cpdiripudsgs24pd 383
ng of

N ( 3-di net hyl am nopropyl)-4-(4,4,5,5-tetranet hyl-1, 3, 2- di oxabor ol an- 2-

yOQbenzam de. 15UPLC-MS-DAD-ELSD: Tr (mn) = 2.21; [MtH nmz 469; [MH nmz
467; purity: 98% 1H NVR (400 WHz, DVsO-d6): ppm1.72 (quint., J = 7.1 Hz, 2
H 2.16 (s, 6 H 2.31 (t, J = 7.1 Hz, 2H)335-341(m2H)74(d,J

=7.9, 4.8 Hz, 1H)768dJ—11Hz 1 H 7.87 (d, J =7.9 H, 2H
8.12 -8.15 (nf-laugro@-(pgridint3-vl)-2H-Byrmoiel2,3-2514)c PDSIGE-4dEN-[2-(2=méthe)- 1.5 Hz,

1H 873 - §|p§ﬁdlﬁm)@tk?mb§rzg%ded J=24H, 1H 8091 (d J=18H, 1
H 9.09 (d, J=0 % 62 (br. s., 1 H) Exanples 11 to 17 25Cener al

procedur e for 4Exammpbe 1drﬁ-@ H7GH-p Y120 0 5 O AdRR=H. ﬁﬁﬁ-@@ 330
0. 2mol of 3-f | u1E3¢ Sphdin-8 4% pmg{% ) - 9I—|—9(g]§§)r§ol o[ b: -gf‘e?ﬁ%l di pyridine

yrid
0.4 mol of* lgp’\o%ylb:bqnég@@%t in 2 n of 1,4-dioxane, 0.4 mvl of caesium

car bonat 5

t et r aki s?‘at ri p‘mrtﬁ%%wgésnﬁﬁ%wg&% r aglj]{gr@(sifo %yggﬂis WP RIAFB5r i de are
placed in a ¢Eiridin-ipbendgghananed the tube is sealed and stirred at 110C
for 18 hours. After cooling, the reaction mxture is diluted wwth 6 nl of

1, 4- di oxane, - $13luese-SripvtidimatyitroralolR 3-06.4¢ Kinyudindadkhi 2 metivi2engt- t hen

treated wi thrclid@-np)RépyiBehanade Propanet hiol type grafted onto silica, for
4 hours at 10 roomtenperature. The reaction mxture is filtered and then

washed twi ce- Wi BJ((IdIﬁaeﬂf{yﬂanﬁnébpdip?Mr[SfﬂﬂBﬂot@(thlﬁ”l d)PI}JQIQ fy%FoPZS BVANEIAL i Ng
under r ced e resi due i s dissolve
e fitnetihe

di net hyl for NEIMIER £ | uor oacetl c acid, filtered off and then

o 10 by g B SR SRS Bl SA R,

ii \ NH 4-yllbenzamide

- 4-[3-fluoro-6-(pyridin-3-yi)}-9H-pyrrolo{2,3-b:5,4-¢"ldipyridin-4-yi]-N-[2-(1-methyl-
piperidin-4-y|)ethyl]lbenzamide
15 - 4{3-fluoro-6-(pyridin-3-yi)-9H-pyrrolo[2,3-b:5,4-c"Jdipyridin-4-yl]-N-{2-[(methy!-

sulfonyl)aminolethyl}benzamide

- 4-{3-fluoro-6-(pyridin-3-yl)}-9H-pyrrolo[2,3-b:5,4-¢'|dipyridin-4-yl}-N-[2-(pyrrolidin-1-
ylipropyllbenzamide

- 4-[3-fluoro-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’|dipyridin-4-y(]-N-methyl-N-{(1-
20  methylpiperidin-2-yl)methyllbenzamide
- 4-[3-fluoro-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-¢ [dipyridin-4-yl]-N-[2-(1-methylpyr-
rolidin-2-yl)ethyl}benzamide
- N-[2-(dipropan-2-ylamino)ethyl]-4-[3-fluoro-6-(pyridin-3-yl}-9H-pyrrolo{2,3-b:5,4-
¢'ldipyridin-4-yllbenzamide
25 - N-[2-(dimethylamino)ethyl}-N-ethyl-4-[3-fluoro-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-
' C]dlpyrldm -4-yllbenzamide
- N-[1-(dimethytamino)propan-2-yl]-4-[3-fluoro-6-(pyridin-3-y1)-9H-pyrrolo[2,3-b:5,4-
¢’'ldipyridin-4-yllbenzamide

- [(35)-3-{dimethylamino)pyrrolidin-1-yl}{4-[3-fluoro-6-(pyridin-3-y1)-9H-pyrrolo[2, 3-
30 b:5,4-c'ldipyridin-4-yl]phenyl}methanone



11 N-cycl opropyl (pyridin-3-yl) 9H pyrrolo[2,3- b:
benzam de URj ﬂﬁnﬁﬁ% SD Tr (mn) = 2. [ MEH ' : 100%
1H NVR (400 NHZ, DVBQAB): 5 ppm 0. 62 -O0. GS&(m 2H 072" Qgﬁog?dn%ﬁgym

=9

.7

2.91 - 4[3f|uor06 3.02 (m 1H 7.48 (dd, J

2
1H 867 (d J=48H, 1H 8.79(d J =25 H,

1 H 7.87
Hz,

2.3 Hz,
-z \z [\

(pyri di n- 3- y14{3-fRibrgpef muid ol 2yIB-0 Hinysrol{ 2, 31bch, 4-cipgipyridind44-thethlyerz am de

UPLC- M5~ DAD- El, [Mibr iz 455.11; purity: 100% 1H NVR
(400 Mz, Dwso%yra‘{"d@r@ %qufzérzl%%

1
1 H 9.11 (s, 1 H 12.63 (s, 1H WD 2010/ 10908452PCT

3.71 (m 2
8.0 Hz, 1
J—81Hz,
Hz, 1H)58
(br. s.,%1
10
15
20
25
30

(d, J =8.2Hz, 2 H 8.16 (d, J = 8

—ooo
(o}
w
o

FR2009/ 052330

\' N oc 110H H 12 N-[2-(dinmethyl - am no)ethyl]-3- [3-fluoro-6-

61-0 3.30 (t, J = 5.2 Hz, 3.

H)H)N 72~§1%ﬂ§ﬂ’é’wmé ety %-flércg&-'r%yrggp %T%I) 5H7r§/r@%{2 é‘zbkg ﬁ% ’18( 31 (d,

Pypging- vs‘h"\f("%eth&ibﬂ)zaau#s (d, J =3.8H, 1 H 8.86 (d, J =
9?4—i%fi%o-(6§(1pyrid|rE§-yl)19H|_%yr|r¢l,o[% 3-b: 5 4-C ]dlpyrldllr_tl) 4-yl]phen3§l}s[4 -(2-

methoxyethyl)piperazin-1-yljmethanone

- 4-[3—fluoro—6—(pyridin—3--ﬂyli)'—9H-pyrroio[2,3-b:5,4—0']dipyridin-4-yl]—N-[(3-methyI-1 H-
pyrazol-4-yl)methyilbenzamide

- {4-[3-fluoro-6-(pyridin-3-y!}-@H-pyrrolo[2,3-b:5,4-¢'[dipyridin-4-yllphenyl}(2-methyi-
octahydro-&H-pyrrolo[3,4-clpyridin-5-yl)methanone

- N-[4-(dimethylamino)butyl}-4-[3-fluoro-6-(pyridin-3-yl)}-9H-pyrrolof2,3-b:5,4-¢']di-
pyridin-4-yllbenzamide

- 4-[3-fluoro-6-(pyridin-3-y1)-9H-pyrrolo[2,3-b:5,4-¢'[dipyridin-4-yl]-N-( 1H-imidazo!-2-
ylmethyl)benzamide

- {4-[3-fluoro-6-(pyridin-3-yl)-9H-pyrrolo[2, 3-b:5,4-c'Jdipyridin-4-yljphenyl}( 7-methyl-
2,7-diazaspiro{4.4]non-2-yl)methanone

- 4-[3-fluoro-6-(pyridin-3-y1}-9H-pyrrolo[2,3-b:5,4-c'|dipyridin-4-yl]-N-[2-(pyridin-2-yl-
amino)ethyllbenzamide

- N-ethyl-4-[3-fluoro-6-(pyridin-3-y1}-9H-pyrrolo[2,3-b:5,4-¢ Jdipyridin-4-yl]-N-[(1-
methylpyrrotidin-3-yl)methyl]benzamide

- 1,3 -bipyrrolidin-1’-y}{4-[3-fluoro-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-¢'Jdipyridin-4-
yllphenylimethanone

- 4-[3-fluoro-6-(pyridin-3-yl}-9H-pyrrolo[2,3-b:5,4-¢'[dipyridin-4-yl]-N-methyl-N-(1-
‘methylpiperidin-4-yl)benzamide

- 4-[3-fluoro-6-(pyridin-3-yl}-9H-pyrrolo[2,3-b:5,4-¢'[dipyridin-4-yl]-N-[(2-hydroxypyri-
din-4-ylimethyllbenzamide

- N-[2-(ethylamino)ethyl]- 4—[3 ~fluoro-6- -{pyridin-3-y1}-8H-pyrrolo[2,3-b:5,4-c |dipyridin-
4-yllbenzamide

- 4—[3-ﬂuoro-6-(pyridin~3-y1)-9H-pyrrolo[2,3-b:5,4—c’]dipyridin-4—y|]-N_—[2-(methyI-
amino)ethyl]benzamide

61 -
J =

2.3

1 H 9.40



/\ NN H 13 {4-[3:-flu -6- (pyridin-3-yl)- 9I—|—pyrrolug[Lé,Cl\%/-Bt[))':A\%él-_gb]dir-
ridin-4-yl]s I rphol in-4-yl)nmethan- one - VG- r
??/n' n = 2. §5]w }ﬁ §P454 07; purity: 108% 1H NMVR (40RFWER20GHEE389: 5
ppm363-378(maskedm8H)762(ddJ 8.3, 5,2 Hz, 1 H 7.74 (s, 1
H 7.78 (d, J 8.7 Hz, 2 H 7.83 - 7.93 (m J =8.2Hz, 2 H 835 (d, J=
8.4 Hz, 1H)8.65(d,J:6.1Hz.1H)8.81(d,J:2.3Hz, 1 H 8299 (s, 1

H 9.13 (s, 1 H 12.69 (s, 1 H o ONH40 / \ Holio/ NH 14

4-[3-fluoro-6- (pyridin-3-yl)- 9Hpyrrolo[2,3- b:5,4-c']di- 3
di n-4111- P =

gyglzl, | FM+H] + Mﬁﬁ?lh 5%?1??'?)%9%9 4g51ﬂ%ﬁr°k|&3wk’g(”4ood %E%SEQ’E@‘% ppm

3.30 (s, 3 pygdin-4zylpgneamide 1y 7. 73 (dd J = 8.0, 5844§z 788é |(4§
4 :

Ty 67 ES,-@ el bt Hndno b ifio It St ged et 2

1 H) 9.11 (brpyrgin-4-¥ténzmi® (s, 1 H) 12.77 (s, 1 H WO

2010/ 1

0908453PCT/ FR2009/ 052330 Q0 / o\
5 - N-(2-amino-3,3,3-triflucro-2-methylpropyl)-4-[3-fluoro-6-(pyridin-3-yt)-9H-pyrrolo-
[2,3-b:5,4-c’'Idipyridin-4-yl]oenzamide

- N-[(1R,2R)-2-aminocyclohexyl]-4-[3-fluoro-6-(pyridin-3-y1)-9H-pyrrolo[2,3-b:5,4-¢'|di-
pyridin-4-yllbenzamide

- N-[(18,28)-2-aminocyclohexyl]-4-[3-fluoro-6-(pyridin-3-y|)-9H-pyrrolo[2,3-b:5,4-¢'|di-
10 pyridin-4-yl]benzamide

- N-[(18,28)-2-aminocyclopentyi]-4-[3-fluoro-6-(pyridin-3-yi)-9H-pyrrolo[2,3-b:5,4-
¢'Idipyridin-4-yllbenzamide

- N-[(1R,2R)-2-aminocyclopentyl]-4-[3-fluoro-6-(pyridin-3-y!)-9H-pyrrolo2,3-b:5,4~
¢'|dipyridin-4-yl]benzamide

15 - 4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-c'ldipyridin-4-yl}-N-(4-
methylpiperazin-1-yl}benzamide

- 4-[3-fluoro-6-(1-methyl-1 H-pyrazol~4-yl)-9H-pyrr010[2,3—b:5,4—c’]dipyridin-4-y|']-N—(1 -
methylpiperidin-4-yl)benzamide

- 4-[3-fluoro-6-(1-methyl-1 H-pyrazol-4-yl)~9H-pyrrolo[2,3-b:5,4—0’]dipyridin—4-yl]—N-{2-
20 [(3R)-3-hydroxypyrrolidin-1-yljethyl}benzamide

- 4-{3-fluoro-6-(1-methyi-1H-pyrazol-4-y1)}-9H-pyrrolo[2,3-b:5,4-¢ ldipyridin-4-yl]-N-{2-
[(35)-3-hydroxypyrrolidin-1-yllethyllbenzamide

- 4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-y1}-9H-pyrrolof2,3-b:5,4-¢ |dipyridin-4-yl]-N-( 2-
hydroxyethyl)benzamide

25 - N-{(1 S,28)-2-aminocyclohexyl]-4~[3—fluoro-6-(1 -methyl-1H-pyrazol-4-yl}-9H-pyrrolo-
[2,3-b:5,4-¢"[dipyridin-4-yl]benzamide

- N-[(18,28)-2-(diethylamino)cyclohexyl]-4-[3-fluoro-6-(1-methyi-1H-pyrazol-4-y)-9H-
pyrrolo[2,3-b:5,4-¢'Idipyridin-4-yllbenzamide

- N-{(1S,28)-2-(ethylamino)cyclohexyl}-4-[3-fluoro-6-(1-methyl-1H-pyrazol-4-yl)-9H-
30 pyrrolo[2,3-b:5,4-¢’]dipyridin-4-yilbenzamide



N N 15 /\ NO bBroi1oveBe- 6- (pyridin-3-yl)s.9Hp yrroIo[Ig ER2000/052330
b:5,4-c'Idi py?vi:b- di n-4-$| ] phenyl } - (nor phol ?Ers] 4- yl)nmet ha?lﬂﬁ_g 0 5:) 33
UPLC- M5- DAD- ELSD: Tr (min) = 2.35; [MtH|t mél 454.80Z6 gur7|0tz/.dd94f) 1H8N¥R

- : m 3.54- 3.8 mas . , = 8. 2,
AT R ( 4 H 8.54(ct, J=7.9 He,

9 ked m
4.8 Hz, 1 7.73 - 7.79 (m 1 H 7.80 -7.94 (m
1H)868|(_?3r s., 1 H 8.83 (d, J:25Hz,1|—|)915(s 1 H 9.20 (br.
s., 1 H 12.73 (s, 1 H ---.. 'mei [/ \410 NH 16 {4-[3-fluoro-6-
(pyri di n- 3- yI)4[3gkopmyé- birefiy)-3-- dyrefgg?wgm Wiédf% % dzlﬁs A m%mx%hbenz-
4- et hyl pi n- 1-yl ) met hanone ppm S,
fJPL?;-E‘I\/IS}/D,ICA)\DI-OEEI{_@%)é Tr {m) n) = 2.05; [MH + nlz 467.12; purity: 100% 1H NMR

(400 Wz, DVEGr 635 Bflofdtmsers ‘%52?"38553 gl 9% n;‘)yrrfkﬁ& 3% gﬁgpy,ﬂ@ 67 e
(lsi-|)18H253 (dy']i(f\ﬂ %mgfh#E"PefLaZM)wUB@Z(amldeJ :02_;9,_[4?} \1 H ;9\01 (br s., 1H
. 9.16 (s, é H) 4][8 g—chigro-‘I—mel_RylﬁH—pyrazo!—4—yl)-3—flLioro-QH-pyrroIo[2,3-b:5,4~c’]dipyridin-4-

yH-N-(1-methylpiperidin-4-yl)benzamide

- N-[2-(dimethylamino)ethyl]—4-[3-(2-methoxyethoxy)~6-(pyridin-3-yl)—9H-pyrro!0[2,3-
b:5,4-¢'|dipyridin-4-yllbenzamide

- N—[2-(dimethy!amino)ethyl]-S—[S-fIuoro-6-(pyridin-3-yl)-9H-pyrrolo[2,3—b:5,4—c’]di-
10 pyridin-4-yllpyridine-2-carboxamide

- N-[2-(dimethylamino)ethyl]r—2-ﬂuoro-4~[3-ﬂuoro—6-(pyridin-3-yl)—9H—pyrrolo[2,3-b:5,4-

c¢’Jdipyridin-4-yllbenzamide

the said products of formula (1) being in any possible racemic, enantiomeric or

diastereoisomeric isomer form, and also the pharmaceutically acceptable addition
15 salts with mineral and organic acids or with mineral and organic bases of the said

products of formula ().

A subject of the present invention is also pharmaceutical compositions containing, as
active principle, a compound according to any one of the preceding claims and also
20 atlieastone pharmaceutically compatible excipient.

A subject of the present invention is also the pharmaceutical compositions according

to the preceding claim, used for treating cancer.

25  Thus, according to another of its aspects, the present invention relates to
pharmaceutical compositions comprising, as active principle, 2 compound according
to the invention. These pharmaceutical compositions contain an effective dose of at
least one compound according to the invention, or a pharmaceutically acceptable
salt of the said compound, and also at least one pharmaceutically acceptable

30  excipient.

The said excipients are chosen, according to the pharmaceutical form and the
desired mode of administration, from the usual excipients known to those skilled in
the art.



NH17 N 4-[3-fluoro-6- (pyridin-3-yl)- 9H pyrrol o[ 2, 3- b54c]dipyri-

H |
in-4-yll- ropyl) benzam de UPLC- Ms- DAD- ELSD: . 39;
MrH] + i 2 4&‘%’65{3&%@%\% 93% 1H NMVR (400 Bz, DMSO- PCTfFR2°S9"05£3130

quint.J = 6d.69): HSzP, 2PmH) 13.27(q(s, 31-1, ) 3.35 - 3.46 (m 4 H 7.47
d

ui nt .
d J =83 50H, 1H 7.69 (s, 1H 7.88 (d, J =84 H, 2 H 8. 12 -
.22 (

8

d
[
E
8 m 3 H 856 (dd, J =4.8 1.5 Hz, 1 H 871 (t, J=5.9 Hz, 1 1-1)
8

.80 (d, J =2.5Hz, 1 H 894 (d, J =2.3Hz, 1 H 9.12 (s, 1 H 12.64 (s,
1 H Exanple 18: _ o

443-f | uoro- 6- (pyridi n-3-y1)-9H pyrrol 0[2 3-b:5,4-e]clipyridin-4-yl]-

benzoyl chl ori WO 2010/ 109084 OH 6 m xture of 100 ng of

4-13-fl uoro- g'k‘fyPh"t‘fm‘i’C%”tS‘Ff h compPesiians! of @eSP'BS@UJDE‘ﬂ’E‘PprW ioflnsuplingual,

yl'] benzoi c asiltutandods} inrardfisdubir atyihtrébdnens @ﬂrrﬂrﬁst?ﬁi@h eﬂ"ueaéctﬁrg%rlfnelblezgf

under reduced
hours. The 5 rl%ﬁl%t 5arﬁ)or\peX<$rU‘|lEs sal? n%:acs)/nt():eegarrn%tls?ereé in unl l?‘usnlstra ion form, as a
pressure to glve 1

443-f | uordo- 6M(pyEi With- &‘Bar}dh)'d Sapyacaltiopl2 eifieds i@ ]roan pmrd dhimads Yér] Benzoy!

chloride in he product is characterized by
addi tion of ﬁgiﬁhﬁgﬁf@tﬁ%ag?\)végd%cﬁ@ér@%‘f‘?gé%%;%dl ng ester. 10 Exanples 19 to 28

CGeneral procedure for Exanples 19 to 28: ci 15 A m xture of 105 ng of
4-[3-f1 uor o- Bhé RFro heﬁ’teW]émﬁhlsﬁﬂtfdnoﬂoﬂ{_}gg%u@e%rérr%hf@ Yk ‘i'uE'h 4s whibdenzoyl

hl d am ne (cf.
3. c(r)llrlorgrret haﬁ of Va@t@ief?@a‘l@? P%ﬁ?ﬁ% Hpres ﬁﬁ%o‘iadeQfﬁPrlﬁdiﬁrsé‘S%ﬁi‘éloﬂﬁeand

reacti orQm xmum;egmes Huteal, sreoRnbo@d, @dradnusdiiidPESAtraleaels H@dirEadidH RERsII €.
The residue is taken up in 20 300 M of water and 300 m of et hyl acetate.

After separation of the phases by settling, the aqueous phase is extracted
with 100 m bhesst mghicavettat indatigirt e o ferpeuidtassepecially inhthe teatienedr and

concent r at ed-AERS sdneRUS B4 fthe Pim ki am des are detailed in Table
2 (yield bet S\Ben 1800%§§nd 796%@%% I rtlge o'rqqt[ﬁ%%%reagent). WO

2010/ 10908455PCT/ FR2009/ 052330 Table 2
15  The Pim kinase inhibitors that are subjects of the present invention are useful for

treating cancer. 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 for treating cancer.

20 According to another of its aspects, the present invention also refates to a method for
treating the pathologies indicated above, which comprises the administration, to a
patient, of an effective dose of a compound according to the invention, or a
pharmaceutically acceptable salt thereof,

25 The examples that follow describe the preparation of certain compounds in
accordance with the invention. These examples are not limiting, and serve merely to
lllustrate the present invention. The numbers of the presented compounds refer to
those given in the table hereinbelow, which illustrates the chemical structures and
the physical properties of a number of compounds according to the invention.

30 '

Among the examples of preparation of the products of formula | as defined above,
certain exampies constitute products of formula | as defined above or synthetic
intermediates for obtaining the said products of formula |, as defined below:
Examples 7, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28,

35 37, 38, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,



Reagent StrudtQRe1MBAed and exanpl e No. 3Blane Anal ysi BCNIAR2009/052330

ot Thwy----./ Cy / 19 o 111 N H N 443-[3-6- (pyridin-3-yl)-9H
pyrrolo[2,3-b:5,4- cicilipyridin-4-y11-N [ 3-(norpholin-4-

yl ) propyl ] benzam de UPLC- MS-DAD-ELSD: Tr (mn) = 0.42; [MtH + m z 511,

[MH mz 509 purity: 95%1 H NWVR (400 M—lz DIVBOd6) 6 ppml 76 (quint., J

:7.2Hz; 235-241m6|—|)338 q, J = 6.6 Hz, 357dt,J:
4.7 He, 6 7 -
78 1. t'&ﬁﬂge% o6,y bgTod; 70y 78, 74 T 74 ot J% i 7558 %01@1 g8 dyges)
4.8, 1.6 Hz, 861 &4) 88, &4, 90, 91,199: mommz,,mz HDP3810, (185, 306,202, 1S, 1I)9H)118 90
(d, 3 = 2.0 540k 130 onlftuleShe prodlicd b Btmbl: S-» 1 H 50 UH/ 20

5  Compounds A1, A2 and A3 constitute synthetic intermediates of formuta An
M or X

Cl A

|

o

N R

An
in which X, M and R have the definitions indicated in the general scheme.

Examples 1, 29, 39, 92 and 114 constitute synthetic intermediates of formula Bn
H,N N

10 Bn
in which R and R4 have the definitions indicated in the general scheme.

Examples 2, 3, 4, 5, 6, 8, 18, 30, 31, 32, 33, 34, 35, 36, 40, 41, 42, 43, 93, 94, 95, 96,
97, 98, 110, 111, 115, 116, 117, 118 and 119 constitute synthetic intermediates of
15  formula Cn

R R4 R3
No / \ N/
N
Cn Hor PG

in which R, R3, R4 and PG have the definitions indicated in the general scheme.

Thus X, M, R, R3, R4 and PG represent the definitions indicated in the preparation of
20  the examples according to the present invention and especially hereinbelow:



0 111 H 4- Wofzbwli@gcm (pyridin-3-yl)-9Hgzgpyrrol of 2, 3P@Tﬁ:l¥h0091052330

cildipyridin-4-yl)-

[ 3-(pyrrolidin-1- yl)propyl]benz-

am de

UPLC- M5- DAD- ELSD: Tr (mn) i=0.44; [MH +i mz 595; purity: 70% I H NWVR
(400 MHz, DVMSQd6): 5 ppm1.64 - 1.70 (m 4 H) 1.76 (quint, J = 7.0 Hz, 2 H)
2.42 - 2.47 (m 4 H 2.48 - 2.54 (m 2 H) 3.35 - 3.43 (m 2 H 7.46 (dd, J=
7.9, 4.8 Hz, 1H)767(d J = 1.0 Hz, H)786(,J:7.8Hz,2|—|)8.10-
8.18(m 3 Hp8&-53-(ddt—I=—4 61-7Hz 7 (d, J =2.2 Hz, 1 H 8.77-
8.82 (m 1 gi 1o @b v BoHz, 1 H) 9.09(d, [J= 1.0 Hz, 1 H) 12.42 (br
s., 1 H 201011090§456P / R2009/052330 NH2 N----- . 0217/ |\
1110 H 4- [ 3irf cioome, @+, (geprdrdi n- 2,3-b:5, 4-

cldipyridin

Tr (mn)

DVBOJ6)

3-yl)-9Hpyrrol of 2
=yliL-oMe 206 nDsqHaes | l:c)zm.a iope
[ MiH] ml z 497; [ ;

mz 4 pur

xnzan de UPLC- Ms- DAD- ELSD:
ity: 95% 1H NVR (400 MHz,

5

3.48 (q.

J =

6.4 Hz,

2 H 3.60 (t

4.4 H,
Hz, 2 H)
1.5 Hz, 1
J= 2.0 Hz,

10
15

20

25

30

2H) Pvz&é\ec&nr&gogrouato_yl 73%@! 4 9

Hz, 1 H 7.68 (
"8‘1#“(TTT'T‘"I=I)“"8"T6‘Td”—ﬂ_‘ﬁ'"‘8HZ H) 8.53 (dd, J
H)863(t,J 5.6 Hz, 1 H) 8.77 (d, J 2.0 Hz,
bn‘é)sugje@f)oi(tﬁe ples’é)ﬁ Nli@ntlon is thus especially, as novel industrial products,

the synthetic intermediates of the products of formula (1) described in the general

1H 7.87 (d, J

S!
2

scheme and in Schemes 1 to 15 above.

One subject of the present invention is thus, as novel industrial products, the
syntheti'c intermediates of formulae An, Bn and Cn as defined in the general scheme

hereinabove and hereinbelow.

One subject of the present invention is thus especially, as novel industrial products,
the synthetic intermediates of the products of formula An described in the scheme

above.

One subject of the present invention is thus especially, as novel industrial products,
the synthetic intermediates of the products of formula Bn described in the scheme

above.

One subject of the present invention is thus especially, as novel industrial products,
the synthetic intermediates of the products of formula Cn described in the scheme

above.

GENERAL INFORMATION:

Abbreviations:

1H NMR: proton nuclear magnetic resonance
DAD: wavelength-scanning detector

DCM: dichloromethane

DME: 1,2-dimethoxyethane

DMF: dimethylformamide

DMSO: dimethy! sulfoxide

= 4.

1 H 8 91 (

J
8
9,
d



--.N.--- 1 2WO0/2010/00998& 4[ 3-f | uoro-6- (pyrdpdi n-311) - OHpBHhFR2009/052330
pyrrolo[2,3-b:5, 4- cldipyridin-4-yl]-N (1-nethyl pi peridin- 4-yl)benzam FIe
UPLC- M5- DAD-ELSD: Tr (min) = 0.42; [MtHr mlz 481; [MH 1 nlz 479; purity:

80% 1H NVR (400 MHz, DMSO- d6): 8 ppm 1.55- 1.72 (m 2 H 1.77- 1.89 (m 2
H 1.92- 2206 (m 2 H 2.19 (s, 3 H 2.75-2.88 (m 2 H 3.74- 3.91 (m 1

7.40 - 7.53 (m 1 H) 7.68 (s, 1 H 7.86 (d, J= 7.6Hz, 2 H) 8.07 - 8.15
( 8.43 - 8.49 (m 1 H 8.50 - 8.59 (m 1 H

g.mwl(g? ?' 1EL§8NN%H5038WB%“52F@E§JDF/ 23 / 111,F\ N

HATU: O-(7-azabenzotriazol-1-yl)-N,N,N',N"-tetramethyluronium

~ hexafluorophosphate
HPLC, UPLC: high-performance liquid chromatography

5  LC: liquid chromatography
LDA: lithium diisopropylamide
LITMP: lithium amide of 2,2,6,6-tetramethylpiperidine
MS: mass spectrometry
THF: tetrahydrofuran
10 Tr: retention time

» All the reactions are performed with anhydrous solvents from the Acros Organics
AcroSeal range. The solvents used for the extractions and the chromatographies are
obtained from SDS. The microwave reactions are performed in a Biotage or CEM
15 machine. The purifications on silica gel are performed using VWR-Merck sifica
cartridges (silica gel 60 15-40 um). The preparative HPLC purifications are
performed on Macherey-Nagel columns (Nucleodur C18 phase) or other phases
(Chiralcel OD-I or OJ-H or AS-H, Chiralpak, Kromasil C1) with suitable ejuents.

20 » LC-MS-DAD-ELSD analysis: 2 possible experimental conditions:

@ LC-MS-DAD-ELSD analysis: MS = Waters ZQi electrospray mode +/-; mass
range m/z = 100-1200; LC = Agilent HP 1100; LC column = XBridge 18 C Waters 3.0
X 80 mm -2.5 uym; LC oven = 60°C; flow rate = 1.1 mi/min.

25  Eluents: A = water + 0.1% formic acid: B = acetonitrile, with the following gradient:

Time A% B%
0.0 a5 5

5.0 0 100

5.5 0 100
30 6.5 a5 5
7.0 95 5

® LC-MS-DAD-ELSD analysis: MS = Platform li Waters Micromass: electrospray
+/-; mass range m/z = 100-1100; LC Alliance 2695 Waters; XTerra 18C Waters

~ 35 column 4.6 mm x 75 mm - 2.5 ym; LC oven = 60°C: flow rate = 1.0 mli/min.
Eluents: A = water + 0.1% formic acid; B = acetonitrile, with the following gradient:

Time A% B%
0 95 5
6.0 5 95



N H N-[2-(di ethyl] 4-[3- UPLC-MS-DAD-ELSD:_ Tr (min) = 0.41;

[ M+H] +[n1§ 42@6‘%}0@%&;) 467 purity: 95%4H NVR (400 nﬁ‘éﬂbﬁéﬁﬁ&%zﬁ?ﬁcw):
5 ppm 2. 89 ( s.,6H)312(s 3 H 3.38 (br. s.,2H)390(br s., 2
H)7.46(dd,J=77 4.8 Hz, 1 H) 7.69 (br. s., 1 H 7.82 (d, J = 8.1 Hz,
2 H 7.87 (d, J:78Hz,2H)8.19(d,J:7.6Hz,1H)8.55(dd,J:4.6,
1.2Hz,1H)816(dJ24Hz,1|—|)892(br s., 1 H 9.10(d, J=1.0 Hz, 1
H) quor06(pyr|d|n yl1l)-9H pyrrol o[ 2, 3- b:5,4-c]dipyridin-4-

yft-N et hyl ben2? ani de® V\é@OlO/ 10908457PCT1FR20091052330 | N ---- ce--
I NH2 24 0 H 11394-[3-1Uoro®6- (pyridin-3-yl)-9H pyrrolof 2, 3-b: 5, 4

cl di pyridin-4- yhetLQN [295?4 net hyl - pi perazin-1-yl)- ethypenzamni de

UPLC- M5- D LSD T| m 0.41; [MrHr mlz 510; [MH mMz 508; purity: 90%
1H NMVR (4 &égyEi-%D@ﬁﬁhygs1%pQS§=bleae>m)enme2-5lcormutws(m 4 H) 2.45-
258(m6H) (Lii H) dd, J =7.8, 4.6 Hz, 1 H 7.68
(d, J =1.0 I—QUELWSTDND FHSbJﬁ”a'Y?ISQV‘ﬁz- gatiay Premigr XEgVaters( miec@edpra®y, 54
(dd, J = 4.8, +/1. r@as]ézranée )z 31@@4@@0 U:I:’LC \ﬁla@er%oq@t%Pﬁ?%&‘?? IéciuTﬁ 2 e,

H 8.91 (dd J— 2.2, 0.

H) 1mmx50 mm 17pm PLC oven*?O"C flow rate = 0.7 ml/min.

10  Eluents: A = water + 0.1% formic acid: B = acetonitrile + 0.1% formic acid, with the

gradient;
Time A% B%
0 95 5
5 0 100
15 5.5 95 5
6.0 95 5

@® UPLC-MS-DAD-ELSD analysis: MS = SQD Waters; electrospray+/-; mass range
m /z = 100-1100; UPLC-Waters; Acquity UPLC Beh C18 column 2.1 mm x 50 mm -
20 1.7 ym; UPLC oven = 70°C; flow rate = 1 mi/min.

Eluents: A = water + 0.1% formic acid; B = acetonitrile + 0.1% formic acid, with the

gradient:
Time A% B%
25 0 95 5
0.8 50 50
1.2 0 100
1.85 0 100
1.95 895 5
30 2.00 95 5

For the detection:
DAD wavelength considered A = 210-400 nm

ELSD: Sedere SEDEX 85; nebulization temperature = 35°C; nebulization pressure =
35 3.7 bar

N.B: Depending on the structures analysed, the dilution soivents are: dimethyl
sulfoxide; methanol; acetonitrile; dichloromethane.



N N N . --- ---- H2N-- o H /1111 25 4-[3-fl uoro-6-

(pyri di n- 3 lo[2,3-b:5,4- 1dipyidin-4-yl]

[ (1- et hyl plmgde)riﬂ ”Byéé‘gl)met hyl ] benz- amdie UPLC- M5- D L%%S)OQ{DSZ(?.% =
2.23; [MrHr: nlfz 495; [MHy mz 493; purity: 97% 1H NVR (400 Mz, DI\/SOdG)
8 ppm1.24 (qd, J= 12.1, 3.2 Hz, 2 H 1.52- 164(m1H)165-176(m2
H 1.80- 1.94 (m 2 H 2.17 (s, 3 H 2.74- 2.85 (m 2 H 3.24 (t, J =6.2
Hz, 2 H 7.45 (dd, J=8.1.4.6 Hz, 1 H 7.65 (s, 1 H 7.86 (d, J = 8.1 Hz,
H 8.13 (dt, J= 8.1, 1.8 Hz, 1H)8|:=L = 83 Hz, 2 H8.54 (dd, J =
4.9, 1.5 Hz, 1H)868(t J-55Hz——@%—‘5é77(d,J=2.4Hz,1H)891
(d, J = 2.2 Hz, H)908(s 1 H 1262(br s., 1 H NH/\\ NH2 o H 110
F/ N (2-am th I 4-[ 3- Iuor06(pyr|d|n 3-

yI)-9H§ &n‘gl"%‘)é*nﬁrﬁﬂ%tkg‘ 'i; Pi- PWl e 811 benzani de UPLC- M5- DAD- ELSD: Tr
(mn) 21 [MtHr mfz 455; [MH niz 453; purity: 97% 1H NVR (400 Mz,
DVS a5 28 ("H‘fZH) 7.44 (dd, J = 8.1, 4.6
Hz, 2H)813(dtJ 8.0, 2.0 Hz,
1 H Hz, 1 H 8.54 (dd, J= 4.8,
1.6 pIJ—ZOHz 1 H 9.09 (s, 1
H) Al N

A mixture of 16 mi of diisopropylamine and 40 ml of tetrahydrofuran is cooled
to -74°C, followed by addition of 64 ml of 1.6 N n-butyllithium in hexane over
20 minutes, while keeping the temperature below -70°C. 16.2 g of 2-(3'-pyridyl)-5-

10 chloropyridine prepared according to the reference Journal of the Chemical Society,
Perkin Transactiohs 1, 2002, 16, 1847-1849, dissolved in 170 mi of tetrahydrofuran,
are added to the reaction mixture, while still keeping the temperature below -70°C.
The mixture is stirred at -74°C for 1 hour 30 minutes, followed by gradual addition of
19.47 g of trimethyltin chioride dissolved in 100 ml of tetrahydrofuran, while keeping

15 the temperature below -70°C. The reaction mixture is stirred for a further 1 hour at a
temperature below -72°C, followed by addition of 100 ml of water. The mixture,
warmed to room temperature, is poured into 300 mi of water and 100 ml of saturated
aqueous potassium hydrogen carbonate solution and then extracted with twice
400 ml of ethyl acetate. The combined organic phases are concentrated to dryness

20 under reduced pressure and the residue is then purified on a Varian SCX cartridge,
eluting with pure methanol and then with 2 N ammoniacal methanol, followed by
chromatography on a column of silica, eluting with a 100/0 to 50/50 heptane/ethyl
acetate mixture to give 19.22 g of 5-chloro-4-(trimethylstannyl)-2,3"-bipyridine A1 in
the form of a beige-coloured powder.

2 UPLC-MS-DAD-ELSD: Tr (min) = 4.29; [M+H]" m/z 355; purity: 98%
1H NMR (400 MHz, DMSO-d6): ppm 0.45 (s, 9 H) 7.52 (dd, J = 7.6, 5.1 Hz, 1 H)
794 (d, J=1.0Hz, 1t H)8.40 (dt, J=7.9, 2.1 Hz, 1 H) 8.63 (s, 1 H) 8.64 - 8.66 (m
1H)9.22(d, J=2.4Hz, 1H)

30

Example 1: §'-chloro-5"-fluoro-3,2’:4’,3”-terpyridin-2”-amine



NN H 26 WD 2010110908458PCT/ FR2009/ 052330 OH HN NH2I go 27 do #4\ TFN—
4-[ 3-fl uoro- ( y1l)-9H pyrrolo[2,3-b:5,4- cldipyridin

(2[[(2 hydroS@‘/’p @Rb&?ﬁ?ﬁm ethyl }- benzam d UPLC- M5- DA[&CEKIWOWO?@%&) =
2.12; [MtH +' nlz 471; EMH: mz 469; purity: 95% 1H NWVR (400 MHz, DMSO-

= - 4
d6): 8 ppm2.62 - 2.69 (m 2 H) 2.76 (t, J = 6.4 Hz, 2 H 3.39- 3.51 (m
H))4.46p(br. s., 1 H 7.47 (dd, J =8.1, 4.9 Hz, 1 H 7.69 (d, J = 1.0 Hz,

1H 7.87 (d, J = 7.6 He, 2H)812-815(m1H)8.17(d,J:8.6Hz,2
H)I_%54(dEiJ:4.8 1.6 Hz, 1 H) 8.64 (t, J =5.9 Hz, 1 H 8.77 (d, J =
2.2 Hz, 1 H) 8. 92%5Md, J= 15’%%@4 1 H) = 1.0 1 H N2/ NH 28
[ o Hill N (gt d'c’;]g'gjzéeqﬁo- 13-y H-pyrrol 0- _
[2,3-b:5,4-cldi- i di n-4- AD Tr (mn) = 0.39;
[WH +: mlz 427; ; z 425, pyrity: 95% M—Iz DI\/SOdG) 5 ppm
2.75 (t, J = 6.6 Hz jfj

NT NH, 1

A mixture of 10 g of 2-amino-3-bromo-5-fluoropyridine, 19.2 g of 5-chloro-4-
(trimethylstanny!)-2,3-bipyridine A1, 4.24 g of tetrakis(triphenyiphosphine)-
palladium(0) and 2.095 g of copper (1) iodide in 120 ml of 1,4-dioxane is refluxed for
18 hours. The reaction’ medium is treated with aqueous 10% sodium hydrogen
carbonate solution and then diluted with ethyl acetate. After separation of the phases
by settling, the agueous phase is extracted twice with ethyl acetate. The combined

organic phases are dried over anhydrous sodium sulfate, filtered and concentrated

10 under reduced pressure. The residue is taken up in a mixture of

dichloromethane and methanol, and is then filtered by suction to give 11.67 g of 5'-
chloro-5"-fluoro-3,2":4',3"-terpyridin-2"-amine in the form of a beige-coloured solid.
The filtrate is concentrated under reduced pressure and then taken up in

dichloromethane, and silica is added. After concentrating under reduced pressure,

15 the deposit is purified by chromatography on a column of silica, eluting with a 98/2 to
90/10 dichloromethane/methanol mixture to give 1.98 g of 5-chloro-5"-fluoro-
3,274 3"-terpyridin-2"-amine in the form of a beige-coloured solid.
UPLC-MS-DAD-ELSD: Tr (min) = 2.71; [M+H]" m/z 301: purity: 95%

20 1H NMR (400 MHz, DMSO-d6): ppm: 5.78 (s, 2 H) 7.47 (dd, J = 8.8, 2.8 Hz, 1 H)
7.55 (br.s., 1 H) 8.06(s, 1 H) 8.12 (s, 1 H) 8.49 (d, J = 7.8 Hz, 1 H) 8.68 (br.s., 1 H)
8.84(s, 1 H)9.35 (br. s., 1 H)

Example 2: 3-fluoro-6-(pyridin-3-yi}-9H-pyrrolo[2,3-b:5,4-c’Jdipyridine

25

Pd(OAc),, Josiphos
1BuOK, dioxane
100°C overnight

1.574 g of (R)~(-)-1-[(S)-2-(dicyclohexylphosphino)ferrocenyI]ethyIdi-tert-butyl—

phosphine and 0.558 g of palladium (I1} acetate in 40 ml of anhydrous 1,4-dioxane



2 H 3.33- 3.38(m 2 H 7.46 (dd, J = 8.2, 4.8 Hz, 1 H 769(5, 1 H 7.86
(d, J = 7.8 Hz, .2 8.14 (dt, J =8.0, 2.0 Hz, 1 H) 8.18 (d, J = 8.6 Hz, 2
H 8.53(d, JWO23010/199084 1y g 62 (L J= 5. 74z, 1 H) 8. 7RCT/RR2PP9I0A2330 H)
8.92 (d, J= 1.7 Hz, 1 H 9.08 (s, 1 H \ NN H

5-chl oro- 2- net hoxy-4- (tri met hyl stannyl ) pyri di ne A2: A m xture of 10 g of
5-chl or o- 2- net hoxypyri dine and 220 ml of tetrahydrofuran is cooled to -78C,
foll owed by gradual addition of a solution freshly prepared from14.1 m of
2,2,6,6-tetramet hyl piperidine in 50 ml of tetrahydrofuran and 36.4 m of
2.3 N n- but y#tei pladedrim eri ORewlanactorAfnder as brgoniatgofmrerd ah stirgedabr 16 M@ Giesl7. 3 g
of trimethyltiyghloride dissolved in 30 m of tetrahydrofuran are added to
the reaction mxture. The reaction mxture is stirred at roomtenperature
for 18 hours and then treated with 200 mMl of water and 200 ml of aqueous

10% ammoni u I [ ed.w t.h 500 nd then 200 mi
of ethyl acg}t‘gtae o%_%:gc@of%l ned ?6;?822%3?)(‘%??3@@2 T e d 6§1v'8f°ﬁ€ W@g?
sul fate, il { drdickaandire Inared om@eFM0r at EEdiCt(ID whdgnegen umdethe rsetdltIGredrq:pl’a%:Bur e.
The residue | | fd [ ogr calu eluting
Wi th dichl or BEyRHaK 5?@@&%’%@ R oef 678! F%Pgnﬁ’?&&&”ﬁx?eil bliSxice. The
(trinethyl stesaatdn) pyixtudi e réiRixed fbhéaf bmursofrha oixtuer ik edisiteal With 18 71/29
UPLC- MS- DAD- T Mt 8. purit 98% 1H N 400
MHz, DVBO- dGEl’ﬁProm%h%'%‘rﬁz’thﬁ‘”‘}‘zéﬂ’guﬁ[ﬁz oy | %Z@g’g fifeged irider sV, “Afer 50 5
Hz 1 H) 7. 90Corcentrating (ddr Mziucdd phesdde BhardebhosiRi: pur[ﬁed by chromatography on

-chl or@y 5-1 1 t i am n
| d| oxane ﬁnj cr)(‘;)vvg\@'l;eﬁs?1 %2%@5 ER@XQ ﬁﬂtg ﬁfé_@t qu&n?hcg}lf){? %B?“ % lga@gidthure to
5- chl or o- 2- neivGXy g 4f @tﬂummsﬁ%(\gwsitrammwg)-lpgwnod:[me b:5.4%’ ]@p;a‘iduﬂ:r in the form of

anmi no- 3- br onpy, P r{ébnq)aopyrldl ne, 3.1 g of
tetrakis(tri pheny osphl ne) pal | adi un(0) and 1.6 g of copper iodide in 100

m of 1,4-dioxane is refluxed for 18 hours. The reaction m xture is
ot RO s Aot P RS B By
15 98%
1H NMR (400 MHz, DMSO-d6): ppm 7.54 (ddd, J = 8.0, 4.7, 0.7 Hz, 1 H) 8.48 (dt, J
=7.8,2.0 Hz, 1 H) 8.60 (dd, J = 4.6, 1.5 Hz, 1 H) 8.65 (s, 1 H) 8.65 - 8.68 (m, 1 H)
8.90 (d, J= 1.2 Hz, 1 H) 9.05(d, J = 1.2 Hz.1 H)} 9.34 (d, J = 1.5 Hz, 1 H) 12.39 (br.
s, 1H)

20
Example 3: 3-fluoro-9-[{4-methyiphenyl)sulfonyl]-6-(pyridin-3-yl)-9H-pyrroio-
[2,3-b:5,4-¢’]dipyridine

3

'éozTol
25 3.20 g of 3-fluoro-8-(pyridin-3-yi)-9H-pyrrolof2,3-b:5,4-c’|dipyridine in 80 ml of
dimethylformamide and 0.847g of 60% sodium hydride in oil are placed in a 250 ml

reactor under argon. After stirring for 3 hours at room temperature, 4.61 g of para-
toluenesulfonyl chioride dissolved in 20 ml of dimethylformamide are added. The
reaction medium is stirred for 3 hours at room temperature and then treated with
30 aqueous 10% sodium hydrogen carbonate solution and difuted with ethyl acetate.

After separation of the phases by settling, the agueous phase is extracted twice with



25 200 ml of ethyl acetate. The conbi ned organi c phases are dried over
magnesi um su red and then concentrated to dr s _under reduced
pressure. Thgcﬁegodijddogg purified by tri turﬂ%ltl on in 120¥ I%BIZOQ?’H%S?’QCH ate
to give 8.7 g of 5 -chloro-5- fluoro-2'-nethoxy-3,4"'-bipyridin-2-amne in
the formof a colourless oil. 30UPLC- MS-DAD-ELSD: Tr (mn) = 0.94; [ MtHr
mz 253; purity: 72%1H NVR (400 WMHz, DVSO-d6): ppm 3.89 (s, 3 H 5.65 (s,
2H)686(sl 733(de 8.7, 3.1 Hz, 1H) 8.01 (d, J =2.9 Hz, 1 H
8.32 (s, :;%‘{“

3-f1 uor o- 6- Hcﬁeﬁtaéﬂm?w%p%d 8agnis phagesi sy wasliedavith water ang then dried

(R) - (+1- [(S)m%f(slm ﬁdt@hﬂi@glngélgﬁp%h!m%f@iftér‘é@eab{cgeéd?%éﬂl'até r%d@lﬂr)éh@gé(ds

phi ne and O. al ladium (I1) acetate in rous 1, 2-

di net hoxyet h%fﬁég% ERsiqye; 1 pyritied by &b@m@i@wap%moarag@ﬁura@ r%§|dm@ar€élﬁémd
stirred for @48 1@?0@%9@5/§H|cﬁ%%m@th§|%/&eﬂ'fanol mixtyre to give 4 75n? of ?-fiuo 0-9-

5-chl oro-5-f] uor o- din-2-amne in ydrous
1, 2- di net ox%f’ﬁéﬁi@h&ﬂé‘ %Efaf‘)éhé (R‘!”ﬁ'”?%ﬂ FRH-rveRlel 8- btﬁa*&l@r]dlmrr@m and the
sol ution prepared preV|oust |s added foll owed by addition of 5.64 g of
potassiumtert- 15 butoxid reaction mxture is refluxed for 18 hours,

fol l oned by HBHFMEPAR- E&SPufrf H@P)Borﬂo B+ Hir a4 Opnusipad8® cat al yst
sol ution of m!wmmocmneemww)rbﬁﬂdz 32 4d 39—!)07f 3@(& gsss Yt Eﬁ)ﬁét(%' de.

After refl uxi n% for hour s met hanol acet at e

are added t o’/ TRe!: ﬂ@a’dhbh‘ %Oﬁtﬁré— 8‘@1%2&5%1&15& (%dsesﬁ)s?ﬁ}\/bjghbdi)\&nﬁt?ﬁdtzoo n
of aqueongs 53/&&991#@1H}ydr+%9§'?3‘%@dQP“@tsezsé)HgH 25 %d(dhh9ﬂ z28 pglﬁ@(@er

magnesi um sul fate, filtered and concentrate yness under ce
pressure. The9% &5iduesite Jlissed. by ‘t?HZuHIUgJ@ (dnJi(@CY . 1df) ethyl acetate
to give 2.23 g of 3-fluoro-6-nmethoxy-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di ne.

UPLC- M- DADE*.‘,,QPP (fi 0 NVR (400
MHz, DVBO- dG% 5 g,tg’r?a-& j f“y‘*’,'gi%%gﬁ@?y'bggﬁ')mﬁﬂﬁ - W&H(’Hyi’i)%g igle-"y 61
(m 2 H4sl1 le 31:

g H 38% gH i Nr gi/oglz—l- gylr)rgl b)[L%I %l |prr| dlwd|6p3c/)|r| glone6?g gngf of acetic acid
i i-e{ sol uti'on are placed in a reactor,
waye={rradiation for 30

i | \er/ d by vacuum suction and
then washed with ethy Sther to gi ve 755 ng ofN

3-fluoro-9H pyrrd o[ 29.3¢lb: 5, 4- cl di pyri d| n- olsomthe formof a yellow
solid. UPLC M5-DAD-ELSD (LS): Tr (mn) 0 45: [MrHr mz 204; purity: 91%
iOI%DH QN7R5(?3(84®/?¥1 of %S}dﬁgﬂamlr@HH@ ftifof gQFacnyﬁro\rgur%g\'%plg%e%%n éérou ﬁ%tto%} ) (,s
1 H) Exanpl eflash: A@*’ﬁ!dtﬁlﬂ@l’@ﬂﬂ@%*@l m: 3- ’l&@l of-2:3 B phuti/iiniung inyriexane are ’

trifluorget faResthd RIR{ich mixture is stirred for 15 minutes at -78°C, followed by addition of
0.800 g of 3-fluoro-9-[(4-methyiphenyl)sulfonyl]-6-(pyridin-3-yi}-9H-pyrrolo[2,3-b:5,4-
¢'ldipyridine in 50 ml of tetrahydrofuran. After stirring for 2 hours at -78°C, 0.776 g of
iodine in 5 ml of tetrahydrofuran is added. After stirring for 1 hour, the reaction

mixture is poured into 150 mt of aqueous 10% ammonium chloride solution and
25 50 mi of water, and extracted twice with 150 ml of ethyl acetate. The organic phases
are washed with aqueous 5% sadium thiosulfate solution, dried over sodium sulfate,
filtered and concentrated to dryness under reduced pressure. 1.03 g of 3-fluoro-4-
iodo-9-[(4-methylphenyl)sulfonyl}-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-c'|dipyridine
are obtained.
30
UPLC-MS-DAD-ELSD: Tr (min} = 1.05; [M+H]" m/z 545; purity: 66%



A m xture of 755 ng of 3-fluoro-9H pyrrolo[2,3-b:5,4-cldipyridin-6-01 in 15
m of pyridi m of anhydrous trifluoronmethanesul fonic acid is
stirred at rmatmejon@%rature for 30 mnutes.*®The reacti oRCHFR2A08/05333 | ut ed
with 100 mM of ethyl 20 acetate and washed with 100 ml of saturated agueous
sodi um bi carbonate solution. After separation of the phases by settling,

t he aqueous phase is extracted with 100 ml of ethyl acetate and the organic
phases are then conbined, dried over magnesium sulfate, filtered and then

31 nor o ort AYOVIRAHES WY, BR8] b 85 . 6.7 40 . viron. ot R omat e

|0 Uhe o m ot 28asbraum i sl URL s AR ELBRY, Tt /i 1 4,83 ML 1]

mz 336; EM 334; purity: 98%

(d, J =0.7 ﬂ%)ryi&ﬂ)dg&’ 7f-8aé:5¥'82|(1n'ﬁ)%194)(8,:4@1@-.2@@(%?2.%;, TIHH).79 WD1 H)
2010/ 10908462PCT/ FR2009/ 052330 5960 ng of

3- f | uor 0-9H- py&mBleot: Indhhl Syfaabrl-BY il ibikve; | Qe hanes nat e,
43. 7f ng of lpyo '[@,g:ﬂ:p,h%m{mma?}h gf‘f,&’c%%é@%%’%%%ﬁﬁ%‘ﬁ?§n‘wﬁ’§? 372
ng of 1- _
met hyl -4-(4, 4 an- 2-y1)-1H pyrazol e, and
1.17 g of cadsi : ne and 2.5 m of water are
placed in a read nd it hexiubeiy=geal ed an bj gcted to nicrowave
irradiation at [ \xf/ure is diluted with 50
m of ethyl acet fter separation of the
phases by settling, " th 100 m of ethyl
acetate and the 4organrc N dried over nagnesium

sul fate, filtered and then concentrated under vaci®fm The residue is
purified by chromatography on a colum of silica, eluting with ethyl

acet ate 15t 03Qfl weg 168 3@%@-4—iodo-9—[(4-methyiphenyl)suIfonyl}-ﬁ-(Byridin-3-y!)-9f—_l-pyrrolo-,

3-fl 6- (13- A “4-y1)-9H lo[2,3-b5, 4-¢icli- di
Cn the fe e B S T 50 o A h B RS e ot ARl | i 2
D7 be 0L e Y T Eoe PRl AP 2105k, BP Bedifth,( 25
, , = .‘ ] S . , = 1. , :
(dd, J = 8. 8%”59'8"%‘2‘%@&‘%?‘%’@“9”%?‘8&%(%?Off"artﬁ" a5e gisced in g seactyr, Pﬁd!_?hf H)

éz% I14 (br_g Sube 1s b@alel,'d and sEkjaOtlpa?eo&tlﬂCrowave irradiaﬁior a:tLpi_20°C for 1| hzur. ]1? mil of

2_59HEJ 8;?; ol- g’f‘g’fﬁgﬁ@r’%\dz@?%’ %Jé%’:\ﬁegigﬁeelaaci%%é;@ngigggcﬁbn mggilargzacr)ad_thé >;es?u-l‘ting

3- f | uor 456- (Mixtvee feytherd kixipyated alth vy Gne® M5O Yl oPb@2acBtde ST shehipyhadisne in

ander ar gon SRGUTRIED BreCal SamHGGR el dfescd gadaonerhuciedderraRshiRdar o | s

stirred for 3etiowgdsprassur@cthet resides a pusfied§ 9l dowasogiapAddintd enumh 24fc4o of
45

5-tetramet hyl- 1, 3, 2- di oxabor

aque se-is ext

par a-tol uen fonyl .5 ri.de. .The reaction mxture is stirred for 4
ni nutes at f%%hgtvg'ﬁ#) r%@ué go 32@ ?'gmfjﬁ’é??t raethppg! gnigtuig fe give T3 water and

sodi um hydr ogehyic ad-fbfiadre-9s[pl- tethgiphey YU &/IR8- B HiBih 33RO ARRRBIoR 3-Hlsl £
stirri n?_ 't’ny Ji irI}t4er%d of ft by vacuum suction and then vvasheg wi th' di et hyl
et her. Re v% & fy&} G4 hed is purified by chromatography on a col um
of silica, eluting with ethyl acetate, to give 225 ng of 3-fluoro-9-[(4-

oL Dyt 1 i e e o O e S B Do) 0

-1 %; [ M,,ﬁ]l-' W@Q%E‘z é@%p@s@) R, 2.35 (s, 3 H) 3.95 (s, 3 H) 7.44 (d, J = 7.8 Hz,

15Exanpl e35:234f ¥ ypr-or g '(rﬁ,d91-9'7[474(d,T%lt=hY!80Eh£_r%H%g_uﬂzf(ﬂ%g gg-].ﬁzl-znﬁf#xéélgt o
|

pyrazol n4-y1) - pyrrol o[ 2,3-b:5,4-ciclipyri A mxture

2,2, 6, egé et #)a}éﬁry?/'ﬁ{) é@rq[ & de &dd12 3rH) §5% (@dr ARryHP.of Gittm 1i 18) 866l(&d/ £0

- 78C, fol | ouedHby1 Roldisbi(@ry o 190 k) @F7 g, 4 1y n-butyllithiumin hexane.
After 15 minutes, 75 ng of ’

3-fluoro-9-[(4-nethyl phenyGsul fonyl ] - 6-0-net hyl - 1H pyr azol - 4-

y1l)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyridine dissolved in 5 m of tetrahydrofuran
are added t &xample edict idel3-fhioro(@ysidth-84y8-9Hbpytrbiol@) 348: 5 UL Riipyrichtyipd at
-78C fofU1 Ienroic2&id ol | owed by addition of 72 ng of iodine cfi&ssol ved in 2
m of tetrahydrofuran. The reaction mxture is poured into a m xture of
wat er and saturated aqueous ammoni um chl ori de sol ution and then extracted
with ethyl acetate. The organic phase is washed with agueous sodi um

t hi osul fate solution, dried over magnesium sulfate, filtered and then
concentrated to dryness under reduced pressure. The residue is purified by
30chr omat ography on a colum of silica, eluting wth ethyl acetate, to give
60 ngy of 3-



fl uoro-4-iodo- 94( 4- net hyl phenyGsul f onyl ] - 6- (1- net hyl - 1H pyr azol - 4-y1) - 9H py
rrol o[ 2, 3- b:-WWOL0APEOPBA i dine in the formét a yel | ow PEATER2009/052330

UPLC- M5- DAD-ELSD (LS): Tr (mn) = 1.37; [MtHr niz 548; purity: 71% Exanpl e
36: 3-fluoro-4-iodo-6-(1-nethyl-1H pyrazol-4-y1l)-9H pyrrol o[ 2, 3-b: 5, 4-

cl di pyridi ne 60 ng of

3-fluoro-4-iodo-9{(4-nethyl phenyl)sul fonyl]-6-(1-nethyl-1H pyrazol -4-yl)-
9H pyrrol o[ 2,3-b:5,4-cldipyridine in 5 m of methanol and 5 m of
tetrahydrofuran are—placed in a round-bottonedofil ask and 60 ng of |ithium
hydr oxi de are themfadded. 15 The reaction moeeture is stirred for 18 hours
at roomterrperatur ol | owed by addition of a/sms anount of water and a

few nml of aqueous ayngni um chl oricde soI utlon ‘ prgcipitate is filtered
of f by suctip . € ¢ and with diethyl

et her and t he C v%&%rFHFfWStebl We : 3-¥ | uor o- 4-i odo- 6- ( 1-
nmet hyl - 1H-pyrazo +4 ~BH pyrrol o] 2, 3-b: 5, 44|cl di pyeNdi ne. 20 1H NVR (400
MHz, DMBO d6): sppm=3.9 3H)803(s,61 .§4(s, 1H 859 (s, 1 H
8.83 (s, 1 H 899 (s, 1 H 12.73 (br. s., H) Exarrple 37:

N4 3- (dlrrethylamno?eth y1]-443-1f1 uor o- 6)5‘: 1- 1H pyrazol -
25y1) - 9H pyr/®818¢ 21 Belivb A43HueropyH Ameath f}ﬂnvl oaH- %oyrlgw &rgl)ﬁﬁ pyrrolo-

3-f1uoro-4- IQ@Qfﬁn(clad;Bﬁ%&wlyi}bea?ezoin 0’1%19'5# pWe'ﬁ%'nQ[Z r?u*bzé ‘MC] 'pyr' d
i ne, 16rrgof tetrakis(trip |ne pal | adi um( 13

di met hy!l &ni AdtEygrofurao @ﬂd 2!1851 45?/%9 d10>@dezd=a$weabar1@| falrpfz\l%i%ﬁzam de
, 5 68 ng of I&%@ﬁhﬂ%%@&wéﬂ ﬂa@.kZTHB refaf;t.o]n r%xﬂ]r@@&?rre%ﬂgr §91§ur@|at%or¥vater
are placed |n a reactor, and the tube is sealed and subject to m crowave
i rradiation tnParabie.f igHoviech dyraddities efe3kmicn watst ane 1|C’sf‘ﬂlj|0f @feepusi 2Met hyl
acetate and h%Fo%HIOri@%gldt%‘ﬁJtDéﬁl #ngppécﬁﬁt'a@ &;GFHt@refdocgfﬁgg sbétlotnhﬁ’gi EI]I%] &f off
by vacuum suction and wash et ha/ acetate er and di et y ether to
g| ve 45 ny NEPQJf('dion@ﬁVﬁyﬁéPn ﬁ@)@fhﬂr[q uprg-84pyristin 3-yi)gPH-pyrrolo[2,3-b:5,4-¢'|di-

6- (1- mey by 1 LhuiRVA akehzdte ¥diy- 9H pyrrol o[ 2, 3-b: 5, 4-ci di pyri d| n- 4- Abenzam de
in the form of a yel 'ow sol1d. UPLC-Ms-DAD-ELSD: Tr (min) 0.38; [M+Ht
mz 458; [MH": mz 456; purity: 98% 151H NVR (400 MHz, DIVBOdG) 8 ppm
2.23(s, 6 H y A5 60 Spury: )
22505 8, _uﬁ.dnﬁns 3Aﬁ9EF%$‘E) 2 '(%'ﬁ 8.56 {M*]Iﬂz m@z |§‘§5 %% rg‘.f28§8§: p}.l_l’@hHZ,

792(s9§°/H)814(dJ 8.3 Hz, 861(tJ 55Hz,1H)8.71

H)

d, J=2.4 2.3 2 |
s N2 (i et WS e o> itz B 1238 L ezt
y1)- Ok p rrow{ 3=b85 awa.q@waddurf alyia Ebd,rHZBai‘ﬁ o J5hA He, ﬁﬁrﬁrﬁe@‘l@i di | ar

En? h?gt(gf rreE;(hyI am )pr @r%l_rtgzr% ? ggrggq%cxf@w@%% l-?llzpyraZoﬁ)éﬁg%) >

9H pyrr ol 0[2b85b15‘|4 e] di pyridin-4-yl] benzam de are obtained in the form of
a pale yellow solid. WD 2010/10908466PCT1FR20091052330 UPLC- M5- DAD- ELSD:

Tr (mn) M:H z A7 % A NN :8

pom 1. 730 afffiels e SpfSiod J'g i ?‘3 Brgragid3 5 e by,
338? ¥ EVE'?%EFU‘?% 7.30 (s, 1 H 7.54 (s, 1H)781

(dJ 8.1 Hz, 2 H 7.92 (s, 1 H 814(dJ 8.1 Hz, 2 H 8.68 - 8.76

(m 52 H 8.89 (s, obh H 12.37 (br. s., 1 H Exanple 39/ “n—

5'-chl oro-2', 4- dos®et hoxy- 3, 4' - bi pyri di n-2-am ne MeOSHFWE3_N A2 Pd(PPN), Cul

/ CsF DWF 1%} SOCI,, reflux °

2°) CH,Cl, —NCN—NH

A mixture of 150 mg of 4-[3-fluoro-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-¢' [dipyridin-4-
25 . yllbenzoic acid and 928 mg of thionyl chloride in a round-bottomed flask is refluxed



H2N O 39 10v@68on@r1doga- chl or o- 2- met hoxy-4m(trinet hyls B,
250 mg of 3-iodo-4- nethoxypyridin-2-ylam ;hg 304 ng of "?2’%%0@%0‘5355@

and 38 ng copper iodide in 2 m of dinmethylfornmam de are placed in a tube
116 ng of tetrakis(triphenyl phosphine)palladium0) and 2 m of

di met hyl formam de are then 15 added, and the tube is seal ed and subjected
to mcrowave irradiation at 125C for 2 hours. The reaction mxture is

filtered thr nsed with 10 m of ethyl ac te and then washed
with twce 18‘”% %ﬂ vvat% grtﬁé%FY%Dror tég:ﬂ"gﬂ B%UB?EPﬁ%Sbrﬁazég”PE/OEETW'P?@ t he
organic phasmatfwlemerezin@\dasokmgmeﬁ nmmoé dichivr@methbhé ereddasdt td fiRNresidue.
concentrated ced pressur The .resi.dque | s rified by
20 chr omat ogfa\rﬁ8r g{r}{n&%&cgp%r% g(gq] FERCTELYTR Mfgrapclien DEpRstS %\%Pe/ai%

hept ane/ et hylunéﬁe:fe‘eawcedmrmswree and toe vesidLzSis nakenf up in dichioromethane and 150 g

5' -chl i di f a whjt
ol 0 UL & RS RATRRe Tt PBE GR e Rod TS PE TR o Mt o
NVR (400 Mﬂpumcnyj@)wron&tmmp@ 68 és:,ollﬁqu-lbf 384, eRiting with 5.982 (16, 902107

%45_ (Zg (‘é géhl%bgjéétp%nelfpf &)’:v %d‘&%&ﬂ%lt% i Syzrﬁg %)f |4_1|2[3-¥I'uc?r‘t"a-'a(-fip’yrigin-:’:-yﬁj—gHﬁz’ 1
416- di met hox pyrodis|(Byar v:6)4ed BipSridinBi-yi1-MH{ ¢Hrpstiyisl pevazin 10y heRBarhitie.

(R - (+1- [(S) 2- (di cycl ohexyl phosphi no) ferrocenyl ] et hyl di -tert-butyl phO5phin
e and 3.8 ng of palladium(ll) acetate in 0.35 nl of anhydrous 1, 4-di oxane
are plactd i WPACMBDADHES SIndBT (ndin) ar@as [A+RTS phier 482; amdH]t hw/zm@gt WoRtyl S
stirred for /m nutes at 35C. 45 ng of

5-chl oro-2', 4=di met hoxy- 3, 41- bi pyri di n-2- ami ne and 38 ng of potassi um

t ert - but oxi ddHiNMB. (360 MHz)fDM.‘Bmwﬁr) ppen: 2.2 (4, axanB4ar e 48 (agedHj nog (2

or ovi ousl y. a0z 20ra 461Cq. 32301 oY aFE il eflds (o Ve Goareioaia 2 1

subj ect ed toamoc(d QvaBes iz, rzaﬂl a2 08 16qm, 3 Hycam @id 33005, 1Tilazreﬁﬁsl7wdmxt ure

W ter cofent At [ig HhGSE f?eJ ORI TR AEL IR o LS b ol

chromatography on a colum of silica, eluting with a 98/2 to 94/6

15di chl or omeEham Idmtjiﬂur@o-mdﬂd-ls rRIigH3UA)-818-pyr fa. -c’

4, 6- di met hoxy- 9H?pyrrol o[ 2, g?l cl di \ég)rl dlﬁﬁeﬁ%llgtshgsf“or]dlp me’amye/el | ow
SO|Id UPLC- AD- EL SD: Tr (m' n) = 0. 40; [MrHr mz 230; purity: 95%

1H NWVR (400 , H 4.09 (s, 3 H 6.85 (d, J =
5.9 Hz, 201 42;(m 2 H 11.70 (br. s.,
1 H Exarrpl e 41:/ 4, 6-di ol hydrochl ori de
1.52 g of 46d| OXY R I—l—ngd,,@ha,[V;e;SbSNé ipyridine in 22.1 m of
acetic acid and /.3 ™ _ of 37% hydrochloric gci'd”sOlution are placed in a 20
m reactor, and the YUb% is seal ed and subj ect 8d to microwave irradiation
for 2 ho’@rs at 140C. After concentrating the reaction mxture, the solid
obt ai ned i s 8Rudrdled-luara-driade- @541metkwﬂphe@y%d@hyl}aﬁ{wndmn@lyn)@am;drroicﬁﬂ3under

o+ pyr ol of 2 3-5¢ e 1940 B P rhitRart a1t Pl ysimmeraluanereieet 2 of a

dark bei ge sof ithiunsuRirexidsdBasved SD:1 0T mi( ofi water afe péiced MrEIrmoohd b&tﬂﬂnecEM HI

(s 1'h, . ofskyTE 1eally Mt ae My (B3 AR ot oo Brisratcte. ol 8 °°

10Exanpl2 42addiienpyfr2001 ol of waid: mdacmbdmwm dj/drecmorﬁ: a'budfé,olutlon to pH 8. The

o, (A1 1o BAEERARS RHLd OFBL B ) 5o i T d i e or oo
4-jodo-6-(pyridin-3-y|)-9H- pyrrolo[2 3-b:5,4-c’ldipyridine.

UPLC-MS-DAD-ELSD: Tr (min) = 2.91; [M+H]" m/z 381; [M-H]* m/z 389; purity:
30 98% |



35 mM of pyridine and 9.1 m of trrethyl amne is cooled to 5C, followed by
addi tion of WOR0H/18008hhydrous trifl uor on#d hanesul f oniRCHERZ009ftE2338act i on
m xture is stirred at 0-5C for 1 hour and then poured into a m xture of 200
m of water and 50 ml of saturated aqueous sodi um chl oride solution and
extracted with 250 m of ethyl 20 acetate. After separation of the phases
by settling, the agueous phase is extracted with 200 m of ethyl acetate
and the organi c phases are then conbi ned and concentrated under vacuum The

(rjeS|h|due |stt1&kummﬁolnrmraz {DMSOrdB OépnieresrerOJ @ﬂr &le/@Pr He4s(dt =78

i chl oronme ure ica are added, an e
resul ting 2‘?5@ i c%en@ ﬁt"ﬁaﬁ% @nde'r"'rﬁe&l%d% o888 (®. 1 Mh&. 1ddki tiHleposi t
fornmed 25 i 9.2ufd, /i=eio by, ¢hip opBtogt aphyq)on a col umm of silica, eluting with
a 100/ 0 to 80/ 20 di chl or onmet hane/ et hyI acet ate mxture to give 124 ng of
9H—pyrr b 5. 4- cldrpyrrd ne-4, Xlbrs(trrfluororrethanesulfonate) in
t he for 2% -cHr @&PtEﬂPFﬁno)ethvll- -Gfl wonoes-(mymidin-Sewl)-ghi-pynojo-= 4. 81;
[MeH i z 4 30 Re 4 W&”CHB-A*'V'BWF@'W%O 98% 1H NMR (400 MHz, DMBO-d6): S
ppm 7.59 (d, J = 5.6 Hz, 1 H 7.96 (s, 1 H) 8.88 (d, J= 0.7 Hz, 1 H 8.89
(d, J= 5.6 Hz, 1 H 13.32 (br. s., 1 H W 2010/ 10908469PCT/ FR2009/ 052330
Exanmpl e 43: 4-(4- ([ 2- (di net hyl aarng) et hyl i ca \Q\ y}phenyl) 9H pyrrol of 2, 3-
b54c|d|py/ in6yItrlfIuorQ,rgnaghEn,aar;esuIfonateN

9H- pyrrol o[ 24.3-p: 5

4 mg of
anet hanesul fonate), 85 ng

%, 2- di oxabor ol an-2- -
1, 4-di oxane are

,4-cl dipyridigesdyl bis(trifl Ubor w
of N-(2-dinet nogthy0-4- (4,4,5, 5-t ety anet hy1-
yObenzani de andnl3 f caesr um_.car onate

on, of 19 ny of

placed 10 in a re&acy N fol) ﬁ—@—a?ro,/
1, 11- bi s(di phenyl ph8sphi no)f r”oc | or opal 1) and 0.12 m of

water and the tulfe is seal ed and subjected t® mfie ave irradiation at
140Cfor 15 mnutes. The reaction mxture is dllutederth 10 M of ethyl

acet ate,and sh t of water. After se aration of the phases by
settli n&a H\Afig ?gacml'lgropﬁé%dé’[g'@yéi‘f‘r?‘aﬂi -8d-RureiR[2érbia4-gidimsidineny 19 ade?at e and
t he organi c dphétagamabetHylen 4cnsbiieRtnetAyies 2!?1\/&%6?%%@%!%%%% Jat e,

filtered angaéhen oncentrated under vacuum The residue’is takeh up in a

m xture of tegagé(/tri epylemrsehimnaladem®t h8A@ ohsaesiure cambovateiiy of

silica are adderdafarxddrbb@wer@wtslnﬁrg:rma@rtérr@ la%e@?ﬂ&@@trﬁl%&%ﬂjg thd ey ced
osit formed is puri

pressure. The s chronat o on a

col um of sif F%aied @nqdrf’&ﬁacw {9 ”échYﬂ‘(ﬁ)lrWdﬂE’é'OQ(ﬁWﬂv) hgprca %&Fﬁﬁﬁ%ﬁmm hanol
m xturel§o giixtaredié fitgreafard-thdn {JB@red into 100 ml of water and 250 ml of e | acetate

(di net hyl am )et car banoyl } phenyl) - 9H pyrrol o[ 2 (Z, |1 pyridin-6-
yl trifluor 8" %é%ﬁ WiarEer ﬁ%%r%ir% rthe p f’é‘iegé%feﬂﬁbfﬂﬁ‘ éhle g@wcuus phase

UPLC- M5- DADrs'Eé,\ﬂ:}BcteErwﬁHﬂ(m mFof‘let y: 25
98% 1H NVR (400 M, ﬁﬂacwgé%%d%% %%’”éd%ggmgéﬁ%ée%m%é% 3. 48
(q, J = 6. 508 MagTgsium §*3'fa‘f¢ fé@fe(dnqndzthﬁrl eyagwaied, unrieeresiused-@resauna) TBe 12 (d
J =83 Hz, résidde i8 pOAfiedBeyBdhréMatodr [ 1
WD 2010] %Pﬁ?S4$OPCT/ IfR2009/ c 2&'51}16%n aflcolurﬁn Z)gsrﬂég efutihl wht PPod/Bb to S

N42- ( di fiet hyPARYro st Ripmethansy/pethapelRpe @ﬂuwﬁmnomamrtuwm prokogtds 3- b: 5,
4-cl di pyrr distspnibd henzanl geefyd 0

4-(4- ([ 2-(di rrep:éﬁ | am no) et hyl?c]a%bég?rgy{qﬂ%r \é]%?/rou Stlmn r OF{‘oéJrsb a% "% di pyr
i di n- 6 y1l thf‘FW‘?ﬁ% Eﬁréhﬁa??é’@d? ffREpdeoff 3)3’ Mpusn SUCTIOH Yo give 1.02 g of N-2-

1- net hy1- 4- (fmnéin9iabrih t X3 1 and 51
ng of caesi t(Jm ca?? bona?g{h?lnqm(gmmémss %ﬂamxﬁgggg HO%Lyé%géﬁwéﬁ@mr%act or,

fol lowed byYHRFIZENSE, under argon, of 8 ng of 10

1, 1" - bi 24 di phenyl phosphi no) f errocenedi chl oropal | adi un(11) and 85 pl of
water, and the tube is seal ed and subjected to mcrowave irradiation at
140C f or 30U,%LQCM§SDAQ-§L,$@ ofr (min) = 0.41; [M+H]" 455 m/z; [M-H]* 453 m/z; purity:

1-nmet hyl- 4- 6444, 5, 5-tetranmet hyl-1, 3, 2- di oxabor ol an-2-y1) - 1H pyrazol e and 8
mg of 1,1'-bis(di phenyl phosphi no)ferrocenedi chl oropal |l adi un{11) are added
to the reaction mxture, and the m xture is again subjected to nm crowave

i rradiationigtNMR (& f n u [ uted with
10 M of ethyl acet g?gliﬁo?@oegﬁz Fﬁnﬁtzh@L% Bq:{fj},:,é{t'j'Q g%)ﬂn ?q-le)réd'grg&ar}atr on of
the phades By Hetd H A8 (e’ aqlitoh8 Hmdsl) 7 §8dxt T KO TTRT (4 UIF 80 Mt DH) et hyl
acetate and the organi c phases are then conbi ned, dried over magnesi um
sulfate, filtered and then concentrated under vacuum The residue is
purified by chromatography on a colum of silica, eluting 20 with a 100/0
to 88/ 12 dichl oronet hane/ met hanol m xture; the solid obtained is washed
with 1 mM of diethyl ether to give 7 ng of

N[ 2- (di net hyl am no) et hyl] - 446- (1-

met hyl - 14 pyrazol -4-y1) - 9H pyrrol o[ 2, 3-b: 5, 4-c] di pyri di n-4-yl ] benzan de the




A solution containing the carboxylic acid 6 (2.51 g, 5.6 nol), HATU (6. 16
nmmol 1.1 eq. id ropyl et hyl am ne (DLREA, 7 mmol, in .80 nm
of DMF is 10\)‘\1‘)(?2%’16‘[?‘&(2?%%3 m of this soluti (lgﬁ are taken gﬁ&@@ﬂgém to
0.175 mml (1.25 eq.) of the amne Din a tube. If the amine Dis in
hydrochl oride form 1.25 eq. of DI PEA are added per nol ecul e of HO present
in D. The tubes are closed and the various m xtures are then heated
overnight with stirring at 50C. After cooling, 0.1 m of TFA is added.

After filtragion, the e pro s _45-83, present in the various

(i trates.  18af et T EIS i Umbdiia e i (AP chd Heoht Bids HpLC
YMC- Pack Jsheises HBOI 8382714, Agz.ﬁﬂ@ﬂ@a@%(&%%ﬁ%19g/9.2oa((%, MHY)1oted S/ 95
(5 mn). M5, \te LOT classic TO--Ms, 8-channel Miux, 0.15 s scantine for

mass 100- 1500720 ) HPLC: Waters UPLC BEH CL8XBri dge 018 50x2.1 mm 1. 7p:
H20+0. 1% HOOOH CH3CN+0. 08% HCOOH: 95/5 (0 min) to 5/95 (1.1 nmin) to 5/95

(1.7 mn)5 t oEREhple(1h: -BL@IméthyRimino 83%5%&3%&%1@?:@&%% ghyg! €

Quadr upol e, Pyreold[ 58BN, 4168 digYridiRAS/I] 25The 'struct S obtained via
this process are described in Table 3 Table 3 Ex. No. Structure Nane
Retention tinme (mn) [MH observed 45 NN\-\--N/ HNHo 110 / H
4-[3-fluoro-6-(pyridin-3-yl)- N

9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di nP4rRpd] - N- ( 1H- tetr 05-yl net hyCbenzam de
2.27 466. 23 f N dioxanelwater

Cs,CO,

| -
- N=

ot

10 In a manner similar to that of Example 9, Example 10 is obtained starting with
150 mg  of 3-fluoro-4-iodo-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-¢’Idipyridine  and
383mg of N-(3-dimethylaminopropyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl}benzamide.

15 UPLC-MS-DAD-ELSD: Tr (min) = 2.21; [M+H]" m/z 469; [M-H]" m/z 467; purity:
98%
1H NMR (400 MHz, DMSO-d6): ppm 1.72 (quint., J = 7.1 Hz, 2 H) 2.16 (s, 6 H) 2.31
(t J=7.1Hz, 2 H)3.35 - 3.41 (m, 2 H) 7.46 (dd, J = 7.9, 4.8 Hz, 1 H) 7.68 (d, J =
1.1Hz, 1 H) 7.87 (d, J = 7.9 Hz, 2 H) 8.12 -8.15 (m, 1 H) 8.16 (d, J = 8.3 Hz, 2 H)
20 8.53(dd, J=4.6,1.5Hz, 1 H)8.73-8.77 (m, 1 H) 8.77 (d, J = 2.4 Hz, 1 H) 8.91 (d, J
= 1.8 Hz, 1 H) 9.08 (d, J= 0.9 Hz, 1 H) 12.62 (br. 5., 1 H)

Examples 11 to 17

25 General procedure for Exampies 11 to 17:




46 \ N, N /\ NHJ[(3R-3-(dinethylam no)pyrrglidi4n |1]y1]E1443|-}‘Iu?L0;]g;]e
ridin-3-yljy lo[2,3- b:5,4-cldipyridin-4-y en net ha

(2p>1/2 481. 3 Z? /(9 \ I‘Rﬁoggs f1 uor o- 6- (pyri di ﬁYS y1) - PCT/FR2009/052330

9H- pyrrol o[ 2, 3-b: 5, 4-cl di pyri di n-4-yl ) pheny1}-

3asS, 6aS) - 5- net hyl hexahydr opyrrol o[ 3, 4-b] pyrrol 1(2H) -yl ynet hanone 2. 18
5&3. 31 )/\ N NH WO 2010/ 10908473PCT/ FR2009/ 052330 48

PA(PPh,),
Cs,C0,4
dioxanefwater

0.2 mmol of 3-ﬂu0ro-4-iodo-6-(pyridin—3-yi)-QH—pyrroEo[2,3-b:5,4-c’]dipyridine,

0.4 mmol of boronic reagent in 2 m! of 1,4-dioxane, 0.4 mmol! of cassium carbonate

5 in 0.5 mi of water, and 0.02 mmol of tetrakis(triphenylphosphine)palladium(0} in
0.5 m! of dimethylformamide are placed in a reactor under argon, and the tube is
sealed and stirred at 110°C for 18 hours. After cooling, the reaction mixture is diluted
with 6 mi of 1,4-dioxane, 2 ml of methanol and 0.1 mi of trifluoroacetic acid and then
freated with 150 mg of resin of propanethiol type grafted onto silica, for 4 hours at

10

room temperature. 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 of trifluoroacetic acid,
fillered off and then purified by preparative HPLC.

15 Amides 11 to 17 are detailed in Table 1.

Table 1:
Acid or
boronic Structure obtained Name Analysis
ester
UPLC-MS-DAD-ELSD: Tr
(min) = 2.37; [M+H]" m/z
424.09; purity: 100%
1H NMR (400 MHz, DMSO-
o N-cyclopropyl- dB). 6 ppm 0.62 - 0.69 (m,

T HOPTOPYE | o 1y 0.72 - 0.81 (m, 2 H) 2.1 -
?pﬁigﬁfg?y%h 3.02(m, 1 H) 7.48 (dd, J= 9.2,
9H-pyrroio]2,3- 4.6 Hz, 1H)7.69 (s, 1 H)7.87

v,

ol d, J=8.2Hz 2 H)8.16 (d, J =
b:5,4-c’]di- (d, y

| BT Hz, 2 H)8.56(d, U=

* Py 6.1 Hz, 1 H) 8.67 (d, J =

48Hz 1H)879(d, J=
25Hz,1H)8.93(d, J=2.3
i1 Hz, 1 H) 9.11 (s, 1 H) 12.63 (s,
TH)




0)1 MNH o NV110 N[ 2- (acetylanino)ethyl]-4- _ o _

[ 3-fl uoro-6- ridin- 3 )-9prrro|o[2,3-b:5,4-c]d|pyr|d|n4-yllbenzan1de
2.22 469.24 ("% AYIPP084 49 ot "NH 110/ /\ NN H PCT/FR2009/052330
413-fl uoro-6-(pyridin- 3 yl)- _

9H pyrrol o[ 2, 3-b: 5, 4-c]di pyridin-4-yl]-
am de 2.37 509.27 50 411 N\Ho / \11, F

N-[ 3- (2- oxopyrrolidin-1-Apropyl Thenz

N-[2-(dimethyi-
amino)ethyi]-3-

UPLC-MS-DAD-ELSD: Tr
(min) = 2.10; [M+H]" m/z
455.11; purity: 100%

1H NMR (400 MHz, DMSO-
d6): 5 ppm 2.84 (s, 6 H) 3.30
{(t, J=5.2Hz 2H)3.61-3.71
{m, 2 H) 7.58 (dd, J = 8.3,

[3-flucro-6- 5.0Hz, 1H)7.78 (s, 1 H) 7.91
{pyridin-3-yl)- (t, J/=8.0Hz, 1 H)8.03(d, J=
9H-pyrrolo[2,3- | 7.4 Hz, 1 H)8.23 (d, J=
b:5,4-¢'|di- 8.1Hz, 1H)8.31(d, J=
pyridin-4-yl]- 8.1Hz, 1H)8.33 (s, 1H)8.63
benzamide (d, J=3.8Hz, 1H)8.86 (d, J =

23Hz,1H)8.96 (1 J=

6.0 Hz, 1 H) 9.03 (br. s., 1 H)
9.17 (s, 1 H) 9.40 (br. s., 1 H)
12.75(s, 1 H)

{4-[3-fluoro-6-

UPLC-MS-DAD-ELSD: Tr
{min) = 2.55; [M+H]" m/z
454.07; purity: 100%

1H NMR (400 MHz,
DMSOd6): 5 ppm 3.63 - 3.78

gmilproeio’flz) 3. | (masked m, 8 H) 7.62 (dd, J =
b:5,4-c1di- 8.3,5.2Hz, 1 H) 7.74 (s, 1 H)
pyridin-4-yl]- 7.78(d, J = 8.7 Hz, 2 H) 7.83 -
phenyl}(morphol | 723 (M, J=82Hz, 2H)8.35

in-4-ylYmethan-
one

(d, J=8.4Hz, 1H)8.65(d, J=
6.1 Hz.1 H)8.81(d, J =

2.3 Hz, 1H) 8.99 (s, 1 H)9.13
(s, 1 H) 12,69 (s, 1 H)

UPLC-MS-DAD-ELSD: Tr
(min}) = 2.34; [M+H]" m/z
442.05; purity: 100%

1H NMR (400 MHz, DMSO-

;‘pﬁk’;’%‘_’;‘fy%_ d6): 8 ppm 3.30 (s, 3 H) 3.46 -
Shoyroros 5 | 356 (m, 4 H) 7.73 (dd, J = 8.0,
e s 5.4 Hz, 1 H) 7.81 (s, 1 H) 7.93
oy, | (&= 84 Hz, 2H)8.24(d, J =
Bomothosy. | 86 Hz 2H)8.43(d, J=

N chylbone, | 86 Hz 1 H) 872(0,J-
A 4.3 Hz, 1H) 8.82 (t, J= 5.1 Hz,

1H)8.86(d, J=25Hz, 1H)
9.11(br. s, 1H) 9.19 (s, 1 H)
12.77 (s, 1 H)




/\ NN H 4[3-

met hyl

S91@7fugpRy " i di n-3-y1)-
9H pyrrol of 2, 3- b 5,4-c]dipyridin-4-yl]-

503.27 51 10Th NH 111 /\ _
]-443-[3-6- b:5,4-cldipyridin-

2010/ 10908474PCT/ FR2009/ 052330 52 N

b: 5, 4-cl dj

NH 111

N42- ?phenyl an no) e?”FR
N N51 NJ[(1-ethylpyrrolidin-2- y1)
4-yl Thenz- amide 2.17 495.31 WO
N-[ 3- (di met hyl am no) - 2, 2-

WURPFE02

di met hyl propy11-443-f1u0r0-6- (pyridin-3-yl)-9H pyrrol o[ 2, 3-
A A i hoanzam dAa 2 29 07 ’2’)
pyl I 1 e yl IOoCTTZartT— O C—=—— ==~ UPLC MS DAD ELSD Tr
/_\ {min) = 2.35; [M+H]" m/z
\_/ 454.07; purity: 94%

*

{3-[3-fluoro-6-
(pyridin-3-yl)-
9H-pyrrolo[2,3-
b:5,4-c'ldipyri-
din-4-yllphenyl}-
{morpholin-4-
yl)methanone

1H NMR {400 MHz, DMSO-
d6}: 5 ppm 3.54 - 3.89
(masked m, 8 H) 7.70 (dd, J =
8.2,48Hz, 1H)7.73 -
7.79(m, 1 H)7.80 - 7.94 (m,
4H)854{d, J=79Hz, 1H) -
8.68 (br.s., 1H)8.83(d, J=
2.5Hz, 1H}9.15 (s, 1 H) 9.20
(br.s., 1H) 12.73 (s, 1 H)

{4-[3-fluoro-6-
(pyridin-3-yl)-
9H-pyrrolo[2,3-
b:5,4-¢'Idipyri-
din-4-yllphenyl}-
{(4-methylpiper-
azin-1-yl)meth-
anone

UPLC-MS-DAD-ELSD: Tr
(min) = 2.05; [M+H]" m/z
467.12; purity: 100%

1H NMR (400 MHz, DMSO-

dB): 5 ppm 2.88 (s, 3 H) 3.36 -

3.80 (masked m, 8 H) 7.55
(dd, J = 8.5, 5.0 Hz, 1 H) 7.77
(s, 1H)7.85(d, J= 8.4 Hz,

2 H)7.90 - 8.01 (m, 2 H) 8.30
(d, J=87Hz, 1H)8.63(d, J=
3.8Hz, 1H)8.85(d, J=

2.3 Hz, 1 H)9.01 (br. 5., 1 H)
9.16 (s, 1 H) 12.71 (s, 1 H)

4-[3-flucro-6-
(pyridin-3-yl)-
9H-pyrrolo[2,3-
b:5,4-c'Idipyri-
din-4-yl]-N-(3-
methoxypropyl)
benzamide

UPLC-MS-DAD-ELSD: Tr
{min) = 2.39; [M+H]" m/z
456.09; purity 93%

1H NMR (400 MHz, DMSO-
d6): & ppm 1.81 (quint., J =
6.9 Hz, 2 H) 3.27 (s, 3H) 3.35
-3.46 (m, 4 H)7.47 (dd, J =
8.3,5.0Hz, 1 H)7.69 (s, 1 H)
7.88(d, J=8.4Hz 2H)8.12-
8.22 (m, 3 H) 8.56 (dd, /= 4.8,
1.5 Hz, 1 H)8.71 (t,
5.9 Hz, 1 H) 8.80 (d,
2.5Hz, 1 H)8.94 (d,
2.3Hz, 1H)}9.12 (s,
12.64 (s, 1 H)

J=
J
J
1

H)

Example 18: 4-[3-fluoro-6-(pyridin-3-yl)- 9H-pyrrolo[2 3-b:5,4-¢’ldipyridin-4-yl]-

benzoyl! chloride

2.50




53 NWO 209009684\ / 1P /\ N H N {[££S) - 1- et hyl pr1/PR2609M052330
thy1}-413-[3-6 - (pyridin-3-yl)-9H pyrrol o[ 2, 3-

, 4-ci di pyridin-4-yl]benzam de 2.22 495.31 54 N NHo 11, /\ NH
1- et hyl pi peridin-3-y1)-4-][3-

oro-6- (pyridin-3-yl)-9Hpyrrol o] 2, 3-b: 5, 4-c] di pyridin- 4-yl Thenzam de

7 495.31 55 \ G 3---

10

15

20

25

A mixture of 100 mg of 4-[3-fluoro-8-(pyridin-3-y1}-9H-pyrrolo[2,3-b:5,4-¢"|dipyridin-4-
yllbenzoic acid and 12 mil of thiony! chloride is heated at 70°C for 20 hours. The
reaction mixture is concentrated to dryness under reduced pressure to give 105 mg
of 4-[3-fluoro-6-(pyridin-3-y1)-9H-pyrroiof2,3-b:5,4-¢'ldipyridin-4-yl]benzoyl chioride in
the form of a yellow powder. The product is characterized by addition of methanol to
give the corresponding ester.

Examples 19 to 28

General procedure for Examples 19 to 28:

A mixture of 105 mg of 4-[3-fluoro-6-(pyridin-3-yl}-9H-pyrrolo[2,3-b:5,4-¢"|dipyridin-4-
yllbenzoyl chloride, 10 equivalents of amine (cf. Table 2) and 10 ml of
dichloromethane is stirred at room temperature for 20 hours and the reaction mixture
is then concentrated to dryness under reduced pressure. The residue is taken up in
300 ml of water and 300 ml of ethyl acetate. After separation of the phases by
settling, the aqueous phase is extracted with 100 mi of ethyl acetate and the organic

phases are then combined and concentrated under reduced pressure.

The amides are detailed in Table 2 (yield between 10% and 79% depending on the
reagent).



NNHo /\ NNH 4-{)3-f| uor o- 6- (pyridin-3-yl)-

9H- pyrrol o] 2, 02040409084 yr i di n- 4- y11- N42- (85 net hyl -
pi peri di n-1-ypet hyl i benzam de 2.29 509. 33
443-fluor0-6-(pyridin-3-yl)- 56 AP

9H-pyrrol o[ 2, 3-b: 5, 4-cl di pyridin-4-y1]-N(1-nethyl -

Table 2:

PCT/FR2009/052330
\' NHo

azetidin-3-yl)benzam de

Structure obtained and

Reagent example No.

Name

Analysis

4-[3-fluoro-6-
(pyridin-3-yi)-9H-
pyrrolo[2,3-b:5 4-
¢’ldipyridin-4-yl]-N-
[3-(morpholin-4-
yhpropyllbenz-
amide

19

UPLC-MS-DAD-ELSD: Tr
(min) = 0.42; [M+H]" m/z 511;
[M-HT" m/z 509; purity: 95%
1H NMR {400 MHz, DMSO-
dB): 5 ppm 1.76 (quint., J =
7.2Hz,2H)2.35-2.41(m,

6 H)3.38 (q, J=6.6 Hz, 2 H)
3.57 (t, J= 4.7 Hz, 4 H) 7.46
(dd, J=7.8,49Hz 1H)7.67
(s, 1H)7.87(d,J=7.8 Hz,

2 H)8.12 - 8.15 (m, 1 H) 8.16
(d, J=8.3 Hz, 2 H) 8.53 (dd, J
=4.8,16Hz, 1H)8.71(t, J=
5.6 Hz, 1H)8.77 (d, J =

2.2 Hz, 1 H)8.90 (d, J =

2.0 Hz, 1 H) 9.08 (s, 1 H)
11.81 (br. s., 1 H)

4-[3-fluoro-6-
(pyridin-3-yl)-9H-
pyrrolof2,3-b:5,4-
¢'ldipyridin-4-yl]-N-
[3-(pyrrolidin-1-
yl)propyllbenz-
amide

UPLC-MS-DAD-ELSD: Tr
(min}) = 0.44; [M+H]" m/z 595;
purity; 70%

1H NMR (400 MHz, DMSO-
d6): 5 ppm 1.64 - 1.70 (m,

4 H)1.76 (quint., J= 7.0 Hz,
2H)2.42-247 (m, 4 H) 2.48 -
2.54 (m, 2H)3.35-3.43 (m,
2H)7.46 (dd, J=7.9, 4.8 Hz,
1H)7.67(d, J=1.0Hz 1H)
7.86(d, J=7.8 Hz, 2H)8.10 -
8.18 (m, 3H) 8.53 (dd, J= 4.6,
1.7Hz, 1H)8.77 (d, J =
2.2Hz, 1H)8.77 - 8.82 (m,
1TH)8.91(d, J=2.2Hz, 1 H)
2.09(d, J=1.0Hz, 1H)12.42
(br.s., 1H)
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4-[3-fluoro-6-
(pyridin-3-yf)-9H-
pyrrolo[2,3-b:5,4-
c'ldipyridin-4-yl]-N-
[2-(morpholin-4-yl)-
ethyllbenzamide

UPLC-MS-DAD-ELSD: Tr
(min) = 2.23; [M+H]" m/z 497;
[M-H]* m/z 495; purity: 95%

-1H NMR {400 MHz, DMSO-

dB): 3 ppm 2.44 - 2.57 (m,

8 H)3.48(q, /=6.4Hz, 2 H)
3.60 (t, J=4.4 Hz, 2H) 7.46
(dd, /=7.8,49Hz, 1H)7.68
{s,1H)7.87 (d, J= 8.3 Hz,
2H)8.12-8.14(m, 1 H) 8.16
(d, J=7.8Hz, 2 H) 8.53 (dd, J
=4.9,15Hz, 1H)8683(t, J=
56 Hz, 1H)8.77(d, J=
20Hz,1H)891(d, J=

2.0 Hz, 1H)9.09 (s, 1H)

22

4-[3-fluoro-6-
(pyridin-3-yl)-9H-
pyrrolo[2,3-b:5,4-
c'ldipyridin-4-yl]-N-
(1-methylpiperidin-
4-yl)benzamide

UPLC-MS-DAD-ELSD: Tr
(min) = 0.42; [M+H]" m/z 481;
[M-HJ" m/z 479; purity: 80%
1H NMR {400 MHz, DMSO-
d6): 3 ppm 1.55-1.72 (m,

2 H)1.77 - 1.89 (m, 2 H) 1.92 -
2.06 (m, 2 H) 2.19 (s, 3 H)
2.75-2.88(m,2H)3.74-3.91
(m, 1 H) 7.40 - 7.53 (m, 1 H)
7.68(s, 1 H)7.86 (d, J =
7.6Hz, 2 H) 8.07 - 8.15 (m,
1H)8.17 (d, J = 8.3 Hz, 2 H)
8.43-8.49 (m, 1H)8.50-8.59
(m, 1H)8.77 (s, 1

23

N-[2-(dimethyl-
amino)ethyl]-4-[3-
fluoro-6-(pyridin-3-
y1)-9H-pyrrolo[2,3-
b:5,4-¢"ldipyridin-4-
yl]-N-methylbenz-
amide

UPLC-MS-DAD-ELSD: Tr
(min) = 0.41; [M+H]" m/z 469;
[M-H]" m/z 467; purity: 95%
1H NMR {400 MHz,DMSO-
d6+ ACOD): & ppm 2.89 (br.
5., 6 H) 3.12 (s, 3 H) 3.38 (br.
s., 2 H)3.90 (br. s., 2 H) 7.46
(dd, J=7.7,4.8 Hz, 1 H) 7.69
(or.s., 1 H)7.82(d, J =

8.1 Hz, 2 H) 7.87 (d, J =
7.8Hz, 2H)819(d, J=

7.6 Hz, 1 H) 8.55 (dd, J = 4.6,
1.2 Hz, 1H)8.76 (d, J =
2.4Hz, 1 H)8.92 (br. s., 1 H)
9.10 (d, J=1.0 Hz, 1 H)




N
f
yI

MR PribL

[ 3- (di et hyl am no) pi peri di n-
din-3- yl1)-9Hpyrraol o[ 2, 3-b: 5, 4-cl di
none 2.17 495.32 97

57 N O
PCTIFR2009I052330

=
xI
&

24

4-[3-fluoro-6-
(pyridin-3-yl)-9H-
pyrrolo[2,3-b:5,4-
c'ldipyridin-4-yl}-N-
[2-(4-methyl-
piperazin-1-yl)-
ethyllbenzamide

UPLC-MS-DAD-ELSD: Tr
{min} = 0.41; [M+H]" m/z 510;
[M-HT* m/z 508; purity: 90%

1H NMR (400 MHz, DMSO-
dB): 6 ppm 2.15 (s, 3H) 2.25 -
2.38 (m, 4 H) 2.45 - 2.58 (m,

6 H) 3.41 - 3.51 (m, 2 H) 7.46
(dd, J = 7.8, 4.6 Hz, 1 H) 7.68
(d,J=10Hz, 1H)7.87(d, J=
7.8 Hz, 2 H)8.10 - 8.19 {m, 3H)
8.54 (dd, J=4.8,1.6 Hz, 1 H)
8.61(t, J=5.1Hz 1H)8.77 (d,
J=22Hz 1H)8.91(dd, J=
2.2,0.7Hz,1H)9.09(d, J =
1.0 Hz, 1 H) 12.61 (br. s., 1 H)

4-[3-fluoro-6-
(pyridin-3-yl)-9H-
pyrrolo[2,3-b:5,4-
c'Idipyridin-4-yl}-N-
[(1-methylpiperidin-
4-yl)methyllbenz-
amide

UPLC-MS-DAD-ELSD: Tr
(min) = 2.23; [M+H]" m/z 495;
[M-HF" m/z 493; purity: 97%
1H NMR (400 MHz, DMSO-
d6): 5 ppm 1.24 (qd, /=121,
3.2 Hz, 2 H) 1.52 - 1.64 (m,
1H)1.65-1.76 (m, 2 H) 1.80 -
1.94(m, 2H)2.17 (s, 3 H)
2.74-2.85(m, 2H)3.24 (t J=
6.2 Hz, 2 H) 7.45 (dd, J =
8.1.46 Hz, TH)7.65(s, 1 H)
7.86(d, J=81Hz, 2H)8.13
(dt, J=8.1, 1.8 Hz, 1 H) 8.17
(d, J= 8.3 Hz, 2 H)8.54 (dd, J
=4.9,1.5Hz, 1H)8.68 (t J=
5.5Hz, 1H)8.77 (d, J =
2.4Hz, 1H)8.91(d, J=

2.2 Hz, 1H)9.08 (s, 1 H)
12.62 (br. s., 1 H)

N-{2-amino-2-
methylpropyl)-4-[3-
fluoro-6-(pyridin-3-
yl)-9H-pyrroiof2,3-
b:5,4-c’|dipyridin-4-
yllbenzamide

UPLC-MS-DAD-ELSD: Tr
{min) = 2.21; [M+H]" m/z 455;
[M-H]" m/z 453; purity: 97%
1H NMR (400 MHz, DMSO-
d6}: 5 ppm 1.08 (s, 6 H) 3.25 -
3.28(m, 2 H)7.44 (dd, J= 8.1,
46Hz 1H)7.68(s,1H)7.87
(d, J=7.8Hz, 2H) 8.13 (dt, J
=8.0,20Hz 1H)8.19(d, J=
8.3Hz, 2H)8.48(t, J=

5.3 Hz, 1 H) 8.54 (dd, J = 4.8,
1.6 Hz, 1H)8.77 (d, J=
22Hz, 1H)893(d, J=
2.0Hz, 1H)9.09 (s, 1H)
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4-[3-flucro-6-
(pyridin-3-yi)-9H-
pyrrolof2,3-b:5,4-
¢'dipyridin-4-yl]-N-
{2-[(2-hydroxy-
ethyl}amino]ethyl}-
benzamide

UPLC-MS-DAD-ELSD: Tr
{min) = 2.12; [M+H]" m/z 471
[M-H]": m/z 468; purity: 95%

1H NMR (400 MHz, DMSO-
d6}: 6 ppm 2.62 - 2.69 (m,
2H)276(t J=6.4Hz 2 H)
3.39-3.51(m, 4 H) 4.46 (br.
s, 1H)7.47 (dd, /= 8.1,
49Hz, 1H)769(d, J=
1.0Hz, 1H)7.87(d, J=

7.6 Hz, 2H)8.12-8.15

(m, 1H)8.17 (d, J = 8.6 Hz,
2 H)8.54 (dd, /=4.8, 1.6 Hz,
1H)8.64(t, J=59Hz 1H)
8.77 (d, /=22 Hz, 1H)8.92
(d, J=1.5Hz, 1H)9.09(d, J
1.0 Hz, 1 H)

N-(2-aminoethyl)-4-
[3-fluoro-6-(pyridin-
3-y[}-9H-pyrrolo-
[2,3-b:5,4-¢'|di-
pyridin-4-yllbenz-
amide

UPLC-MS-DAD-ELSD: Tr
(min) = 0.39; [M+H]" m/z 427;
[M-H]" m/z 425; purity: 95%
1H NMR (400 MHz, DMSO-
d6): 3 ppm 2.75 (t, /= 6.6 Hz,
2H)3.33-3.38(m, 2H) 7.46
(dd, /=82, 4.8 Hz, 1 H) 7.69
(s,1H)7.86(d, J=7.8Hz 2
H) 8.14 (dt, /='8.0, 2.0 Hz, 1
H)8.18 (d, J=8.6 Hz, 2 H)
8.53 (d, J = 4.2 Hz, 1 H) 8.62
(t, /=57 Hz 1H)8.74-8.77
(m, 1H)8.92(d, J=1.7 Hz,

1 H) 9.08 (s, 1 H)

5-chloro-2-methoxy-4-(trimethylstannyl)pyridine A2:

LITMP, Me,SnCl N/
l\ Cl THF, -78°C ~—Sn o
~
- -
Y Wy
07 "N
5 A2

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 solution freshly prepared from

14.1 ml of 2,2,6,6-tetramethylpiperidine in 50 mi of tetrahydrofuran and 36.4 mi of




--)Th

wilH014{18968410r 0- 6- (pyri di n- 3- yg - PCT/FR2008/052330

9H pyrrol o[ 2, 3-b: 5, 4-cl di - 58 [/ \ 110

10

15

20

25

30

2.3 N n-butyllithium in hexane. After stirring for 4 hours at -78°C, 17.3 g of
trimethyltin chloride dissolved in 30 ml 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 chioride
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 A2 in the form of a colourless oil.

UPLC-MS-DAD-ELSD: Tr (min) = 1.24; [M+H]" m/z 308; purity: 98%
1H NMR (400 MHz, DMSO-d6): ppm 0.16 (t, J = 29.6 Mz, 9 H) 3.62 (s, 3 H) 6.61 (t, J
= 20.5 Hz, 1 H) 7.90 (t, J = 8.3 Hz, 1 H)

Example 29: 5’-chloro-5-fluoro-2’-methoxy-3,4’-bipyridin-2-amine

Pd(PPh3)4
\S{\ Cul dioxane HN. N
- microwaves 120°C 1h é I
| =y | SR F
F Br
= N
~o N » NF e
A2 N “NH, 29

A mixture of 13.2 g of 5-chloro-2-methoxy-4-(trimethylstannyl)pyridine, 7.5 g of 2-
amino-3-bromo-5-fluoropyridine, 3.1 g of tetrakis(triphenylphosphine)palladium(0)
and 1.6 g of copper iodide in 100 ml of 1,4-dioxane is refluxed for 18 hours. The
reaction mixture is hydrolysed with a mixture of 200 ml of aqueous 10% sodium
hydrogen carbonate solution and 100 mi of water and is then extracted with twice
200 mi 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 trituration in 120 mi of ethyl acetate to give 8.7 g of 5'-chloro-5-

fluoro-2'-methoxy-3,4'-bipyridin-2-amine in the form of a colourless oil.

UPLC-MS-DAD-ELSD: Tr (min) = 0.94; [M+H]" m/z 253; purity: 72%
1H NMR (400 MHz, DMSO-d6); ppm 3.89 (s, 3 H) 5.65 (s, 2 H) 6.86 (s, 1 H) 7.33
(dd, J=87,3.1 Hz, tH)8.01(d, J= 2.9 Hz, 1 H) 8.32 (s, 1 H)
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Example 30: 3-fluoro-6-methoxy-8H-pyrrolo[2,3-b:5,4-¢']dipyridine

Pd(OAc),, Josiphos E
tBuOK, BME
100°C overnight (l) - p
=
N._ .= N
5 0 M

112 g of (R)-(—)-1—[(S)—2-(dicyclohexylphosphino)ferroceny[]ethyldi-tert-butylphos-

phine and 0.40 g of palladium (ll) acetate in 15 mi of anhydrous 1,2-

dimethoxyethane are placed in a dry tube under an argon atmosphere and stirred for
10 10 minutes at 40°C.

6.38 g of 5-chloro-5-fluoro-2'-methoxy-3,4’-bipyridin-2-amine in 80 ml of anhydrous
1,2-dimethoxyethane are placed in a 250 m! reactor under argon, and the solution
prepared previously is added, followed by addition of 5.64 g of potassium tert-

15  butoxide. The reaction mixture is refluxed for 18 hours, followed by addition of a
further 3 ml of freshly prepared catalyst solution of the same concentration and
1.41 g of potassium tert-butoxide. After refluxing for 6 hours, 10 ml of methanol and
300 ml of ethyl acetate are added to the reaction mixture. The organic phase is
washed with 200 ml of aqueous 5% sodium hydrogen carbonate solution and then

20  dried over magnesium sulfate, filtered and concentrated to dryness under reduced
pressure. The residue is purified by trituration in 100 mi of ethyl acetate to give
2.23 g of 3-fluoro-6-methoxy-9H-pyrrolof2,3-b:5,4-¢'|dipyridine.

UPLC-MS-DAD-ELSD: Tr (min) = 0.58; [M+H}" m/z 218; purity: 98%
25 1H NMR (400 MHz, DMSO-d8): ppm 3.91 (s, 3 H) 7.58 (s, 1H)8.49 (s, 1H)8.54-
8.61(m, 2H)11.85 (br. s., 1 H)

Example 31: 3-fluoro-9H-pyrrolo[2,3-b:5,4-c’Jdipyridin-6-ol
30 _
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600 mg of B-ﬂuoro-6-methoxy—9H—pyrrolo[2,3-b:5,4-c’]dipyridine in 3 m! of acetic acid
and 2 ml of aqueous 37% hydrochioric acid soiution are placed in a reactor, and the
tube is sealed and subjected to microwave irradiation for 30 minutes at 130°C. The

reaction mixture is filtered by vacuum suction and then washed with ethyl ether to
give 755 mg of 3-fluoro-8H-pyrrolof2,3-b:5,4-¢']

dipyridin-6-ol in the form of a yeliow
solid.

UPLC-MS-DAD-ELSD (LS): Tr (min) = 0.45: [M+HT" m/z 204; purity: 91%

H NMR (400 MHz, DMSO-d6): ppm 5.47 (br. s., 1 H) 7.92 (s, 1 H) 8.52 (s, 1 H)
8.75(dd, J=2.7, 1.7Hz, 1 H) 8.87 (dd, J=8.7, 2.8 Hz, 1 H) 12.52 (s, 1 H)

Example 32: 3~ﬂuoro-9H-pyrroIo[2,3-b:5,4-c’]dipyridin-'6-yl trifluoromethane-
sulfonate

F
— (CF,S0,),0
TN
o

N N
H

HO

7 —_—
N Pyridine

31

A mixture of 755 mg of 3-fluoro-9H-pyrrolo[2,3-b:5,4-c'ldipyridin-6-ol in 15 ml of
pyridine and 4.32 ml of anhydrous trifluoromethanesulfonic acid is stirred at room
temperature for 30 minutes. The reaction mixture is diluted with 100 mi of ethyl
acetate and washed with 100 ml of saturated aqueous sodium bicarbonate solution.
After separation of the phases by settling, the aqueous phase is exiracted with
100 ml of ethyl acetate and the organic phases are then combined, dried over
magnesium sulfate, filtered and then concentrated under vacuum to give 978 mg of

3-ﬂuoro-9H-pyrroIo[2,3—b:5,4—0’]dipyridin-6-yl trifluoromethanesulfonate in the form of
a brown solid.

UPLC-MS-DAD-ELSD: Tr (min) = 4.22: [M+H]™ m/z 336; [M-H]* m/z 334: purity:
88%

1H NMR (400 MHz, DMSO-d) ppm 8.41 (d, J=0.7 Hz, 1 H) 8.71 - 8.78 (m, 3 H)
12,69 (br. s., 1 H)
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Example 33: 3-fluoro—6-(1-methyi-1H-pyrazol-4-yl)—9H-pyrroI0[2,3-b:5,4—c’]di-

pyridine
ERUF PACl,{dppf) \

Cs,CO, N

/
dioxane/water N\ \ F
N P
\N:\>_ ,Oﬁ STONTN
| B H
N, o

960 mg of 3-fluoro-8H-pyrrolo{2,3-b:5,4-¢'Idipyridin-6-yl - trifluoromethanesulfonate,
43.7 mg of 1,1’-bis(diphenylphosphino)ferrocenedichloropalladium(II), 372 mg of 1-
methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl}-1H-pyrazole, and 1.17 g of
caesium carbonate in 10 ml of 1,4-dicxane and 2.5 ml of water are placed in a
reactor, and the tube is sealed and subjected to miérowave irradiation at 125°C for
1 hour. The reaction mixture is diluted with 50 ml of ethyl acetate and washed with
50 ml of water. After separation of the phases by settling, the agueous phase is
extracted with 100 ml of ethyl acetate and the organic phases are then combined,
dried over magnesium sulfate, filtered and then concentrated under vacuum. The
residue is purified by chromatography on a column of silica, eluting with ethyl acetate
to give 168 mg of 3-fluoro-6-(1-methyl-1H-pyrazoi-4-yl}-9H-pyrrolo[2,3-b:5,4-¢']di-

pyridine in the form of a yellow solid.

UPLC-MS-DAD-ELSD: Tr (min) = 2.24; [M+H]" m/z 268; [M-HI* m/z 266; purity:
98%

1H NMR (400 MHz, DMSO-d6): ppm 3.91 (s, 3 H) 7.96 (d, J = 0.5 Hz, 1 H) 8.19 (s,
1H)8.41(d, J=1.0Hz, 1 H)8.55(dd, J= 8.8, 2.9 Hz, 1 H) 8.59 - 8.61 (m, 1 H) 8.86
(d, J=1.2Hz, 1 H) 12.14 (br. S., 1 H)

Example 34: 3-f|uoro-9-[(4-methylphenyl)sulfonyl]-ﬁ-(‘!-methyl-1H-pyrazol-4-yl)~

9H-pyrrolo[2,3-b:5,4-¢']dipyridine

N TsCl, NaH “ ] l _N
DMF N TN

33 H 34
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4-[3-fluoro-6-(pyridin-3-yl)-

9H pyrrol o[ 2, 3-b: 5, 4-i di pyridi n-4-y1] - Nd2- Knet hyl -

sul f onypam no] et hyl } benzam de 2. 32 505.24 WO L
201011090847 7BETrE S (bt weLIdaneByl-1H-pyrazol-4-N-GH-pyrrelolik3-b:5, 4-c’Jdipyridine in

10 ml of dimethylformamide are placed in a 100 ml round-bottomed flask under

argon and 11 mg of sodium hydride are added. The reaction mixiure is stirred for

3 hours at room temperature, followed by addition of 240 mg of para-toluenesulfonyl

5  chioride. The reaction mixture is stirred for 45 minutes at room temperature and is

then poured into a mixture of water and sodium hydrogen carbonate solution: a white

precipitate appears. After stirring, it is fillered off by vacuum suction and then

washed with diethyl ether. The white solid obtained is purified by chromatography on

a column of silica, eluting with ethyl acetate, to give 225 mg of 3-fluoro-9-[(4-

10 methylphenyl)sulfonyl]-6-(1-methyl-1 H-pyrazol-4-yl}-9H-pyrrolo[2,3-b:5,4-¢’|dipyridine
in the form of a white solid.

UPLC-MS-DAD-ELSD (LS): Tr (min) = 1.26; [M+H]" m/z 422.26: purity: 93%

15 Example  35: 3-fluoro-4-iodo-9-[(4-methylphenyl)sulfonyl}-6-(1-methyl-1H-
pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-¢’]dipyridine

N— N—
T
F & SN 1)LITMP, THE T
78°C
\ N "
NN 2%},

34

20 A mixture of 53 pl of 2,2,6,6-tetramethylpiperidine and 2 ml of tetrahydrofuran is
cooled to -78°C, followed by addition of 100 pl of 2.7 N n-butyllithium in hexane. After
15 minutes, 75 mg of 3-fluoro-9-[(4-methylphenyl)sulfonyl]-6-( 1-methyl-1H-pyrazol-4-
yl)-9H-pyrroio|2,3-b:5,4-¢'|dipyridine dissolved in 5 ml of tetrahydrofuran are added
to the reaction mixture and the resulting mixture is stirred at -78°C for 1 hour,
25 followed by addition of 72 mg of iodine dissolved in 2 ml of tetrahydrofuran. The
reaction mixture is poured into a mixture of water and saturated aqueous ammonium
chloride solution and then extracted with ethyl acetate. The organic phase is washed
with aqueous sodium thiosulfate solution, dried over magnesium suifate, filtered and
then concentrated to dryness under reduced pressure. The residue is purified by

30 chromatography on a column of silica, eluting with ethyl acetate, to give 60 mg of 3-
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UPLC-MS-DAD-ELSD (LS): Tr (min) = 1.37; [M+H]" m/z 548; purity: 71%

5.
Example 36: 3-f|uoro-4-iodo-6-(1-methyl-1H-pyrazol-4-y|)-9H-pyrro|o[2,3-b:5,4-
¢’]ldipyridine
J =N
F/| S <N Low | N
=y N MeOH/THE o N—

) = =~
0=8=0

o~
35 36
10

60 mg of 3-ﬂuoro-4~iodo-9-[(4—methylphenyl)sulfonyl]-s-(1-methyl~1H-pyrazol-4-y!)—

9H-pyrrolo[2,3-b:5,4—c']dipyridine in 5 ml of methano! and 5 m| of tetrahydrofuran are
placed in a round-bottomed fiask and 60 mg of lithium hydroxide are then added.
15 The reaction mixture is stirred for 18 hours at room temperature, followed by addition
of a small amount of water and a few m| of aqueous ammonium chloride solution.
The precipitate is filtered off by suction, washed with water, with ethyl acetate and
with diethyl ether and then dried under vacuum to give 25 mg of 3-fluoro-4-iodo-6-(1-
methyl-1H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5, 4-c'ldipyridine.
20
TH NMR (400 MHz, DMSO-d6): ppm 3.94 (s, 3H)8.03 (s, 1H)8.34 (s, 1H)8.59 (s,
1H)8.83(s, 1H)8.99 (s, 1H)12.73 {br.s., 1H)

Exampie 37: N-[3-(dimethylamino)ethyl]-4-[3-ﬂuoro-6—(1-methyl-1H-pyrazol-4-
25 yl)-QH-pyrroIo[2,3-b:5,4-c’]dipyridin-4-yl]benzamide

Pd{PPh,),
\ | F dioxane/water
N/N \ _ Cs,C0,
N




)-N ? NH 11, /\ N N N 2-(di propan-2-yl am no) -

et hyl] - 443- f Muo @16 6§44 di N3- b54- 9H- pyrr 0|6%[ 2,3-b:5, 4- PCTIFR2009/052330
cl di pyridi n-4-yl]benzam de 2.29 511. 33 WO

2010/ 10908478PCT/ FR2009/ 052330 67 il'g ]Ic\ll 11,\ 23 N H

N[ 2- (di net hyl am no) et hyl]- N-ethyl-4-[3-fluoro-6- _

(Lyri(di n-3-§1) -9H pyrrol o[ 2, 3- b:5,4-cldipyridin-4-yllbenzam de 2.18 483.3
68

55 mg of 3-ﬂu0ro-4—iodo~6—(1-methyl-1H-pyrazol-4-yl)-9H~pyrroIo[2,3—b:5,4—c’]di-
pyriding, 16 mg of tetrakis(triphenylphosphine)palladium(0), 134 mg of N-(2-
dimethylaminoethyl)-4-(4,4,5 5-tetramethyl-1 ,3,2-dioxaborolan-2-yl}benzamide,
S 68 mg of caesium carbonate in 2 ml of 1,4-dioxane and 500 ul of water are placed in
a reactor, and the tube is sealed and subjected to microwave irradiation at 120°C for
1 hour. The reaction mixture is diluted with ethyl acetate and water, and the yellow
precipitate formed is then filtered off by vacuum suction and washed with ethyl
acetate, water and diethyl ether to give 45 mg N-[3-(dimethylamino)ethyl}-4-[3-fluoro-
10 6—(1-methyl-1H-pyrazol—4-yl)~9H-pyrro!o[2',3-b:5,4-c’]dipyridin-4—yf]benzamide in the
form of a yellow solid. -

UPLC-MS-DAD-ELSD: Tr (min) = 0.38; [M+H]" m/z 458; [M-H]": m/z 456: purity:
98%

15 1H NMR (400 MHz, DMSO-d6): 5 ppm 2.23 (s,6H)2.46-249 (m,2H)3.45(q, J =
6.6 Hz, 2H) 3.85 (s, 3H) 7.29 (d, J= 1.2 Hz, 1 H) 7.54 (d, J=0.7Hz, 1H)7.82(d, J
=7.8Hz,2H)7.92(s, 1 H)8.14 (d, J= 8.3 Hz, 2 H) 8.61 (t, J = 5.5 Hz, 1 H) 8.71 (d,
J=24Hz,1H)8.89(d, J=1.0Hz, 1H)12.36 (br. s., 1 H)

- 20 Example 38: N-[2-(dimethylamino)propyl]-—4-[3-fluoro-6-(1-methyl-1H-pyrazoi-4-
yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridin-4-yl]benzamide

Pd{PPh,),
\ | F dioxane/water
N - Cs,CO0,
N, |

36

25  In a manner similar to that of Example 37, starting with 55 mg of product of Example
36, 35 mg of N-[2—(dimethylamino)propyl]-4-[3~ﬂuoro~6-(1~methyl-1H—pyrazol-4—yl)-
9H-pyrrolof2,3-b:5,4-¢'|dipyridin-4-yljbenzamide are obtained in the form of a pale

yellow solid.



[ ----N\----(C NHIP/\ NNH

N-[ 1- (di met hyl,a r n2-y1]-4-[3-fluoro-6-(pyridin-3-

ylg - 9I(—I- pyrro?/%@?@%ﬁ@faﬁ?cl di -~ pyridin-4-yl $®enzani de 0. BCHER2089/05283Q
N---- 0<. 10 \ N N [(39)-3-(dinethylam no)pyrrolidin-1-y111413-f| uoro- 6-
(pyridin-3-yl)-9H pyrrol o[ 2,3- b:5,4-cldipyridi n-4-yl]- phenyl } met hanone
0.76 481.29 70 / N\ 11, /\ NN H 4-[3-fluoro-6-(pyridin-3-yl)- 9H pyrrolo[2
,3-b:5,4-cldipyridin-4-yl]-Nnethyl-N (1- nethyl pyrrolidin-3-yl)benzam de
2.14

UPLC-MS-DAD-ELSD: Tr (min) = 0.39; IM+H]™ m/z 472; purity: 95%
1H NMR {400 MHz, DMSO-d6): § ppm 1.73 (quint.,, J = 7.0 Hz, 2 H) 2.17 (s, 6 H)
232, J=70Hz,2H)3.38(q, J=6.4Hz 2 H} 3.84 (s, 3 H) 7.30 (s, 1 H) 7.54 (s,

TH)7.81(d, J=8.1Hz 2 H) 7.92 (s, 1 H) 8.14 (d, J = 8.1 Hz, 2 H) 8.68 - 8.76 (m,
5 2H)8.89(s, 1H)12.37 (br.s., 1 H)

Exampie 39: 5’-chloro-2’,4-dimethoxy-3,4’-bipyridin-2-amine

Pd{PPh,),
Cul {CsF

Meo\an'Mes. oM
N . T
= Cl

A2 S |

10
368 mg of 9-chloro-2-methoxy-4-(trimethylstannylpyridine B, 250 mg of 3-iodo-4-

methoxypyridin-2-ylamine, 304 mg of caesium fluoride and 38 mg copper iodide in

2mi of dimethylformamide are placed in a tube, 116 mg  of

te’trakis(triphenylphosphine)palladium(O)_and 2 mi of dimethylformamide are then
15  added, and the tube is sealed and subjected to microwave irradiation 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, filttered and then

concentrated to dryness under reduced pressure. The residue is purified by
20  chromatography on a column of silica, eluting with a 50/50 .to 0/100 heptane/ethyi

acetate mixture to give 125 mg of 9'-chloro-2’, 4-dimethoxy-3,4’-bipyridin-2-amine in
the form of a white salid.

UPLC-MS-DAD-ELSD: Tr (min) = 0.44: IM+H]™ m/z 266; purity: 98%
25  1H NMR (400 MHz, DMSO-d6): § ppm 3.68 (s, 3H)3.87 (s, 3H)5.40 (s, 2 H) 6.42
{(d, J=58Hz, 1H)6.72 (d, J= 0.5 Hz, 1 H) 7.94 (d, J = 5.9 Hz, 1 H)8.28 (d, J =
0.5 Hz, 1 H)

Example 40: 4,6-dimethoxy-9H-pyrrolo[2,3-b:5,4-c’Idipyridine
30



[ 3- quoro 6- (pyridin-3-yl)- 9prrro| o[ 2, 3-hb: 5 4-cl di pyr|d| n4-y1] - N- net hyl ben

zam de 2.18 497. 33 72 N . /\ NH {4|[|3_fIEJ(2)ro -(pyridin-3-yl)-
9H- pyrrol o[ 2, 3-b: 5, 4-i di pyridi n-4-yl ] phenyl |'i 4-( 2-
met IEl)c/)xyet hgll)pi perazin-1- yl]nmethanone 2.12 511.32 73/ \ HN O 414 \

H,N N 0/
Pd{OAc), / Josiphos O
0 i Ny
{BUOK / dioxane N /N g
ct O~ N~ N
39 a0 M

10.3 mg of (R)—(-)-1-[(S)-2-(dicyc|ohexylphosphino)ferrocenyl]ethy[di—tert—butyiphos-

~phine and 3.8 mg of palladium (11} acetate in 0.35 ml of anhydrous 1,4-dioxane are

9 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’-bipyridin-2-amine and 38 mg of potassium
tert-butoxide in 0.35 ml of anhydrous 1,4-dioxane are placed in a 2 mi reactor under

10  argon, followed by addition of the solution prepared previously and 0.20 ml of 1,4-
dioxane, 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

15 dichloromethane/methanol mixture to give 28.5 mg of 4,6-dimethoxy-9H-pyrrolof2,3~
b:5,4-¢’Idipyridine in the form of a yellow solid.

UPLC-MS-DAD-ELSD: Tr (min) = 0.40; [M+H]" m/z 230; purity: 95%
1H NMR (400 MHz, DMSO-d6): 5 ppm 3.89 (s, 3 H) 4.09 (s, 3H)6.85(d, J = 5.9 Hz,
20 1H)7.30(d,J=1.0Hz, 1 H)8.39-8.42 (m, 2H) 11.70 (br. s., 1 H)

Exampie 41: 9H-pyrrolo[2,3-b:5,4-c’Jdipyridine-4,6-diol hydrochloride

v
o 0 HO HQ
o conc. ag. HCI N —
N/ \ N \ #
— \ AcOH == N
N N N
H H ¢
40 41

25
1.52 g of 4,6-dimethoxy-9H-pyrrolo[2,3-b:5,4-¢'|dipyridine in 22.1 m! of acetic acid

and 7.3 mi 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. After

concentrating the reaction mixture, the solid obtained is slurried in twice 25 mi of



NH\ . NHN, - [0-6-(pyridin-3-yl)-
9H- pyrrol of 2, #@I@‘C’ggﬁl pyridin-4-y1]-N-[f8-methyl -  PCT/FR2009/052330

1H pyrazol - 4- yOnret hyl ] benzam de 2.32 478.26 74 / 11, /\ NH
{4-[3-fluoro-6-(pyridi ]nd3yl )d 4y ] pheny( 1 (2

9H pyrrol o[ 2, 3-b: 5, 4-c] di pyri di n-4-yl ] p -

nmet E% oct aLydro-SH— pyrrol o-[3, 4-c] pyridi n-5-yOret han-one 0.79 507.23 75 / \
NH o 1111 /\ N N N-[4-$1di met hyl am no) buty1] - 443-fl uoro-6-(pyridin-3-yl)-
9H- pyr r ol o] Zi&hy: edheranddihen sied dnderregliderepmastrddor 18 hours to give 1.72 g of

9H-pyrrolo[2,3-b:5,4-¢'dipyridine-4,6-diol hydrochloride in the form of a dark beige
solid.

5  UPLC-MS-DAD-ELSD: Tr (min) = 0.14; [M+H]" m/z 202; [M-H]* m/z 200; purity:
98%
1H NMR (400 MHz, DMSO-d6): § ppm 6.48 (m, 1 H)7.62 (s, 1 H)8.06 (d, J= 7.1 Hz,
1TH)8.34 (s, 1H)12.48 (br.s., 1 H)

10  Example 42: 9H-pyrro|o[2,3-b:5,4-c’]dipyridine-4,6-diy| bis(trifluoromethane-

sulfonate)
HO HQ TL,O . TiO ™
7N = — = 7 N\ =
N \ Py / TEA N U
= N N
H CH H
41 42

15 A mixture of 1.72 g of 9H-pyrrolo[2,3-b:5,4-¢'|dipyridine-4,6-diol hydrochloride in
35 ml of pyridine and 9.1 ml of triethylamine is cooled to 5°C, followed by addition of
2.8 mi of anhydrous trifiuoromethanesulfonic acid. The reaction mixture is stirred at
0-5°C for 1 hour and then poured into a mixture of 200 mi of water and 50 ml of
saturated aqueous sodium chloride solution and extracted with 250 ml of ethyl

20  acetate. After separation of the phases by settling, the aqueous phase is exfracted
with 200 mi of 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 the
resulting mixture is concentrated under reduced pressure. The solid deposit formed

25 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-pyrrolof2,3-b:5,4-¢']di-
pyridine-4,6-diyl bis(trifluoromethanesulfonate) in the form of a rust-coloured solid

UPLC-MS-DAD-ELSD: Tr (min) = 4.81; [M+H]" m/z 466: [M-HT" m/z 464; purity:
30 98%

TH NMR (400 MHz, DMSO-d6): 8 ppm 7.59 (d, J = 5.6 Hz, 1 H) 7.96 (s, 1 H) 8.88 (d,

J=0.7Hz, 1 H)8.89 (d, J = 5.6 Hz, 1 H) 13.32 (br.s., 1 H)



2.20 483. 32

1111 /\ N H 4-[3-f
9H pyrrol o[ 2, 3-b: 5,
2.14 464.27 77 o

N

W\/\% %%9910 §08480PC11FR20091058830 76 / \ NPETIFR200B 0 BB 5
- 6- idin-3-yl)- .
| z?irgi Syg %lr In-4-y11¥N? (1H i m dazol 2-yl net hyl ) benzam de
\

IP\ N H{4[3-fluoro-6-(pyridin-3-yl)-

9H-pyrrol o[ 2, 3-b: 5, 4-c] di pyri di n-4-yl ] phenyl }(7-

met hyl - 2, 7-di azaspiro[ 4. 4] -

10

15

20

25

non- 2- yOret hanone 2. 15 507.33 78 N

Example 43: 4-(4-{[2-(dimethylamino)ethyi]carbamoyi}pheny!)-QH-pyrrol0[2,3-
b:5,4-c’]dipyridin-6-yl trifluoromethanesulfonate

e
N

k\No
H

PACLL(dppf)

dioxane/water

TfO
e AN Cs,CO,
/ =
N/ \ 4 TIO
N o o
N 8
R AN ‘OE N y
42 H 43 H

124 mg of 9H-pyrro|o[2,3-b:5,4-0’]dipyridine-4,6-diy] bis(triﬂuoromethanesulfonate),
856 mg of N-(2—dimethylaminoethyi)—4~(4,4,5,5—tetramethyl—1,3,2—dioxaboroian-2-
yl)benzamide and 130 mg of caesium carbonate in 1.2 mi of 1,4-dioxane are placed
in a reactor, followed by addition, under argon, of 19 mg of 1,1-bis(diphenylphos-
phino)ferrocenedichloropalladium(lI) and 0.12 mi of water, and the tube is sealed
and subjected to microwave iradiation at 140°C for 15 minutes. The reaction mixture
is diluted with 10 m| of ethyl acetate and washed with 10 ml of water. After
Separation of the phases by settling, the aqueous phase is extracted with 10 ml of
ethyl acetate and the organic phases are then combined, dried over magnesium
sulfate, filtered and then concentrated under vacuum. The residue is taken up in g
mixture of 30 ml of a 90/10 dichloromethane/methanol mixture, 600 mg of silica are
added and the resulting 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 90/10 dichloromethane/methanol mixture to give 56 mg of 4-(4-{[2-
(dimethylamino)ethyl]carbamoyl}phenyl)—9H—pyrro|0[2,3-b:5,4-0’]dipyridin-6-yl
trifluoromethanesulfonate the form of a beige-coloured solid.

UPLC-MS-DAD-ELSD: Tr (min) = 4.81: [M+H]" m/z 468; [M-HI" m/z 464; purity:
98%

1H NMR (400 MHz, DMSO-d6): 5 ppm 2.36 (s, 6 H)2.62-2.69 (m, 2 H) 3.48 (9, J=
6.5 Hz, 2 H) 7.33 -7.38 (m, 2 H)7.85(d, J= 8.3 Hz, 2 H) 8.12 (d, /= 8.3 Hz, 2 Hj}
8.61-8.67(m, 1H)8.74-8.78 (m, 2 H}12.86 (br. s., 1 H)



HN NH O /\ NNH 4[3quoro-6-(pyr|d|n-3-y1)-

i di ' i de 0.83
I 2 -5, 4-1di pyridi n-4-A-N42-[ 2-2- yl am no) et hyl ] benzam
ggnggrc;go} \ QL ”/0\9 REKJ H N-et hyl-4-[ 3- fT®or o- 6- PCT/FR2009/052330
(pyridin-3-yl)-9H pyrrol o[ 2,3- b:5,4-c]dipyridin-4-yl]-NA(1-
met hyl pyrrolidin-3-yOrethyl]- benzam de 2.22 509. .34 WO Cvir4.la.
2010/ 10908481PCT/ FR2009/ 052330 80 u_z Zr 0 ? 1.3 -bipyrrolidin-1'-y1{4-[

f 1 uor o- 6- (pyri di n-3-yl)-9Hpyrrol o] 2, 3- b: 5, 4- cl di pyri di n4-yl ] pheny! | net hanon
e 2.14 507.33 81

Example 44: N-[2- (dimethylamino)ethyl]- -4-[6-(1-methyl-1H-pyrazol-4-yl)-9H-
pyrrolo{2,3-b:5,4- c’]dlpyrldm-4 -yllbenzamide

/s
PdCl,(dppf) \\\
o]
dioxanelwater
CsCO,

53 mg of 4—(4—{[2-(dimethylamino)ethyl]carbamoyl}phenyl)-9H—pyrroIo[2,3—b:5,4~c’]di—
pyridin-8-yl trifluoromethanesulfonate, 33 mg of 1-methyi-4-(4,4,5 5-tetramethyi-
1,3,2-dioxaborolan-2-yl)-1H-pyrazole and 51 mg of caesium carbonate in 0.8 ml of
1,4-dioxane are placed in a reactor, followed by addition, under argon,-of 8 mg of

10 1,1’-bis(diphenylphosphino)ferrocenedichloropa1Iadium(ll) and 85 yl of water, and the
tube is sealed and subjected to microwave irradiation at 140°C for 30 minutes.
21 mg of 1-methyl—4-(4,4,5,5-tetramethyl«1,3,2—dioxaborolan-2-yl)-1H-pyrazole and
8 mg of 1,1’-bis(diphenylphosphino)ferrocenedich!oropailadium(ll) are added to the
reaction mixture, and the mixture is again subjected to microwave irradiation at

15 140°C for 30 minutes. The reaction mixture is diluted with 10 mi of ethyl acetate and
treated with 10 ml of water. After separation of the phases by settling, the aqueous
phase is extracted with 10 ml of ethyl acetate and the organic phases are then
combined, dried over magnesium sulfate, filtered and then concentrated under
vacuum. The residue is purified by chromatography on a column of silica eluting
with a 100/0 to 88/12 dichloromethane/methanol mixture; the solid obtained is
washed with 1 m! of diethyl ether to give 7 mg of N-[2-(dimethylamino)ethyl]-4-[6-(‘l—

methy|-1H-pyrazol-4—y1)-9H-pyrrolo[2,3~b:5,4-0’]dipyridin-4—y1]benzamide the form of
a beige-coloured solid.

20

25 UPLC-MS-DAD-ELSD: Tr (min) = 2.01; [M+H]" m/z 440; [M-H]" m/z- 438 purity
90%
TH NMR (500 MHz, DMSO-d6): 5 ppm 2.22 (s, 6 H) 2.44 - 2.49 (m, 2 H) 3.45 (q, J =

6.6 Hz, 2H) 3.86 (s, 3 H) 7.26 (d, J = 4.9 Hz, 1 H)7.61 (s, 1H)7.63 (s, 1 H) 7.86 (d,



/"\ N 4[3f|uoro6(pyridin-3-y1)-

oOH rroI02 i pyridin-4-yl1l]-Nnethyl-N(1-

met % pi pe£| di n- #Vﬁuéb%am de 2.15 495.34 85 / \ o / HFPGTIFR2009(052330\ |
443-fluoro-6-(pyridin-3-yl)- 9H pyrrolo[2,3-b:5,4-cldi -
pyridin-4-y1J-N-[ (2-hyd roxypyridin-4-yl)nmethylibenz- amde 2.32 491. 27
Exanpl es 83 to 86 General procedure for Exanples 83 to 86:

T . - |
443- Fl uor 0- 6- (pyridin-3-yl)-9Hpyrrol of 2, 3-b: 5, 4-c] cl i pyri di n-4-yl ] benzoy
chloride 18 (1 e .é i s suspended in dichloronmethane (50 nL per 1 mmol of
18). 5 to 10 Héa@r% Fe%l"i;?@fg (& B ﬁéSEdaJemlsigolava@)aodtdceglmmmeﬂham
same vol une (dsed sasHt of HPs B ACi1NG) B34 spgpsion) in a dry .
Eound bottonéd fl ask unde? an%grgg% at sgﬁere? The suspension of 18 is
then added to the solution containing E mnth stirring at room tenperature.
The m xture iBxdmhples@gtd8p 2 to 20 hours. Methanol is then added until the
precipitate dlsappears and S|I|ca 10 ng per 1 ng of 18) is then added.
BI\P4 3 Ripgiee i @diuced pressure and the product is
recovered by 10chro tography on S|I|ca gel (elueqnt: CH2C12/ MeOH or
4 o jradient from 100/0 to 85/1fh). Exanples 83 to 86

A solution containing the carboxylic acid 6 (2.51 g, 5.6 mmol), HATU (6.16 mmol
1.1 eq.) and diisopropylethylamine (DIPEA, 7 mmol, 1.25 eq.) in 80 ml of DMF is
10 prepared. 2 mi of this solution are taken and then added to 0.175 mmol (1.25 eq.) of
the amine D in a tube. If the amine D is in hydrochloride form, 1.25 eq. of DIPEA are
added per molecule of HCI present in D. The tubes are closed and the various
mixtures are then heated overnight with stirring at 50°C. After cooling, 0.1 ml of TFA
is added. After filtration, the expected products 45-83, present in the various filtrates,
15 are purified by preparative HPLC.
Analytical conditions:
HPLC: YMC-Pack Jshere H80 33x2.1; 4y; H,0+0.0.5% TFA/CH,CN: 98/2 {1 min) to
5/95 (5 min). MS: Waters LCT classic TOF-MS, 8-channel Mux, 0.15 s scantime for
mass 100-1500
20 Or
HPLC: Waters UPLC BEH C18XBridge C18 50%2.1 mm:; 1.7y, H,0+0.1% HCOOH/
CH;CN+0.08% HCOOH: 95/5 (0 min) to 5/95 (1.1 min) to 5/95 (1.7 min) to 95/5
(1.8 min) to 95/5 (2 min). MS: Waters SQQ Single Quadrupole, 0.5 s scantime for
mass 120-1200.

25  The structures obtained via this process are described in Table 3



15Table 4 Ex. No. Structure Nane Retention tinme (mn) [ MH observed 83
0- ANHO2 N H .--NH

N-[ (1R 2R)- 2@%%8¢8P%gxy| ]-4-[3-f1uoro6-{dyri di n- 3- y BCHFR2009/052330
pyrrol o[ 2,3-b:5,4-ciclipyridin-4-ylibenzam de 0.51 481.36 84 CR ..1 NH2 NH
[T NNN--NHNJ[(1

S, 2S) - 2-am no-cycl ohexyl ]-4-[3-fluoro-6-(pyridin-3-yl)-9H

pyrrol o[ 2, 3-b: 5, 4-cl di pyridin-4-ylibenzam de 2.51 481.15 WO

2010/ 10908483PCT/ FR2009/ 052330

Table 3

Retention | [M+H"]

time (min} | observed

Ex. No. Structure Name

4-[3-fluoro-B-(pyridin-3-y|)-
9H-pyrrolof2,3-b:5,4-¢']di-
pyridin-4-yf]-N-(1H-tetrazol-
5-yImethyl)benzamide

45 227 | 466.23

[(3R)-3-(dimethylamino)pyr-
rolidin-1-yl}{4-[3-fluoro-6-
(pyridin-3-yl}-9H-pyrrolo[2,3- 212 481.3
b:5,4-c’|dipyridin-4-yl}-
phenyl}methanone

46

{4-[3-fluoro-6-(pyridin-3-yl)-
9H-pyrrolof2,3-b:5,4-c']di-
pyridin-4-yljphenyl}-
[(3aS,6aS)-5-methylhexa-
hydropyrroio[3,4-b]pyrrol-
1(2H)-ylImethanone

47 2.18 493.31




85 er0 HNW b+t ofa F I\ N N. -NH

N-[ (1S, 2S) - 2- am nocyc opentyl] 4 [3-fl uor 083 (pyri di n- 3- PEYFRA009/052330
pyrrol o 2, 3- b 5, 4-cl di pyridin-4-yl]benzam de 0.46 467.37 86 N ONH, ge |
N--,--,\/ INN--NHM((1 :

R 2R) - 2- am nocycl opent y1] - 443-fl uor 06- (pyri di n-311) - 9H

pyrrol o[ 2,3-b:5,4-cl di pyridin-4-yll benzam de 0.46 467.38 Exanples 87 to 91
Synt hesi S Of 1 am nnl‘Yg_fJ‘l\” r‘\/r‘l nnrn VI anm ne.: 5The Svnt heSi S Of

1- am nonet hyl cycl ppr opy i ne is perfor med via hydrogendti on as|descri bed
inJ. Og. Chem 1992, 27("22) 6071- 6075. Synthesis of

2,2-di fl uor opropan-1, 3-di a e: F|FNH3/ MeOH O O 00
NH

N-[2-{acetylamino)ethyl]-4-
[3-fluoro-6-(pyridin-3-y1)-9H-
pytrolo[2,3-b:5,4-¢'ldipyridin-
4-yllbenzamide

48 222 469.24

4-[3-fluoro-6-(pyridin-3-yl)-
9H-pyrrolo[2,3-b:5,4-¢'Jdi-
| pyridin-4-yf]-N-[3-(2-oxopyr-
rolidin-1-yl)propyllbenzamide

49 2.37 509.27

4-[3-fluoro-6-(pyridin-3-yi)-
9H-pyrrolo[2,3-b:5,4-¢']di-
pyridin-4-yl}-N-{2-(phenyl-
amino)ethyllbenzamide

50 2.50 503.27

N-[(1-ethylpyrrolidin-2-yl)-
methyl}-4-[3-fluoro-6-
{pyridin-3-yl)-9H-pyrrolo[2,3- 217 495,31
b:5,4-c’|dipyridin-4-ylJbenz-
amide
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BH3 / THF F Raldebghord IT;OBJ AH2 45 nml of ammmoniacal nethanol (7N) are added to
5 g (25 mol ) of e fluoromal onate at @€ in a 250 nPCTIRR2609/062380

flask. The m xture is stirred until it has warmed to roomtenperature, and
is then left stirring overnight. The difluoromal onadi am de is recovered by
evaporating the m xture under reduced 15 pressure (3.35 g; 95%yield). 500
mg of this residue are placed in a mcrowave tube, and 17 nL of a boron

hydri de/t et r ghyerofuran—solution (1 M BH3/THFE in THF) are then added slowy
at 0C. After |warming to roomenperdture, the mixture isTeft stirring
until the evolutiop of gas ha?ieased. The tube is sealed and then heat ¢d

by m crowave|for 30 mnutes atx120C| 5 m of nethanol are then agded to|the
reaction medium cool ed befofehand|to OC. The solvents are evaporated off

under reduced pressure. Thg_r88i due |i"s[3(diesthyipmine)2@-ni |of net hanol and
then evaporated tof dryness, fhis ope CHr¢tyIpigeYig-[Bdpemted twi ce. | 291 ny| of
2, 2-di fl uor opr opant 1, i ar e | 6Bt imu!)-@htpyaraio[R8ed i a.2ehe| faslrlzow ng
step W thout | furthery by e idlimyrislingf-yilbenz-

f"l

2-trifluoronethyl prop i‘ani ne: @PUdR | f | uor onet hyl prdpan-1, 2rdi aning is
prepared racem callly by f0 the synthesis described in J. Og. Chem
2006, 71(18) 7075-7079N\Id obt a¥n the racenic conpound, |[the optjcally pure
a- met hyl benzyl am ne used in mheNpubI ication is 10sinply replaced with
benzyl am ne [mthe—fi+st-—stepofthe process The rest off the synthesis
proceeds in pccordance with the publication. General procedure fpr Exanples
87 to 91: C 1.2 mmol (10"'eq 01 amne D are dissolved in 0.5 m of
anhydr ous pyridi ne 2N b8 TH Ry dvr ne Eis n

hydrochl ori de forn )9%@%4 [g’fﬂ%ygfg?ﬁﬁ@m an argon

at nosphere. 4183Fl
pyridin-4-yl| benzg
1 m of pyrigdine.

YidiB - 5, | di
J%lc}a Q)Lqujyﬁ;EbE{rﬁseq )éll% di 548% { ed in
hepieadded to e sol ution cont ai ni n'\g,]\ED

wWith stirring at r QNY . The mixture is left stirring for between
30 mnutes and 2 Hours, angyif”the reaction is inconplete after 2 hours, it
may al so be heated for—30-—mnutes-by—mcrowave at 140C._ The pyrildine is
t hen evapordted ofiff unde ?Jced pressure. 25 The residue is dijssolved in
a CH2C12/ MeGH mi xtjure and %00/ng of | silica are added. The solvents are
evaporated qgf f under reduce N@ressure and t he product i s{recoveried by

chromat ography onisilica el uent 4Cf§<2:l 2/ 2N NH3 in NeOH:
: 30Ex 3f‘._ﬁ_}') ned via [this ngthod
Eﬁﬂ/rro 3- c] i

gradient frgm 100/0 to 85/1
are descri bed $h Tablerns. @ e 5 pyn Nane Reizent|i ags £1 e

(mn) [ MH Fo|dyl] benzam|de

4-[3-fluoro-6-(pyridin-3-yl)-
9H-pyrrolo[2,3-b:5,4-¢']di-
pyridin-4-yl]-N-[2-(2-methyl- 2.29 509.33
piperidin-1-yl)ethylibenz-
amide
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observed 87 MWO.201P{09084 4 110 H N42-[2-4 -7®. 41 455. 16 PCTIFR2009/052330
[3-fluoro-6-(pyridin-3-yl)- 9Hpyrrolo[2,3-b:5,4-c]cli-

pyri di n-4-yl ] benzam de 88 / N --/- NO 11, / 443-[3-6-(pyridin-3-yl)-
9H pyrrol o[ 2, 3-b: 5, 4-cl di - pyri di n-4-y1] - Nd2- (et hyl - am no) et hyl ] benzam de
0.40 441.14 NN 89 H NNH2

4-[3-fluoro-6-(pyridin-3-yI)-
9H-pyrrolo[2,3-b:5,4-¢']di-
pyridin-4-yi]-N-(1-methyl-
azetidin-3-yl)benzamide

56 0.77 453.25

[3-(dimethylamino)piperidin-
1-yf{4-[3-flucro-6-(pyridin-3-
y1)-9H-pyrrolo[2,3-b:5,4-¢'Idi- 217 495.32
pyridin-4-yllphenyl}methan-
one

57

4-[3-fluoro-6-{pyridin-3-yl)-
9H-pyrrolof2,3-b:5,4-¢'1di-
pyridin-4-yl]-N-[2-methyl-2- 2.25 509.33
(pyrrolidin-1-yl)propyf]benz-
amide

58

N-[3-(dimethylamino)propyi]-
4-[3-fluoro-6-{pyridin-3-yl}-
9H-pyrrolo[2,3-b:5,4-¢"]di- 215 483.31
pyridin-4-y[]-N-methytbenz-
amide
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0\ NNH 11fgol%-of'?ll19%%4nocycl opropyl)- nettyl}-443- [ 3- CT/IFR2009/052330
(pyridin-311)-9H pyrrolo- [2,3-b:5,4-cldipyridin-4-yl]- benzam de 0. 42
453.17 90 FN2 Ho /1li H N(3-am no-2, 2-di fluoro- propyl)-4-[3-fluoro-6-
(pyridin-3-yl1l)-9H pyrrol o[ 2, 3-b:5,4-cl di pyridin-4-yl]- benzam de 2. 24
477.13 WD 2010/ 10908486PCT/ FR2009/ 052330 91 / / H 1111 \ HN F
N- (2- am no- 3733t r+fluoro2-nethyl propyl)-4-[3-
fl uoro-6-(pyridin-3-yl)-9Hpyr ol o[ 2| 3-b: 5,4-ciclipyridin:4-yl]benzam de
2.62 509. 14

N

N-[2-(azepan-1-yl)ethyl]-4-
[3-fluoro-6-(pyridin-3-y1)-9H-
pyrrolo[2,3-b:5,4-c'|dipyridin-
4-yllbenzamide

60 2.29 508.33

4-[3-fluoro-6-(pyridin-3-yl}-
9H-pyrrolo[2,3-b:5,4-c’[di-
pyridin-4-yl]-N-{2-(1-methyl- 223 509.33
piperidin-4-yl)ethyllbenz-
amide

61

4-[3-fluoro-6-(pyridin-3-yl)-
9H-pyrrolo[2,3-b:5,4-¢'|di-
pyridin-4-yl]-N-{2-[{methyl- 2.32 505.24
sulfonyl)amino]ethyl}benz-
amide
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Exanpl es 92 t YWQ@20HELREH81e 92

2',5" -

di chl oro-5-fluoro[3, 4" Thi pyridi nyl-2- ylanlne

PCTIFRZOOQIO
A solution o

m. (74.32 mol ) of diisopropylamne in 1000 mM of tetrahydrofuran is

stirred under an argon atnosphere at
i n hexane are added sl owy,

solution of butyll

ithium (2.5 M

P23 a5

-78C. 28.6 m (74.32 mmol) 10 of a
whi | e keepi ng

the tenperature below -70C. After stirring for 30 mnutes at -78C, a
solution of 10 g (67.57 muol )} ~of™ 2, §~dichtoropyrt+difne—i-r—200——of
tetrahydrofunan i s|added ove 5 mnutes. After stirring for 1 hour 30
mnutes at -78C, 17.5 g (87.84 nmol ) of trimethyltin chlqgride and 100 n{ of
t etrahydrofufan are added dro se. |The reaction 15 mxtyre is stirred for
14 hours at roomtenperature gpd then @ydrol sed with 400 m of s$aturated
amoni um chl ori de sol uti on®axd 350 m4' kPYgife3-¥lrspensi on i extratted
with three timss 500 nl of | acet it BYTOINE 3t g4 ldi- sol uti,gn i$ separated
out by settling, dfied nesiLﬁW% intatleNAréowrmoligine dnc 615 ra1€§ tg
dryness on a|rotary 8yagor at tong\}] Prorylleanzamidsni 1 e gil, which is
purified by ¢hromat ograpr- Q/sillica (200 g), eluent: [97.5/2.5
cycl ohexane/ et hyl pcet atng olume,| 12.46 g (59% of
2,5-dichlorot4-trimethyl sta Byridine A3 are obtained ijn the formof g
white powder |—The keaction_i% perforned in four runs of about 1.5 g in pa 20
m. reactor of Biotlage vial typ nd|a Bi otage m crowave @Qvén. Al SUSPensi on
of 1.5 g of p-fluoro-3-iodo-2-ianynopyridine (6.3 mml), 2.15 g (B. 93 mmol)
of 2,5-dich|3ro-4-trinethylsqggéélp)ridine .25 g (1.32|mmol ) of copper
(1) chloridel and G.515 g (Q. 4~ ol 4q3fMON)6 yridin-3-yl)-
tetrakis(triphenylphosphi néypal | adi ugH ymo%[ g) 409qidi oxane and/ 0.1 m| of
di met hyl f or namgde |i s heat ed /4t 120C bgﬁm14 qy LRt es 50 E@%@%E'
The four crude reactj U'S ar e nidfiihig<Haipi-a g gﬁ il uted i of
ethyl acetate, and was \ 90 angﬁzﬁﬁgyrate sodr blcarbonate
solution and then |with 90 of*matnr After drying over magnesijum sul flat e,
t he organi c |phase |i s conte gd on a rotary evaporator|and then puriffi ed
by chromat ogr aphy on S|I|ca 10 (90 g) eluent: 9/1 and then 8/2
cycl ohexane/ et hyl jacet at €y votrunmeto—gi-ve—4—22—g{-68%|of

-di chl or o- 5-f|l uor o[ 3, 41bi pyrid|j nyl-2-ylamne 92 in the formof a Rale
yel | ow powder . UPLC-VB- DAD-ELSD: Tr (min) = 3.35; [MrH nijz 299. Q6
and 301. 08 15Exanpl e 93:
6- chl or o- 3- f|l uor o 9H- pyrr ¢J .o[N%, 3- b: 54-I3-tjabbapyridii-88/1)K2CO3 Cl DVEQ' Cul
170C / 10h |G A suspensioniof 4.2 go-berr@e[26vbi5)4-ofdi-

- di chl dr 06%- f Py tir24-yl-N-f@ei ne, (4881 \mmygk) of
pot assi um car bonat omethylpyrrolRirpeyl)@Byi-odi de in 100 m  qf
di met hyl sul|f oxi de obdnzbaide at 170C for B hours |30 m nutes.
The reaction mxtlre is/th d in 300 g of ice and| 250 m |of 28%| -
aqueous ammmni a sol uti om , and then extracted with fiye tines 300
nm. of ethyl facetate. The orﬁanlc phases are conbi ned, drjied over nmagnesi um
sul fate and [concentrated to diyness—onr—a—fotary—evaporatior to gilve_ an
ochre-col oured solid, 25 is triturated in 80 ni of ethyl ether. The
suspension ifs filtered, dr ed by [suction and dried to give 1.75 g (49%
of 6-chl oroq3-flupro-9Hdi pyrido[2,[3-b:4',3" - d]pyrrole |93 in the form of
an ochre-coloured powder. UPLC Ms-DAD-ELSD: Tr (mn) 735 [MiHr il z
257.95 and 259.93] WO 201@L18908488PCTH-fch2O8M-D5R3HD )-
6- Chl or o- 3-1 1 y@r or 9H-di pyri do[ 2, 3- b:ettiy/]34 3k ueys-69hgi (/800 ng, 3.6 mMmml)
is dissolved in 20 n a drdyipad-pysclsprk-blsask und8r9arqdﬁ1@ge1tle
heating to |5 35G na sary |idjdipgtdimidylb@semidor [conpl et e
di ssol ution). Sodjum 246 nmg, 6.1 mml, 1.7 eq.)! is added in a
single portjion, and th mixture is then stirred under an iner|
at nosphere for 3 hours | onfi de dissolved in 2 m| of DMF|is then
added (addition tinme of abgut two mnutes). After one hqur, thelreaction
mediumis poured AT 0 a m xXture of aguecus—10%NaHCO3—selution (50 m) ) and

10 water (30 ni).

suction with 50 ml of water.
purified by chromatography on silica gel
is sufficiently soluble in dichloronethane:
1.02 g (75% of 6-
chl oro- 3-fl uoro-9-(toluene 4-sul fonyl)di pyrido[2, 34b:4',3
obt ai ned. 15UPLC-Ms-DAD-ELSD: Tr (min) = 1.

since the product
CH2C12/ Et OAc:

100/0 to 90/ 10).

The precipitate is filtered off and then drai ned by

After

377.95 Exanpl e 95:
_6-_§:hlo_rq_-3-fluoro-_4-iodo-9-[(4-nethyI_phenyC)suIfonyI]-9I—_|-pyrroIo[2,3-b:5,4-c~

drying (overnight),

10;

[ MEH] +:

the precipitate is
(no need for slurrying on silica,
70 g Si 02,

-d] pyrrole 94 are
mz 375.99 and



ir C LDA/ THF 12 / _7800C1 95 0 20 To a solution of 0.37 nL (2.6 mmol)
of diisopropylgr j of tetrahydrofuran is added under an argon

at nosphere, drvggva@gh@g@‘{ﬁabout two mnutes @ -78C, 1 nPQIFR2009M52380 a
solution of butyllithium (2.5 M in hexane. After stirring for 30 m nutes
at -78C, a solution of 94 (620 ng, 1.6 mml) in 25 mM of THF is then added
slowy 25(total addition tinme of about 10 mnutes). After 3 hours at -78C,
a solution of diiodine (670 ng) in 2 mM of THF is then added rapidly. After
stirring for 30-mnutes at -78C, the reaction nediumis poured into a
m xture of ethyl acetate (150ynlL) and hal f-saturated aquedus anmoni um
chl oride solution ( 1 ag. NHACl + 50 ml off water)| The
phases are separate maqeinﬁahﬁlé\ﬁmom@ged wi th aqueous 5P
sodi um t hi osul fate an-ethylhaReiioso-gr i ed over 5MySM4,
filtered and eva&Jor | (pyrieBis3Hy - oHEARrotdl 67499 2 @8 6 Chds0f OF
3-fluoro-4-iodo-9-( i, pyidisoidh-Byiwehz. 3'-d] pyrrple 95 are
obt ai ned. UPLC- M5-D amldel9; [MrHr: miz 501. 89 and 503. 8b
Exanpl e 96: 6+chl or R 9H pyrrol o[ 2, 3-b: 5, 4{c] di pyr| di ne F
6- Chl oro- 3-f | wuoro-4ti odo-9- (tiol uene-4-sul fonyl)di pyrido[2,3-b:4",3" -d] pyrro

| e95 (615 ny, | 1.2 nnol) is_\g‘i/ssol ved{in 40 n" of THF and 15 u% Ve OH:
Aqueous |ithi ym hydroxi de nohydrate solution (503 ng, 12 mml ip 20 m | of
water) is then added rapidly. After stirring for 2 hours, 8D m of

wat er are added and| the nedpuptits 15|then acidified by addition of aqueous
AN hydrochl oriic acid sol uti on\(about | M[1Hdimeataylaming)prdten-pr eci pitate is
filtered off ongy porosity 4 ter | dritled-(3-froao-Redyrizin-8udt i with 50 m
of water and {hen drigd Qoverhight). l#0SHmpyras%s-o5, 4671dikl org’zhs-f (6Pt
i odo- 9H- di pyri do[ 2, B- b7 pyr F ol| ®y9dn-drydibetamided. UPLC- MS- DAD- ELSD
Tr (mn) = 0.93; [ MtHr / fiand 349. 90 Exanple 97:
413-f 1 uoro- 6-chl or o- 9H pyN ? 3- b:|5, 4-cl di pyri di n-4-ylilbenzoic!acid
Pd(PPh3) 4 Cs2CO3 di axane/ wat el -N 96NN97 625 ngy of
6- chl or o- 3- f | yoro-4rTodo=9Hdrpy+ri+dof23—b+4—~31-dlpyrr0le 96 _ 1.415 g o
4- 25net hoxycar bony| phenyl bor oni cyacijd pi nacol ester, 208 ng of
tetrakis(triphenyl -| phosphi ne@f | adilum(0), 1.76 g of caesiumcarbonate |n
N

40 m of 1, 4-di oxang and
[(35)-3-(dimethylamino)pyr-
rolidin-1-yl]{4-[3-fluoro-6-
(pyridin-3-yl)-9H-pyrrolo[2, 3- 0.76 481.29
b:5,4-c'{dipyridin-4-yl]-
phenyl}methanone

69

4-[3-fluoro-6-(pyridin-3-y{)-
9H-pyrrolo[2,3-b:5,4-¢'di-
pyridin-4-y[]-N-methyt-N-({1- 2.14 481.29
methylpyrrolidin-3-ybenz-
amide

70

N-[2-(diethylamino)ethyl]-4-
[3-fluoro-6-(pyridin-3-yl)-9H-
pyrroio[2,3-b:5,4-c’|dipyridin- 2.18 497.33
4-yl]-N-methylbenzamide
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8 m of wateVRPRIYNA84 in a three-necked 7Pl ask, and t RETARA0QPH5233Q hen

refl uxed for

18- 20 hours.

4 m of aqueous 1N sodi um hydroxi de solution are

added to the reaction nmedium and the resulting mxture is refluxed for a

further one hour.

m xture of water and et hyl

the

After cooling,

the reaction nmediumis poured into a
acetate with 5 vigorous stirring. The phases are

separated a pH of the aqueous phase is then brought to 4 by adding
aqueous hydriochl ori ¢ aci d S?LWI’]. The precipitate that| forms during fhis
acidificatign is filtered off,} dr&aned by suction and drjed under vacuum
540 ngy (88%| of 0=
443-f 1 uor o- §- chl of 0- 9H- pyr Kol of 2, 3-|aFa4ruElet- W:Hiﬂ'? g y| i benzoil0 aci d |97
are thus obtjai ned. \UPL- DAD- BLSphp ol 419:52- 9]52 ;, [MH |z 340.08
and 342. 02 Exappl ¢ N98: ridin-4-yl

py yllphenyl} 212 511.32.
443-f | uor o- 6- ( 1- met hyT azol - 4-ydh D%W)Hp@l [( 13-b 5, 4-0dijpyridi n-4-y
I d 15 OHCOH A4S of
penzoi ¢ aci N yl]methanon , , ,
443-f | uor o- §- chl or 0- 9HPpy [o+q 2, 3- 4-c] C?I pyridin-4-ylibenzgi 0 aci d 97,
148 ng of tetrakis(triphenyl phOSphI ne) pal | adi um(0), 804 |ng of
1-nmet hyl-4-(|4,4,5]5- 20 tetranethyl-1, 3, 2-di oxaborol an-2-y1) - 1H{pyraz0Oli e,
1.26 g of cgestumrcarborate—+n25—+nt—of -1, 4-dioxane and 5 m of |lwater are
placed in a|50 nL{m crowave reackor|, and the tube is seal ed and |t hen
subj ected to mcrowave irradjatli oM |at 140C for 2 hours. {The readtion
m xture is diluted with 50 f \etih acetate and washed with %0 m of
water. After sepafati e%%%%@ﬂpyrﬁ@-?wﬁe aqueous phase i$
extracted 25 with Ayl B-:Ad-@ldyani c phases are then
conbi ned, dri e® o dveEdin4-yt-driedimatiet-t hen @d¥cent 478t28d
under vacuum The i elr-pyrazeirovimesay(isghs: on a coliurm of
silica (elugnt: 1 ANE®OH) . 321 ng (64%)| of
443-fl uoro-6-(1-m -y1)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyri di n- 4-
yl i benzoic acid 9 the formof a yellow|solid. 30 Exanmples
09 to 105 Géneral nrnrpdurds' for Exanples 99 to 105: OH A m xture|of
100 ng of 4[3-fluoro-6-(1- n-tH pyrazol - 4-y1) - 9H pyrjrol of 2, 3-b: 5, 41
c] di pyridin{4-yl]benzoic ag@;d 12 mM of thionyl chlorlide is nefluxed for
2 hours. The 10reaction oix¥ufe is %ngﬁntr ed t o dryngss unden reduced
pressure to|give loro-b-(pyridin-3-yI}
of 4- [ 3-f 1 uolf 0- 6- ( |9H49>gi§'°[§1h1tb9ﬂr°dﬂb[2 3-b: 5, 4{cl di pytidin
-4-y1]- benzoyls c Lo gowder.. 079 | 50723
The4-[ 3-f | uor o- 6- etyyigal §9‘r9¥610@[- ,3-b:5,4-c]dipyridi
n-4-yl1] - benzoyl S5 éﬁtﬂ‘éfy' ‘Re@R®HI dr onet hane (50 ni
per 1 mmol of acy t%9€10 equival ents of [the anine D are
di ssolved in dich oronethdhe (sane vol une used as for pllacing 18 in
suspension) {in a dry round-bottoned flask under an argorl at nosphere. The
suspensi on |s thef added To the softutTom contarmng—D-whth—sti-++ng—at- room
tenperature! The m xture is™Neft stlirring for between 2 jand 20 hours.
Met hanol is then added until the precipitate disappears, and silica (10 ng
per 1 ng 20| of 98 used in the reactjion) is then added. The solvents are
evaporated of f under reduced pressure and the product ig recovered by
chromat ography onf silica gelj,(el ueniN-[40k#keiRyIARMN Bytyl]CH;CI 2/ 2N NH3 in MeOH:
gradient frpm100/0 to 85¢ . 25Bx a,qglﬂggr&@_ F;yrﬁd,#@ ained via this
method are dedérijped in Table 6. Tap @Yr,@[d%zg, No4- C§ ru ctjur 820 483.32

d pyridin-4-yllbenzamide
F
A




Nane Retention time (mn) [ MH observed 99
9H- pyrrol o-[ 2, 3-b: 5, 4-el di pyridi n-4-yl k
084 ) benzam de 0.37 488014 100 u_Z PET/FR28091652330
443-fl uoro-6-(1-met hyl- 1H pyrazol -4-yl1)-9H pyrrol o-[ 2, 3- b: 5, 4-cl di pyri di
N- (1- et hyl pi peridi n-4- yl)benzam de 0.40 484.16 101 OH o .
N

et hyl- 1H pyrazol - 4-
N- ( 4- et hyl pi p‘é’pa%q

_yl] -
/

1%11?1)}3

4-[3-fluo ro-6-(1-m

“- N

n-
H

4

4-13-fluoro-6-(1-nethyl-1Hpyrazol - 4-y1) - 9H pyrrol o] 2, 3- b: 5, 4- ¢l di pyri di n- 4-

yl]-

N-{2-[ (3R)-3- hydroxypyrrolidin-1-yllethylibenz- am de

76

4-[3-fluoro-6-(pyridin-3-yi)-
9H-pyrrolo]2,3-b:5,4-¢'1di-
pyridin-4-yl}-N-(1H-imidazol-
2-ylmethyl)benzamide

2.14

464.27

77

| {4-[3-fluoro-6-(pyridin-3-yl)-

9H-pyrroio[2,3-b:5,4-¢'|di-
pyridin-4-yl]phenyf}(7-
methyl-2,7-diazaspiro[4.4]-
non-2-ylymethanone

2.15

507.33

78

4-[3-fluoro-6-(pyridin-3-yl)-
9R-pyrrolo[2,3-b:5,4-¢']di-
pyridin-4-yl}-N-[2-(pyridin-2-
ylamino)ethyllbenzamide

0.83

504.26
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N-ethyl-4-[3-fluoro-6-
(pyridin-3-yl)-OH-pyrrolo[2,3-
b:5,4-c'Idipyridin-4-yl]-N-[(1-
methylpyrrolidin-3-yl)methyl}-
benzamide

222

508.34




0.38 500.38 N\_Th NH\ I N 102 OHCNL\'\ | N. -. .-- NHN
4-[3-fluo ro- 6yOI2070/109084 1. . PCT/ER2009/652330

et Lyl -1H pyrazol -4-y1)-9H pyrrol o-[ 2, 3-b: 5, 48 ci dipyridi ngryﬁl]?
N-{2-[(3S)-3-hydroxypyrrolidin-1-yllethyl}benz- am de 0.39 500.38 WD
2010/ 109084 93PCT/ FR2009/ 052330

1.3-bipyrrolidin-1'-yl{4-[3-
fluoro-6-(pyridin-3-yl)-9H-
pyrrolo[2,3-b:5,4-c'|dipyridin- | 214 | 507.33
4-yllphenytimethanone

80

4-[3-fluoro-6-(pyridin-3-y|)-
9H-pyrrolo[2,3-b:5,4-¢’]di-
pyridin-4-yl}-N-methyl-N-(1- 2.15 495.34
methylpiperidin-4-yl)benz-
amide
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4-[3-fluoro-6-(pyridin-3-yl)-
9H-pyrrolo[2,3-b:5,4-¢']di-
pyridin-4-yl}-N-[{2-hydroxy- 2.32 491.27
pyridin-4-ylymethyllbenz-
amide

82

Examples 83 to 86
General procedure for Examples 83 to 86:
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[3(f I ugr 0- 6-{1- met hyl - 1H pyr azol -4-y|1) h9H— Ei/rzol[ g- [2,3-b:5, 4-cl di pyridin-

- benzam de N-RLS, 23)-2- am nocycl ohexyll-4-][ 3- _ o
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benzam de Exanples 106 and 107 OH A m xture of 100 ny 2
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cl di pyridin-4 enzoy chl ori
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SUsponsi on 1 5 5 hen adie ae 2re SIBHTE et 1R S 18 AR BRe &l TR room
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fgfrger ature. ReSYAPRIAIP® Gffs user redicedrprassiverand Mg hmonlct iis ﬁeb@br@cgggg .

he reaction) |t pocrah SRORRY fol @Ront UMD TH: EftG eI G et ea

the reaction n adde

pr:ssure and)q ﬁ‘z'e'ﬁ)trffﬂﬁ"u&QOIf)éOB@é@)«ered by chromat ography on silica 10gel

(el uent: CH2012/MeOH or CH2C 2/2N NH3 in MeOH gradient from 10_0/b0dt _on

85/ 15). Exanples 106 and 107 obtained via this nethod are described i
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15 Table 4

Retention | [M+H"]

time (min) | observed

Ex. No. Structure Name

N-[(1R,2R)-2-amino-

cyclohexyl]-4-[3-fluoro-
6-{pyridin-3-yl)-9H- 0.51 481.36
pyrrolo[2,3-b:5,4-¢'|di-
pyridin-4-yilbenzamide

83

N-[(18,28)-2-amino-

cyclohexyl]-4-[3-fluoro-
6-(pyridin-3-yl)-9H- 2.51 481.15
pyrroio{2,3-b:5,4-¢'|di-
pyridin-4-yllbenzamide

84




[ MrH+] observed 106 \ NI-"Ni H\ci . I- / INNH

4-[6-(5-chlor t Hpyr azol - 41) - 3-f | uor o- 9H
py£rol(o[2 3- bﬂ@lﬁgfq ngldw i di n-4- yl]-N(4-m8Bhyl pi pera2|HCIIFRZD§IMQﬁzm de -

2.34 519.16 and 521.13 107 o HA 4 F ___ \/ NNNH . _
4-[6- (5-chl oro-1-net hyl - 1Hpyr azol - 4-y1) - 3-fl uoro- 9Hpyrrol o[ 2, 3- b: 5, 4- cl di py

ridin-4- yl]-N(1-nethyl piperidin-4- yl)benzam de 2.45 518.17 Exanples 108
and 109

N-[(18,28)-2-amino-
cyclopentyl}-4-[3-fluoro-

85 6-(pyridin-3-yl)-oH- 046 | 467.37
pyrrolo{2,3-b:5,4-¢'|di-
pyridin-4-yllbenzamide
N-[(1R,2R)-2-amino-

: cyclopentyl]-4-[3-fluoro-

86

6-(pyridin-3-yl)-OH- 0.46 | 467.38
pyrrolo[2,3-h:5,4-¢"]di-
pyridin-4-yllbenzamide

Examples 87 to 91

Synthesis of 1-aminomethylcyclopropylamine:

5  The synthesis of 1-aminomethylcyclopropylamine is performed via hydrogenation as
described in J. Org. Chem. 1992, 57(22), 6071-6075.
Synthesis of 2,2-difluoropropan-1,3-diamine:
\ F_F NHy/MeOH FF np,  Bhel/THF -
OWO\/ 2 f = NN,
10 o o 0O O
45 ml of ammoniacal methanol (7TN) are added to 5 g (25 mmol) of ethyl
difluoromalonate at 0°C in a 250 mL three-necked flask. The mixture is stirred until it
has warmed to room temperature, and is then left stirring overnight. The
difluoromalonadiamide is recovered- by evaporating the mixture under reduced
15

pressure (3.35 g; 95% vield). 500 mg of this residue are placed in a microwave tube
and 17 mL of a boron hydride/tetrahydrofuran solution (1 M BH3/THF in THF) are
then added slowly at 0°C. After warming to room temperature, the mixture is left
stirring until the evolution of gas has ceased. The tube is sealed and then heated by
microwave for 30 minutes at 120°C. 5 mi of methanol are then added to the reaction



513 ng of WO 2010/109084 84 PCT/FR2009/052330

N-[ (1S, 2S) - 2- am nocycl ohexyl ] - 4-[ 3-f | uor 0- 6- (1- met hyl - 1H pyr azol -4-yé) ;ﬂQI—I—f
pyrrol o[ 2, 3-b: 5, 4-cl di pyridin-4-ylibenzani de 105 are dissolved in 2. o]
met hanol and 0.1 nL of glacial acetic acid in a dry tube under an argon

at mosphere. Acetal dehyde is then introduced via a syringe (35 pL of a
freshly prepared 1M methanolic solution of acetal dehyde). The mxture is

1 A PN 5 A4

Af t er hour
or odon hant . TSI R bieoR SN SbtiniaAd 1Y iohgnadbamaisgHt et heagbeebyban no

nycr ot ysed ﬁ”ﬁggﬁ'ﬁﬂﬁ%@f’fﬂ“ﬁ% T RONRCE REE md OF ZERF Rl e o

with 40 nL of" ethyl SeRpRpd an Preyseddp diedolionygng ﬁ@pﬁﬁ%.l@@tsfurthﬂfr@wﬁWDnc phase
15 is dri&d over MOSO4, filtered and evaporated. The residue is purified by

CH2d 2/ 2N NH3 in MeOH:
chr omat ogr ap I el of sjilica, eluent:
100/ 0 tog98/ @nﬁ%ﬁ%edggqmé%géjmg@égﬁ%)anﬂ% ifhds 108 and 109 are obt ai ned.

Exanpl es 108 Zhifluptonesbylaionart 1\2-diatiries lsreplteodrealr eacesicaliybegy Ifﬁllo Wl ans.

ﬁIO;I'aRII gs4§x sNﬁthes@td{e%é‘_éflt{}Ecﬁ in Nar@lgR fﬁlert]rg\l_?db 5)2 T?Z§ﬂ§?§qm'l' %?éXet e108 !

| ohexy! | - 427%TFPRIOPRLE. (ff« orfisehypure PPt ﬂb@mzykanyne) Uk in the publlcation is
g;?r gl o[ %O]B Isirbpig replaceny Witk ivanAylatine RS NSRS &tep 3PthalGrodsss. The rest of the

synthesis proceeds in accordance with the publication.

General procedure for Examples 87 to 91:

Pyridine, TEA

——

Amine D

15

1.2 mmol (10 eq.) of amine D are dissolved in 0.5 m| of anhydrous pyridine (addition
of triethylamine if the amine E is in hydrochloride form) in a dry round-bottomed flask
under an argon atmosphere. 4-[3—FIuoro-G-(pyridin-3-yl)-9H-pyrroEo[2,3-b:5,4—c’]di-
20 pyridin-4-yl]benzoyl chioride 18 (50 mg, 0.124 mmol, 1 eq.) is dissolved in 1 m! of
pyridine. This solution is then added to the solution containing D with stirring at room
temperature. The mixture is left stirring for between 30 minutes and 2 hours, and if
the reaction is incomplete after 2 hours, it may also be heated for 30 minutes by
microwave at 140°C. The pyridine is then evaporated off under reduced pressure.
25  The residue is dissolved in a CH,Cl/MeOH mixture and 500 mg of silica are added.
The solvents are evaporatéd off under reduced pressure and the product is

recovered by chromatography on silica gel (eluent: CH,CL/MeOH or CH,Cl,/2N NH;
in MeOH: gradient from 100/0 to 85/15).

30  Examples 87 to 91 obtained via this method are described in Tabie 5.
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N-[(1S, 23) - 2- %?b - cycl ohexyl ] - 4[?235 fluoro-6-(1

met hyl - 1H pyrazol -4-y prrrol o[ 2, 3-b: 5, 4- 2

2. 62 540. 37 Exanples 110 to 113 Exanples 110 and 111: 250 ng of

[2,3-b:5,4-cldipyridine 4, 3 equivalents of the appropriate pinacol

bor onat e,

53 ng of tetrakis(triphenyl phosphine)pall adi un(0),

300 nmg of

| di pyridin PET’FﬁZ]OB@t‘??&:#TQje
3-fluoro-4-iodo-9-[(4-nmethyl phenyGsul fonyl | -6-(pyridin-3-yl)-9H pyrrol o-

10

caesi um carbonate and 68 ng of copper (lI) chloride are suspended in 4.5 m

of DM in a 5 nL mcrowave tube,
m crowave irradiation at 120C for
with 100 M of water and the resulting
twice 250 ml of ethyl

acetate. The or

1 hou

and the tube is sealed and subjected to

ﬁ. Tge reaction nmediumis hydrol ysed
e is then 15 extracted with

ani c_phases are conbined, dried over

sodi um sul fatle, filitered and concentrated to dryness undef_reducegd
pressure. TheBxewbdue is shgubaken up in a mphlre of tet *?%*ﬁ?tti’ﬁcfmﬁh 2.5
m.) and nethgnal (2.5 m), and 2.5 nl|of aqueous 2N Iit hi ximdyes)0sbsteved
solution are |then added. Aftqr fotat di sappearance of the|starting
mat eri al, watjer is added t,o ¥ react on medi um 20 and the pH is{brought to
4 by addi ng gqueous hydrochhoric acid Ldtb The precipitate flornmed is
isolated by fliltrati ea d with d 1‘? gavm’é?fhw fai hed by suction|and
then dried urjdes7 vaoly gy (74% Lﬁcb dﬂrﬁ 'é’ Dbt pi e
UPLC- M5- DAD- ELSD: T 2 [ Pyjrol cis hy (69% B
are thus obtdined. |UPL D-ELSD: TP "R Y _fﬁ?ﬁ@ﬁ,e [IVH-H]* z 403.11
Exanpl es 112 |[and 113: O. o of the appropriate acid (110 or 111) is
suspended in 10 m |of thionyl chloridge, and the mxture is then nefl uxed
overnight. The rea¢tion mxture IS gohcentrated to dryness under [reduced
pressure. The residue is suspandé\d,'_",i n|5 m 10 of dichl oropethane,| and 3.5
mol (10 eq.) i di ami ne are then added. After stirring
over ni ght at Ol-[3-Buadada@ytidibislyit he precipitate
di sappears, 3§ | fiepyaoigR-b:Eecy®l vents are
evapor at ed of|f eyridirt- Do N-RAudhyls T efetfer eddday14
chr omat ogr aph &g letyZibe ig® MeOH gradient from
100/ 0 15to 9(¢ 13 obtained via this|nmethodlare '
described in

N-[(1-aminocyclopropyl)-

methyl]-4-[3-flucro-6-

(pyridin-3-yl)}-9H-pyrrolo- 0.42

[2,3-b:5,4-c[dipyridin-4-yl}- o7

benzamide

N-(3-amino-2,2-diflucro-

propyt}-4-[3-fluoro-6-

{pyridin-3-yi)}-9H-pyrrolo- 2.24 477.13

[2,3-b:5,4-c’|dipyridin-4-yI]-
benzamide
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Retention ti 1N M observed' [ FIN---\\, N\ N
N [ g-(di met h%ﬁ%&@éb%@ﬁq -5- 112 n \ / [8 fl uoro- 6- ( PRTIRR2008/15R38¢+

10

15

20

7
N-(2-amino-3,3, 3-trifluoro-
2-methylpropyl}-4-{3-
91 fluoro-6-(pyridin-3-yl)-9H- 2.62 500.14
pyrrolo[2,3-b:5,4-¢']di-
pyridin-4-yllbenzamide
Examples 92 to 98

Example 92: 2’,5’-dichloro-5-fluoro{3,4’]bipyridiriyl-z-ylamine

" Pd(PPhy),
Cl LDA / THF - dioxane/Cul
Me,SnCl/-78°C Sn—. reflux
=
ci - - =
N | =
N | P NH,
N~ el S
Ct N
A3 P

A solution of 10.45 mL (74.32 mmol) of diisopropylamine in 1000 ml of
tetrahydrofuran is stirred under an argon atmosphere at -78°C. 28.6 mi (74.32 mmol)
of a solution of butyliithium (2.5 M) in hexane are added slowly, while keeping the
temperature below -70°C. After stirring for 30 minutes at -78°C, a solution of 10 g
(67.57 mmol) of 2,5-dichloropyridine in 200 mi of tetrahydrofuran is added over
25 minutes. After stirring for 1 hour 30 minutes at -78°C, 17.5 g (87.84 mmol) of
trimethyltin chioride and 100 mi of tetrahydrofuran are added dropwise. The reaction
mixture is stirred for 14 hours at room temperature and then hydrolysed with 400 ml
of saturated ammonium chloride solution and 350 ml of water. The suspension is
extracted with three times 500 mL of ethyl acetate. The organic solution is separated
out by settling, dried over magnesium sulfate and then concentrated to dryness on a
rotary evaporator to give 27 g of a mobile oil, which is purified by chromatography on
silica (200 g), eluent: 97.5/2.5 cyclohexane/ethyl acetate by volume. 12.46 g (59%)
of 2,5-dichloro-4-frimethylstannylpyridine A3 are obtained in the form of a white

powder.

The reaction is performed in four runs of about 1.5 g in a 20 mk reactor of Biotage
vial type and a Biotage microwave oven.
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A suspension of 1.5 g of 5-fluoro-3-iodo-2-aminopyridine (6.3 mmol), 2.15 o
(6.93 mmol) of 2,5-dichloro-4-trimethylstannylpyridine, 0.25 g (1.32 mmol) of copper
(1) chloride and 0.515 g (0.44 mmol) of tetrakis(triphenylphosphine)palladium(0) in
15 ml of dioxane and 0.1 ml of dimethylformamide is heated at 120°C for 1 hour
20 minutes by microwave.

The four crude reaction products are then combined and diluted in 80 mL of ethyl
acetats, and washed with 90 mL of saturated sodium bicarbonate solution and then
with 90 mi of water. After drying over magnesium sulfate, the organic phase is
concentrated on a rotary evaporator and then purified by chromatography on silica
(90 g), eluent: 9/1 and then 8/2 cyclohexane/ethyl acetate by volume to give 4.22 g
(68%) of 2',5'-dichloro-5-fluore[3,4 Tbipyridinyl-2-ylamine 92 in the form of a pale
yellow powder.

UPLC-MS-DAD-ELSD: Tr (min) = 3.35; [M+H]" m/z 299.06 and 301.08

Example 93; 6-chioro-3-ﬂuoro-9H-pyrroio[2,3-b:5,4-c’]dipyridine

K,CO,
DMSO/Cul
170°C / 10h

A suspension of 4.2 g (16.27 mmol) of 2',5'-dichloro-5-fluoro[3,4 |bipyridinyl-2-yl-
amine, 7 g (48.81 mmol) of potassium carbonate and 0.62 g (3.25 mmol) copper
iodide in 100 mi of dimethyt sulfoxide is heated on an oil bath at 170°C for 3 hours
30 minutes. The reaction mixture is then stirred in 300 g of ice and 250 ml of 28%
aqueous ammonia solution for 1 hour, and then extracted with five times 300 mL of
ethyl acetate. The organic phases are combined, dried over magnesium sulfate and
concentrated to dryness on a rotary evaporator to give an ochre-coloured soiid,
which is triturated in 80 mL of ethyl ether. The suspension is filtered, drained by
suction and dried to give 1.75 g (49%) of 6-chloro-3-fluoro-9H-dipyrido[2,3-b:4’ 3'-
d]pyrrole 93 in the form of an ochre-coloured powder.

UPLC-MS-DAD-ELSD: Tr (min) = 0.73; [M+H]" m/z 257.95 and 259.93

Example 94: 6-ch|oro»3-fluoro-Q-[(4-methylphenyi)sulfonyl]-9H-pyrroIo[2,3-
b:5,4-c’Jdipyridine



\ 0 113 4. N [2-(dinmethylam \no?ethyl]-z-
f1 uor o- 4- [ 3- f IWOrzp16/10pyg4 din-3-  N. N? . PLT/EB2009/052330
yl)-9H py£ro| o[ 2,3-b:5,4-cicli- pyridin-4-yl E’benzam de O. AEL 43?3%50 ﬁlp, N

NaH / DMF
then TsCli

6—Chloro—3-ﬂuoro~9H—dipyrido[2,3-b:4’,3’-d]pyrrole 93 (800 mg, 3.6 mmol} is
dissolved in 20 ml of DMF in a dry one-necked flask under argon (gentle heating to
35°C may be necessary in certain cases for complete dissolution). Sodium hydride
(245 mg, 6.1 mmol, 1.7 eq.) is added in a single portion, and the reaction mixture is
then stirred under an inert atmosphere for 3 hours, Tosyl chloride dissolved in 2 ml of
DMF is then added (addition time of about two minutes). After one hour, the reaction
medium is poured into a mixture of aqueous 10% NaHCO; solution (50 mL) and
10 water (30 mL). The precipitate is filtered off and then drained by suction with 50 ml of
water. After drying (ovemight), the precipitate is purified by chromatography on silica
gel (no need for slurrying on silica, since the product is sufficiently soluble in
dichloromethane: 70 g Si0,, CH,CL/EtOAc: 100/0 to 90/10). 1.02 g (75%) of 6-
chloro-3~ﬂuoro-9—(totuene—4—sulfonyl)dipyrido[2,3-b:4’,3’-d]pyrro!e 94 are obtained.
15  UPLC-MS-DAD-ELSD: Tr (min} = 1.10; [M+H]" m/z 375.99 and 377.95

Example 95: 6-chIoro—3-fluoro-4-iodo-9-[(4-methylphenyl)sulfonyl]-QH-pyrroIo-
[2,3-b:5,4-.c’]dipyridine

Ll-78C O A
=

20

To a solution of 0.37 mL (2.6 mmol) of diisopropylamine in 6 ml of tetrahydrofuran is
added under an argon atmosphere, dropwise over about two minutes at -78°C, 1 ml
(2.5 mmol) of a solution of butylfithium (2.5 M) in hexane. After stirring for 30 minutes
at -78°C, a solution of 94 (620 mg, 1.6 mmol) in 25 ml of THF is then added slowly
25  (total addition time of about 10 minutes). After 3 hours at -78°C, a solution of diiodine

(670 mg) in 2 m of THF is then added rapidly. After stirring for 30 minutes at -78°C,



H 5 Exanfe20191199984 120 102.90 g (1898 mml) of PCT/IFR2009/052330
2-am no- 3-iodopyridine and 4.7 g (13.2 mmol) of 5-chloro-4-

(trimethyl stannyl)-2,3" -bipyridine Al are placed in 250 nmL three-necked
flask, and 1.07 g (7% nol) of tetrakis(triphenyl phosphine)pall adi un(0) and
531 ng copper iodide(l) are added in a single portion, along with 80 m of
1, 4-di oxane. The m xture is refluxed for 18 hours. After cooling, the

reaction medithenreation eatdiemvis thousguinnus rdiRtuld % SRl BERLAHSIAL) C%{dbﬁé]f'a‘t e
sol ution and statdﬁM LdjteS vvlth et hyl acet After separation t he
phases by settl1ng, ThewagroBi"yRadleride S(Qth'Pac(fs@d“'tﬂf salugtech agt MylCl +

acet ate. The Xonboheatedr @h@lp@am&%eﬁéﬁtw bedl Y 8igaAl PHAES 4 1Al 44R:4

sul fate, fl|tvﬁ{eg &[qusc /cen(%rat d under educed pressure. The residue is
taken up in a SO oF o P s tI”Br IPELIRLR SoUlaN mb b HTERNIC Ahese gs tdiied everrt er ed

by suctioh t dghQse filteréd @nd e/538ktedfunder reduced pressure. 615 mg (74% of (? -chloro-
5'-chloro-3, %4 Gy n the_ form of

i [
bei ge- col our 64%% ﬁdoc}om?fﬁﬂl'epgr}'ﬁ’ga”!fm}q'ﬁyﬁ@ ?@rtf‘ﬂ)vﬁﬁlfﬁfp@;ﬁ%f? tainefdur t her
purificati on UPAZXMEIDAD-ELSD: Tr (min) = 1.19; [M+H]* m/z 501.89 and 503.85
(R -(+1-[(S)-2-(dicycl ohexyl phosphi no)ferrocenyl Jethyldi-tert-butyl phO5phin
e and 85 ng of palladium (l1) acetate are dissolved in 4 m of anhydrous
1, 4- di oxane Exanwlelp§: @6hivko-3ciuutoboict B frira 9-@@& @‘]&ﬁrm at nosphere,
and the mxture|s§t|r,gedfor 10 minutes at 40C 1.
5'-chloro-3,2':4",3 rpyridin-2"-amne are lessoI ved |n 30 m of
anhydrous 1, &idi bt h 1“%3% of potasshumtert-butoxide in a 100 ni
react or under akgo t he' ysb|so uti/on prepared previously is then
added. The readtNsmwri xture is 10 refl /18 hours. After

concentrating UndGIO‘"’\B d pressure, N goduct is purified by
chr omat ogéaphy @™ a ol f silica (elusnt: 98/2 to 92/8 CH2C12/ MeOH) to
give 1.0 (68% of 6-(pyridin-3-yl1)-9H pyrrolo[2,3-b:5,4-cldipyridine in

the form of &-Clilgriat3-tucoowd-isdd- BcdtoluleHeM\Rllfbﬁ)Q Riigvrigo| 2%@3’ y?’rolibom 7.g5 (dd,

15t 1k G508 &, o i ssoed BACHT gy %Fagnca 48, mher MeSH Adsemms 1 1
8.72 (dd, J liggiuen hg_d_er&E mdhohlydr8teSsblutidn (863 SOTﬂanél it 9ni Q3 \Afa‘EL:rIE% frert- 0
l[_lzl\/i+|—|]1+H)n1 g gégé%bééiaﬁ%ﬁiteﬁtgn%g @r 2]1126u:r)’s (88 m| of water are addg& el\i/nsc; the medlum is

3- br ono- 'BS(pﬂTancbmfﬁadyby)acﬂidesfra(mluéblZS BN b @roéhlslhahaws'ofémaﬁ (abtoP 13 L(y 115,
15 nL of ac et héo ormam de are pl ace ﬁ%
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ff dth t

oo dr yi ﬁg,o%hgbﬁ%w@%g%“«f%uﬁmrm &'98 are oblained.

br ono- 6- ( pyr UBLE-MSMB@H&W%%QM03933{;@+|4r%;§|31yrg1dédae34b19@ are obt ai ned.
1H NMR (ZD0 MHz, DMBO-d6) 5 ppm 7.54 (dd, 1 8. 47 (dt

J = 8.0, 2.0Ekamplk By: 8-BF(cid6-d
1 H 8.93 (sactﬂmIF—)I) gyoo [?d L(J—E'z woﬁgﬁfy&%ﬁb&ﬂlﬁﬁ?ﬁ%ﬁ%@b "f%‘"z 0

Hz, 1 H 12.55 (broad m 1rkfpr, Exanpl e 117:
3- (2- met hoxyet hoxy) - 6- (pyr |C€tr3%d®xay¢!\)'ategl-l- pyr r Ho[ 2, 3- b: 5, 4-cl di pyri di ne

= O

N then TN NaOM cl

=

N 97
625 mg of 6-chEor0—3-ﬂuoro-4—iodo-9H-dipyrid0[2,3-b:4’,3’-—d]pyrro|e 96, 1.415 g of 4-
25  methoxycarbonylphenylboronic acid pinacol ester, 208 mg of tetrakis(triphenyl-

phosphine)paliadium(0), 1.76 g of caesium carbonate in 40 mf of 1,4-dioxane and



10 180 ng of 3-brono-6-(pyridin-3-yl)-9H pyrrol o[ 2, 3-b: 5, 4-cl di pyridine 116
and 169 ng col2?Q10/10998#de are dissolved i804.1 nl of ap@trepbibeyeof
sodi um et hoxyet hoxi de i n nmet hoxyet hanol and 0.4 nml of dinmethylformam de in
a 5 nL mcrowave tube, and the tube is sealed and then subjected to

m crowave irradiation for 45 mnutes at 15 120C. After cooling, the
reaction nediumis poured into a mxture of 50 mM of ethyl acetate and
aqueous ammoni um chl ori de solution with vigorous stirring. After separation

of the phases8 by obwhisl El‘egpiactéwm@ GPdt-fedRBAB8SH, %ngrtﬁeeﬁim@yrglgs &gq'ré'frﬂxgh'lfé ate,

filtered and {:éaggezr]ntrat d.to ness, The residue is
chr onat ogr aphy° 6h £l UM (Effa fouE 21N sedight hydrowide QOJJJUQBISGCMZ@II:IZVOWI—D to

give 132 ny (réé@/t)oruhe&u(rﬁand the resulfi t fl

20nmet hoxyet ho %% XJ@% mg mli(ru(r)? i)S[re A f§r2 fglith ' Onrel *a"”rﬁe"“flef 1H
NVR (400 Mz, 3%@%} ? ‘Bb?ﬁeé 'S(PQU ipfp asm?@rmof wates and chﬁtaceZatH)mth 27
(t, J = 454 Hzgorﬁud—btnrﬂn@&hé(ﬂ:daseb are &efaratbdindan

8.48 (dt, J =8 G i? % B oS58 %rg T = eéH%}”% ﬁ'eo&é?@s@ g}}‘e(‘d J
= 1.0 Hz, FB 4y ¢y agding g ewwdr%hmcgcmomnﬁm mregipikie thbtﬂ)rmsz 11

glig SE;(;mél I(;i)durlh@ -tVB-doriificatisris fliterédToft) drairedy sddbhand &ieddhidel Ve &l M
3-(2- net hoxye%ogﬂg) I@SCV[’)( B ferfiHopmerhlores At ryrplof2, &b(5pd-cldipymidBi-4-yllbenzoic
y1) - 9H pyrr ol afd?9Bare: thudotsthiele@yri dine 117 (70 ng, 0.22 nmol) is dissol ved

in2m DIVF in a dry one-necked flask under argon. Sodium hydride (15
ng, 1.7 Qﬁd&gﬁffj&;\d in_a single portion, and the reaction 5 mxture is
then stirred S5 RAPHEL$D aﬁfﬂﬁ@he@é%MHBrrMDM%OS Fosg42.00l ori de

dissolved in 0.5 mM of DW is then added (addltlon time of about two

Aaueons. 10% Nt An R TRel T MR Fo B Pieabl g baiol «

twi ce 1095nL of et hyI acet ate After drying the conbi ned organl c phases
over MySH, they ane filtered and then 10 evaporgied under reduced

pressure. The r due is pu gd by chromat ogygphy on silica gel (25 g of
PC12/ ggtﬂsd o (72% of

Si 02, 100/0 to 95/ Toxafehua chl oro- 3-(2-
nmet hoxyet hoxy) - 9- uege- 4, ngnng I pyr do[ 2, 4" 3" -d]pyrrole 118 are
LSD—Fr—mn)—1t. [I\/I-I-

obt ai ned. UPLC- M5- DA 475. 33 15Exanpl e
119: 4-i odo- 3% oxyet hax Q- (pyridi rolo[ 2, 3-b: 5, 4-
"OASQ&E{%‘)O]‘ 34 pL( .
nNM m of tetra&hydrof urargi s

ciclipyridine N ) of
di i sopropyl afdf ne irred under an argon
atmosphere at -78C. 0.1 m (2.4 mml) of a sol ution of butyllithium (2.4 M
in hexane is added slowy dropw se over about two mnutes. After stirring
for 30 mi nut é40ang of7 8¢3-flaoreeh- cﬂlmmrﬁ[-bbyrﬂdl&Z(S?HS%]d@){ﬁ@n.rmbknidlc gC,gimof THF
is then adde I addition. ti 0 m nutes
hours at - 78@4§ n(@/i Yte{“fagtrslﬁo‘?he&'iy ‘phaf“ﬂ@ )%%E Brb’)'”?ph 8§94 5ngyof dfmﬁfti‘-‘llid 4- (54 ‘éé@ed
rapi dly. 20 t wrarrﬁttmyﬂmm%o&ab(ﬁalamzw; - p@tﬁazo%8q 26 Reof 8a&diiRNcATBSHAMM S
poured into 3g rmd and hal f - satur at ed aqueous

[

)8?'1'4 d:oganet hé 'Hf tate
amoni um chil 671 de $oT U8R 90 &at%reﬁrﬁlpﬁcéﬁl 5@y 0@ AllsMirr@ve segdomEnad f
wat er). The piectsbs I!a$®lab@armteﬂ(iubjﬂdteﬁh@nQdErﬁ@Hir&lrr%B%%Qn laf 14dveYY; Y"Q% g4 with
aqueous 5% S?ﬂé%’@écﬁ &é)glfate sol ution. The 5organi c phase Is r| ed over

MySO4, filtered an 8P4t QU o qoefahefe?ihlﬂraé%’iﬁ end geshag ig164 nbfof
3chldoro 3- l(%tmthﬂmymplamm)m_r(ﬁ th@(ﬂiha@esg bpls@mn@a%@g{q@jé}y&glq B &9%&6@ b: 4'

WI ¢ hoLfy% tﬁg?ﬁg% c?r1 éeﬁl (ij gﬁetatee g)ndp t lécorgémslc %ﬁgsesl anre then comblgf\;\:i ndgnetsj over

6- Chl or o- 3- magnedm fhieX Yikerdd | H@d0th8 f di-pyr b: 41
,3i- 10 cl ]ﬁ) rﬁf% Wﬂiﬂ e Eﬂh th n(ddﬁb?fge@gga%rn@é%%pﬂ T r‘eﬂ%ﬁh@a&)’d 1.5

M of MeOH Adu&du ?%’.ﬂtﬁgﬁﬁ yo>8r’bleal nEHERY dPhtdicgol(eluerth ‘(@10 ny, BIB5

mol in 1.5 @1-!2@5/Mmma)r 321 mgt(ben) addegiiagisdh metAfil G- pﬁéicgﬂtwﬂgﬁ gPrrglohour S,

10 ni |l of e mediumis then acid on of
agueous hy\(ljwrafga‘) gﬁe% acl' gms‘gﬂmef’ﬁ?icﬁﬁ'drﬂq e offginegrir dlefprrapta yellow salidr ed of f

on a pordsity 4 sinter funnel, drai ned by suction with 155 nl of water and

then dried o 9% of 6-chl oro-3-(2-

met hoxyet hoxgﬁ'g %?&Ltggﬁépp& Hﬁ'g} 20§5b le), 'TOE38Gr 1A ANe [Wate laﬁze'i&ﬁbﬂthl ned.
UPLC- M5- DAD- ELSD: Tr (mn) = 0.85; [MtH: nk 447.00 Exanpl e 120:

N[ 2- (di met hyl am no) et hyl ] - 443 (2- met hoxyet hoxy) - 6- (pyri di n- 3-

20yl )-9H pyrrol o[ 2, 3-b: 5, 4-ciclipyridin-4-yl]benzam de Pd(PPh3)4 N

Q\ di oxane/water0 0Cs2C03 119 40 ng of 119, 57 ny

N- ( 2- di net hyl am noet hyl )-4-(4,4,5,5-tetramet hyl -1, 3, 2- di oxa-




bor ol an- 2-yGbenzam de, 10 ng of tetrakis(triphenyl phosphine)pall adi un(0)
and 25 58 ngy MO2040{199084r bonat e ar e suspended in 0.5 nipef/Fkadoglospeane
and 0.1 m of water in a 2 nL mcrowave reactor, and the tube is seal ed and
t hen subjected to mcrowave irradiation for 1 hour at 130C. The reaction

m xture is filtered and then poured into 25 mM of water and 50 m of ethyl
acetate with vigorous stirring. After separation of the phases by settling,
t he agueous phase is extracted with 30 mM of 30ethyl acetate and the

conbi ned organi c phases are dried over magnesium sulfate, filtered and

t hen evapor at eekammples 99e@dd0®8d pressure. The residue is purified by

chromat ography on a colum of silica (eI uent:100/0 to 90/10 CH2d 2/ 2N NH3
in MeOH) to gi

N[ 2- (di met hyld&ég e e for, Ex ! 'hoxy) 6-
(pyridin-35y1)-9H pyrrol o] 2, 3-b: 5, 4-cl di pyri di n- 4-yl ] benzani de.

5UPLC- M5- DAD- ELSD: TPH(min) = 0.39; [MH nz 511.25 Exanple 121:

Phar maceuti cal conPosition T %ets correspo g to the follow ng formla
were prepared: Produ f Exapple:44 0,2 g 1 ipient for a finished

tabl et wei ghi nq, t ajfl s_of t he exrc pi ent™ tose talc, starch,
magnesi um st eaﬁ’at\ ) e ;.;%melghar ut.ical nposition Tablets
correspondi ng t ngH,Eior mul a wer @l prlepared: 15Product of Exanple
87 0.2 g Excigj @ finished tabl et Nlné] 1 g (details of the
excipient: lactose, tall, starch, nagnesium st ear & 1é’ Exanpl es 44 and
87 are taken as exanpl es of pharnmaceutical pr epar ation, this 20preparation

possi bl y bei nc r th products illustrated in
t he present pgﬁt\ gﬁ%tmaép%mﬁgadt@ ofj:@f’é. ﬁ&\é\z}lbtar ?@X‘h PEaFo e} Oyl 8595 The

phar macol ogi c ]d@y@@@ﬂtylbgn@ﬁc adie aoo ol shiafyl teridety esflixea fdFBYhdifs. The

phar macol og) car - aeanPult RiFe Al [RSBer Sl siRRY Biasie n e
according to tde i n%éwﬂucm(ﬁ -(Bxeetbylel Hip B8 zdIR-ARET- passiale, 3-b: 504- @lﬁ;rpﬁnam 4- yI]
determ ne the Berrl,gb)p hioR8e R‘fthgd@r?kéf%#eﬁﬁac“ vity, the corrpounds of th

i nvention are teste I n accor ﬁlfl nel y-used in-vitro TR— FRET
assay (Time Reksi veﬁ{iﬁltumésidemibylﬂe*&pyrama-ﬁ)qeiﬂ@yrra' b@r@f)fsrd, Yldigyr@inTRyFRET

b f h | at f d
R R AN R R s

the R m kil ﬁasé%’"qrﬁie @Itb§0 efovakehts czi$!$aam|rie®afeﬁdh£wwelgn Hi@ﬁﬁﬂi?ﬁéhéﬁ@(sﬂiﬁl%d:
Ri m ki nase - fydlmd g0gt abelled R m1, Pim2 or

i nant
Pim3 protein (prepar ed&accg’ggmé% ljsDel'\7B'I°|_q '@lao‘ihry rQusgEytoneg flasiggndayam:
5Bad - full-| eéigeh aﬁmmhenee&"bﬁbumtmdﬁl is Ghérabéddded tB@@omfu@ﬁ ebRalniigep aviRd

di t | 1 APC -
el S ST B e e
agai nst the HiMN&hnadids tf(eﬁeaddleduﬁtrlntae,pré&p:ta@@ﬂ%&déaré@nﬂ@ﬂﬁh Mﬁ%@a Eh;ts
United Sta | ti body (Cell |
Tglchﬁol ogybgt;)o%géoe?%;\@:@g%awgg ﬁ'[?gg%]‘fd% Oﬁlﬁ? ﬁ@@e'lf'iﬁgilr@s%vaa?rﬁ&gt @ﬂ?%a%q. nst
phosphoBad ( Seedd@d (rRELLY drabekl pddadt 1saauwecb% Rérdthio Ry § oM rb ga

r eagent LANCET The y on the LAN tec
o K e E %JFHJP)%E@% & Beacy 2N NDES RIS gritfemt o1 00/0 1 85/15

o5 Examples 99 to 105 obtained via this method are described in Table 6.



15 anti body W®@814/60918dspho- Ser 112 and gemerates a TR PBEFrR08gR52P0
interaction with the ARC-| abell ed anti body directed agai nst H s6, bound to

the His6 | ab

pl ate reader (Ml ecul ar
615 nm ken?
nmto the fluorescence signal

Xenl

el

of Bad. The TR-FRET si gnal
Devices) with the follow ng settings:
665 nm The ratio of the fluorescence signal
at 615 nm 20 is used es the signal

is detected using a SpectraMax M
Xex = 340 nm

at 665
readi ng

for the 1C50 (cal cul ati ons based on thegageRaraneter | ogistic nodel). The

assay is perfornmed in 384-well format; the |iquid manipul ations are
performed uging a|Beckmann 3000 Tiqujd mani putation—station—Thg—test
conmpounds arextgsted at centration poi r&%s i n dupl i castentiophelMtiHjhest
concentratiqn of conpound 1s typical|y equal 830 pM Thgnéé(,l;ﬁn) observed
concentratign is 25equal to 40 pM Ekanple 2 Celt viabitjty assay 5% e
representatijve compo of the invention are also screeped as regards
their effects on cell\pfolideration and viability, using a varigty of
tumoral celll lines of huged source, ré&biBswratbiiinethpfittifferent
pat hol ogi cal| indi ¢ations! e cel | | Pyrazd-dnmedHagrrolvode] s of
haemat ol ogi cal&‘;ca ncers: (AML; eRyd-bIbd-eldiyedinat-giro| viOrBY i nt4B5AM) ;
KGla (AM; |subcl pne om | Mmidt{tnmestikidpingraziéa-- 1 (AML; egsi nophilic
| eukaeni a); [PL-21] ( AVh;A\B M2 (Atbenzamide evol ving into T-ALL evol vi ng
into AL MA); HL-60 (AM, VB) ; HKasung - 1 (AML); GOM1 (AML); K-562 (CM-|-
chroni c nyelogeni ¢ | eukaenva; bl astic crisis); 10JURL-MKL (CM.; |bl asti¢
crisis); DNDZAI(T-ALL = T-ctetiacuteHynpheptastie—+teukaema)—Jurkat
(1-ALL); NALM 6 (B-A -cell ALL); iCEM (ALL; |ynphosarcioma evolving into
ALL); Jeko- @ NHL - B-cel| non-Hodgkin | ynphoma; | ynphoma wjth
coat 15cell $ derived ma | arge-cel j_rvard ant: i ukaem c
transformation); WU DLGE2 \(B NHL ; dé}i&%‘q&dr?% thgl\n hf large B cells); RL
(B-NHL; undiffigegenti se) ; QGh-dy.d 0 4.l |H B- NHL),;
20RPM - 8226 | (MM - | mul\i pl e Wl o s);rf_qd{/_%'(fi%h .)‘_‘f‘@?cel I%'Ag)hr 3%186“6
| ynphocytic Ieukaem'rai)' 3 (B-$lpbhraniWdel's of soljid tunmours:
25HCT- 116 (bowel rance &/owe cancer HC- 15 (bowel cancer); H460
(lung cancer; nontsmall - ael L‘ ng cancer); A375 (el anona);
H
OH
4-[3-fluoro-6-(1-methyl-1H-
pyrazol-4-yl)-9H-pyrrolo-
[2,3-b:5,4-c'|dipyridin-4-yI]-
101 N-{2-{(3R)-3-hydroxypyr- 0.38 | 500.38
rolidin-1-yilethyl}benz-
amide
4-[3-fluoro-6-(1-methyl-1H-
pyrazol-4-y!}-9H-pyrrolo-
1 [2,3-b:5,4-c"ldipyridin-4-y(}-
02 N-{2-[(3S)-3-hydroxypyr- 0.39 500.38
rolidin-1-yllethyl}benz-
amide




30B16F10 (nel anomm); MDA-Al (breast cancer); MDA-M3231 (breas

VDA- MB231ladr (breast cancer); PANC-1 (pancreatic cancer); and 35PC—
(prostate candér2010/109084der to nmeasure thegyiability, IJ‘?T 3los are
incubated in 96-well or 384-well format for 48, 72 or ours, eferably
72 hours, with a conmpound of the invention at dil utions of a factor 3,

with, in general, nine doses in total, the highest dose being 5 equal to 10
pMor 30 pM The cell viability is evaluated by adding Cell Titer-Blue(r)
(Promega, Madi son, Wsconsin, United States) for 4 hours and endpoi nt
readi ngs are it aken [USi gp a SpectTavaxTGenmini—EMptate-+eader /“hlguma.z
Devi ces, Sunnyval e, Califjornia, United States). The Cell Trt er-Bluye(r) c
viability assay nmeasurestheg’ability ¢of the cells in cultlre to reduce
resazurin to resorufin, 0 i nt ensi tyi3-OfiooHe( f-natesidence sigral being
directly propor*d3 nal @ ber of| Piiazel-&d)-PE-pyilow-EC50 represents tihe
concentration| o rrpo\ﬁnd t hat 4| eafls t &2.3-b50cildipyratin-gylof thes 431.22
viability/proliferatiye ¥ i on=tof t|Me(ZhdrexyetiyBbgize 3| 15The alctivityl of
t he nol ecul es|i s eval uated, on JEKQ30HdeDND- 41 cel | |ine by nealsuring It he
| evel of phosphorylation o ad &AM the total Bad content, via the ELI SA
techni que. The JEKQ or c%l | s arle resuspended at a goncentrption of
500 000 cellsiper 2D ni. The ced s arg then dituted+n—RPNM—1640—pedium
cont ai ni ng 20% f oet gl pl of cells are plaged in a|plate.
Serial dilutiogns of t 4Bl yoes-Ben meeth(i8 Hpdi nts, three-fold
dilution, range star hpydazoltivirRHpOimadlod s It hen diluted to
1/100 i n medi ym'Ote f[2t3hie 5 deriiytidiatd-gps| aneisaddess7t@ 1 he
cells and then incu t be@z@middb 100 pl of the cells are
transferred into a pl poly- D-Lysine. The plate |:[ t hen

i ncubated for |5-10 m I hen centrifuged for; 5 m nutes at
1500 rpm A volume f 1 §) Hi,H of—8%fx ng selution—(solution of
f or mal dehyde iin PBS|b ) |§, added t

the wel |'s. | After goveri ng
with a self-adhesive f| 8 alid, 3){\] % S|ncuba1edfor 20
m nutes at room tenperatureda obﬁi‘y nl gh1. xt, th
liquid is remolegrd t H%r§6a1em i t h washi ng
buffer. 100 pl! of quencm

m nutes at 35rpom t gnpert

are added, followed by

washi ng, 50 pl|of pri ted to 1/250 for pBAD (Cel

Si gnal i ng Cat # t# 591) arie addedlto eac
of the plates. 8L 366 ha1bgcubated for 2 hours at roon1tenperature
After two washes, I of secondary antibody (diluted to 1/16) are 5 added
to the pBAD plate (tebu-bio ref: FE-021) and 50 pl of the HRP-conjugated

| gG secondary antibody (Santa Cruz Cat #50-2004; diluted to 1/1000) are
added to the Bad plat®" Incubation for 1 hour atg,room tenperature is
performed. Four wasAgs with the mashlng solut|on ar-e perforned, followed by
t hree washes with PBS. naIIy,refrT?@%Q of the deV| ng solution are
added, fol | owed \py | it i 0°f nut ey AOFi a

100 pl of the
q§fore r eadi ) Bl OCHEM CAL RESULTS
\aﬂ- |essed accordi ng

¢ foll ow ng
cl assification: %as AL_Y050 | ess than 100 nM Ghaz : 1050 between 100 nM
and 1000 nM%or pM C ass C 1050 between 1 pM and ;.51?55N'PTZOCI ass D 1050
greater than 5 pM Exanple No. I1C50 Pinl |1 C50 PinR

g‘ -v‘ o%@iqo ncUbat i nge4.88 (15
4'f BPpIding -y ﬁuenchi ng buffer

roomtenperature.| After

15The bi ocheni cal®

A mixture of 100 mg of 4—[3-ﬂuoro-6-(1-methyi-']H-pyrazol-4—yl)—9H-pyrrolo[2,3—b:5,4-
¢'ldipyridin-4-yllbenzoic acid and 20 ml of thionyt chioride is refluxed for 24 hours.

The reaction mixture is concentrated to dryness under reduced pressure to give

10 105mg of 4—[3-ﬁuoro-6—(5-chloro-1—methyl—1H-pyrazoi-4—y1)-9H-pyrrolo[2,3-b:5,4~

¢'ldipyridin-4-yllbenzoyl chloride in the form of a yellow powder.
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The 4-[3-fluoro-6-(5-chloro-1-methyl-1 H-pyrazol-4-yl)-9H-pyrrolo[2,3-b:5,4-¢'|di-
pyridin-4-yljbenzoyl chloride (1 eq.) is suspended in dichloromethane (50 mL per

1 mmol of acyl chloride). 5 to 10 equivalents of the amine D are dissolved in
dichloromethane (same volume used as for placing 18 in suspension} in a dry round-

9  bottomed flask under an argon atmosphere. The suspension is then added to the
solution containing D with stirring at room temperature. The mixture is stirred for

2 hours. Methanol is then added until the precipitate disappears, and silica (10 mg

per 1 mg of 98 used in the reaction) is then added. The solvents are evaporated off
under reduced pressure and the product is recovered by chromatography on silica

10 gel (eluent: CH,Cl/MeOH or CH,Cl./2N NH; in MeOH: gradient from 100/0 to 85/15).

Examples 106 and 107 obtained via this method are described in Table 7.

Table 7
15

Retention | [M+H]

time {min) | observed

Ex. No. Structure Name

4-[6-(5-chloro-1-methyl-1H-

pyrazol-4-yl}-3-fluoro-9H- 519.16
106 pyrrolo[2,3-b:5,4-¢"|dipyridin-4- 2.34 and
yI]-N-(4-methylpiperazin-1- 521.13
yl)benzamide
4-[6-(5-chloro-1-methyl-1H-
pyrazoi-4-yl}-3-fluoro-9H-
107 pyrroio[2,3-b:5,4-¢’|dipyridin-4- 2.45 518.17

yi]-N-(1-methylpiperidin-4-
yl}benzamide
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Examples 108 and 109

Acetaldehyde
NaBH,CN

MeQH, AcOH

13 mg of N-[(1S,2S)-2-aminocyclohexyl}-4—[3-ﬂuoro-6-(1~methyl-1H-pyrazo!-4-y!)—9H~
pyrrolo[2,3-b:5,4-c'ldipyridin-4-yl]benzamide 105 are dissolved in 2.5 ml of methanol
and 0.1 mL of glacial acetic acid in a dry tube under an argon atmosphere.
Acetaldehyde is then introduced via a syringe (35 pbL of a freshly prepared 1M
methanolic solution of acetaldehyde). The mixture is stired for 5 minutes and
sodium cyanoborohydride is then added in a single portion. After 1 hour 30 minutes,
the mono-reaction product 108 is predominant; when the reaction is left stirring
overnight, the diethylamino derivative 109 is then predominant. In both cases, the
reaction is hydrolysed with aqueous 5% sodium bicarbonate solution and then
extracted with 40 mL of ethyl acetate. After separating the phases, the organic phase
is dried over MgSOQ,, filtered and evaporated. The residue is purified by
chromatography on silica gel (5 g of silica, eluent: CH,Cl/2N NH; in MeOH: 100/0 to
98/2). In each case, 10 mg of compounds 108 and 109 are obtained.

Examples 108 and 109 obtained via this method are described in Table 8.

Table 8

Retention | [M+H"]
time (min) | observed

Ex. No. Structure Name

N-[(1S,28)-2-(ethylamino)-
cyclohexyl]-4-[3-fluoro-6-(1-
methyl-1H-pyrazol-4-yl)-9H- 2.52 512.35
pyrrolo[2,3-b:5,4-¢'\dipyridin-4-
yllbenzamide

108
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N-[(1S,28)-2-{diethylamino)-
cyclohexyl]-4-[3-fluoro-6-(1-
methyl-1H-pyrazol-4-yl)-9H-
pyrrolo[2,3-b:5,4-¢'|dipyridin-4-
yllbenzamide

109 2.62 540.37

Examples 110 to 113
Examples 110 and 111:

1°) Pd(PPh,),, CuCl
Cs,CO, DMF %) Pd(PPhy},, CuCl

. - N Cs,CO, DMF
—0 o F-—g w= o
N
i F
2°) LiQH,H20 N 2°) LiOH,H20
THF, MeCQH, H2D hll THF, MeOH, H20 N
then HClaq $0,Tol then HClag
4

250 mg of 3—ﬂuoro-4-iodo-9—[(4-methylphenyl)sulfonyl]-6~(pyridin—3—y!)-9H-pyrrolo-
[2,3-b:5,4-c’|dipyridine 4, 3 equivalents of the appropriate pinacol boronate, 53 mg of
tetrakis{triphenyiphosphine)palladium(0), 300 mg of caesium carbonate and 68 mg
of copper (I) chloride are suspended in 4.5 mi of DMF ina 5 mL microwave tube, and
the tube is sealed and subjected to microwave irradiation at 120°C for 1 hour. The
reaction medium is hydrolysed with 100 ml| of water and the resulting mixture is then
extracted with twice 250 m| of ethyl acetate. The organic phases are combined, dried
over sodium sulfate, filtered and concentrated to dryness under reduced pressure.
The residue is then taken up in a mixture of tetrahydrofuran (2.5 mL) and methanol
(2.5 mL), and 2.5 mL of aqueous 2N lithium hydroxide solution are then added. After
total disappearance of the starting material, water is added to the reaction medium
and the pH is brought to 4 by adding aqueous hydrochloric acid solution. The
precipitate formed is isolated by filtration, rinsed with distilled water, drained by
suction and then dried under vacuum.

138 mg (74%) of 110 are thus obtained.

UPLC-MS-DAD-ELSD: Tr (min) = 0.57; [M+H]* m/z 386.12
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144 mg (69%) of 111 are thus obtained.
UPLC-MS-DAD-ELSD: Tr (min) = 0.69; [M+H]" m/z 403.11

Examples 112 and 113:

1°} 8CCl,
reflux

2°) CH,Cl,

\ITI/\/NH2

1°) 8OCI,
reflux

2°) CH,Cl,

\.IT/\/NH2

0.35 mmol of the appropriate acid (110 or 111) is suspended in 10 mi of thionyl
chloride, and the mixture is then refluxed overnight. The reaction mixture is
concentrated to dryness under reduced pressure. The residue is suspended in 5 ml
10 of dichloromethane, and 3.5 mmol (10 eq.) of N,N-dimethylethylenediamine are then
added. After stirring overnight at room temperature, methano! is added until the
precipitate disappears, and silica (1 to 2 g) is then added. The solvents are
evaporated off under reduced pressure and the product is recovered by

chromatography on silica gel (eluent: CH;Cl/2N NH;, in MeOH: gradient from 100/0
15 to 90/10).

Examples 112 and 113 obtained via this method are described in Table 9.
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Table 9

Retention | [M+H"]

time (min) | observed

Ex. No. Structure Name

N-[2-{dimethylamino)ethyl]-5-
[3-fluoro-6-(pyridin-3-yl)}-9H-

112 pyrrolo[2,3-b:5,4-¢'|dipyridin-4- | ©-38 | 486.16
yllpyridine-2-carboxamide
N-[2-(dimethylamino)ethyl]-2-

113 fluoro-4-[3-fluoro-6-(pyridin-3- 0.41 47317

yl)-9H-pyrrolo[2,3-b:5,4-c']di-
pyridin-4-yllbenzamide

5 Examples 114 to 120

N
nMe, Pd(PI_Dha),, Pd(OAc),, Josiphos 4
Cul dioxane !
i > tBuOK, dioxane
95°C overnight 85 °C ovemight
. N -_—
J =
| N
NN 115 H

10 2.90 g (13.8 mmol) of 2-amino-3-iodopyridine and 4.7 g (13.2 mmol) of 5-chioro-4-
(trimethylstannyl)-2,3"-bipyridine A1 are placed in 250 mL three-necked flask, and
1.07 g ("% mol) of tetrakis(triphenylphosphine)palladium(0) and 531 mg copper
iodide(l) are added in a single portion, along with 80 mi of 1.4-dioxane. The mixture
is refluxed for 18 hours. After cooling, the reaction medium is treated with agueous
15 10% sodium hydrogen carbonate solution and then diluted with ethyl acetate. After
separation of the phases by settling, the aqueous phase is extracted twice with ethyl
acetate. The combined organic phases are dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The residue is taken up in a

mixture of dichloromethane and methanol, and is then filtered by suction to give
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1.99g (51%) of 5'-chloro-3,2":4',3"-terpyridin-2"-amine 114 in the form of a pale
beige-coloured solid, which is used in the following step without further purification.
237 mg of (R)—(-)-1—[(S)-2-(dicyclohexylphosphino)ferrocenyl]ethyidi-tert-buty[phos-
phine and 85 mg of palladium (I1) acetate are dissolved in 4 ml of anhydrous 1,4-
5 dioxane in a dry 25 ml round-bottomed flask under an argon atmosphere, and the
mixture is stirred for 10 minutes at 40°C.
1.8 g of 5'-chioro-3,2":4' 3"-terpyridin-2”-amine are dissolved in 30 ml of anhydrous
1,4-dioxane with 1.12 g of potassium tert-butoxide in a 100 ml reactor under argon,
and the catalyst solution prepared previously is then added. The reaction mixture is
10 refluxed for 18 hours. After concentrating under reduced pressure, the product is
purified by chromatography on a column of silica (eluent: 98/2 to 92/8 CH,Clo/MeQH)
to give 1.06 g (68%) of B-(pyridin-3-y1}-9H-pyrrolo[2,3-b:5,4-¢’Jdipyridine in the form
of a light brown solid.
TH NMR (400 MHz, DMSO-d6) & ppm: 7.35 (dd, J = 8.0, 4.5 Hz, 1 H) 7.53 (dd, J =
15 85,45 Hz 1H)8.51(dt, /=85, 1.5 Hz, 1 H) 8.59 (dd, J = 4.5, 1.5 Hz, 1 H) 8.62
(dd, J=4.5,1.5Hz, 1 H)8.72(dd, J= 8.0, 1.5 Hz, 1 H)8.91 (d, J=1.0 Hz, 1 H) 9.03
(d,J=1.0Hz, 1H)9.37 (d, J= 1.5 Hz, 1 H) 12.3 {(broad m, 1 H)
I.C-MS-DAD-ELSD: [M+H]" m/z 247

20 Example 116: 3-bromo-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine

360 mg of 115, 15 mL of acetic acid and 10 ml of dimethylformamide are placed in a
25  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 rinsed
with agueous sodium thiosulfate solution and water. After drying, 463 mg (97%) of 3-
bromo-8-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-c'Jdipyridine 116 are obtained.
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TH NMR (400 MHz, DMS0-d6) 5 ppm: 7.54 (dd, J = 8.0, 4.9 Hz, 1 H) 8.47 (dt, J =
8.0,2.0 Hz, 1 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, 1H)9.05(s, 1 H)9.34 (d, J= 2.0 Hz, 1 H) 12.55 (broad m, 1 H)

Example 117: 3-(2-methoxyethoxy)-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b: 5,4-c’1di-
pyridine

NaH, DMF
Cut

/0\/\0'Na
/0\/\DH

180 mg of 3~bromo-6-(pyridin—3~yl)-9H—py_rroio[2,3—b:5,4—c’]dipyridine 116 and 169 mg
copper(l) iodide are dissolved in 4.1 ml of a 21% solution of sodium methoxyethoxide
in methoxyethanol and 0.4 ml of dimethylformamide in a 5 mL microwave tube, and
the tube is sealed and then subjected to microwave irradiation for 45 minutes at
120°C. After cooling, the reaction medium is poured into a mixture of 50 mi of ethyl
acetate and aqueous ammonium chloride solution with vigorous stirring. After
separation of the phases by settling, the organic phase is dried over sodium sulfate,
filttered and concentrated to dryness. The residue is purified by chromatography on a
cofumn of silica {eluent: 100/0 to 95/5 CHClo/MeQH) to give 132 mg (74%) of 3-(2-
methoxyethoxy)-6-(pyridin-3-yl)-9H-pyrrolo[2,3-b:5,4-¢ |dipyridine 117.

tH NMR (400 MHz, DMSO-d6) § ppm 3.36 (s, 3 H) 3.76 (t, J = 4.9 Hz, 2 H) 4.27 (t, J
=4.4Hz, 2 H) 7.63 (dd, J = 7.9, 4.8 Hz, 1 H) 8.39 - 8.41 (m, 2 H) 8.48 (dt, J = 8.0,
2.0 Hz, 1 H) 8.58 (dd, J = 4.6, 1.7 Hz, 1 H) 8.87 (d, J = 1.0 Hz, 1 H) 8.99 (d, J =
1.0 Hz, 1H) 9.34 (d, J = 2.2 Hz, 1 H) 12.11 (br. 5., 1 H).

LC-MS-DAD-ELSD: Tr (min) = 2.31; [M+H]* m/z 321; [M-HJ" m/z 319.

Example 118: 3-(2-methoxyethoxy)-9-[(4-methylphenyl)sulfonyl]-6-(pyridin-3-

yl)-9H-pyrrolo[2,3-b:5,4-c’]dipyridine



ABAC 59 WB2601f0684A B A B 61 AB A ;62 AC A BycBReARofsbaso

10

15

20

NaH / DMF
then TsClI

118 OI”S
0

117 (70 rhg, 0.22 fnmol) is dissolved in 2 m| of DMF in a dry one-necked flask under
argon. Sodium hydride (15 mg, 1.7 eq.) is added in a single portion, and the reaction
mixture is then stirred under an inert atmosphere for 3 hours. Tosyl chloride
dissolved in 0.5 ml of DMF is then added (addition time of about two minutes). After
one hour, the reaction medium is boured into a mixture of aqueous 10% NaHCO,
solution (50 mL) and water (50 mL) and extracted with twice 100 mL of ethyl acetate.
After drying the combined organic phases over MgSO,, they are filtered and then
evaporated under reduced pressure. The residue is purified by chromatography on
silica gel (25 g of SiO;, 100/0 to 95/5 CH,Cl,/MeOH). 77 mg (72%) of 8-chloro-3-(2-
methoxyethoxy)—Q—(toluene-4-sulfonyl)dipyrido[2,3-b:4’,3’~d]pyrrole 118 are obtained.
UPLC-MS-DAD-ELSD: Tr (min) = 1.18; [M+H]" m/z 475.33

Example 119: 4-iodo-3-(2-methoxyethoxy)-6-(pyridin-3-yl)-9H-pyrro!o[2,3-b:5,4—

c’Jdipyridine
0 o}
(’ \ \
0 1°) LDA, THF
/l — I, -78°C
Na | SN N Y/ - .
No_# N 2°) LIOH, H,0
\

Ox

118 0=5 THF, MeOH
1 - @

A solution of 34 uL (0.24 mmol) of diisopropylamine in 1 ml of tetrahydrofuran is
stired under an argon atmosphere at -78°C. 0.1 ml (2.4 mmot) of a solution of
butyllithium (2.4 M) in hexane is added slowly dropwise over about two minutes,
After stirring for 30 minutes at -78°C, a solution of 118 (77 mg, 0.16 mmol) in 3 mt of
THF is then added slowly (total addition time of about 10 minutes). After 3 hours

~at -78°C, a solution of diiodine (66 mg) in 0.5 ml of THF is added rapidly. After
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stirring for 30 minutes at -78°C, the reaction medium is poured into a mixture of ethyl
acetate (50 mL) and half-saturated aqueous ammonium chloride solution (30 ml of
saturated aqueous NHsCl + 30 mL of water). The phases are separated and the
organic phase is then washed with aqueous 5% sodium thiosuifate solution. The
organic phase iIs dried over MgSQO,, filtered and evaporated under reduced pressure.
89 mg (91%) of 6-chIoro-3—(2-methoxyethoxy)-4—iodo-Q-(toIuene-4—su!fonyl)di~
pyrido[2,3-b:4’, 3'-d]pyrrole are obtained. The product is used in the following step
without further purification.
6-Ch]oro—3-(2-methoxyethoxy)-4-iodo—9-(toluene-4-suIfonyl)dipyrido[2,3-b:4’,3'~
d]pyrrole (85 mg, 0.14 mmol) is dissolved in 1.5 ml of THF and 1.5 ml of MeOH.
Aqueous lithium hydroxide monohydrate solution (61 mg, 2.55 mmol in 1.5 ml of
water) is then added rapidly. After stirring for 2 hours, 10 ml of water are added and
the medium is then acidified by addition of aqueous hydrochloric acid solution to pH
4. The precipitate is filtered off on a porosity 4 sinter funnel, drained by suction with
5 ml of water and then dried overnight undér vacuum. 40 mg (97%) of 6-chloro-3-(2-
methoxyethoxy)-4-iodo-9H-dipyrido[2,3-b:4’,3'-d]pyrrole 119 are obtained.
UPLC-MS-DAD-ELSD: Tr (min) = 0.85; [M+H]" m/z 447.00

Example 120: N-[2-(d imethyiamino)ethyl]-4-[3-(2-methoxyethoxy)-ﬁ-(pyridi n-3-
y1)-9H-pyrrolo[2,3-b:5,4-¢’]dipyridin-4-yi]benzamide

/
Pd(PPh,), —N,
—, o]
N 0 dioxane/water N
\ H
0

Cs,CO,

40 mg of 119, 57 mg N-{2-dimethylaminoethyl}-4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl}benzamide, 10 mg of tetrakis(triphenylphosphine)paltadium(0) and
o8 mg of caesium carbonate are suspended in 0.5 ml of 1,4-dioxane and 0.1 ml of
water in a 2 mL microwave reactor, and the tube is sealed and then subjected to
microwave irradiation for 1 hour at 130°C. The reaction mixture is filtered and then
poured into 25 ml of water and 50 m| of ethyl acetate with vigorous stirring. After
separation of the phases by settling, the aqueous phase is extracted with 30 ml of

ethyl acetate and the combined organic phases are dried over magnesium sulfate,



A B A B B 70 ¥XO20404408084 A C A C C 72 B DIB3C B 73 A B BCHBFR200/052330 C

filtered and then evaporated under reduced pressure. The residue is purified by
chromatography on a column of silica {eluent:100/0 to 90/10 CHQCIZIZN NH; in
MeOH) to give 30 mg of N-[2-(dimethylamino)ethyl]-4-[3-(2-methoxyethoxy)-6-
(pyridin-3-yI)}-9H-pyrrolo[2,3-b:5,4-¢’ldipyridin-4-ylbenzamide.

5  UPLC-MS-DAD-ELSD: Tr (min) = 0.39; [M+H[* m/z 511.25

Example 121: Pharmaceutical composition

Tablets corresponding to the following formula were prepared:

Product of EXample 44..........c.cooovieecicieeceeeeereeeeeeeee e 02g
10 Excipient for a finished tablet weighing .........ccooccovevvvvvoveve 19

(details of the excipient: lactose, talc, starch, magnesium stearate).

Example 122: Pharmaceutical composition

Tablets corresponding to the following formula were prepared:

15 Product of Example 87 ................ e e e 02g
Excipient for a finished tablet weighing ...........coocoeevivevie 149
(details of the excipient: lactose, taic, starch, magnesium stearate).

Examples 44 and 87 are taken as examples of pharmaceutical preparation, this
20  preparation possibly being performed, if desired, with other products iflustrated in the

present patent application.

in vitro biochemical test procedures

25 The pharmacological properties of the compounds of the invention may be confirmed
by a certain number of pharmacological assays. The pharmacological assay
examples that foliow were performed with compounds according to the invention.

Example 1

30 TR-FRET assay
In order to determine the inhibition of Pim kinase activity, 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 the detection of phosphorylation of the specific residue Ser112 in the
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Bad protein, which was found to be a natural substrate of the Pim kinases in cells.
For the assay, the following reagents are used:
Pim kinase — full-length human recombinant Hisé-labelled Pim-1, Pim-2 or Pim-3
protein (prepared according to J. Mol. Biol. (2005) 348, 183-193);
9 Bad - full-length human recombinant His6-labelled Bad protein (prepared according

to J. Mol. Biol. (2005) 348, 183-193);
a-His6-APC ~ mouse monocional antibody conjugated to allophycocyanine
SureLightTM directed against the His6 label (Perkin-Elmer, No. ADOO59H, Waltham,
Massachusetts, United States);

10 a-P~Bad-Eu - mouse monoclonal antibody (Cell Signaling Technology #92968,
Danvers; .Massachusetts, United States) directed against phosphoBad (Ser112)
(7TE11) labelied on request by Perkin-Elmer with the reagent LANCE™ Eu-W1024,

. The assay is based on the LANCE™ technology from Perkin-Elmer: the Eu-labelied
15 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 label of Bad.
The TR-FRET signal is detected using a SpectraMax M5 plate reader (Molecular
Devices) with the following settings: Aex = 340 nm, Aem1 = 615 nm, Aem2 = 665 nm.
The ratio of the fluorescence signal at 665 nm fo the fluorescence signal at 615 nm
20 is used as the signal reading for the ICs; (calculations based on the 4-parameter
logistic model). The assay is performed in 384-well format; the liquid manipulations
are performed using a Beckmann 3000 liquid manipulation station. The test
compounds are tested at 10 concentration points in duplicate; the highest
concentration of compound is typically equal to 30 M. The ATP concentration is

25  equal to 40 M.

Example 2
Cell viability assay

30  The representative compounds of the invention are also screened as regards their
effects on cell proliferation and viability, using a variety of tumoral cell lines of human
source, representative of different pathological indications. These cell lines include:

Models of haematological cancers:
35 TF-1 (acute myelogenic leukaemia; AML M6 at the time of diagnosis);
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KG-1 (AML; erythroleukaemia evolving into AML);
KG-1a (AML; subclone derived from immature KG-1);
EOL-1 (AML; eosinophilic leukaemia);
PL-21 (AML; M3);
5 ML-2 (AML; T-NHL evolving into T-ALL evolving into AML M4);
HL-60 (AML, M3);
Kasumi-1 (AML);
GDM-1 (AML);
K-562 (CML ~ chronic myelogenic leukaemia; blastic crisis);
10 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 info ALL);
Jeko-1 (B-NHL — B-cell non-Hodgkin lymphoma; lymphoma with coat
15 cells derived from a large-cell variant in leukaemic transformation);
WSU-DLCL2 (B-NHL,; diffuse lymphoma with large B cells);
RL (B-NHL; undifferentiated diffuse);
OCI-Ly10 (B-NHL);
DoHH-2 (B-NHL),
20 RPMI-8226 (MM ~ muitiple myelomas);
' JYM-2 (B-CLL — B-cell chronic lymphocytic leukaemia); and
JVM-3 (B-CLL).

Models of solid tumours:
25 HCT-116 (bowel cancer);
HT-29 (bowel cancer);
HC-15 (bowel cancer);
H460 (lung cancer; non-small-cell lung cancer);
A375 (melanoma);
30 B16F10 (melanoma);
MDA-A1 (breast cancer);
MDA-MB231 (breast cancer);
MDA-MB231adr (breast cancer);
PANC-1 (pancreatic cancer); and
35 PC-3 (prostate cancer).
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In order to measure the viability, the tumour cells are incubated in 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

o equal to 10 pM or 30 M. The cell viability is evaluated by adding CellTiter-Blue®

(Promega, Madison, Wisconsin, United States) for 4 hours and endpoint readings

are taken using a SpectraMax Genmini EM plate reader (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

10 intensity of the fluorescence signal being directly proportional to the number of live

cells. The ECs represents the concentration of compound that leads to a 50%
reduction of the viability/proliferative expansion of the cells.

Example 3
15 The activity of the molecules is evaluated on the JEKO or DND-41 cell line by

measuring the level of phosphorylation of Bad and the total Bad content, via the
ELISA technique.

The JEKO or DND-41 cells are resuspended at a concentration of 500 000 cells per
20 ml The cells are then diluted in RPMI-1640 medium containing 20% foetal calf
serum. 225 pl of cells are placed in a plate. Serial ditutions of the molecules are then
performed (8 points, three-fold dilution, range started at 10 mM). Each dilution point
is then diluted to 1/100 in medium. Next, 25 ul of each of the concentrations are
added to the cells and then incubated for 3 hours at 37°C.
25
100 il of the celis are transferred into a plate treated with poly- D-Lysine. The plate
is then incubated for 5-10 minutes at 37°C and then centrifuged for 5 minutes at
1500 rpm. A volume of 100 pl of 8% fixing solution (solution of formaldehyde in PBS
buffer) is added to each of the wells. After covering with a self-adhesive film and a lid,
30 the plate is incubated for 20 minutes at room temperature and then stored at 4°C
overnight.

Next, the liquid is removed and two successive washes are performed with washing
buffer. 100 ul of quenching buffer are added, followed by incubating for 15 minutes at
35  room temperature. After washing, 100 pl of quenching buffer are added, followed by
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incubation for 1 hour at room temperature. After washing, 50 pl of primary antibody
diluted to 1/250 for pBAD (Cell Signaling Cat# 5284) and to 1/500 for Bad (MBL Cat#
591) are added to each of the plates. Each plate is incubated for 2 hours at room
temperature. After two washes, 50 ul of secondary antibody (diluted to 1/16) are
9 added to the pBAD plate (tebu-bio ref: FE-021) and 50 pl of the HRP-conjugated IgG
secondary antibody (Santa Cruz Cat # SC-2004; diluted to 1/1000) are added to the
Bad plate. Incubation for 1 hour at room temperature is performed. Four washes with
the washing solution are performed, followed by three washes with PBS. Finally,
100 ul of the developing solution are added, followed by incubation for 10 minutes.
10 Finally, 100 ul of the quenching solution are added, before reading at 450 nm.

BIOCHEMICAL RESULTS

15 The biochemical results are expressed according to the following classification:

Class A: IC50 less than 100 nM
Class B: IC50 between 100 nM and 1000 nM (or 1 HM)
Class C: IC50 between 1 uM and 5 pM

20  Class D: IC50 greater than 5 pM

Example No.|IC50 Pim1] IC50 Pim2 [ IC50 Pim3 [IC50 CDK1|  1C50 PLK1
7 A B A C B
9 A A A B B
10 A B A C C
Top of
pharmacopoeia
12 A C A C Cc
13 A C B
Top of
pharmacopoeia |
15 B D C
16 A C B
17 A C B
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phar macopoei a Bott om of pharnmacopoeia 120 A A A CELL RESULTS The

cell proliferation results are expressed according to the follow ng
classification: Cass A: EO50 or 1050 | ess than 100 nM

18 A B A C B
20 A B A B B
21 A Cc A B c
22 A B A C Cc
23 A A A C B
24 A C A Cc C
25 A C A C C
26 A A A C B
27 A A A - C B
28 A A A B B
37 A A A B C
38 A A A B c
44 A A A B B
45 B D B B A
46 A Cc A B B
47 A A A B B
48 A Cc B B A
49 B D B C B
50 B D B B A
51 A B A Cc B
52 A B A C B
53 A B A C B
54 A B A B B
55 A B A B B
56 A A A B B
57 A C A B B
58 A B A C B
59 A B A B C
60 A B A B B
61 A B A C C
62 A C A B B
63 A B A C B
64 A B A Cc B




Class B: EC50 or 1050 between 100 nM and 1000 nM (or 1 pM 10 dass C. EO50
or 1050 bet ws¥@ 201pNbagsd 5 pM Exanpl e No. 1650 EOL-1 pWﬂ!W@?F@baWO
W4- 11 pM (nyel oma) EC50 MOLM 13 pM (nyel oma) | C50 phosphoBAD (JEKO) 1 C50
PhosphoBAD (DND-41) 7 ABB 9 AABBCI10 B BB

65
66
67
68
69
70
7

72
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87
88

- 89

90

91

99

100
104
106
107
112

WOmMOIBOBWOIOOOWBOOOO
WWIRPIOPOTPROCIONODDNDN

QI Wwo0o|Dw o W w
OOoOwm oo mmw o e mw

W P> P> >0 > >P > > >>>>>>>>>>o> > > J>.
OIP P> W > WO WP > P P> ewovrowovoowowoloo w| > > Wl w
W > > > > > 0> > > > > >P>>r >y PIP|BIP PP P 0L P P >




11 B 12 W@2p1014%p8d B 20 B B 211 B B 22 BPBT/FR2009/052330

10

Top of
113 A B A pharmacopoeia
Bottom of
pharmacopoeia
120 A A A

CELL RESULTS

The cell proliferation results are expressed according fo the following classification:

Class A: EC50 or IC50 less than 100 nM
Class B: EC50 or IC50 between 100 nM and 1000 nM (or 1 pM)
Class C: EC50 or IC50 between 1 uM and 5 UM

Example EC50 EOL-1 uM -EC1510 MV4- EC50 MOLM-13 IC50 ho IC:::BAD
No. (lymphoma) MM MM phosphoBAD; Phosp
(myeloma)| (myeloma) (JEKO) ~ (DND-41)

7 A B B

9 A A : B B Cc

10 B B B

11 B

12 B C B

19 B B

20 B B

21 B B B

22 B B C

23 B B

24 B B B C

25 B B C B

26 C

28 B B C

37 Cc

38 A B B

44 A A B B
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CLAIMS

1. Compounds of general formula (1) below:

in which

- Zy, Zs, Z4, which may be identical or different, represent CH, CRa, CRs or N:

- R3 is chosen from:

11.
12.

13.

14,

15.

16.

17.

18.

19.

20.

H,

halogen (F, Cl, Br, I}

CFs, CHF,;

OH

alkoxy in which the alkyl part is optionally mono-, di- or trisubstituted:
NHZ, NH{alkyl), N{alkyl)z in which the alkyl part is optionally mono-, di- or
trisubstituted;

C(O)Oalky! optionaily mono-, di- or trisubstituted:;

CONH(alkyl), CON(alkyl), in which the alkyl part is optionally mono-, di- or
trisubstituted;

linear, branched or cyclic C+-Cyq alkyl optionally comprising a heteroatom
and optionally mono-, di- or trisubstituted:

aryl or heteroaryl optionally mono-, di- or trisubstituted:
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- R6 being

a heteroaryl (5- or 6-membered with 1 to 4 heteroatoms chosen from N, S

and Oj) linked to the azacarboline unit either via a C or via an N belonging to R6, R6

being optionally mono- or polysubstituted:;

- Ra necessarily being chosen from:

8.
9.
10.
1.
12.
13.

14,

CONH,,

CONHalkyl, CONHcycloalkyl optionally mono-, di- or trisubstituted:
CONHheterocycloalkyl optionally mono-, di- or trisubstituted:

CON(alkyl), optionally mono-, di- or trisubstituted:
CON(alkyl)heterocycloalky!) optionally mono-, di- or trisubstituted:
CONHN(alkyl), in which the alkyl part is optionally mono-, di- or
trisubstituted;

C(O)heterocycloalkyl, the heterocycloalky! radical containing at least one
nitrogen atom linked to C(O);, and being optionally mono-, di- or

trisubstituted;

- Rs being chosen from the following groups:

13.
14.
185.
16.
17.
18.

19.
20.
21.
22,
23.
24,

H;

F; Cl; Br; |

OH;

linear or branched O-alkyl(C1-C+o) optionally mono- or polysubstituted;
NH;; .

N{alkyl(C4-C1o) or cycloalkyl{Cs-C7))., each group being optionally mono-
or polysubstituted;

NHC(O)R3a;

N(alkyl(C1-C10)C{O)R3a;

NHS(O2)R3a;

N{alkyl(C1-C10)S(02)R3a;

CO2R3a;

SR3a; S(O)R3a;S(02)R3a

Ra and Rs possibly forming a 4- to 7-membered ring substituted with an oxo radical,

comprising at least one nitrogen atom and optionally another heteroatom chosen

from N, O

and S and optionally substituted with one or more radicals chosen from

oxo, F, Cl, Br, I, CF3, CHF2, alkyl, OH, Oalkyl, NO2, NH2, NHAIk and N(Alk)2

radicals;

R3a being chosen from:
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.F; CI; Br; |
. CF3;

. inear, branched or cyclic C1-C10
. C3-C7 cycloalky!;

. C2-C6 alkynyl;

. OH;

- linear or branched (C1-C10) or cyclic (C3-C7) O-alkyl;
9. heterocycloalkyl (C3-C7);
10. NH2;

11. NH-(alkyl(C1-C10) or cycloalkyl(C3-C7))

1
2
3
4
5. C2-C6 alkenyl:
6
7
8

12. N(alky(C1-C10) or cycloalkyl(C3-C7))2;
13. NH-(alkyl(C1-C10) or heterocycloalkyl (C3-C7));
14. N(atkyl(C1-C10) or heterocycloalkyl (C3-C7))2;

the said products of formula (I) being in any possible racemic, enantiomeric or

diastereoisomeric isomer form, and also the addition salts with mineral and organic

acids or with mineral and organic bases of the said products of formula (1).

2. Compounds according to Claim 1, characterized in that the possible

substituents of R3, R6 and Ra are chosen from the groups R2a, R2b and R2c

chosen, independently of each other, from:

© 0N OO W N

RS, N —
- D

12

F;
Cl;

Br;

I;

CF;; CHF2

linear or branched C;-Cy alky optionally mono- or polysubstituted:
Cs-Cr cycioalky! optionally mone- or polysubstituted;

OH;

linear or branched O-alkyl(C+-C+y) optionaily mono- or polysubstituted;

. O-cycloalkyl {C,-C;) optionally mono- or polysubstituted:
. O-aryl optionally mono- or polysubstituted;

. aryl optionally mono- or polysubstituted;

13.

heteroaryl optionally mono- or polysubstituted:;



120 A A B WO 2010/@A$4dS 1. Conpounds of qgener al

5in which Z2, Z3, 11, which may be identical or different, represent
N, R3 is chosen from 11.H 1012. halogen (F, d, Br, O0;

CRa, CRs or

13. CF3, CHF2i

nono-, di-

I n which the al kyl

17. C(0)0al

coN(al kyl )2 in vvhlcplt

trisubstituted;

10

15

20

25

30

or trisubstituted, 16 NH2, NH(al kyl'), N(al ky1)2
part is optionally nono-, - or 15tr|subst|tl(1tfag N,
kyl opta r 18. CONH(al ky
yl opt4, ﬂ@@hdc)ﬁc!?@?ﬁ OBtI&‘lla-H g{o(;%t biﬁ%ﬁbgﬂfugg i - or
16. NHy;
17. NH-{alkyl(C-C+o) or cycloalkyl{Cs-C;) or heterocycloalkyl), each group

18.

18.
20.
21.
22.
23.
24,
25.
26.
27.
28.

14. OH 15. al koxy in which the alkyl part is optionally

optionally mono- or polysubstituted:

N(alkyl(C1-C1o) or cycloalkyl(C3-C7)),, each group being optionally mono-
or polysubstituted,;

NHaryl or NH heteroaryl optionally mono- or polysubstituted
NHC(O)substituted;

N{alkyl(C4-C10)C(Q)substituted;

NHS{O,)substituted;

N{alkyl(C1-C1)S(02)substituted:;

CO,substituted:;

Ssubstituted;

S{O,)substituted:

S(0) substituted;

oxo {double bond O);

the said products of formuia (l) being in any possible racemic, enantiomeric or

diasterecisomeric isomer form, and also the addition salts with mineral and organic

acids or with mineral and organic bases of the said products of formula (1).

3. Compounds according te Claim 2, characterized in that the optional

substituents of all the substituted groups and of the groups Rs, R2a, R2b and R2¢ or

the groups are chosen from:

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

F:Cl; Br: |

CFs,

linear or branched C4-Cq; alkyl

C3-Cy cycloalkyt;

C2-Cs alkenyl;

C2-Cq alkynyl;

OH:

lingar or branched (C4-Cyq) or cyclic (C5-Cy) O-alkyl;
heterocycloalkyl (Cs-C7);

NH;

f or mp@r/ERdodtRoEM30 R



19. linear, weroheqosugscyclic Cl-CL3 al kyk,optionally 98%]‘42%'05&53330 -
het er oat om 20and optionally nono-, di- or tr| substi t ut ed; .

aryl or heteroaryl optionally nono-, di- or trisubstitut ed; - R6 being a
heteroaryl (5- or 6-nenbered with 1 to 4 heteroatons chosen fromN, S and
0) linked to the azacarboline unit either via a Cor via an N belonging to
R6, R6 being optionally nono- or polysubstituted; - Ra necessarily being

58. Hcycl oal kyl optionally nono-
gih?sgp Hlognubstl t Ut eg‘%’(%yl Cégﬂhoet%c'%%@ G optional l'y mono-, di- or
trisubstituted; 126 N{@K¢&CKGlo) o2cyojotikein@d-Cy)) 2rmno- d| or H: :33:%: wt 233

n or ;
i(z)lscoc\ll(dil:-lllil)(/;l) (kci% 'rl n‘Y@M@@#”%E%@Cngﬁ%yﬂg %ﬁpi onal |y mono-, di- or
trisubstitut ed; 148. Ngptykhet @robcryrmt@'abyqdaJkyt(rtQ teper ogycl galbkyln r gdit |Cg|nal I
cOonCaI NS Sl 43 AR 9D AT Sty s h) SR, e e Y
gr oups: diggieragisomeric |:§Q¢nerFfmeI andBﬂso the addltloh%altavlnth milneral gnc% org atmcgi-G
| i near or tlo non ol ysubstitute
2017. NH2; g&&{f %y'ﬂ%%%%) F@?I%@E"%‘%ﬁt ffgré'&}ll@ gtoup being
opti (lznial(ul/ rcr:og;acgr pol y32gst| tlﬁggogég%%NHZ R?g] %Z/Oéd c10) S(02) .
OpRoe: 5 RS S lpordeipss i gsR A g

a4- to

(Y:OrzreRBngeréﬁ r%ﬁéasubstl t ut ed Wi ?h an oxo radical, 30 (r:]orrprl f5| ng al\llt i)easfjI <

t er oat o osen from an
and opti onal 1y Shgat Toet SR sy W ARRETE PREn: S GRR T T bxo, .
d, Br, |, CH33isGHegenfibkyl, OH, Qal kyl, NO2, NH2, NHAl k' and N(Al k)2
r adi cal s; R3a bej.ng chosen from 1. F, d; Br; I 2. CF3; 3. linear,
branched or cyclic 01-010

2- halogen (F, CI, Br, I);

15 3- CF3, CHF;
4- OH
5- alkoxy in which the alkyl part is optionally mono-, di- or trisubstituted with
R2a, R2b, R2c¢;
6- NHa, NH(alkyl), -N(alkyl), in which the alkyl part is optionally mono-, di- or
20 trisubstituted with R2a, R2b, R2¢;
7- C({O)Oalkyl optionally mone-, di- or trisubstituted with R2a, R2b, R2c;
8- CONH(alkyl}, CON(alkyl), in which the alkyl part is optionally mono-, di- or
trisubstituted with R2a, R2b, R2¢;
9- linear, branched or cyclic C;-Cyq alkyl optionally comprising a heteroatom
25 and optionally mono-, di- or trisubstituted with R2a, R2b, R2c¢;
10- aryl or heteroaryl optionally mono-, di- or trisubstituted with R2a, R2b, R2¢;
- R6 being a heteroaryl (5- or 6-membered with 1 to 4 heteroatoms chosen from N, S
and Q) linked to the azacarboline unit either via a C or via an N belonging to R6, R6
being optionally mono- or polysubstituted with R2a, R2b, R2c;
30 - Ra necessarily being:
1. CONH;,

2. CONHaikyl, CONHcycloalkyl optionally mono-, di- or trisubstituted with R2a,
R2b, R2¢;



4. 03-07 cycl oal kyl; 55. 02-06 al kenyl; 6. 02-06 al kynyl; 7. OH 8. linear

or branched Wwa@iz@0m®ogesscyclic (03-07) O-ajfyl; 9. het ep@g#ﬁzg?élbgi%o
(03-07); 1010. NH2; 11. NH (al kyl (C1-010) or cycloal kyl (C3-07)); 12.
N(al kyl (C1-C10) or cycloal kyl (03-C7))2; 13. NH(al kyl (C1-010) or

het erocycl oal kyl (03-07)); 14. N(al kyl (C1-010) or heterocycl oal kyl
(C3-C7))2; 15the said products of fornula (I) being in any possible
racem c, enantioneric or diastereoisoneric isonmer form and also the

addition saltsaw ] I [ j-dS :0r Wi i nera d ani c
bases of the sgi' o?dgqr%&ugogy%@%?ﬁ%h%@%.%br?{)\éwusﬁl"ggtmétggo%h\ Ega't %5 aim
1, characteriz&#Cin that the possi bl e 20substituents of R3, R6 and Ra are
chosen fromth : . [ d | y.,of each

ot her, from 1?" %mgﬂ%y(g?%%gm%g)"ﬂ%§4%?%r?%%%g@§ted%% ﬁ%h%%ﬁ‘ or branched
0i - o al kyl ofti‘eRblalkyifisierocynioaiol)y setwtally utrede-, 7di- 8- Eapstiaddk yith

opti onal lgy mn@zapgzgq!g%/csubsti tuted; 8. OH 309. linear or branched

0-al kyl (01-C10) optionally nono- or pol ysubstituted; 10. 0-cycl oal kyl
(03-07) opti ondl CPN¥ekyrin pdiighsths sikyt nerdy oftibnall: avoyb-, dptdranalbsftutsano- or

pol ysubsti t uligfiRod oraRylL. optional Iy nmono- or pol ysubstituted; 13.
heteroaryl optionally nono- or polysubstituted; 14. heterocycl oal kyl

optional Iy mond- WR)sderpsymieaiiv. uthedhete®cyNaakyl 1@dicHRontaining at least chig.
Sopt Fongl |y e Ao IR SO P e, Bl By R Y B LT 97O
cycl oal KY (C3= @PQiPQég@é'rﬁf*df%ﬁﬁeb‘eilqwng)gmugﬂal | y nono-or pol ysubstituted:;
1. H;
2.F, Cl;Br; |
3. OH;
4. linear or branched O-alkyl{(C;-C+) optionally mono- or polysubstituted with
15 identical or different groups R3a;
5. NHg;
6. N(alkyl(C4-C1o) or cycloalkyl(C3-C7))s, each group being optionally mono- or
polysubstituted with identical or different groups R3a;
7. NHC(O)R3a;
20 8. N(alkyl(C4-C1()C(O)R3a;
8. NHS(O;)R33;
10. Nfalkyl(C1-C10)S(0;2)R3a;
11. CO,R3a; ,
12. SR3a; S(O)R3a;5(0,)R3a
25 Ra and Rs possibly forming a 5- to 6-membered ring substituted with an oxo radical,
comprising at least one nitrogen atom and optionally substituted with one or more
radicals chosen from oxo, F, Cl, Br, I, CF3, CHF2, alkyl, OH, Oalkyl, NO2, NH2,
NHAIk and N{AIk)2 radicals;
the groups R2a, R2b or R2c¢ are chosen, independently of each other, from:
30 1. F;
2. Cl;
3. Br;
4.1,
5. CF3; CHF,



19. NHaryl or NH heteroaryl optionally nono- or polysubstituted 20.

NHC( 0) subst i Wi ed10/103B4 N(al kyl (G - C10) C(@9)substi t ut ed;
NHS(02) substituted; 23. N(al kyl (G -C10) 3(02) substitut ed?cgﬁfRzOOQIOSZSSO
CQ2substituted; 25. Ssubstituted; 1526. S(02)substituted; 27. S(0)
substituted; 28. oxo (double bond 0); the said products of forrmula (I)
being in any possible racem c, enantioneric or diastereoisoneric isoner
form and also the addition salts with m neral and organic 20acids or with

m neral and orgagi g S ecsal d £ farmil 1) ., 3. pounds
according to O ai m%zefaaés‘ﬁabrrgﬁ%ﬁgrla i 75d ﬁﬁ)(P ﬁg?ﬁ’tﬁ“ﬁ@p @p%n:aogagl goé’&‘b%ﬁt?tﬁgﬁ% of
al | the substit ugedicgt gupiéeranaredpstRa; groups Rs, R2a, R2b and R2c or the
groups are chosen ¢t - ; g =31 .| i near or. branched
o o1 alkyl 16, Coreshlaionh raocs ety b o Ry
21. OH, 22. |i9fs®e Rk branched (C1-C10) or cyclic (C3-C7) 0-al kyl; 23.

het erocyd oal kylg (8- C7); 24. NH2; 25. NH(al kyl (01-C10) or

cycl oal kyl (C3-C7)); 26. N(al kyl (01-C10) or cycl oal kyl (C3-C7))2; 27.

NH- (al kyl (C1- 0108 lopanet breoehas BaalkylC{@3- aifiphally28ondd el fylyUBEHGES)wior

het er ocycl oal kylidérgéép&)dkf?érelﬁﬁ&%p@f@aOdUCt s of formula (1) being in any
me

possi bl e di astereoi soneric I's orm and also the addition salts with
m neral and or gatl ©-arslerkyd {CwiCr hoptianetalmcand oo pglmilmstihase svitbf idértealsei d

products of for ma@efd Jrough: ounds according to the preceding clains,
characterjzed in that 10  Z2, 'Z3, 74, which may be identical or different,

repr esentl CH CRH. Ocrw! entionelly rReNG-or phlyserstifutestwith different groups R3a;
12. aryl optionally mono- or polysubstituted with identical or different groups
R3a;
13. heteroaryl optionally mono- or polysubstituted with identical or different
groups R3a;

15 14. heterocycloalkyl optionally mono- or polysubstituted with identical or
different groups R3a;
15. NO,
16. NHy;
17. NH-(alky{{C,-Cg) or cycloalkyl(Ca-C;) or heterocycloalkyl), each group

20 optionally mono- or polysubstituted with identical or different groups R3a:
18. N(alkyl(C4-Cyp) or cycloalkyl(C4-C7)),, each group being optionally mono- or
polysubstituted with identical or different groups R3a;
19 NHaryl or NH heteroaryl optionally mono- or polysubstituted with identical or
different groups R3a

25 20. NHC(O)R3g;
21. N(alkyl(C4-C4)C{O)R3a:;
22. NHS(0O,)R3a;
23. N(alkyl(C4-C10)S{0;)R3a;
24. COzR3a;

30 25. SR3a; S(O)R3a; S(0,)R34a;
26.  N(atkyl(C4-C1) or cycloalkyl(C3-Cy))o, each group being optionally mono-

or polysubstituted with identical or different groups R3a:

27.  oxo {double bond Q);



2- halogen (F, d, Br, 0; 153- CF3 CHF2; 4-0OH 5- alkoxy in which the

al kyl part i ptlo aII nono- , - or trisubstituted with RRa R2b, R2c;

6- NH2, NH(al § 010192? ky1) 2 |n whi ch thd18l kyl part RCTBRRZ@IS#I28300N0-
di- or 20trisubstituted wth R2a, R2b, R2c; 7- C(0)Oal kyl optionally
mono-, di- or trisubstituted wth R2a, R2b, R2c; 8- CONH(al kyl),

CON(al kyl)2 in which the alkyl part is optionally nono-, di- or
trisubstituted with RRa R2b, R2c; 9- linear, branched or cyclic
01- 010 al kyl optionally conprising a heteroatom 25and opt| onal Iy nmono-, di-
or trisubsti the eessitile hutkrbityenRRY, th&@coups R2a, RbO-anarRic @rwiieh ﬂfe%fbwys R3a
optional |y mnoznqd hTro trisubstituted with RRa R2b, R2c; being a

het eroaryl (5- or jered with 1 to 4 heteroatons chosen fromN, S and
0) linked to the"a'ieﬁiaBrbd)l ine unit either via a Cor via an N belonging to
R6, R6 being opti oeglly nono- or pol ysubstituted with R2a, R2b, R2c; 30- Ra
necessarily bein 1* CONH2, 2. CONHal kyl , CONHcycl oal kyl optionally nono-,
di- or trPsubsti 8dtr@arwhrhnmd CiF2h alk®2c; 3. CONHhet er ocycl oal kyl
optionally nono i ubstituted with R2a, R2b, R2c; 4. CO\I(aIkyI) 2
optionally rmno-4 & Cﬂg;dotdrkpgubstl tuted with R2a, R2b, R2c;

CON( al kyl ) (het er'éc@:cﬁo%ikwwll) optionally mono-, di- or tri substit ut ed vm th
5R2a, R2b, R2c; -8 a WHN(aI kyl)2 in which the al kyl part is optionally
mono-, di- or trisibEitUled with Rea, Reb, Rec:

C( 0) het er ocycl oal Ky, the heter ocycl oaI kyl radi cal cont a| ni ng at | east one

i cubet | utea: G0 et b eaRELch Tl Mg of oups:

1. H 2. F, d; %rhetert)@/ClO@Hyl (Cs-Cr); 4. linear or branched
0- al kyl (Cl- ClO) ,;pnal |y nmono- or polysubstituted with 15identical or
di fferent groups a,; 5. NH2; 6. N(al kyl (01-C10) or

cycl oal kyl (C3-071). NH- %@K%@ﬂmrbwlo@kp@mmml |y nono- or pol ysubstituted
with identical ou 7. NHC(0) R3a; 208.

N(al kyl (G - C10) CEQO%J(W(S% @%(@?ﬁgg’&ﬂﬁ? 2N( al kyl (C1-Clo) S(02) R3a; 11.
CO2R3a; 2. SR3ais. Mﬁ%ﬂp&m@mmeﬁ!ﬁdﬁa}oamﬂ (BsCppssibly fornming a 5- to
6- menbered ring WI t.h an conprising at |east one
ni trogen atom anffyg\g Ik%&al?él’j? %ereé‘?"P? \aﬁﬁ?bﬁe or nore radicals chosen
from oxo, F,thel sai@rprodyct) B8, forHdi2 (1) aidmg in 6}15/ p&@bml rachifo, INFRiiorMERY kr and

N( Al k) 2 radl s R2 re chosen i ndependent |
o1£ eazzh ot heglgg%emso%l%nggger%upra ancaélsg\?he addltlon sa?ts with mineral and orgamc Y

acids or with mineral and organic bases of the said products of formula (1).
20

°.  Products of formula (1) as defined in any one of the preceding claims, belonging
to formula la:

in which Z2 represents CH, Z3 represents CH or N, Z4 represents -C-Ra and R3, R6,
25  Raand Rs have the meanings indicated in any one of the preceding claims,

the said products of formula () being in any possible racemic, enantiomeric or

diastereoisomeric isomer form, and also the addition salts with mineral and organic

acids or with mineral and organic bases of the said products of formula (.



3. Br; 4. | wh : 2 6. |inear or 01-010 | optionally
nono- or polvyéu thﬁﬁtog ed with identical or 2alfferent gridu ﬁ ¥@3°a"“§) 23307,

03- Crcycl oal kyl optionally nono- or. polysubstituted with identical or
different groups R3a; 58. OH 9. linear or branched O0-al kyl (C1-010)
optionally nono- or polysubstituted with identical or different groups R3a;
10. O-cycl oal kyl (03-07) optionally nono- or polysubstituted with identical
or different groups R3a; 1011. O-aryl optionally nono- or polysubstituted
with different groups R3a; 12. aryl opti onaIIy nono- or pol ysubsti t ut ed

wi th identi Lent R3 het er oar optionally nono-
or pol ysubsfﬁflt u?(l;ao qe{f rﬁg{ %ﬁpgeé'Pe@fW?'yr%Ofé?%Wﬁge cam@elonglng
het er ocycl od¢ follnub'ldbl onally nono- or polysubstituted with identical or
di fferent groups R3a; 15RaNC2 16. NH2; 17.
NH- (al kyl (01-010) or cycl oal kyl (03-07) \or heter ocycl oal kyl), each group
200ptionally nono- or pol ysubstituteo identical or different groups
R3a; 18. N(al kyl (01-C10) or cycl oal ky -07)) 2, each group being
optionally nono- or pol ysubstipgited w th ide ‘Ijl cal'®or different groups R3a;
19 NHaryl or NH heteroaryl optiond pol ysubstituted with
identical or different groups 020- NGy 0) R3a; 21.
N(al kyl (G -C10) C(0) R3a; 22. NHS(®2)R3a; \23/ N(al kyl (01-010) S(02) R3a; 24.
0CR2R3a; 3025. SR3a; S(0)R3a; S(02)R3aw 26N N(aI kyl (01-010) or
cycloalk | (03- each group bei ng opti onal nono- or pol ysubstituted
with ide tidaw C’H% i’ £ EsPERRENGY Gy dremen momox&i?/ (a6uBi3e remderm) CH, tEié
possi bl e sulbstresarenicRafandh’s, ReoaMRERRRve {ﬁ%bnéé}ﬂngﬁzxﬁdnbé‘tew *1? ups
R3a are cho e‘éifnonl? 1. F, d; Br; I 2. CF3 near or ran 1- C10
al kyl 4. cs g6 Ryl : 5. C2-06 al kenyl :

the sald products of formula (1) being in any possible racemic, enantiomeric or

diastereoisomeric isomer form, and also the addition salts with mineral and organic
10 acids or with mineral and organic bases of the said products of formula (1).

7. Products of formula (1) as defined in any one of the preceding claims, belonging
to fermuia lc:

Ra

15 in which Rs represents a hydrogen atom, Z2 and Z3 represent CH, Z4
represents -C-Ra, R6 represents a pyridyl radical optionally mono- or polysubstituted
with one or more identical or different radicals Rp chosen from F, Cl. Br, f, CF3,
CHF2, alkyl, OH, Qalkyl, NO2, NH2, NHAIk and N(Alk)2 radicals and R3 and Ra
have the meanings indicated in any one of the preceding claims,

20  the said products of formula (I) being in any possible racemic, enantiomeric or
diasterecisomeric isomer form, and also the addition salts with mineral and organic
acids or with mineral and organic bases of the said products of formula (h.



6. C2-C6 al kYWQ12016/102984 108. |inear or brdAthed (Cl- CLOCTFRINONG5236E3- C2)
0-al kyl; 9. heterocycloal kyl (C3-C2); 10. NH2; 11. NH (al kyl (C1-C10) or
cycloal kyl (C3-C4); 12. N(al kyl (C1-C10) or cycloal kyl (C3-C4)2; 1513.

NH (al kyl (C1-010) or heterocycl oal kyl (C3-C2)); 14. N(al kyl (01-C10) or

het er ocycl oal kyl (C3-C2)2; the said products of formula (1) being in any
possi bl e racem c, enantioneric or diastereoisoneric isoner form and al so

t he additi ongsal j i .0r gani ¢ aci or with mneral and
or gani ¢ bases ofﬁrﬁﬁgﬁégf E?ngrﬁ%ghg?s%g © 'Brar'?ﬁloge(o? e prpcasling drilet Relenaingr nul a
(1) as defindomuiats, one of the preceding clains, belonging to fornula | a:
Ra in which Z2 represents CH, ,Z3 refdtRgents CH or N, Z4 represents -CRa
and R3, R6, 25Ra and Rs have thefeani ngs)indicated in any one of the
preceding clains, the said produsts ¢f a (l) being in any possible
racem c, enantioneric or diastéd soner form and al so the
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- 4-[3-fluoro-6-(1-methyl-1 H-pyrazol-4~yl)-9H~pyrrolo[2,3—b:5,4~c']dfpyridin—4-yl]benz-
10 amide

- 4-[6-(5-chloro-1-methyl-1 H-pyrazol-4—y[)—3-f|uoro-QH-pyrroIo[2,3-b:5,4-c’]dipyridin—4—
ylI-N-(4-methylipiperazin-1-yl)benzamide

- 4-[6-(5-chloro-1-methyl-1 H-pyrazol-4-yl)-3-fluoro-9H-pyrrolo[2,3-b:5,4-c'|dipyridin-4-
yl]-N-(1-methyipiperidin-4-yi)benzamide

1% - N—[2-(dimethyiamino)ethyl]-4—[3-(2—methoxyethoxy)-ﬁ—(pyridin-3-yl)—9H—pyrrolo[2,3-
b:5,4-¢'dipyridin-4-yllbenzamide

- N-{Z-(dimethylamino)ethyl]-5-[3-ﬂuoro-6-(pyridin-3—y[)—9H—pyrrolo[2,3~b:5,4-c’]di-
pyridin-4-yllpyridine-2-carboxamide

- N-[2—(dimethyiamEno)ethyl}—z-fluoro-4-{3—ﬂuoro-6-(pyridin-3myl)-9H-pyrroIo[2,3~b:5,4—
20 - c'[dipyridin-4-yl]benzamide

10. Process for preparing the products of formula () as defined in the preceding
claims, characterized by the general scheme below:
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M or X R4 Coupling
ci h , Xorm ﬁ/m’, (Stille, Suzuki, etc.)
P
N" R HN" N
An
X=Brorl 0

M = SnMe, or B(OH),or b8 =
0

R = CI, -OMe, -OH, -0S0,CF, Horwig Buchwald
R4 = H, |, OMe, -OH, -0802CF3 —{_)—come —{_)-co || o copper salt

I
Cn Hor PG
PG: protecting group tosyle, SEM,
compounds of formula (1) in which R3, R6, Piv, Ac,
Z2,23,Z4, Ra and Rs are as defined below

General scheme

in which the substituents R3, R6; 22, Z3, Z4 Ra and Rs have the meanings indicaied
for the products of formula (1) in any one of the preceding claims.

11. As medicaments, the products of formula (I) as defined in Claims 1 to 9, and
also the prodrugs thereof, the said products of formula (l) being in any possible
racemic, enantiomeric or diasterecisomeric isomer form, and also the
pharmaceutically acceptable addition salts with mineral and organic acids or with
mineral and organic bases of the said products of formula (1).

12. Pharmaceutical compositions containing as active principle a compound
according to any one of the preceding claims, and also at least one pharmaceutically
compatible excipient.

13. Pharmaceutical compositions according to the preceding claim, used for
ireating cancer.

14. As novel industrial products, the synthetic intermediates of formulae An, Bn
and Cn as defined in the general scheme of Claim 10 and hereinbelow:
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M or X
Cl
RN _
| An
/
N R
R3
Bn

in which X, M, R, R3, R4 and PG have the definitions indicated below:

X< Brorl o
M = SnMe, or B(OH), or HB_OE

R = Cl, -OMe, -OH, -OS0,CF,
R4 =H, |, -OMe, -OH, -QS02CF3, —@—COZMe —@—COZH

PG: protecting group tosyl, SEM,
Piv, Ac,




