1H PYRAZOL014, 3- aSOQUI NOLI NE DERI VATI VES, PREPARATI ON THEREOF AND
THERAPEUTI C USE THEREOF The present invention relates to

1H pyrazol o[ 4, 3-cj i soquinoline derivatives and to their application in
therapeutics, particularly as anticancer agents. The invention also relates
to the pw@?ﬁ 0/ 9527% eparing these conppunds of the mvep&wp?u@qg,oggrp‘prre
of the reaction Internedi ates of said process. Description of the

I nvention] Definitions used 10l n the context of the present invention the
meani ngs of certain terns are as follows: halogen atom (Hal): a fluorine,

chl orine, brompe-kar b0 SFbuNGINE DEKIPHPVES, PREBARRG O THEREDFC
hydr ocarbon group ¢ nms (advantageously from
1 to 4 carbon atoms) whi ch ANDITHERNPEMTIG UK HIEREQF obt ai ned by renpving a
hydrogen atom from an aI kane. Exanpl es include the groups nethyl, et hyI
propyl, isopr op}/- butyl, 15l sobutyl or tert-butyl: s at kcxx‘ group
C0- al kyl T 8EEN \ibvertien fﬂaéeSar%W Pﬁ?za'alﬁ Siclisogudnofiner fefutivesharfeto e &8?"6%‘%/1
group? athembdutids, gartsuiplyce rplicksemgetn & hoinvartnealsd| relges tn¢hearoas formrephrag dheef one
or nore ByhoQISEN tirtieaRion arkiEionalokiid reglilipermdisyLdib4id @bdeyd. group conpri si ng
between 3 and 7 carbon atonms, all of which formpart of 20the cyclic
structure. | es include the groups cycl opropyl, cyclobutyl, cyclopentyl
or cycl oFPéﬁﬁflpt'nP?fr“Eﬂ'%‘f?f‘f'% group: a group intended to protect a chenical y
f unct i onDéfingivnemseent ed chemical reactions, which is introduced in a

prot et i pNheSdoMBxt Btk PR hvérSor tRd BasiRg dfébna.n&ubsseeammw§t ep. Exanpl es of
protecti ven,%[]oeg]% mvmgl ag&dgqﬁ)woqmé %&Bw\)ﬁn%%{%&net al. "Protective Goups in

Organlc S terscience or in JEW
McOrnie PP o?t'ké'ctgwlé o Gired ﬁ"PCEt'@a'i*YF@C@?énﬂrg‘fpr yomPrisng figm Pr s §, cafyy 3atoms

25Exanpl es (edvapagebstytiiome’ ¢r dupson aighdich éx nnebuwydranefmdbanualeed(tﬂoerow g he
| 2- (trimet hyhsdeh Ydton® trérh @ Yikamd [BydmpleSEMudg kiRUgdeups methyl, ethyl, propyl, isopropyl, butyl,
15 isobutyl or tert-butyl;

o alkoxy group: an -O-alkyl group, where the alkyl group is as defined above;

« fluoroalkyl group: an alkyl group comprising one or more fluorine atoms in place of one or more hydrogen
atoms;
o cycloalkyl group: a cyclic alkyl group comprising between 3 and 7 carbon atoms, all of which form part of
20 the cyclic structure. Examples include the groups cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl;
» protective group: a group intended to protect a chemical function from unwanted chemical reactions, which
is introduced in a protection step and which is released in a subsequent step. Examples of protective
groups will be found in T.W.Greene et al. “Protective Groups in Organic Synthesis", 3" edition, 1999,
Wiley-Interscience or in J.F.W. McOmie "Protective Groups in Organic Chemistry", Plenum Press, 1973.
25 Examples of protective groups include fert-butyl carbamate (BOC) or the [2-(trimethylsilyl)ethoxy]methyl
(SEM) group.

ina1® aspect the present invention provides a compound of formula (I):
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R, represents a pheny! group which is optionally substituted by one or more halogen atoms. It

is more particularly the 2,6-difluorophenyl! group.

35 R; represents:



SCA R 1 represents a phenyl group which is optionally substituted by one
or nore hal ogen atons. it is nore particularly the 2,6-difl uorophenyl
group. a hydrogen or hal ogen atomor a cyano group; a group -CiiiiiOYY hi
which Y represents a hydrogen atomor a group -NH2 or -ORA; a group
-C(ttS) Nigde Q(ithlHNHOH a gyoup -CF12011 or p
-8(-ﬁ i --l\l—l%.gl:ﬂ;gg?gﬁ’pz-d 1=CH2 or -CC Rgz; a group H( 4%@?’&%2?1/@9%%
11(3-triazolyl); where 113, represents a hydrogen atomor a (OL-04)al kyl
group. More particularly, R represents 10a hydrogen atom R2 may be
sel ect ed noL§, BRLEA gmawglexafgnpgpat%;gngc%wﬁs R2 exenplified hi Table I. R3

1- a

represents a hydrogen atomor a ( kyl group. I\/bre'\Parti cularly, Rs
represents & FMPrEGER) YD geich Y represents a hydrogen atom or a group —NH; or -OR,;

a group —C(=S)NH;
a group —C(=NH)NH-OH;
5 - agroup ~CH,OH or —-CH,F;
- agroup —-CH=N-OH;
- agroup -CH=CH, or -C=C-R;;

N7 N7
o )
N N—N

a group H (4-pyrazolyl) or H

(3-triazolyl);
where R, represents a hydrogen atom or a (C4-C,)alkyl group. More particularly, R, represents
10 a hydrogen atom. R, may be selected more particularly from the groups R, exemplified in
Table I.

Rj represents a hydrogen atom or a (C4-Cy)alkyl group. More particularly, R; represents a
hydrogen atom.

15
R4 represents an —NH,, (C4-Cj)alkyl, (C4-Cs)fluoroalkyl or (Cs-C;)cycloalkyl group. R4 may be
selected more particularly from the groups R4 exemplified in Table .
Distinguished among the compounds of formula (1) is the subgroup of compounds of formula
20 (.
H
(n
N
\
SO,R,
in which R, and R, are as defined above.
The compounds of the invention include more particularly the compounds of Table I.
25

The compounds of the invention may exist in the form of bases or acid addition salts. These
salts are advantageously prepared with pharmaceutically acceptable acids, although the salts

of other acids, which are usable, for example, for purifying or isolating the compounds, also



15 R4 represents an -NH2, (Cl424)alkyl, (C1C4)fl uoroaky or
(C3-02) eyol oal kyl group. Re, may be selected nore particularly fromthe
groups R4 exenplified in Tabie I. Distinguished anong the conpounds of

formul ai s the b roup of conpounds of fornmula 2001): in which R and RA
are as dey The conpounds of ghe invention i nchgggRIM 77
particul arél)y t?1e conpounds of Table |I. The conpounds of the mvegltolsgn 3may

exist in the formof bases or add addition salts. These salts are
advant ageously prepared with pharmaceutically acceptabl e acids, although

the saltg, 91Hpa9ttd?‘ﬂ{e i ﬁn 'I"Mé' c%n}ooﬁﬁdsqﬁ%bélgo wh@fe Wfa?e cérﬁé_ns@{fnbfoy hidge OF

i sol ating the conpounds, also rmpart of the invention. The conpounds
may al soasyiestdc agasrasp efomtse, IncHAb crER thifye Msy esteinaienieenr Pfcee%ﬂt'B@ﬁrsanns.

In that ¢asRd@hIRYrHEE Snahtbntdl€ ah@ dBsRre SEHErE BT SFsPMixtures thereof form
di ast ereoi sorners. These enantioners and di astereoi soners and al so m xtures

t her eof PBRAT HaIMvedfort he i nvention. 5 In a 2nd aspect the invention
proviges a process for preparing the conpounds of the invention and al so
sonme of the reaction internedi ates involved in 'g Gr ocess. &_ﬁpara |on of

conpound4? 6f2 f 2ReaH e (nyentermiravigehp BIRTESS of prfeB?rl‘ﬂﬂ PYIPAES of KiAPYERtioh o
nunber ofngkbRPSoME af thMeadtib® Midrineaiatks MroivBd in said process.

Preparation of compounds of formula (1)
10  The compounds of formula (I) are prepared in a number of steps starting from P4 and P; in

accordance with Scheme 1:
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Scheme 1

Step (i) includes a Buchwald-Hartwig coupling between P4 and P, leading to Ps.
15 PG denotes a protective group for the NH function of the pyrazole ring and X represents one of

N
\

N
the following groups: -CN, -CHO, -CH=CHj, -H, -F, -C=C-SiMe;, -COOR, or "

This type of coupling is performed in the presence of a palladium complex (in the (0) or (II)
oxidation state, optionally prepared in situ). Use may be made, for example, of Pd(PPhs)s,
20  PdCIy(PPhs),, Pd(OAc), or PdCly(dppf), Pdx(dba)s or a mixture of Pd(OAc)., and 9,9-dimethyl-
4,5-bis(diphenylphosphino)xanthene. The complexes most frequently used are palladium(0)
complexes. The coupling is favoured in the presence of a base, which may be, for example,
K,COs, NaHCO;, EtsN, KzPO4, Ba(OH),, NaOH, KF, CsF, Cs,COs, etc. The coupling may be
carried out in a polar solvent such as, for example, 1,4-dioxane. Examples of palladium-based
25 catalytic systems will be found in the following: Guram, A.; Rennels, R.; Buchwald, S. ACIEE
1995, 34, 1348; Louie, J.; Hartwig, J. Tet. Lett. 1995, 3609; Wolfe, J.; Wagaw, S.; Buchwald, S.



accordance wth Schene 1: Schenme 1 Step 0) includes a 130chwal d-Hartw g
coupling between P1 and P2, leading to P3. 15PG denotes a protective group
for the NH function of the pyrazole ring and X represents one of the
followi ng groups: -ON, -CHO, -OHCH2, -1-i, -F, -CC-Si M3, -COOP, or "i
Thi s typgy@foo4eMphs7x0 i s performed in the presence of a ' | ex
& PEHFRAIET Ty

(in the (0) or (11) oxidation state, optionally prepare
be made, for exanple, of PclrPEh3)4, 20 R d 2(PPh3)2, Pd(OAc)2 or
EO. C120PPG Pd2(dba)3 or a m xture of Pd(C)Ac)2 and

9,9-climgt iy, %hénbls%edamews pmépbhv@) memiJme BhﬂrF%?BIne’sﬁ B 178 e

frequent I% used are pall um(0) conpl exes. The coupling I's
presence /81 7.alanene, BV\HPES\H'gnﬁyJ Ban. Chgrrn %mﬁﬁ?% 12R21308; Kneateso, M EH3 Nwigk3 PO4,

Ba(OH) 2, JNRQHchdfh, sdeSipeg0?20Q373 etc. The coupling may be carried out in a

pol ar solvent such as, for exanple, 1 ;4-dioxanc-. Exanples of
pal i adi um based catal ytic systens will be found in the follow ng: Guram

A.; Renrivglse th'é su&{ﬁlﬁ’t‘@kqepr&er&c&%%fJd%gs@lbst?t&entéﬁ‘lgﬁmke'éb@ve the: coh\iﬁﬁr‘{&cﬂ‘
Tet. Left. 19 : em

Soc. 1996°fmﬂ@8(') 'WQEtsmeﬂ)@ﬁef&eprqtﬁcﬂowfthwpgoteql\/e IroupRG hgen (et routeabeThel s,

7217, Ha'ﬁl@ﬂ@tecﬁbn cdniaftib¥d &re dépenhenﬂ?ﬂ th@hﬁmrés'@FPG]a%%eare kGvn t63PParsdipui@icaur a,
M Hartw Soc. . Where the subsfityent X

n.
repr esenﬂ%g‘ﬁr?ét @Pe'tﬁ"ee@.'?ﬂfg? it We‘ﬁ’@%“‘???t %ie z ’ﬂ’é@"’éb%ﬁ?éps mereskputiftgsist 3
formul a (eu.).om sweb)t Ebm@r@fé ﬁfth@%ﬁﬁ@bﬁ@EMQ[B ﬁfrnettﬂ}@snlﬂ)’éﬂi(ﬁ@frﬂe NI8&piBreifgni N

t 1. Th te nditions are ent on the
et i ofs MReomRe 1% RTINS DEMACHb et T SR PIoBEoToRoRHERB) 4 FydaNoneois
exanple, T.WGeene at al. "Protective Goups in Organic Synthesis", 3rd
dition, ,1999). For,. in the case SEM . .
CEr e Cr TR o B R Res molvebiopo oo S s obbtuertss B Rleros mase chemicfle
presence rem‘ctlm rodweh &uUehpasort skiiddupr t@cet izee asced t§ E@emthﬁhyﬁbsgm?ht?}[‘(it@ t

d. W Sstit t not _repr t. O of .t he substi ents
%gl. one %'?bes UFBt chgﬁ"%ﬁﬁgg‘é%‘ﬁ gffs’ 'RﬁBWﬁF%?%SgéP §§ﬁ (Eithq" e CRMPAART are
used1bo éomular(l) it dleaiserbsiter tagrntechion @ PSliiStdpt (ignAccBRiingAo Ghedathg rogte Bothee 2,
P3 is cony es?& EIQesP‘?';celcne o?mag@n}pouﬁé]gﬂo%@?a n‘pound of 15formula (1) is

obt ai ned "a cfepr ectl ccording to alternative
route 3, the converS| on takes pl ace directly on a conpound of formula (I).

Examples of conversions X = R, will be found below:
e X=-CN = R;=-C(=O)NH; (step 2 - example 4 and example 14) or —C(=0)OH: hydrolysis
20 of the nitrile function, by means for example of sodium hydroxide;

e X= -CN = Ry= -C(=S)NH, (example 9): this reaction may take place by means of
ammonium sulphide in methanol with microwaves (see Synlett 2004, 14, 2615-2617);

e X= -CN = Ry= -C(=O)H: this reduction may take place in the presence of
diisobutylaluminium hydride (step 1 - example 23);

25 e X=-C(=0)H = Ry= -CH=N-OH: conversion of the aldehyde function to oxime function in
the presence of NH,OH (example 20);

¢ X=-C(=0)H = Ry=-CH,OH (example 3): reduction of the aldehyde function by means of
an agent which reduces the aldehyde function - by means, for example, of NaBHj;

e X=-C=C-SiMe3z = Ry= -C=CH (step 4 - example 7): reaction capable of taking place in

30 the presence of tetrabutylammonium fluoride;

e X=-C(=O)H = -CH,0H = R,= -CH,F (step 1 - example 17): the fluorination is performed
by means of diethylaminosulphur trifluoride (DAST) (cf. AMH. Fauq,
"N,N-Diethylaminosulfur Trifluoride" in Encyclopedia of Reagents for Organic Synthesis,
Ed: L. Paquette 2004, J. Wiley & Sons, New York.);



Exanpl es of conversions X R2 M be found bel ow, X= -ON a% R2= - C(=0) NE12
(step 2 - exanple 4 and exanple 14) or --Q(=0)0H:. hydrol ysis 20of the
nitrile function, by means for exanple of sodium hydroxide; X= -ON L-4 R2=
-C(=S)NH2 (exanple 9): this reaction may take place by neans of anmoni um
sul phi de ?%?12 Wi th mcrowaves (see Syniett 2004, X=
-ON * RZY\!@ZETB/E this reduction rra;sﬁt ake place in th&?&?ﬁ%’?%ﬁa

di i sobutyl al urninium hydride (step 1 - exanple 23); 25 X C(=0)H Fr> R2=
-.Cl-1,--N-OH conversion of the al dehyde function to oxinme function in the
presence of N -1201-1 (example 20); x= :C(,=0)fri R2= -0OH2011 (exanple 3):

reduction of the al dehyde function s of an agent which reduces the
al dehyde function - by neans, for ekanple, of Na8H4: X— -G ae Sime3 > R2=
-0 -1.-DH (step.4.-..exanple . Leafitihn cap bl e of ce|n3 he
presence o§ ét'?a%'&@?sa%‘?%ﬁpg')m%*%orl de; |_a| aendjﬁf °n e F

(step 1 - exmnrpﬂllqméﬁmnctibhemﬂItﬂmenhylaﬂyll azudesslaﬁl%ﬁe‘soalrmmg)wpaaw of the 1,2,3-

di et hyl am no&g QEW trilluoride(GAST)(cf.AM Faun, "N, N-Di et hyl ar ni nosul f ur
Trifluoride” nc cI opedi a of Reagents for Organic Synthesis, Ed: L.
Paquette 2004 J Wley & Sons, New York.); t, NNk X= -Ca: C-Si Mea =I>=.>

22 W PR figg ict on, betveen the allyne function and
ring. The compounds P, for which X represents —H, -Hal, -COOH or —CN are obtained according to
Scheme 2 by bromination of P4 in basic medium, followed by protection with the protective
group PG. The bromination takes place, for example, by means of the bromine in the presence
of KOH in a polar solvent such as DMF. The SEM group, introduced by SEM-CI in the
10  presence of a base such as, for example, diisopropylethylamine (DIPEA), or the SO.NMe,
group (see example 1) introduced by CI-SO,NMe,, are examples of protective groups which

can be used.
HN-N HN-N PO.N
> Br, + base e Yp
== B r
L — |—> ==
» A0 NOO N
R R
P4 1 P5 1 P1 R,
Scheme 2

15

Ol

The compounds P4 for which X represents -CHO, -CH=CH,, -C=C-SiMe; or H are
obtained in one or more steps, starting from the compound Ps or P4 above for which X

represents -l and A represents a hydrogen atom (Ps) or PG (P4) (Scheme 3):

A

\N “N-N
CH,=CH-SnBu Br [Ox Y—Br
2 3
- = —_— =
*Pd oHscH ZN 2N
A AL R,
\N_N N- 1
Y—Br  Me,SiCCH Y—Br
== — =
| ZN + [PdJ/[Cy] .
o A
R Me,Si-CC I ~N-N
1 | N
o N Br
N?‘hm
\ f N - - N
= \_ 1 X
+[Pd] ' '

20 Scheme 3



5 Preparation of conpounds Pi The conpounds Pl for which X represents -11,
-Hal, -00014 or -CN are obtained according to Schene 2 by brom nation of P4
in basic nedium followed by protection with the protective group PG The
brom nation takes place, for exanple., by nmeans of the bromne in the

presence b d¢hi1bBoA Pol ar sol vent suchgas DMF. The SEM Iﬂﬁ'ﬁﬁﬂzo’lﬂbﬁd’ﬁéced

by SEMCl in the 10 presence of a base such as, for exa
di i sopropyl et hyl am ne (DI PEA), or the SO2NMe2 group (see exarrpl e 1)
i ntroduced by Cl-S02NMe2, are exanples of protective groups which can be

used.  SeRgne;cforkeldiEd ﬁ%ﬂ?@%%sargjasff&%w@h' ch Xrepresents -CHQ -GG

-CC-Si Me.3 orare obtained 1n one or nore steps, starting fromthe conpound
PE or Pi aboje XofHnRHePtile reaptierssings CHFCHEhBA: pepa esiadiun(@) doydiieogen at om

35 PG )N X led in Schene 3
c(ar e) agr f ol ( %r)X—( é\[‘l g)r'e B?(dg%&ﬁe%m%%@lﬁrleggrﬁg (?S?%WQEG}OQ%BI e_ - Ir CH SnBu5
and a pali adlffur’ri(ﬂ) CebrigiMex; SmODeshirX—reaClkm inoXhed atdsencer efad-tGiQaSlmanmd faor f
%awg . Oeg'pglr'i?ghﬁﬁ(g)oéﬂ ﬁlz é:ofﬁ 8ran§ asgﬂ;&?%@ﬁ (8 Fu‘i‘tﬂglt b&Quls‘ & t&]'@ {Et%?\e&%e 0
further detaidhsmoRey. Hp@7 r1§a(§t |8(Zﬁr9§ée:f also step 2 - example 7);

Qs

o forx= H : Suzuki coupling with 4-pyrazoleboronic acid in the presence of a
palladium(0) or (Il) complex and a base (it is possible to use the corresponding pinacol
ester).

10
The compounds P4 for which X represents—COO(C;-C,)alkyl are themselves obtained by

esterification of the corresponding compounds P4 for which X= -COOH.

Preparation of compounds P,
15  The compounds P, for which X represents—H or -Hal are obtained starting from Pg (Scheme 4)
which either is a commercial product (for example X=I, CAS No. 31827-94-8) or is prepared by

bromination of the corresponding acetophenone in acidic medium (cf. step 1 - example 1):

0
CI;”‘ « Me,N-CH(OEY)
Br . e, i ();«N v
mx ©f\( W (||) (

Pe

X=-H or -Hal hydrazine hydrate ' (iif)
-N R, COCI
<———— [/ N.
. S \QKJN
P, Pio
Scheme 4
20
step (i): reaction of Pg with potassium phthalimide, leading to P;. The reaction may be carried

out in a polar solvent such as DMF (cf. step 2 - example 1 or step 1 - example 6);

step (ii): reaction of P; with N,N-dimethylformamide diethyl acetal, leading to Pg. The reaction

may be carried out directly in N,N-dimethylformamide diethyl acetal at reflux (cf. step 1 -
25  example 3);

step (iii): reaction of Pg with hydrazine hydrate; leading to Py. The reaction may be carried out in

a polar solvent such as ethanol (cf. step 4 - example 1 or step 3 - example 6);



Chem Rev. 2007, 107(3), 874-922; cf also step 2 exanple 7); if a for Xr.
H, Suzuki coupling with 4-pyrazol eboronic acid in the presence of a

pal i adi um(0) or (H) conplex and a base (it is possible to use the
correspondi ng pinacoi ester). 10 The conpounds P1 for which X

represenigo 399642257 al kyl are thensel ves obtai ned by esperjHR2pabiogd7es t he
correspondi ng conpounds Pi for which X= -COOK Preparation of conpounds P4
The conpounds Pg for which X represents-H or -Ha: are obtained starting
fromP6 (Scheme 4) which either is a commercial product (for exanple X=1,

CAS No. 3l §2( ?%Z f:eabﬁorpsfeﬁsamdtﬁaya&u Qr%rfh%tﬁzmb(ﬂf IeEaEiﬁ%@&Pl;oeW@'?éHcﬂ&h

acet ophe medl um ( of step 1 - exanp chene

reacti on oY st&ichak ki gﬁld,gélt in a poI ar sol vent such as onF (cf step 2
exanple 1 or step | - npl e ; (in: reactjon of

N, N- di rreétﬁjll-(ﬂbrﬁmhlﬁr‘&@pﬁf%‘{kh)9Y°"é@@f‘d?a°t'l°8aﬂﬁ|Png Iggglinssto Ff’h(-:r hPéS%‘it'PBﬁ"%?F be
carrigd Qh‘rtneg'dt@qmw{e ipRes&hbeliof r@bbﬁnﬁ%ﬁ@ﬂbﬁi&pﬁm@té&d daerkiad aAttempératixe (cf .
step 1 - 25exanpl e % step %rﬁ %,% react ﬁf Po wit 21 %/)dra hydr at e, -
| eadi ng £0'0Bd> (CrRten a%’fai”lﬂ'? 5CS¥"’?‘W§%I6B s #lf BosshIse usg) such as
et hanol (cf. step 4 - exanple 1 or step 3 - exanple 6); step (iv):

acyl ation reaction th the aci hl o de Rl COCl to m The
reacti on 'REFOHEOWLE |4é?f"mﬁhxf?péesga‘ ?%"ﬁ%f?é’ aénc?fj\%rﬁ'arﬁﬂ'woptg B%IWSpﬂnqulpe
B_r eSﬁ_nce pﬂftecﬂembtﬁh;ﬁﬁﬂbat P:, or Qiichl Y Bdpresents -aUse F;pyrradldl mggxmm@ C(r\ZNCTI\;I)Z and

i schier- iera cyclization reactio adi t e
reactPon? r%ﬁa%@“@if’?m@éx eP’H”?%é%’P é%aéﬂg% S6f %ﬁ@sﬁﬁh&gghe@yS%ﬂbsphi ne
acid dichloride at tenperature > 100C (cf. step 6 - exanple | or step 5 -
exanpl e so possible to use POCI, The conpounds P4 for which

X repr esg’?’i?%afa'dfm 3&%&2 obt ai ned by cyariation of the correspondi ng protected
conpound®, idayf ey praparedt acardipg RsStHetne b (cf Usso WO peases23Mrstepsatypl- exarople 4,

gggCN>1§6%Bdg%sgﬂ.kg%mgzm.noHBe néﬁge%e%n%ae LMD iAGH! on: see Chem

R, NHR,
‘j R,SO,CI I\/j O
30 R, SO R, P,

15
Scheme 5

PG’ represents a protective group for the amine function. This is, advantageously, BOC (tert-

butoxycarbonyl).

20 The invention hence also provides a process for preparing a compound of formula:

N <\>

SOR

in which R4, R3 and R, are as defined above and X represents a hydrogen or fluorine atom, a
group cyano, -C(=0)H, -CH=CH,, -C=C-SiMe3;, -COOR,, where R, represents a hydrogen atom

T

or a (C4-C,)alkyl group, or the group H

25  comprising:



Preparation of P2 P2 may be prepared according to Schenme 6 (cf. also WO
2003032871 steps 1-4 - exanple 4, pp. 34-36), stailing fromthe

am nopi peri di ne protected on the am ne function: Schenme 6 PG represents
a protective group for the am ne function. This is, advantageously, BOC
(t edbut oxyoaigleAgblIz2 20The i nventi on hegice al so provi desPé‘TlEh%ﬁ?léséﬁ%
preparing a conmpound of formula: SOR4 in which RI, R3 and R4 are as

defi ned above and X represents a hydrogen or fluorine atom a group cyan,
-C(=0)H, -CH=CH2, -C2C-Si Me3, -COOR,, where R, represents a hydrogen atom
or a (Cl-apabhiky thIESHEUNEE Py RRd B, UhnePROSTHeR 1%h the s RER) 1aNGhIbREm
conpounds P1 and P2 defined in Schene 1 in the presence of a palladium
conpl ex ZABPIE3FPH.AREPNAY. dhP baShhase, cl eprotecting the product obtained in

the precemidegrosdcamy the brodubt oMY iRihe p?&eamg sRh (re as defined above and R2
represents one of the follow ng groups; [N

S5  The invention additionally provides a process for preparing a compound of formula:

H. N
N \ <R3
x N
U]
S
R N

starting from the compound of formula: < jn which X represents a —CN,
10 -CHO, -CH,OH, -C=CH or -C=C-SiMe; group and A represents a hydrogen atom or a
protective group PG,
comprising:
0)
e hydrolysing the group X=—CN to group R,= -C(=O)NH, or —C(=O)OH;
15 e converting the group X= -CN to group R,= -C(=S)NH, in the presence of ammonium
sulphide with microwaves;
e reducing the group X=-CN to group R,= -C(=O)H;
e converting the group X=-C(=O)H to group R,= —CH=N-OH in the presence of NH,OH;
¢ reducing the group X= -C(=O)H to group R,= -CH,0OH;
20 e converting the group X=-C=C-SiMes to group Ry,= -C=CH:;
e fluorinating the group X=-CH,OH to group R,= -CH,F;

-2
N
\—4
» converting the group X=-C=CH to group Ry= " by cycloaddition in the presence

of trimethylsilyl azide N3SiMe;;



-C(=0)NI-12, -C(=S)N1-12: -C(=0)H, -CH=N-OH, -CH2OH, -CH2F, -C-aChl or
starting fromthe conpound of fornmula;t< in which X represents a -ON, 10
-CHO, -OH20H, -CrICH or -CEG Si Me3 group and A represents a hydrogen atom
or a protective group PC, conprising; hydrolysing the group X= -ONto
group R2{xo M or -0(=0)0H; 15 cagiverting the grouscKERrR260b/b50E3OUP

= -0.(= g I'n the presence of amoni um sul phi de ulp% m crowaves; 8
redu0| ng the group X.= -CNto group RR= -C(=0)H, converting the group X=
-C(-:-O)H to group R2= -CH=N-CDH in the presence of NH2OH, reducing the
group X= oup X=
JQ2C Si M %6@4?8“3"% 6?8%[.'9 épbadct obidile ﬁg“l‘ﬁ‘é’”g?g‘ﬂ%g?@% Ohl 2CH t o
group R2= - CH2F; convertl ng the group X= -4 ECH to group R2= of

trimethyig 'cb%y@tfridg%fmdmag)' malYal§y 6é PRGEidd QBrtihg floRE PPLAS $MLEccoig to

2010/ 122272PCT/ FR2010105077
Scheme 6:
PG, NHR, PG, N~N
N—N (m
3 Br [Pd] (||)
x A _—»(.) R4so2
X ZN PG' X~ =N
Ry P, P
X=-CN, -CHO, -CH=CH,, -H, -F, H
-CC-SiMe,, -COORa, pyrazolyl “N—N R
\ A3
SN N
E G
R, r.{
5 SO,R,

Scheme 6
Step (i) involves a Biichwald-Hartwig coupling between P4 and P’,, leading to P’;. PG denotes
a protective group for the NH function of the pyrazole ring, PG' represents a protective group
for the amine function, and X represents one of the following groups: -CN, -CHO, -CH=CH,, -H,

Ol

In step (i), the amine function is deprotected to give P’4, which then reacts in step (iii) with

= 05

10  -F,-C=C-SiMe3, -COOR, or

RsSO.Cl to give P’s. The NH function of the pyrazole ring is then deprotected to give the
compound of formula (l).
16

The invention hence also provides a process for preparing a compound of formula:



CO where appropriate, deprotec rig the product obtained in the preceding
step (0, The conpounds of iornmula (I) may al so be prepared starting fromP1
and 13' 2 according to Schenme 6: Schene 6 Step (i) involves a
BC chwal d-Hartwi g coupling between P1 and P'2, leading to P'3. PG denotes a
protecti the NH function ofiqt he pyrazole ri ts a
protecti ﬁogirogggz?%frz the am ne functi orl0 and X repr esen[@cgﬁgzngPﬁzﬁa
foll owi ng groups: -ON, -CHO, -CH=CH2, -H, 10-F, -CGSiMe3, -COOR" or H in
step rin, the amine function is deprotected to give P 4, which then reacts
in step G} whicMit h t ki ' [ [e ring
is then g’igb%’ﬁ“&’t %gérlﬁg@%\?eagt éx%o%%aﬁgggf@tj g%%unfg h?{j]r)OBéQLép%ogx% %\E/)gdht% i on
hence al $PYr¥FIHe==R)proEESs:-6FCHIMemré AgRa wherpRuktresénts o hidiogen atoinn
which RI, R3 and RI are as defined above and X represents a hydrogen or
fluorine atom a group cyan, -C(g CH2, CCSi Mg, - COORa, where Ra
represents a hydrogen atomor a (\Gl- al kyl group, or the group H
conpri si ng: éF& reacting the co d P4 of fornul a:

or a (C4-Cy)alkyl group, or the group .

comprising:

5 (i) reacting the compound P’4 of formula:

with R;SO,CI,
(i) deprotecting the product obtained in the preceding step (i).

\ /R3
5 N
FOPNS
1 \
80,
10  The invention also provides the compounds of formula R, (Scheme 1) or
PG,
N—
N
N N
X AN b
R, N,
of formula B (Scheme 6) in which:

= Ry, Ry, Rz and R, are as defined above;
= X represents a hydrogen or fluorine atom, a group cyano, -C(=O)H, -CH=CH, , -C=C-SiMe;,
-C=CH, -COOR,, where R, represents a hydrogen atom or (C4-Cy)alkyl group, or the group

15 H
* PG represents a protective group for the NH function of the pyrazole group;

* B represents a hydrogen atom or a protective group PG' for the amine function.

PG represents more particularly SEM or SO,NMe,; and PG’, BOC.



PG wi th R4S020, deprotecting the product obtained in the preceding step
(i). R 1, R2, R3 and R4 are as defined above; f, X represents a
hydrogen or fluorine atom a group cyano, -G O0)H, -C hl1=CH

-CECH, -C.,"' O0Ra, where Ra represents a hydrogen atomor (01-C4)al kyl group,

or the gyayBoid122372 PG represents a prqtective group fopcit/rrrbiossetd on
of the pyrazole group, B represents a hydrogen atomor a protective group

PG for the amine function, PG represents nore particularly SEM or SO2NWMe2;
and PG, BOG, 1In a 3rd aspect, the invention provides a pharnaceuti cal
conposition conprising a conpound as defined above in conbination with a
phar maceutical |y acceptabl e exci pient. The excipient is selected, according

to the phahRBECRBLEC #e hAIbAPHVRERS ar@drhRdeatel cadpastiontdotiptising afdompolidte

5customary exci pi ents, which are known to a person skilled in the art.
as defined above in combination with a pharmaceutically acceptable excipient. The excipient is
selected, according to the pharmaceutical form and desired mode of administration, from the

5  customary excipients, which are known to a person skilled in the art.

In a 4™ aspect, the invention provides a medicament which comprises a compound as defined
above, and also the use of a compound as defined above for preparing a medicament. The
compound may be administered in combination with one or more other anticancer agents. This
10 treatment may be administered simultaneously, separately or else sequentially. The treatment

will be adapted by the practitioner in accordance with the disease and the tumour to be treated.

In a 5™ aspect, the invention also provides a method of treating the pathologies indicated
above, which comprises administering to a patient an effective dose of a compound according

15  to the invention or one of its pharmaceutically acceptable salts or hydrates or solvates.

[Examples]
The examples which follow illustrate the preparation of some compounds in accordance with
the invention.
20
LC-MS-DAD-ELSD analysis
Column: Atlantis T3; 3.0 x 50 mm; particle size 3 um; Waters 186003721
eluent flow rate = 0.8 mi/min; oven temperature: LC=35°C; DAD wavelength 200-400 nm
gradient in 7 min using a mixture A (water/formic acid 0.1%) and acetonitrile B: 0 min (95% A,
25 5% B); 5 min (5% A; 95% B); 5.5 min (6% A; 95% B); 6.5 min (95% A; 5% B); 7 min (95% A,
5% B).

'H NMR analysis
The 'H NMR spectra were obtained on a Bruker 400 MHz instrument in DMSO-d6. The

30 chemical shifts are given in ppm.

Preparation of the compounds of table |

Example 1 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-c]
isoquinoline-7-carboxamide

35 Step 1: A 11 three-necked flask is charged with 50 g of 4-iodoacetophenone in 500 ml of glacial
acetic acid. Added dropwise then at room temperature (RT) are 10.4 ml of bromine. The reaction



In a 4m aspect, the invention provides a nmedi canent which conprises a
conpound as defined above, and al so the use of a conpound as defined above
for preparing a nmedi cament. The conpound nay be adm nistered in conbination
wi th one or nore other anticancer agents. This 10treatnment nay be

adm ni st egechobARLsANEousl y, separatel yoor el se sequentipdtiyradiobdAat ment
w |l be adapted by the practitioner in accordance with the di sease and the

tumour to be treated. In a sth aspect, the invention also provides a
met hod of treating the pathol ogi es indicated above, which conprises

aﬂm ni st ewikide id Hirdd T BN h 8 tﬂérf &%bbr&@d dererRfica p?é%%@'(m mﬁdi' uddt 0
the i nvent

f it aII acce ta d at es
or sol vat'e gnr[ L@tgon? 85 %roﬁggﬁ#&? eEﬁ %P 6% f”ﬂlgéq ’F’g‘?énettwgnﬁtcé'ﬁ%eatl on
of sone d@%b@n@isoncnntmetﬁoea@amme umletrhedthed preverd (Ri).in @0el G-rdBeoubAdD-tEcSDof
anal ySI S ackR! démnd/btrérﬁﬁé "Fﬁe-gﬁang@ thdXobléaQnem AR drla&d \?ac§dn4‘r:n §d9§|&’at y%{')%stAD

18600 el uen% ; oven tenperature: .
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5.5 mn Q@Q/pﬁ%_f, ﬁ?%},?ﬁ;%%ﬁr@@% 9% A, 5% B); 7 min (95%A; 5%8). 1H NWR
The IH N

anal ysi s spectra re obtai ned on a Bruker 400 MHz
i nstrunment in DMSO d6. The
Step 2: A 500 mi round-bottomed flask is charged with 66 g of 2-bromo-1-(4-iodophenyl)ethanone in

10 140 mi of DMF and 38 g of potassium phthalimide. The mixture is stirred at RT for 4 h and the
precipitate formed is filtered off on a glass frit and washed with 3 times 50 ml of isopropyl ether.
Drying under RP gives 80 g of 2-[2-(4-iodophenyl)-2-oxoethylJisoindole-1,3-dione in the form of a
white solid, which is used as it is in the following step. MS (E/l): m/z = 391 (M+); 1H NMR: 5.21 (s,
2H); 7.84 (d, J = 8.5 Hz, 2H); from 7.88 to 7.98 (m, 4H); 8.00 (d, J = 8.5 Hz, 2H). m.p. (Kofler):

16 230°C.

Step 3: A 500 ml round-bottomed flask is charged with 81.6g of 2-[2-(4-iodophenyl)-2-
oxoethyllisoindole-1,3-dione in 134 ml of N, N-dimethylformamide diethyl acetal. The reaction mixture
is heated at reflux for 5 h and then cooled with an ice bath to 0°C. The precipitate formed is filtered
20  off with suction on a glass frit and then washed with twice 50 ml of isopropyl ether, followed by two
clarifying washes (washing of the cake without stirring) with 50 ml of isopropyl ether. Drying under RP
gives 79g of a mixture of the E and Z isomers of 2-{2-dimethylamino-1-(4-iodobenzoyl)-
vinyllisoindole-1,3-dione in the form of an orange-yellow solid. MS (E/l): m/z = 446 (M+); 'H NMR;
2.92 (broad m, 6H); 7.22 (d, J = 8.5 Hz, 2H); 7.49 (broad s, 1H); 7.80 (d, J = 8.5 Hz, 2H); 7.92 (m
25  4H); m.p. (Kofler): 226°C.

Step 4: A 1| round-bottomed flask is charged at RT with 78.3 g of a mixture of the E and Z isomers
of 2-[2-dimethylamino-1-(4-iodobenzoyl)vinyllisoindole-1,3-dione in 535 ml of ethanol. A brown
suspension is obtained which is admixed with 21 mi of hydrazine hydrate. The suspension is heated
30  at reflux. After 30 min of heating, the mixture is observed to thicken and take on a lemon yellow
colour. This suspension is stirred at reflux for 4 h 30 min and then the mixture is taken to RT. The
suspension is filtered with suction on a frit and the precipitate is washed with twice 100 m! of ethanol.
This gives a filtrate which after evaporation gives 46 g of a yellow solid 1, leaving the original
precipitate 2, which is dried at 40°C under RP to give 39 g of a cream-coloured powder. 1 is stirred
35  for 15 min in 300 mi of AcOEt. The mixture is filtered, and this operation is repeated 13 times, using
150 mi of AcOEt each time. The various filtrates are combined and concentrated under RP. This
gives 24.3 g of a golden yellow-coloured solid. 2 is taken up in 300 ml of AcOEt. The mixture is
filtered and the operation is repeated 7 times, using 150 ml of AcOEt each time. The various filtrates
are combined and concentrated under RP. This gives 7.3 g of a lemon yellow-coloured solid. The two



30chem cal shifts are given in ppm Preparation of the conpounds of table I
Exanpl e 15-(2, 6-di fl uorophenyl) -

- ([ 1- (et hyl sui phonyl ) pi peri di n-4-yl]arnino)- H pyrazol o[ 4, 3-c]

igcgui ?ol i ne-7-carboxarnide Step 1: A 11 three-necked flask is charged with
5 o] Glﬂﬁf Sphenone in 500 nil gl acial acetic

dr opw se tql en at roomtenperature (RT) gre 10.4 m of brﬁlﬁgzwgﬁyggctl on
m xture is stirred at RT for 2 h and then evaporated under reduced pressure
(RP). The crude product is taken up three tines with around 200 m of
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aq fa RT with 78.39
m xt ure @p Qq‘,{\é fg 'h‘i,mm ZATtes sRgling W|th an ice bath, the precipitate is filtered off with ‘suction and
washed with twice 30 ml of ice-cold DCM. This gives 25.8 g of 2 6-difluoro-N-[5-(4-iodophenyl)-1H-

pyrazol-4-ylJbenzamide (cream solid). MS (E/l): m/z = 425 (M+), 'H NMR: from 7.15 to 7.25 (m, 2H);
7.51 (d, J = 8.5 Hz, 2H); 7.57 (m, 1H); 7.79 (d, J = 8.5 Hz, 2H); 7.93 (broad m, 1H); 10.2 (s, 1H); 13.3
25  (broad m, 1H); m.p. (Kofler bench): 204°C.

of a

Step 6: A 500 ml round-bottomed flask equipped with a magnetic stirrer and with a septum having a
top-mounted argon intake is charged with 9.2 g of 2 6-difluoro-N-[5-(4-iodophenyl)-1H-pyrazol-4-
yllbenzamide, 168 ml of phenylphosphine acid dichloride and 46.3 g of phosphorus pentoxide. After

30 23 h at 165°C, the mixture is cooled to RT and then poured into a mixture of 260 ml of water and
400 g of ice. The temperature rises to 40°C. Neutralization is carried out by slow addition of 930 ml of
3M sodium carbonate solution and then 110 ml of 28% agqueous ammonia. Extraction is carried out
with once 1150 ml and 2 times 550 ml of AcOEt. The organic extracts are combined, washed with
saturated NaCl solution and dried over MgSQ,, and then concentrated under RP. The solid obtained

35 s stirred in 220 ml of DCM at reflux for 15 min, cooled using an ice bath, and then filtered and
washed with 2 times 28 ml of ice-cold DCM. Drying under vacuum at 40°C gives 7.4 g of 5-(2,6-
difluorophenyl)-7-iodo-1H-pyrazolof4,3-clisoquinoline (cream solid). MS (E/l). m/z = 407 (M+); 1H
NMR: 7.39 (t, J = 8.0 H, 2H); 7.71 (m, 1H); 7.99 (broad s, 1H); 8.33 (m, 2H); 8.45 (broad s, 1H);
14.35 (broad s, 1H); m.p. (Kofler bench)= 260°C.
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eluting with a m xture of DCM and net hanol (99,5/0.5 by vet), to give on
one



hand 595 ng of

3-brorno-5-(2,6-ciifluorophenyl)-1-(2-trinethylsilanyl et hoxyinethyl)-1H pyr

azol o[ 4, 3- c]isoduinoIine-7-carbaidehyde in the forntof a creamsolid: M

(EI1): mz 388 (M4.); 1H NWR -0.13 (s, 9H); 0.86 (t, J=7.8 Hz, 2H); 3.66
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(s, 1H), and on the other hand354 ng of 3-brono-5-(2;

8-di fl uorophenyl)-2-(2-trirnethyl sriyl ethoxynet hyl)-2H pyrazoiol4
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lutin xtu and 5 _by vol.
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hydr oxyl apnige mwmmm lo@Géﬁrgﬁ a%be(d J= @ﬁlqhz he). %%WEH)' 5151 rhr%’(rgdz% P T for

e solid obtained s

5P
23C2t B @ﬁ3383§%ﬁ éﬁ%wrbgﬁkgﬁé (56 3H63H6ﬁ4ﬁdPa§@rﬁﬁ?ﬁ%&@bﬁé?éddnﬁgﬁﬁen
with sat aHpt78d (froacetodry . G CiH)sOb&Itn, i), 8d16i (edady,eiH);NuB0dd, JEB Ut eTied 18)d.52

concemtr @QSMHﬂ?ﬁ Eﬁ%s Uﬂtflcatlon is carried out by flash chronatography
on S|I|c§;gel ) eIutlng with a mxture of DCM and AcOEt (75125 by

vol.), to glve 184 ng of

542, 6-di f| uor ophen -3-([1- (rnet hyl sul phoh iperldiri-4-yllamno
Step 6 AF%OO eround bo(tt[ome flask eqzlpped vﬁth a myaF)gFr)teP ic stirrer and wnth% septum haznng a

top-mounted argon intake is charged with 211mg of 5-(2,6-difluorophenyl)-3-{[1-
(methylsulphonyl)piperidin-4-ylJamino}-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrazolo[4, 3-

30  clisoquinoline-7-carbaldehyde in 8.5 ml of pyridine, 36 mg of hydroxylamine hydrochloride are added,
and the mixture is stirred at RT for 64 h. It is concentrated under RP and the solid obtained is taken
up in AcOEt, washed with a 1M aqueous solution of potassium phosphate and then with saturated
aqueous NaCl solution, dried over MgSQ,, filtered and concentrated under RP. Purification is carried
out by flash chromatography on silica gel (20-45 ym), eluting with a mixture of DCM and AcOEt

35  (75/25 by vol.), to give 184 mg of 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-
1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrazolo[4,3-c]isoquinoline-7-carbaldehyde ~ oxime  (yellow



1-([2-(triniethyisilyiiethoxyl nethyl)-1H pyrazolo[4,3-GisoqU 110:: ne-7-car
bal dehydeoxi ne(yeiiow soiid). M5 (Ell): rniz 630(+); 1H NVR 0.04 (s, 9H);
0.89 (m 2H); 1.61 (m 2H); 2.11 (m 2H) 2.74 (m 2H): 2.85 (s, 3H); 3.58
(m 2H); 3.67 (m 2H); 4.46 (m 1H); 5.65 (s, 2H); 6.50 (d, J=8,3Hz, 1H);
7.33 (br Q?ﬂzzbmlﬂ_@ﬁ—lz 2H); 7.65 (rn, 4811); 7.72 (br oadpgT,FIRZthlogof)ﬂa (dd,
J=8.4, 1. 8.27 (s, 1H); 8.35 (d, J=8.4 Hz, 1H); 11.39 (s, 11-1). 5
Step 7: A 50 m round-bottoned flask equi pped with a septum having a
top-nounted argon intake is charged with 180 ng of
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and 2 ni |1Hﬁf83@(c7§%$ﬂ|5 S1adgenibg solution. It is extracted with AcCEt,
washed saturated NaCl solution, dried over My304, filtered and

conce@ntrat ed under RP. Chronat ography on siiica gel (20- 45 pnm), eluting
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i s char gda umi.tdiutieg withy amb8ure 2of QG fahdlcmetb‘gﬂﬁeln@lzﬁﬂfﬁ- By yol.), gives 63 mg of 5-(2,6-

1" pyr abbpapaeryP BER Tk B B Rk L AR Sl e B 5 of
exanpbe 2arbaldetydSoxihe gemarHpeliamdolit). MS‘NE/lbfm/n‘eﬁﬁ(hﬁM) HAYMRY1.&70(o1, RHY 2t14 (0C

f
4519, a5 %y 0 18 20, IR o et patelde Ty beo ey St presrd o
sat ur at ed=a6|tiedl; s&HinurmHyi 7c%r (lbeadsel H0s. It (borad di #=8 SHaXH): 6{303:06(6 Wt h4 NdOEL |

washed wit at, i dried over fifigSO4, filtered and
concentrat%%ﬁun(%aﬁ%g(y%ﬂ) 13%3%31946 mg of [542, 6-

30di fi ugrophenyl)-3-([1- (et hyI sui phonyi ) pi peri di n-4-y | ] am no{_| 1-1f 2- &;}ri me
t hyl 801 y Gaampiey|dvet W@ﬁiﬂwomh@zwﬂp4msmwfulmqmpinenlqlm4-v lamingid Hirareedlol4whi ch

is used @fsoylindi®-7fyPMetBoif ol I owi ng step. M5 (El1): rnlz = 617 (M).
(rnet hyl sal phonyhpi'pe-ridi n-4-yflarni no}-1-112-(tri net hyI sily)etrioxypnethy

1) - 1H- pyrsaspol: @260 3 réhii-sotmdaclasneqlippbd Wit Banghetic Btirder Bihd afth Dedfturihtnérg a
cooling to Qct usi

i s stirré®EPUNY ¢ 8%02 h'"taF? o hc@ﬁ@éat T‘é{‘f'ﬁ& %%ear EP%dﬂgd ' 8r°§§5?qylefg:i{ﬁ:[ e

obt ai ned (m&hylmanmpuperruu%yqén - m{at(e.rneamduwetﬁ&ymetrqf} 18-razbibi@gueous

ammonia solution. It is extracted w
25 ‘clisoquinoline-7-carbaldehyde, prepared |n step 5 of example 2, in 1.5 ml of THF and 1.5 ml of

methanol. After cooling to 0°C using an ice bath, 5.5 mg of NaBH, are added and the mixture is
stirred for 30 min. Then 1.5 ml of acetone are added and the mixture is poured into saturated
aqueous sodium bicarbonate solution. It is extracted with AcOEt, washed with saturated NaCl
solution, dried over MgSQ,, filtered and concentrated under RP. This gives 46 mg of [5-(2,6-
30 difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJlamino}-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-
pyrazolo[4,3-c]isoquinolin-7-yllmethanol, which is used as it is for the following step. MS (E/l): m/z =

617 (M+).

Step 2: A 30 ml round-bottomed flask equipped with a magnetic stirrer and with a septum having a
35 top-mounted argon intake is charged with 46mg of [5-(2,6-difluorophenyl)-3-{[1-



5AcCEt, washed with saturated NaCl solution, dried over MySO.1, filtered
and concentrated under RP. Chronmatography on silica gel (20-45 pm, eluting
with a mxture of DCM and nethanoi (92.5/7.5 by vol.), givesl3 ngof

(5-(2, 6-difluoropheny0-3-QL-i net hyl sul phonyl ) pi peri di n-4-yljam nokl H

pyr azoi olWo30abi129ss nol i n-7-yl i met hanalh (yell ow solid). Pé’ﬁFﬁ@biOl 832
487 (M; HNMR 1.67 (m 2W 2.11 (m 2H); 2.87 (s, 3H ?

3.56 (m 2H); 3,79 (m 1H): 4.63 (d, J=5.7Hz, 2H); 53410(f J57112
1E-1): 5,98 (d, J=7.8117., 1H): 7.31 (m 2H): 7.59 (broad s: 1H) 7.66 (m
1H): 7.83 (broad d, J=83 Hz _ng; 8. 35 &d,_ j =8, 3, 1H'3'r 12. 68
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After coolin he m xturé'is poured into water, extracted with AcCE
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gi ve 272 dndy8dFHaz1 )28 ésm #7801 BhARAYIS) 11 (| 1-
25(trifl uorornethanesul phonyl)pipericlin-4-yliamno}-1-f[2-(triinethylsilyi

Yol | on sCRERBE L3t P! 260N dyrdny E AR R LRab R bipie BrnBL
(1-tritl ROPEHRM. ?rﬁl*?é@‘ﬂ'l‘oﬂi?ﬁ)ﬁﬂrb?@é\*qedl nat - yQcarbamate A 150 ml round- bott oned

f1 asks eqm&edhé\@iobec&l(rjdfﬁgﬁa’& Oxariphd ﬁl’stelp512Ch650%G‘odrh6%6ﬁon$é’d9ﬁ6k Whdidped with af 4-
Lne in 3

b
o roe i RaPARRRREhL BDS L Raille o BB 380 PRl Aramert i 28989 ol i ng
to 0C usiorgoan(2itcdfiugephenyll- Bl2rtiimetnyisity) éthawimsthe - Eimesedigihidmyioquintlioe7de ar e

idﬂed| dr epb&le i Aen B XﬁldroﬁadesAﬁér'érdoﬂ%a@tbem@bi)@!ﬁ tRGugh 1B ANVint S¥@Mm@bs RT for

saturate di um bi car bonat e
ot 1 on RO e bGP erts MRt h T Gr e B St R
sol u? onof @pideabtioyl€p- bhgmmdnylmpd;map)adntmm andcieng papadiedioro(II pyates sreunided.  RP.
35 Chr orr&hggmpmé r@gteésﬁemlfor(zlﬁ AﬁQré&). th@'n&&t 0% e/auFe]Ia i} W:a?éF Wfactla videM and
met hanol 6\$§8/ 02 ﬁ ‘1)1[ ﬁ | nmet h
(o1 BubtOE newaulorstiangd Mo prakion. Aok P e rabiniaciong i g RS
(Eli): ritiigpwifi@BBy {|dsh )chromatography on silica gel (15-40 um), eluting with a mixture of AcOEt and
heptane (40/60 by vol.), to give 272 mg of 5-(2,6-difluorophenyl)-3-{[1-
25 (trifluoromethanesulphonyl)piperidin-4-yllamino}-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrazolo[4,3-
clisoquinoline-7-carbonitrile (pale yellow solid). MS (E/l): m/z = 666 (M+).

Synthesis of 1,1-dimethylethyl (1-trifluoromethanesulphonylpiperidin-4-yl)carbamate
A 150 ml round-bottomed flask equipped with a magnetic stirrer is charged under argon with 2 g of 4-
30  N-boc-aminopiperidine in 35 ml of DCM, 82 mg of 4-dimethylaminopyridine (DMAP) and 1.86 ml of
triethylamine. After cooling to 0°C using an ice bath, 1.6 ml of trifluoromethanesulphonyl chloride are
added dropwise. The mixture is stirred at 0°C for 30 min and then at RT for 1 h. It is poured into
100 ml of saturated aqueous sodium bicarbonate solution. It is extracted with AcOEt, washed with
saturated aqueous NaCl solution, dried over MgSO,, filtered and concentrated to dryness under RP.
35  Chromatography on silica gel (15-40 pm), eluting with a mixture of DCM and methanol (98/02 by
vol.), gives 1.5g of 1,1-dimethylethyl (1-trifluoromethanesulphonylpiperidin-4-yl)carbamate (cream
solid). MS (E/l): m/z = 232 (M+).



A 159 m round-bottoned flask is charged with 1.0e g of 1,1-dinethylethyl f
1- trifluomret hanesul phonyl pi peridin-4-yCcarbamate in 30 M of DCIVI. 3
of TFA are added and the mi xture is stirred at RT for 1 h. it is
concentrated under RP and the solid obtained is taken up in 5 30 m of
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15 Step 2: A 30 m round-bottonmed flask equi pped with a magnetic stirrer
and with a septum having a top-nounted argon intake is charged with 189 ng
of 3-brorno-5-(2, 6-difluorophenyl)-2-(2-
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gi ves

myof 5- (2, 6 dPFl USF ORNEFTY Ty By PLYFRPRGTLE BRI Ey 1N fiBeff ditsi 40t i AFHi noj -
7- Vi nyl - 21900 5ap PLeN @PW%’- trqugaderi Honinné3q pe|df dwneibdned)phonBpipaEidin4-ylaming, —483
(M: ZGH bBHRmng bf &ésiiMlcadohlite, 25kg &M o- d?m%{_lg fs (i hen§| I@sp@ncﬁ%n(ﬁhe gndB m

ér 81 (br f %?Il%ag nS('II a%tat%are fgﬁz%d( h%l’-?lxé]&%jls h ﬁ_d7at6re ug orzl r,_l%gterlcopﬂnwggfm(tgre
J=7. 8 Hzjs @uldy into ey, brteratdd svith AcPlrt, WaBigd (Nrtlp sadturiehed QlaClsofudipo aidedloved Mg80§ Hz,

1 8.3 2
Exle_ll)npl eGgltegéh anliacl%]pi&aggtgd %rédré} RP2t 7§3ptfr|ﬁed %/ dkh chrom?tlo%ra%hy on slllc]'g| 8el (I1§ -40 Be i di n-

su
4-yi | am RESIIHN BHppdsep d%%" §@ﬁF%‘c{é§%P¥ YPi & @rse 16 mﬂ%éér(%g O eRiPRIPBOr T omed
f | asRS eqdlil{rpetdlylsmphbnydpipaiginet-yljlemsib}-2-{[24 trimetty| st/ ljdthoay]sepyiuvikgeHAgragolo[4, 3-

E°Er2"n3“% ﬂ%%‘“&’é%ﬁ‘i’i"ﬁsﬁﬁﬁéﬂéd.s# iR Bos ¢ o o gg (s tim 2, o
pht hai i ni'§8 (MPhid) % PE) 7 & @t 2 g4 &y SR 38 MA H) Bbft /R®3 el 44dme 1
forned i &) 63 et ofif, on 5&4g£ azsrs §.87 {d, and. WmShGHJ ew7t(B, B7BiHES Hh@ a3l (aPf

i sopr opy t h f

242 ﬁr% 8#}9* 5 i g?ﬂ?fn‘& brpsEe PR it 8 4% ety =0inien 1 s
used %s He. 1|'é)&3ﬂ (¢ hig8 B izl bw ng step Mel ting point (Kofier): 14000: NS

CE/ U; mz—283(M+) 1HNI\/R525(s 2 H 7.44 (t, J=9.0 Hz, 2 H) 7.85 -
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Step 3: A1 1 round-bottoned flask equi pped with an effective nagnetic
stirrer and with a condenser having a top-nounted argon intake is charged
at RT with 4,5 g of 242-di met hyl am no- 1- (4-

f1 uorobenzoynvi nyl | i soi ndol e-1, 3-dione in 30 nl of ethanol. This gives a
br own S“Wl??ﬁ’l(% ch is 30 adni xed wisth 1.62 m of hyplc@mmmmgoﬁﬁ in
20 m of anol he suspension is heated to reflux. After 30 mn of
heating, the m xture may be observed to thicken and take on a | enon yell ow
colour. This suspension is stirred at reflux for 3 h and then the mxture
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Of taut Og?er St %S{)qusr&fn\d%ttorﬁé'ﬂjﬂa%k |eql9 pefdhﬁth%brﬁé’drﬁhé Qfﬂr‘ér Qﬁoﬂmthr@%i)tun\l\hé\m 33( 69
m
19 To § Soggmatited %5ttt Sy-ORIRT Pt AR SLELr HBRG af TRreP RERERT 0% TP PEP' and
WI t h a septrumdiad j g patatsdpn phibalinticed Tae goxiureri¢ akeedia Rohfar §écni Ithe aregiitage of

3-(4-fi u?&@ﬁ&"%”f)ft@ed%’#’ dws ?égé H‘f’ B Wg&ﬂé@ wifh 20mad 56’Fnl m&@ﬁéb?l étﬁerni’hlé’fafter
pyri di ne

an |
di f 1 uor oB®mganeer &/ S'W‘i’sd%g afr?e[ze(ﬂl'(ﬁé‘?PPhFH@ 5 gwﬁ@w'émnde'e e %{?rled\WB'EF §°Bd)cwh'ﬂ’o
ar adual I )é dsed BOD Rk BERRAGEILY . ANeting Point (KBLHrOWAGTG; S AP0 ratzi=@83 ¢Vi+)t reNEBI vent
unde d r &n f d then the
aque us Shé@ Hg 73)%?}2-??06 WI'{’% 8& @6 J"rﬁg?grq% ni ‘éjgei%gak%t%%are conbi ned,
washed with saturated Neel solution and dried over NlgSal. The AcCEt is

then evapgraj ‘i\%ﬁ %unﬁ?ﬂt&'ﬁ@dtﬂ%slgb lﬁpp"éd %iteE s@ptmnmavﬁ anfp mounted | argon intake
2,6-difif.1oro-

- (2. 6-di ?PQJW%%@HSW@SWGI(?FJP%@S? iﬁ/[vsthéﬁm P%@Sé@ff)é%tf‘hﬂﬁeqﬂﬁ@'“dﬁ Ffldone
di t | uor oherezanstdeN idmdiyeorfrarmeafietey! besta)eTreanikiure imheatbd atselisdar e artd then  The
crudsyr e%&g %00 iy %dfagtbafhg %5¢ rﬁﬁt&& ﬁ.tgte%r\ﬁ?efd%@f.ﬁ‘érad bRt XRE6T 66 aRfiQdyGt : in

a round

di f | uor owREIBd(ithf Medmﬁr{&fplqu I99RrqRyt &f5ey) 2ad hep un £EHRVIRe Waspes are carried out
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concentrated under RP. This gives 2.6 g of

2, 8-di f w@pm: W1 Bofrd-HottorasDpfie rydip pet With pn affedtivel mayrelib etivea ami withea ¢adeasen

solid). En) 7 .26
(broad af a\Qrg ?pg%;uﬁtea’ %&{% Mk%sls gt\ % at R¥]W&b 4é3 g|:)817 ﬁz Hﬁvgth@lan‘?‘hno 1|_‘)%

10. 21 (sfluqowzqyﬁvnwso'mgvl@w(qmneau Gj of eiheny' Thip gives-a kwcsug@ng%ﬁvh&h i\ 250
mor and'abl‘ﬁtxé@md 156b a8 ki BakZPReGdratetifn 261n1]TBgétﬁérioC TRé kiligpeiisicnsl hwdtédtoaremapt um

havi ng a d.ar on | t ake | s _char
2 6 dif I QSPOINE- fﬁeaﬁp%g KTy b3 ptdivedty Finihd ﬂ%bag‘r?g"é‘rafn'e'a”“ YEIBY 5P 5t
phenyl phd’i;ptsumndomhlsmercbm r@fhld for. delﬁewh@g}aﬁtﬁ@ BPrPehttoiTdene ingdueres2® h of

heating gkerdd®Sfon 4 Ri€arll wdsHERWiItF2:80 Rk @Ids%ﬂapﬁ-gtlﬁﬂd'hé heste ROdshEHhtrhtBl @ dyngbxt ur e
of 260 mM of water

nd 30.,400g of ic ra est C., e
m xture iSRG I3 E%%e B@'ds?%%ﬂa&%f“ﬁ?%ﬁ 'so?dr?L'é‘?rfrPW'lth é#lmg%{)'v %fuaé}?us alncT”Fnz-qua
It i 85exthyarethiic wiiti50Ad OEAGOBtashmidenandihs asalvkitsede NeCd offoThgtdaperuambasgrs ed
over tvi Q@;g}%teé B@Qn@%ﬂ&?@ﬂ rnaéxegimlljmﬁd’OéRPFheTéaﬁecﬁfstﬂﬂé‘et is 'b§5|@drﬂyfdd@iﬂorb(¥f dnash

chr omat ogr

met hanol S(’@WX‘V%QX'%P Ia;:p% 361 q/gmeggétp%d d\ftLé ié) rgl oWePth acetnEe ‘Phe orgamc phase and

di t1 uor opheaghkd with flateg lumt+| B riduwrmleloﬂmnael ct |ssaxqant¢|b‘lvltfn@cq&1rttamoseﬂ VigBQs, M5
El | 4 .

|('|) 7? 20 (flﬂeretf %&? %g %ir 0 < Q@ Th?s %‘Es(i 93 g]'of73 34 ﬂ%ro(péﬁrg)aégl &%zélbltﬁ@'n%én (i

j=9.1. 5.6 Hz, H)1429(broads 1 H.

d.



cilsoquinoline in 10 M of DV, 0,21 m of brom ne and 344 ng of KOH. After
5 hat R, the mxture is poured into ice-water. The agueous phase is
extracted with 3x150 m of AcCEt. The organic extracts are conbi ned, washed
wi th saturated NaCl solution, dried over M gSat and evaporated under RP.
This giv 7
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Step 5: A 30 m round-bottoned flask equi pped with a septum having a
top-nmounted argon intake is charged with 47 ng of
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Step 3: A 30 ml round-bottomed flask equipped with a magnetic stirrer and with a septum having a

top-mounted argon intake is charged with 79mg of 3-bromo-5-(2,6-difluorophenyl)-2-(2-
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charged hufitd6aTBsoRtion, dried over MgSO,, filtered and concentrated under RP. The product is
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3 tines %’ﬁr{g’ 15@ arid the organic extracts are conbi ned, washed with
saturate =&t ¢ |on dried over 1;11960,4 and concentrated under RP,

The crude product is purified by fl ash chromat ography on silica gel (15-40
pm, el utd gk W éohm%&%%&&ﬁé% %f‘e‘/eWp%d WntKE%E&urﬁFhQﬁ&Pa Eb‘;’) N&Unte} afjod |r’£té'l@ns Wl th
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concentrated under RP and the solid obtained is taken up in 25 ml of water and 0.75 ml of 0.75M

aqueous ammonia solution. It is extracted with AcOEt, dried over MgSO,, filtered and concentrated
under RP. The product is purified by flash chromatography on silica gel (15-40 um), eluting with a
30  mixture of DCM and methanol (92.5/7.5 by vol.). This gives 6 mg of 5-(2,6-difluorophenyl)-3-{[1-
(methylsulphonyl)piperidin-4-ylJamino}-7-ethynyl-2H-pyrazolo[4,3-clisoquinoline (yellow solid). MS
(E/): m/z = 481 (M+); "H NMR: 1.66 (m, 2 H) 2.11 (m, 2 H) 2.87 (s, 3 H) 2.91 (m, 2 H) 3.56 (m, 2 H)
3.79 (m, 1 H) 4.37 (s, 1 H) 6.10 (d, J=8.3 Hz, 1 H) 7.34 (t, J=7.9 Hz, 2 H) 7.65 (broad s, 1 H) 7.69 (m,
1 H) 7.97 (broad d, J=8.3 Hz, 1H) 8.42 (d, J=8.3 Hz, 1 H) 12.88 (broad s, 1H).
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Example 8 Methyl  5-(2,6-difluorophenyl)-3-{[1-(methyisulphonyl)piperidin-4-yllamino}-1H-
pyrazolo[4,3-clisoquinoline-7-carboxylate
Step 1: A 250 ml three-necked flask equipped with a magnetic stirrer and an argon intake is charged
with 4g of 5-(2,6-difluorophenyl)-7-iodo-1H-pyrazolo[4,3-clisoquinoline, prepared in step 6 of



(pale yellow cii).665(+)--:--(MH)(+). Step 8 A 25 rni round-bottoned
flask equi pped with a magnetic stirrer is charged with 500 ng of the 30
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met hanol and 1 m of 2N sodi um hydroxi de soiution. After 5 mn at R, the
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(n dnet hyl é V‘ﬁ-geyrazo [4 3- c]|s nolme P g/ulphonamlde (beige solld) LC-MS-DAD-ELS
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obtajped in step 9 in 5 n of DCM After cooli to OC using an ice bath,
0.5 &Y M#Aég%mé@a%b%ﬁ@e@ Faskrs @!Iameé"%'tws*ﬂigpg &P GreliflRrorheny) 78formyl-NiN-i s
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Exanpl e95- (2, 6-di fi uorophenyl)-3-{i1-( ethylsulp
onyl ) pi peri di n-4-yl | arni no}-1H pyrazol o[ 4, 3-
c] 3soqui nol i ne- 7- car bot hi oar ni de

504



35A microwave tube wwth a 5 m capacity is charged with 45 ng of

5-(2, 6-di fl uorophenyl)-34: 1-

(1 net hyi sul phonyQpi peri di n-4-yljarni no}-1H pyrazol o[ 4, 3-c] i soqui nol i ne-7-ca
rbonitrile, preparedin exanple 12, and 0.2 nl of a 20% aqueous sol ution of
anmoni u 50%/?‘{227 2 m of methanol . oghe mxture is mpEEPpRYE14165053 at

100C for ower set at 100 Watts) and then poured Into m of water
and extracted with AcCEt. The organic phase is washed with saturated Naa
solution, dried over My804, filtered and concentrated under RP. The solid

obt ai nedy Al é;fHFtA ol PrddinixRAP QRN atpblefor 1g hai fsrb'a@éem&éd aRr Rbldhekrd of f

under RP a dri ed er vacuumto give rrH é q dd
i f1 uor Opmﬁygta@gqi [S| taken up in 30 ml of saturated aqueous aHCO; so utlon and extracted with three
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217(H§ (1(|3/|+|9|)1( i?r oad s, 1 H 12.87 (broad rn, 1H) LC Ms-DAD ELSD:
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Al ter 4 fatat afeTextratted mtmenbvlacetgtecbmﬁ:ernarnapime imndeshed adiy aarrated dNaSo pgligtion,

obt ai ned r'e?i &@Jﬁﬁ&dﬂpfllfe%d%gcmceﬂﬁatmmtl) eni]i QﬁanjoréﬁgbwmhféM@Mﬁéﬂﬁ

solution. The organic ura t
ot | oubuBh ciBBiParaphy Tusis Sal b an HEL Rl Bl & Rrdre JHRce g 8ty o™
obt ar hedv¢|$ tb rgivieusatregl of r8-taorns-612, 6pifiLoretteeyl)-2HFheazofgol- q]tsbwoamee%tarb@@iroed

ff -
gheny et y+ Wﬁ%lﬁ{ségn OP%%&)@% Z}?(ﬂ%gﬁegrﬁftﬁe(?o?)r(noofz a beige solid,

which is used as it is in the followng step. 20Step 2: A 100 m
r ound- botiegred oblnaste@arikprgk whlifbed Withgnesdneticsdtirer @rd dnsargdnantgleds whdrgedd 2. 4

1), ot EERT B B i By RS el e 6

for 3 h ahol oHIMF cloteoeaf ndmoe@pxlﬁ mipgoandr A9 Wh podt{idtethysipigtnorynednbgieridgs h

chr op@t ogfehy ot el rb&BodRixture R pdlreP ta 108l rhitof ReteThE abXVliaichsé Restradtddh a
{nh)ét lér g ng}cﬂt%ﬁggg rrg?th %r% %%g}%}r?ﬁ, et)<gr|act%?re co meg vf/la%hgog \glthoéatlﬁatg& Ntat'f e of
253- 0x0- Selythe; tiyddpevep Mok -aRd orncentptpd gnded dtRe-The 3pde) Ripdist isi purfigk oY dpsh of a
cream SOl:I‘nrgmatlo P@ Wca%ﬁeﬁ@5 43)%11?() eI(JtMg W%(é"):yc%h%ng/DOﬁq %&eréTJ(SO/SO by vol.)

round- ottorred f
7 and then with DCM, to glvgeS%ZarlrEg RI a mlxture o? flbrg};o% ?SQEfIHBr%pt%cnylg-E- 2E and

25  (trimethylsilyl)ethoxy]methyl}-2H-pyrazolo[4, 3-clisoquinoline-7-carboxylic acid and 3-bromo-5-(2,6-
difluorophenyt)-1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrazolo[4,3-clisoquinoline-7-carboxylic  acid
(pale yellow oil). LC-MS-DAD-ELSD: 665(+)=(M+H)(+).

Step 8: A 25 ml round-bottomed flask equipped with a magnetic stirrer is charged with 500 mg of the
30  mixture of 3-bromo-5-(2,6-difluorophenyl)-2-{[2-(trimethylsilyl)ethoxy]methyl}-2H-pyrazolo{4,3-
clisoquinoline-7-carboxylic acid and 3-bromo-5-(2,6-difluorophenyl)-1-{[2-(trimethylsilyl)ethoxy]-
methyl}-1H-pyrazolo[4,3-clisoquinoline-7-carboxylic acid obtained in step 7 in 10 ml of methanol and
1 ml of 2N sodium hydroxide solution. After 5 min at RT, the mixture is poured into 10 ml of AcOEt
and 5 ml of water. The organic phase is washed with saturated aqueous NaCl solution, dried over
35 MgSO, and concentrated under RP to give 336 mg of a mixture of methyl 3-bromo-5-(2,6-
difluorophenyl)-1-{[2-(trimethylsityl)ethoxy]methyl}-1H-pyrazolo[4,3-c]isoquinoline-7-carboxylate  and
methyl 3-bromo-5-(2,6-difluorophenyl)-2-{[2-(trimethylsilyl)ethoxy]methyl}-2H-pyrazolo[4,3-c]-
isoquinoline-7-carboxylate (beige solid). LC-MS-DAD-ELSD: 549(+)=(M+H)(+).
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conbi ned Gok L1 ted 35 NECI solution and dried over M504, and
evapor at e&%ﬁ% Jgf’rgoltﬁgédﬁg?ves 950 ng of 3-brorno-5-

(2, 639 fI“u’BPE?M’ﬁ%WbF Wit 8- Hit &2RACH[ B, agedswuth ol eeS{%F-diffepsorsencB-(1-The
product vmétlhylsbtphms;sip@ammtyl]bmmb}mH heazowl4, @M‘s&ﬁun%ﬁr%p? cdrodritri¥| Sﬁ ELSP

362(+): nied ar take .is

3- br ono- g"i{? 6- dl ?J%P‘t(')gﬁ")le%z)J qlflglgs Sc'r(lgl“a(@?l'zo 4 e Bl @Q&C[?q'ﬁgmlﬁgm %

DVF, 2. 4B4H™e ¢ Miranaye- BQﬁﬁqdo@iy’IO@%waﬂr ézﬁhrmre (navw@r 683t IP0 whtts-and then poured into
(trimet nyo mi drwaed Bexytaebhyith SBRITH®gaAkpEsei®whsral wifl sattrBRd W‘aéﬁééruﬁod S
poured into 50 M of ice-water. The aqueous phase is extracted with 3'tines
50 m of AcCEt and the organic extracts are conbi ned, washed with satur at ed
NaCl solution, dried over tylgSO4 and concentrated under RP. The product is
purified by flash chromatography on silica gel (15-40 pm), eluting with a
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30  Step 6: A 50 ml round-bottomed flask equipped with a magnetic stirrer and with a septum having a
top-mounted argon intake is charged with 700 mg of 5-(2,6-difluorophenyl)-1H-pyrazolo[4,3-
clisoquinoline in 25 ml of DMF. 447 mg of KOH and then 0.26 ml of bromine 447 mg of KOH are
added. After 1 h at RT, the mixture is poured into 100 ml of ice-water. The aqueous phase is
extracted with 3 times 100 ml of AcOEt. The organic extracts are combined, washed with saturated

35  NaCl solution and dried over MgSQO,, and evaporated under RP. This gives 950 mg of 3-bromo-5-
(2,6-difluorophenyl)-1H-pyrazolo[4,3-c]isoquinoline {orange solid). The product will be used as it is in
the following step. LC-MS-DAD-ELSD: 362(+)=(M+H)(+).

Step 7: A 50 ml round-bottomed flask equipped with a magnetic stirrer and with a septum having a
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Example 11 5-(2,6-difluorophenyl)-3-{[1-(cyclopropylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-
clisoquinoline-7-carbonitrile
Step 1: A 25 ml three-necked flask equipped with a magnetic stirrer and with an argon intake is
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25 with 9 m of 7.5M aqueous NH3 solution. The product is extracted with
AcCEt, dried over My604, filtered and concentrated under RP. It is purified
by flash chromat ography on silica gel (15-40 um), eiuting with a m xture of
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(methylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-c]isoquinoline-7-carbonitrile,  prepared in
example 12, 1.3 ml of methanol, 0.8 ml of THF and 62 mg of triethylamine. 44 mg of hydroxylamine
as the hydrochloride are added. The mixture is heated at 65°C for 3 h and then evaporated under
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Step 2: A 30 ml round-bottomed flask equipped with a magnetic stirrer and with a septum having a
top-mounted argon intake is charged with 87 mg of [5-(2,6-difluorophenyl)-7-(fluoromethyl)-N-[1-
(methylsulphonyl)piperidin-4-yl]-2-{[2-(trimethylsilyl)ethoxy]methyl}-2H-pyrazolo[4,3-c]isoquinolin-3-

30 amine in 7 ml of DCM. After cooling to 0°C using an ice bath, 0.85 ml of TFA is added and the
mixture is stirred at RT for 3 h. The mixture is concentrated under RP and the solid obtained is taken
up in 24 ml of water and 1.1 ml of 0.75M aqueous ammonia solution. It is extracted with ethyl
acetate, dried over MgSO,, filtered and concentrated under RP. The product is purified by flash
chromatography on silica gel (15-40 um), eluting with a DCM/MeOH mixture (95/05 by vol.). This

35 gives 27mg of [5+(2,6-difluorophenyl)-7-(fluoromethyl)-N-[1-(methyisulphonyl)piperidin-4-yl}-1H-
pyrazolo[4,3-c]isoquinolin-3-amine (yellow solid). 'H NMR: 1.67 (m, 2 H) 2.11 (m, 2 H) 2.87 (s, 3 H)
2.90 (m, 2 H) 3.56 (m, 2 H) 3.80 (broad m, 1 H) 5.58 (d, J=47.2 Hz, 2 H) 6.05 (broad d, J=8.0 Hz,
1H) 7.33 (t, J=7.7 Hz, 2 H) 7.57-7.73 (m, 2 H) 7.95 (broad d, J=8.3 Hz, 1 H) 8.45 (d, J=8.3 Hz, 1H)
12.81 (s, 1H).
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and 84 ng of suipharnide are m xed and 30m crowave- heated at 150C for 1 h,
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Example 19 5-(2,6-difluorophenyl)-3-{[1-(ethylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4, 3-

35  clisoquinoline-7-carbaldehyde
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dioxane. 195 mg of 1-ethylsulphonylpiperidin-4-ylamine, 880 mg of caesium carbonate, 59 mg of 9,9-
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After cooling, the mxture is poured into water, extracted with AcCEt,
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RT, the mlxture is evaporated under RP The product is purified by flash chromatography on silica
gel (15-40 ym), eluting with a DCM/methanol mixture (95/5 by vol.), to give 22 mg of 5-(2,6-
difluorophenyl)-3-{[1-(ethylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-c]isoquinoline-7-
30  carbaldehyde oxime (yellow solid). "H NMR (500 MHz, DMSO-d6) & ppm with the E or Z isomerism:
1.23 (t, J=7.4 Hz, 3 H) 1.63 (m, 2 H) 2.09 (m, 2 H) 2.97 (m, 2 H) 3.05 (q, J=7.4 Hz, 2 H) 3.61 (m, 2 H)
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A 25ml round-bottomed flask is charged with 30mg of 5-(26-difluorophenyl)-3-{[1-
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the solid obtained is taken up in 30 nm of water; neutralized with 2 ml of

7. 5Maqueass 2anmpsu @g S af ut4-pF (2, d-diflicsoparyl) acibedl- m{[mnmeﬂwknymmmthymﬂed
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i nol pi peri m de

2.63 -2, ﬁxkrﬁ;ﬁecgwuf_rbetf@}l)a t ?ndn%i %elr_‘i’ig'% g‘lt (COZ%P&%% g%fg&P 2th§> c{?ﬂ%ﬁ %z 1
H) 6370 @srfie@ bijlash cBebfriafogtepiy 8n $iica gl (147 P% elutirg withg @MH}haBO'I‘!BXt("Br(%tP s, |

H)2I ?ng LPreader Thr%'g&/eg 3U¥ng & 4‘&5 &@@ﬂ&%phéﬂﬁ) -76oti-1H-pyiizolops, §6)isb§uinolin-t) . 30
g
tior onheﬁ%"j'"ofp‘??{wﬂ'fegﬁl‘?é?m'éje (X‘F—PB)?P'QEOFM 375G M M 2A0(Tf B2 62 -
yl j ar ni n@)7pi(pe2 HYd.A2(m, 2-HHBlgFhohénimdé H) 6.14 (broad m, 1 H) 6.73 (s, 2 H) 7.36 (t, J=7.8 Hz, 2
H) 7.67 — 7.75 (m, 1 H) 8.23 (broad s, 1 H) 8.34 (broad d, J=8.3 Hz, 1 H) 8.57 (d, J=8.3 Hz, 1 H)

35 10.09 (s, 1 H) 13.04 (broad s, 1 H).

Step 3: 38 mg of 4-{[5-(2,6-difluorophenyl)-7-formyl-1H-pyrazolo[4,3-c]isoquinolin-3-
ylJamino}piperidine-1-sulphonamide are introduced into 2ml of pyridine and then 9 mg of
hydroxylamine hydrochloride are added and the mixture is stirred at RT for 48 h. It is concentrated



St epl: 449 ngof
4-{(5-(2,6-clifluorophenyl)-7-fornyl-2-112-(trinmethylsilyi)ettioxyjrnethyl)
-2H pyrazol o[ 4, 3-cl i soqui nol i n-3-yl | ar ni no} pi peri di ne- 1- sul phonam de,
prepared in step 1 in exanple 23, 35 are introduced into 20 m of rret hanol

After coavbim1b@298y4ising an ice bath, 434 ng of NaBH4 arpcfyﬁ ﬂ
mxture is stirred for 1 h. 3 mM of acetone are added and then the mxture

is poured into saturated agueous sodi um bi carbonate solution. It is
extracted with AcCEt, washed with saturated NaCl solution, dried over

My304, fivhtermed aﬁ'dT%eCéUn@%Btfafnéé %dtaléé}fjﬁ‘ﬁ mREcOEThﬁasmE@Wﬁta Hlﬁbc?br%uédug's%@tlmoif I %S-lh
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J=5.7 Hz
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bath, 1. 9,800 3-TFA3kn3dded and the mxture is stirred at RT for 2 h 30
mn. It |%}sl codr?;cenf[:ﬁte " under and the solid obtained is taken up in 50

m of watdlhedta™d i %fe& W’P‘Pif’fz %d'ﬂﬂ‘m‘iﬁhe"}’y' VR AR B anyiptionyeetybt Tdedort- |t
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4-{15- (2, oéj e v rophenyl)-7-fl uoro- 1H-pyrazo| 0[4 3-c]isoquinol i n 3-yijam
sul phonam de Step 1:iising the procedure of step 3 of exanple 24, 310 ng of

3- brono- B2, 6- @i fi tiofsaphenyi dr 7-  3promo-5-2 6-difluoroph I71H =
fiuoro-2- I Si]ybet hox ||II‘II%T?‘| i -1|Hl-J°r;§)/p eny) pgraz '4yl)2 nollne
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acetate a?'\ét'%ldﬂ%l’ OW%eMgﬁ% diftered A eppesdtrated rusperuRPf ghe ?rWUCtAfSt gyrifieddlvi ng,
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340 ny ONN@' rcrrﬂt ByJ-amrzamH?o.‘ﬁi 440! m(2H $3.60 (t, J=7.8 Hz, 1 H)377 (t 1H%5 46 (s, 1 H)

di fluoro )_“ |.u ?1% [gyl si | ybhet yl_b 2 ra20| 0l4,
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LC Ms- DABZH H )oft 628 t--(M-H). 35Step 340

ngof 2-r net hyl propan- 2-y144(5- (2, 6-di fl uorophenyl)-7-fl uoro-2-(12-

35 Step 3: 110mg of 3-bromo-5-(2,6-difluorophenyl)-2-{[2-(trimethylsilyl)ethoxy]methyl}-7-(1-{[2-

(trimethylsilyl)ethoxylmethyl}-1H-pyrazol-4-y!)-2H-pyrazolo[4,3-c]isoquinoline are introduced into 5 ml
of 1,4-dioxane. After argon has been bubbled through the mixture for 10 min, 57 mg of 1-
methanesulphonylpiperidin-4-ylamine, 199 mg of caesium carbonate, 16 mg of 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene and 5 mg of palladium(ll) acetate are added. The mixture is heated



(trinmethylsily)ethoxyl methyl}-2H pyrazol o[ 4, 3-ci |l i sogui nolin-3-yl|am no}pip
eridi ne-1-carboxylate. are introduced into 16 ml of nethanol and 1.5 TO of
THF. After cooling to OT, using an ice bath, 2.7 m of a 4N sol ution of
hydrochloric acid in di oxane are added and the m xture is stirred at RT for

S h. I't woReYHSges7t 0 200 nl of saturafzed sodi um bi car bpoatrR289bM050P78 and
then extracted wmth ethyl acetate, dried over MgSHM4, filtered and

concentrated under RP. The product is purified by flash chromatography on
silica ge: (15-40 pm, eluting with a DOM net hanol / agueous anmoni a m xture
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Example 25 5-(2,6-difluorophenyl)-N-{1-(methylsulphonyl)piperidin-4-yl]-7-(2H-1,2,3-triazol-4-yl)-1H-
pyrazolo[4,3-clisoquinolin-3-amine
Step 1: 239mg of 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-yllamino}-2-{[2-
(trimethylsilyl)ethoxy]methy!}-7-ethynyl-2H-pyrazolo[4,3-cJisoquinoline, prepared in step 4 of example
30 7, are introduced into 4 ml of methanol and 4 ml of DMF, and 208 uL of trimethylsilyl azide and
15 mg of copper(l) iodide are added. After 2 h of heating at 100°C, 104 pl of trimethylsilyl azide and
7 mg of copper(l) iodide are added and heating at 100°C is continued for 2 h. After cooling, the
mixture is poured into water, extracted with ACOEt, washed with saturated NaCl solution, dried over
MgSO,, filtered and concentrated under RP. The product is purified by flash chromatography on
35  silica gel (40-63 um), eluting with a DCM/methanol mixture (95/05 by vol.), to give 121 mg of 5-(2,6-
difluorophenyl)-N-[1-(methylsulphonyl)piperidin-4-yl]-7-(2H-1,2, 3-triazol-4-yl)-2-{[2-
(trimethylsilyl)ethoxy]methyl}-2H-pyrazolo[4,3-clisoquinolin-3-amine (yellow foam). 'H NMR: -0.04 (s,
9 H) 0.90 (m, 2 H) 1.61 (m, 2 H) 2.12 (m, 2 H) 2.75 (m, 2 H) 2.85 (s, 3 H) 3.57 (m, 2 H) 3.68 (m, 2 H)
4.47 (m, 1 H) 5.66 (s, 2 H) 6.49 (d, J=8.4 Hz, 1 H) 7.36 (t, J=8.0 Hz, 2 H) 7.67 (m, 1 H) 8.01 (broad s,



anount of 14C-thym dine incorporated within the cells, These ca/Es are

pl aced in 96-well Cytostar plates with the culture medi um and are incubated
for 4 hi at 3700 - 5% 002. The products under test are then added and the
pl ates are replaced in the incubator. 14C-thyrnidine is added to the nedi um
after 72 ywoddo1br@aprent and the cells aue then incubat edPé?fFR%1@l85a-f‘ﬁ,

i ncorporation of nme-thym dine 35is neasured using a McroBeta reader
(Perkin Elnmer) after these 24 h of "pulse. The total tine of treatnent el
the ce://s with the product under test is 96 h. nmay the degree of

di | ution,1 wheeneiosdd.ns b, AGLd ¥ kys8eve! 1 Af 8 i BaRERARSkSd brdEmSEH] A28
dilution bl e nFﬁe in pure DMBO and then each concentration is diluted in
the cul t Uré*nedi )m Al'l of the products are tested in two i ndependent
assays, SMaterials used Dul becco (G bco 11960-044) Inactivated fcelal calf

serum ( PRy 6:Gifachy 103096 0RBdroRRARIN1- Rl RLBAMSG dheridia Yl 3Tbing ;Ci?@m-ﬁ-g bco
b U Skl by e e s Losf 10 e T e

5i n whi chf DCM. Afteg po@isg frt GSC aisipinemick bgth oUpmbri TEA drs adijati iaodnty nexis tid dtibed: by
one or My Nal0GeR BhQRRated under RP and the solid obtained is taken up in 60 ml of water,
neutralized with 7.5M aqueous ammonia solution. It is extracted with ethyl acetate, dried over
MgSQ,, filtered and concentrated under RP. The product is purified by flash chromatography on
10 silica gel (15-40 pm), eluting with a DCM/methanol mixture (92.5/7.5 by vol.), to give 10 mg of 5-(2,6-
difluorophenyl)-N-{1-(methylsulphonyl)piperidin-4-yl]-7-(2H-1,2,3-triazol-4-yl)-1H-pyrazolo[4, 3-
clisoquinolin-3-amine (yellow solid). '"H NMR: 1.62 - 1.75 (m, 2 H) 2.10 (m,2H)2.82-2.97 (m, 5 H)
3.57 (m, 2 H) 3.74 — 3.86 (m, 1 H) 6.04 (d, J=8.0 Hz, 1 H) 7.35 (t, J=8.0 Hz, 2 H) 7.63 — 7.75 (m, 1
H) 8.13 (broad s,1 H) 8.39 (broad d, J=8.6 Hz, 1 H) 8.45 (broad m, 1 H) 8.49 (d, J=8.6 Hz, 1 H) 12.77
15 (s, 1H) 15.23 (broad m,1 H).

Example 26 4-{[7-cyano-5-(2,6-difluorophenyl)-1H-pyrazolo[4,3-c]isoquinolin-3-ylJamino}piperidine-
1-sulphonamide
306 mg of 4-{[7-cyano-5-(2,6-difluorophenyl)-2-{[2-(trimethylsilyl)ethoxy]methyl}-2H-pyrazolo[4,3-
20  clisoquinolin-3-yllamino}piperidine-1-sulphonamide are introduced into 20 ml of DCM. After cooling to
0°C using an ice bath, 1.5 ml of TFA are added and the mixture is stirred at RT for 16 h. It is
concentrated under RP and the solid obtained is taken up in 30 ml of water, neutralized with 2 ml of
7.5M aqueous ammonia solution. It is extracted with ethyl acetate, dried over MgSO,, filtered and
concentrated under RP. The product is purified by flash chromatography on silica gel (15-40 um),
25  eluting with a DCM/methanol/NH,OH mixture (92.5/7.5/0.75 by volume). This gives 8 mg of 4-{[7-
cyano-5-(2,6-difluorophenyl)-1H-pyrazolo[4, 3-cJisoquinolin-3-ylJamino}piperidine-1-sulphonamide. 'H
NMR: 1.61 - 1.73 (m, 2 H) 2.09 (m, 2 H) 2.63 - 2.72 (m, 2 H) 3.47 (m, 2 H) 3.67 - 3.76 (m, 1 H) 6.13
(d, J=7.0 Hz, 1 H) 6.70 (s, 2 H) 7.34 (t, J=7.8 Hz, 2 H) 7.65 — 7.74 (m, 1 H) 8.18 (broad s, 1 H) 8.28
(broad d, J=8.6 Hz, 1 H) 8.56 (d, J=8.6 Hz, 1 H) 13.05 (s, 1 H).
30
Example 27 4-{[5-(2,6-difluorophenyl)-7-(hydroxymethyl)-1H-pyrazolo[4,3-cJisoquinolin-3-
yllamino}piperidine-1-sulphonamide
Step _1: 449mg of 4-{[5~(26-difluorophenyl)-7-formyl-2-{[2-(trimethylsilyl)ethoxy]methyl}-2H-
pyrazolo[4,3-c]isoquinolin-3-ylJamino}piperidine-1-sulphonamide, prepared in step 1 in example 23,
35  are introduced into 20 ml of methanol. After cooling to 0°C using an ice bath, 34 mg of NaBH, are
added and the mixture is stirred for 1 h. 3 ml of acetone are added and then the mixture is poured
into saturated aqueous sodium bicarbonate solution. It is extracted with AcOEt, washed with
saturated NaCl solution, dried over MgSQ,, filtered and concentrated under RP. The product is
purified by flash chromatography on silica gel (15-40 um), eluting with a DCM/methanol/NH,OH



a R2 represents: - a hydrogen or hal ogen atomor a cyano group; 10a group
n which Y represents a hydrogen atomor a group -NH2 or -OR : -
group -C(,--S)NH2; a group -C(=NH)NH-OH a group -CH2OH or -CH2F; - a
group --CH=N-OH;, 15- a group -CHiLCH2 or -CirtC-Ra; a groupor where R

~C(0)Y |

represe

£Hgen atomor a (01-CAygl kyl group; s? 18et/eREESOEET7E
NH2,

hydr ogen atom or a (Cl-04)al kyl group; e R4 represents an -
(C1-CA)al kyl, (Cl-cC4)fiuoroal kyl or (C3-07)cycloal kyl group. 2. Conpound
according to Caim1, characterized in that Rl represents the

2,6-difl M&m&gﬁwds 9y QHQmeﬁeth%.Jeeplrg?%@n&f& fs- E@a.mmhaxygm h@ro@ﬂeﬁﬂpﬁd
accord|n c aracter|zed in H ecteq rom, H,
25- C(rt %tf'm%tax'%*y'}qﬂwxﬂ@ithi'k%hhﬁyfaqu 36&8@4‘0 '“%(VJam'ﬁ Jplegsiiner f-3ulehey

-CN, - C(8N)okd, foam). 'H NMR: -0.05 (s, 9 H) 0.88 (t, J=8.3, 2 H) 1.58 (m, 2 H) 2.09 (m, 2 H) 2.52 (part|ally
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15

20

25

30

35

masked m, 2 H) 3.48 (m, 2 H) 3.66 (t, J=8.3 Hz, 2 H) 4.34 - 4.43 (m, 1 H) 4.58 (d, J=5.7 Hz, 2 H)
5.38 (t, J=5.7 Hz, 1 H) 5.62 (s, 2 H) 6.39 (d, J=8.3 Hz, 1 H) 6.70 (s, 2 H) 7.30 (t, J=7.8 Hz, 2 H) 7.43
(broad s, 1 H) 7.58 — 7.67 (m, 1 H) 7.70 (dd, J=8.3, 1.5 Hz, 1 H) 8.33 (d, J=8.3 Hz, 1 H).

Step 2: 194 mg of 4-{[5-(2,6-difluorophenyl)-7-(hydroxymethyl)-2-{[2-(trimethylsilyl)ethoxy]methyl}-2H-
pyrazolo[4,3-clisoquinolin-3-ylJamino}piperidine-1-sulphonamide are introduced into 25 ml of DCM.
After cooling to 0°C using an ice bath, 1.9 ml of TFA are added and the mixture is stirred at RT for
2 h 30 min. It is concentrated under RP and the solid obtained is taken up in 50 ml of water,
neutralized with 2.5 ml of 7.5M aqueous ammonia solution. It is extracted with ethy! acetate, dried
over MgSO,, filtered and concentrated under RP. The product is purified by flash chromatography on
silica gel (15-40 pm), eluting with a DCM/methanol/NH,OH mixture (90/10/1 by volume). This gives
28 mg of 4-{[5-(2,6-difluorophenyt)-7-(hydroxymethyl)-1H-pyrazolo[4, 3-c]isoquinolin-3-
yllamino}piperidine-1-sulphonamide. '"H NMR: 1.60 — 1.73 (m, 2 H) 2.05 - 2.16 (m, 2 H) 2.62 - 2.73
(m, 2 H) 3.46 (d, J=11.2 Hz, 2 H) 3.64 — 3.76 (m, 1 H) 4.63 (d, J=5.4 Hz, 2 H) 5.34 (t, J=5.9 Hz, 1 H)
5.75 (s, 1 H) 5.91 (d, 1 H) 6.70 (s, 2 H) 7.32 (t, 2 H) 7.59 (s, 1 H) 7.61-7.71 (m, 1 H) 7.84 (dd, 1 H)
8.35 (d, J=8.3 Hz, 1’H) 12.66 (s, 1 H).

Example 28 4-{[5-(2,6-difluorophenyl)-7-fluoro-1H-pyrazolo[4,3-clisoquinolin-3-ylJamino}piperidine-1-
sulphonamide

Step 1:Using the procedure of step 3 of example 24, 310 mg of 3-bromo-5-(2,6-difluorophenyl)-7-
fluoro-2-{[2-(trimethylsilyl)ethoxy]methyi}-1H-pyrazolo[4,3-cJisoquinoline are introduced into 8 ml of
1,4-dioxane. After argon has been bubbled through the mixture for 10 min, 244 mg of 2-
methylpropan-2-yl 4-aminopiperidine-1-carboxylate, 755 mg of caesium carbonate, 63 mg of 9,9-
dimethyl-4,5-bis(diphenylphosphino)xanthene and 20 mg of palladium(ll) acetate are added. The
mixture is heated at reflux for 3 h. After cooling, the mixture is poured into water, extracted with
AcOEt, washed with saturated NaCl solution, dried over MgSO,, filtered and concentrated under RP.
The product is purified by flash chromatography on silica gel (15-40 um), eluting with a
DCM/methanol mixture (90/10 by vol), to give 340 mg of 2-methylpropan-2-yl 4-{[5-(2,6-
difluorophenyl)-7-fluoro-2-{[2-(trimethylsilyl)ethoxy]methyl}-2H-pyrazolo[4, 3-c]isoquinolin-3-
ylJamino}piperidine-1-carboxylate (yellow solid). LC-MS-DAD-ELSD: 628 =(M+H).

Step 2: 340 mg of 2-methylpropan-2-yl 4-{[5-(2,6-difluorophenyl)-7-fluoro-2-{[2-
(trimethylsilyl)ethoxy]methyl}-2H-pyrazolo[4,3-clisoquinolin-3-ylJamino}piperidine-1-carboxylate  are
introduced into 16 ml of methanol and 1.5 ml of THF. After cooling to 0°C using an ice bath, 2.7 ml of
a 4N solution of hydrochloric acid in dioxane are added and the mixture is stirred at RT for 5 h. it is
poured into 200 mi of saturated sodium bicarbonate solution and then extracted with ethyl acetate,

a
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eluting with a DCM/methanol/agueous ammonia mixture (90/10/1 by volume). This gives 28 mg of 4-

{[5-(2,6-difluorophenyl)-7-fluoro-1H-pyrazolo[4, 3-c]isoquinolin-3-yljJamino}piperidine-1-sulphonamide

25  (pale yellow solid). LC-MS-DAD-ELSD: 477=(M+H) 'H NMR: 1.66 (m, 2 H) 2.11 (m, 2 H) 2.67 (m, 2
H) 3.46 (m, 2 H) 3.70 (m, 1 H) 6.03 (d, J=7.7 Hz, 1 H) 6.72 (s, 2 H) 7.26 — 7.40 (m, 3 H) 7.68 (m, 1
H) 7.88 (td J=9.0, 2.5 Hz, 1 H) 8.50 (dd, J=9.0, 5.5 Hz, 1 H) 12.79 (s, 1 H).

Determination of IC50 for HeLa cells (ATCC CCL-2)

30  This test is carried out using adherent tumour cell lines. Their proliferation is measured via the

amount of 14C-thymidine incorporated within the cells. These cells are placed in 96-well Cytostar
plates with the culture medium and are incubated for 4 h at 37°C — 5% CO,. The products under test
are then added and the plates are replaced in the incubator. '*C-thymidine is added to the medium
after 72 h of treatment and the cells are then incubated for 24 h. The incorporation of '*C-thymidine

35 is measured using a MicroBeta reader (Perkin Elmer) after these 24 h of "pulse". The total time of
treatment of the cells with the product under test is 96 h.

For each assay, the plates are prepared at the cell concentrations employed. The products are
tested at 10 concentrations in duplicate. The first concentration is usually 10 uM, but it may vary, as
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prec he formof a base or an add addition salt. in which
Rl, R3 ah@-Wgmaine (MENNIECIF8H in any of Clainms 1 to 6, and X represents a
hydrogen or fluorine atomor a group cyan, -C(zO)H, -CH=CH2,-COOR, '1



R, representing a hydrogen atomor a (G-C4)alltyl group, or the group
conprising: (i) coupling the conpounds P1 and P2 in the presence of a

pal | adi um conpl ex and optionally of a base: 10deprotecting the product
obtained in the preceding step (i), or else conprising: (i) reacting the
conmpound Wokmb/flepml a: with | RAS02CLg (ii') deprotect bgFR310/0868H
obtained in the preceding step (0, where PG represents a protective group
for the NH function of the pyrazole r WD 2010/ 12227262PCTI F R2010/ 050773

Lo,
Table | Rs
example SYhesis R, Re | ICs HelLa[nM]
scheme
1 1 —route 3 -C(=O)NH; -Me 259
2 1 —route 2 -CH=N-OH -Me 100
3 1 - route 2 -CH,OH -Me 248
4 1 —route 2 -C(=O)NH; -CF3 789
5 1 - route 1 -CH=CH, -Me 2580
6 1 —route 1 -F -Me 890
7 1 —route 2 -C=CH -Me 1500
8 1 —route 1 -C(=0)OMe -Me 7285
9 1-route 3 -C(=S)NH; -Me 597
10 1 —route 1 -H -Me 2044
1" 1 —route 1 -CN -Cy 909
12 1 —~route 1 -CN -Me 899
13 1 - route 1 -CN -Et 954
14 1 —-route 3 -C(=0)NH; -Cy 413
15 1 —route 2 -C(=O)H -Me 488
16 1 —route 3 ||:l| NH Me 2350
HO~
17 1 —route 2 -CHoF -Me 263
18 1 - route 2 -C(=O)NH; -Et 554
19 1 - route 1 -C(=O)H -Et 451
20 1—route 2 -CH=N-OH -Et 138
21 1 - route 2 -CH2OH -Et 338
22 1 - route 2 -C(=O)NH; -NH> 411
23 1—route 3 -CH=N-OH -NH; 126
NZ
24 1 —route 2 @/} -Me 2125
25 1-route 2 “\/ / Me 2283
N—N
26 1 - route 1 -CN -NH; 1660
27 1~ route 2 -CH,OH -NH: 456
28 6 -F -NH; 230

Me: methyl, Et: ethyl, Cy: cyclopropyl



SORa 4 inwhich Rl, R3 and R4 are as defined in any of Clains 1 to 6, and
R2 represents one of the foilovving groups: -C(=0)NH2, -0(=S)Nhl2,
-C(=-0)H, -CH=N-OH. -01-1201-1, -CH2F, b5fromthe conpound of fornula:/..t
in which X represents a group -CN, -CHO -CH20OH, -OF:CH or -C: 70-64063 and
A repres gen atomor a protggtive group PG pr ; H
functi onﬁ@# E?ﬂoé%é}?gzol e ring, conpri siagg: (i) 10 hydr ollfgﬁﬁgh?ﬂgbgg?gﬁp X=
-CNto group R2= -C(=0)NH2 or -C(.0)0OH, converting the group X=-ONto
group R2= -C(2S)NH2 in the presence of anmmoni um sul phide with m crowaves;
reducing the group X= -CN to group R&famé&(0)H; converting
the group X= -C(=0)F1 to group RR= -CHENFOH in the presence of 15N -1201-1;
reduci ng the group X= -C(=0)H to group R2z - CH2OH;

convertihng th = = hi-SiMe3 to group R2= -CtriCH, fluorinating
the gr oug' X= e%@é@figt%ﬁ’é?‘gﬁsbmz -CH2F; N O converting the group X= -QzCH
to group R2=by cycloaddition in thél

-N

N \ -R3

X N

N

R, N
SO,R, 0

5 in which:
« R4 represents a pheny! group which is optionally substituted by one or more halogen
atoms;
¢ R, represents:
- a hydrogen or halogen atom or a cyano group;
10 - a group —C(=0)Y in which Y represents a hydrogen atom or a group —NH; or -OR;
- a group —C(=S)NH,;
- a group —C(=NH)NH-OH;
- a group —CH,OH or —CH,F;
- a group —CH=N-OH;
15 - a group -CH=CH, or -C=C-R,;

N7 N7~
\/J} \"
N N—N

- a group H or H

where R, represents a hydrogen atom or a (C4-Cy)alkyl group;
e R; represents a hydrogen atom or a (C4-C4)alkyl group;

e R, represents an —NHj,, (C4-Cy)alkyl, (C4-C4)fluoroalkyl or (Ca-Cy)cycloalkyl group.

20
2. Compound according to Claim 1, characterized in that Ry represents the 2,6-difluoro-
phenyl group and R; represents a hydrogen atom.
3. Compound according to Claim 1 or 2, characterized in that R; is selected from: H,
25 -C(=0O)H, -C(=0)NH,, -CH=N-OH, -CH,0OH, -CH=CHj, -F, -C=CH, -C(=0)OCHj,
H
HO~ N~

-C(=S)NH,, -CN, -C(=O)H, NH -,



20presence of trinethylsilyi azide N3E | M3; (i) where appropriate,
9. Medi canent

characterized in that it conprises a conpound according to any of C ains

cl eproteding the product obtained in the preceding step (D.

Ito 6. 10. Pharnmceutical conposition characterized in that

it

conprises a

conpound wgc:ﬁmyﬁgzﬁo any of Caims 1400 6 and at |eastp eszm%og?ﬁ?‘no 6

phar maceutical |y acceptabl e exci pient 11. Conpound accordin

as an anticancer agent 12. Use of a conpound according to any of Clains Ito
6 for preparing an anticancer agent. 10 13. Conpound of formula: or of

formula 1pin \@Un%und accoF@ng B3in %ﬁCB‘ﬂ‘n@ﬁ & 3cndefcldred hna'y, 198

5; X represents hy roggen or fluorine atom a group cyano,
- CH=CH2 - CEC- SPie
(G- &A4)al kyl group, or the group

e&fat%;f:ﬁml to

Feooike cyqiprepiy! Rrotepr esent s a hydrogen atom or a

5. Compound according to any one of the preceding claims selected from the following

5 list:

= 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-cJisoquinoline-7-

carboxamide;

= 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-yllamino}-1H-pyrazolo[4,3-clisoquincline-7-carbaldehyde oxime;

* 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-yllamino}-1H-pyrazolo[4,3-c]isoquinolin-7-yl)methanol;

10 = 5-(2,6-difluorophenyl)-3-{[1-(trifluoromethanesulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-

carboxamide;

15

* 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline;

20

carboximidamide;

5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-7-vinyl-1H-pyrazolo[4,3-clisoquinoline;
5-(2,6-difluorophenyl)-7-fluoro-3-{[1-(methylsulphonyl)piperidin-4-yllamino}-1H-pyrazolo[4,3-clisoquinoline;
5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-yljamino}-7-ethynyl-1H-pyrazolo[4,3-cJisoquinoline;

methyl 5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-1 H-pyrazolo[4,3c]isoquinoline-7-carboxylate;
5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-yljamino}-1H-pyrazolo[4, 3-clisoquinoline-7-carbothioamide;

5-(2,6-difluorophenyl)-3-{[1-(cyclopropylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-carbonitrile;
5-(2,6-difluorophenyl)-3<{[1-(methylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-carbonitrile;
5-(2,6-difluorophenyl)-3-{[1-(ethyisulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-carbonitrile;
5-(2,6-difluorophenyl)-3-{[1-(cyclopropylsulphonyl)piperidin-4-yllamino}-1H-pyrazolo[4,3-clisoquinoline-7-carboxamide;
5-(2,6-difluorophenyl)-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-carbaldehyde;
5-(2,6-difluorophenyl)-N-hydroxy-3-{[1-(methylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-

25 ® [5-(2,6-difluorophenyl)-7-(fluoromethyl)-N-[1-(methylsulphonyl)piperidin-4-yl]-1H-pyrazolo[4, 3-c]isoquinolin-3-amine;

* 5-(2,6-difluorophenyl)-3-{[1-(ethylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-carboxamide;

5-(2,6-difluorophenyl)-3-{[1-(ethylsulphonyl)piperidin-4-yl]amino}-1H-pyrazolo[4,3-c]isoquinoline-7-carbaldehyde;

* 5-(2,6-difluorophenyl)-3-{{1-(ethylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4,3-clisoquinoline-7-carbaldehyde oxime;

* 5-(2,6-diflucrophenyl)-3-{[1-(ethylsulphonyl)piperidin-4-ylJamino}-1H-pyrazolo[4, 3-clisoquinolin-7-yllmethanol;

30 = 5-(2,6-difluorophenyl)-3-{(1-sulphamoylpiperidin-4-ylyamino]-2H-pyrazolo[4,3-c]isoquinoline-7-carboxamide;

= 4-({5-(2,6-difluorophenyl)-7-[(E/Z)-(hydroxyimino)methyl]-1H-pyrazolo[4,3-c]isoquinolin-3-yl}amino)piperidine-1-

sulphonamide;

* 5-(2,6-difluorophenyl)-N-{1-(methylsulphonyl)piperidin-4-yl]-7-(1H-pyrazol-4-yl)-1H-pyrazolo[4,3-clisoquinolin-3-amine;

= 5-(2,6-difluorophenyl)-N-[1-(methylsulphonyl)piperidin-4-yl}-7-(2H-1,2,3-triazol-4-yl)-1H-pyrazolo[4, 3-cjisoquinolin-3-

35 amine;

* 4-{[7-cyano-5-(2,6-difluorophenyl)-1H-pyrazolo[4,3-clisoquinolin-3-yllamino}piperidine-1-sulphonamide;

= 4-{[5-(2,6-difluorophenyl)-7-(hydroxymethyl)-1H-pyrazolo[4,3-c]isoquinolin-3-ylJamino}piperidine-1-sulphonamide;

= 4-{[5-(2,6-diflucrophenyl)-7-fluoro-1H-pyrazolo[4,3-clisoquinolin-3-ylJamino}piperidine-1-sulphonamide.

40 6. Compound according to any one of the preceding claims, in the form of a base or an

acid addition salt.

7. Process for preparing a compound of formula () according to any one of the preceding

claims:



20k PG represents a protective group for the NH function of the pyrazole
group; B represents a hydrogen atomor a protective group PG for the am ne
function, 14. Conpound according to Caim 13, in which PG represents SEM or
SO2NMe2 and/or PG represents BOC. 25

WO 2010/122272 51 PCT/FR2010/050773

\
SO,R,

in which Ry, R; and R4 are as defined in any of Claims 1 to 6, and X represents a

hydrogen or fluorine atom or a group cyano, -C(=O)H, -CH=CHj, -C=C-SiMe;, -COOR,,

=
N
\ /
Ra. representing a hydrogen atom or a (C4-Cs)alkyl group, or the group i \
5
comprising:
(i) coupling the compounds P4 and P in the presence of a palladium complex and
optionally of a base:
PG
\fo\{ NHR,
SN Br
! \
X = slsoz
R, Py R P,
10 (ii) deprotecting the product obtained in the preceding step (i),
or else comprising:
(") reacting the compound P’ of formula:
PG,
N R
SN N
AN O
1 P4 N
A
H
15 with R4SO.CI,

(i) deprotecting the product obtained in the preceding step (i),

where PG represents a protective group for the NH function of the pyrazole ring.

8. Process for preparing a compound of formula (I) according to any one of Claims 1 to
20 6:



10

15

20
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\
SO,R,

in which R4, R3 and R, are as defined in any of Claims 1 to 6, and R, represents one of
the following groups: —C(=O)NH,, -C(=S)NH,, -C(=O)H, -CH=N-OH, -CH,OH, -CH,F,

=
N
\
N—N
'CECHl H il
A\
NN R
%(\‘
X AN
RI N

4

from the compound of formula: R« in which X represents a group
-CN, -CHO, -CH,0OH, -C=CH or -C=C-SiMe; and A represents a hydrogen atom or a
protective group PG protecting the NH function of the pyrazole ring,
comprising:
(i)
¢ hydrolysing the group X=-CN to group Ry= -C(=O)NH; or —C(=0)OH;
e converting the group X= -CN to group R,= -C(=S)NH; in the presence of
ammonium sulphide with microwaves;
¢ reducing the group X=-CN to group R,= - C(=O)H;
e converting the group X= -C(=O)H to group R,= ~CH=N-OH in the presence of
NH,OH,;
reducing the group X=-C(=O)H to group R,=-CH,0H;
converting the group X= -C=C-SiMe; to group R,= -C=CH;

fluorinating the group X=-CH,OH to group R,= -CH,F;

N

\

—N
converting the group X=-C=CH to group Ry= i by cycloaddition in the

presence of trimethylsilyl azide N3;SiMes;

(i) where appropriate, deprotecting the product obtained in the preceding step (i).



10

15

20

25

WO 2010/122272 53 PCT/FR2010/050773

10.

11.

12

13.

14.

15.

Medicament characterized in that it comprises a compound according to any of Claims
1 to 6.

Pharmaceutical composition characterized in that it comprises a compound according

to any of Claims 1 to 6 and at least one pharmaceutically acceptable excipient.

Compound according to Claim 1 to 6 as an anticancer agent.

Use of a compound according to any of Claims 1 to 6 for preparing an anticancer agent.

Compound of formula:

PG,
—N
N \ /R3
=
N
R; Z
R1 N\
SO.R,
or of formula
PG,
—N
N \ /R3

in which:
* R4, Rz, R; and R4 are as defined in any of Claims 1 to 5;
= X represents a hydrogen or fluorine atom, a group cyano, -C(=O)H, -CH=CH, ,

-C=C-SiMe;, -C=CH, -COOR,, where R, represents a hydrogen atom or a (C;-

~
N
\_/
Ca)alkyl group, or the group ™ :
= PG represents a protective group for the NH function of the pyrazole group;

= B represents a hydrogen atom or a protective group PG’ for the amine function.

Compound according to Claim 13, in which PG represents SEM or SO,NMe, and/or
PG’ represents BOC.

Use of a compound according to Claim 13 or 14 as a reaction intermediate for

preparing a compound according to Claim 1 to 6.



