DERI VATI VES OF 2- PYRI DI N- 2- YLPYRAZCL- 3( 2H) - ONE. PREPARATI ON AND THERAPEUTI C
USE THEREOF The present invention relates to novel substituted

di hydr opyrazol one derivatives, 5to their preparation and to their

t herapeutic use as activators of the transcription factor HR

Hypoxi a-i nduci bl e factor (H F) (an-alpha) is a transcription factor that is
constitutively expressed in ail tissues. This protein was discovered in

1994 by 10 GREBINETIMESRORRIMERITING -85 -PRRAFOI.SEI RONE SREPRRGeRAN the

EPO gene. He identified a sequence |ocated in the non-coding 3 position in
t he EPO prompter, which beafbl heERAREURYG &G R THEOOEe el enent” (HRE) and
which is a site of binding of the protein H Ftal pha all ow ng
transcriptional activation of EFO Thereafter, the HRE sequence was al so

l'ocat ed on Tter praseat i@ntibhetlagenes novdbssitiues JRErobyRTOWRT dengahke! i al
growt h fact ort%‘%,o gl ucose transporter 1). The transcription& conpl ex

r Gutl, : .
HF-1i2 atiOt 'frﬂrﬁparaﬁpém&m"n@ﬁmmmuw emadtisaiprsoéitne karsceptida or
HI F2- al pha sghd, aipet her transcription factor ARNT (fornerly known as
HI F1-al pha). ARNT is constitutively and stably expressed in cells and the
mai n part of the transcription conplex regulation is associated wth the
amount of H Fl-al pha present i e cells, whichis thus the limting
factor. Un W’ﬁgl"’c%géﬁ%q{oﬂdf i 6HY;1-alpbapr st & riransenptiorpriactar thati @ v
degraded (hahtitutilél SfprBsd it &) tissTilsS HRITLRGRY] e Al h
hydr oxyl ati on ofu lHI 1- aplrpﬁa dc:lrIH ﬁﬁFtéS-sygﬁ‘héﬁﬁ? spe?:ri i%l"e g',scg‘\r’?%?’aﬁ A8244WZ
and 5630andregglSereenz0dudng stgiled on thaSequiatony saquémtdssofthe EFD Ry HY

hydr oxyl Ds or EQ.Ns)..Thj.s hydroxylation allows binding of th
Von 11 ppet (OGTUEH A BPRURRTE tseticL N ke LR wosians  hoslem e ERQ Prameter,
whi ch resubgci 'bebFsetr@ﬂé#@a‘tH\)@gﬁ@I %éébﬁﬁf,?'e%}ﬂeﬂf’ (ﬂi@;aﬁé PYs gh% & gh

ubl quitin proteasone system e ce or tissue € subjecte
hypoxi at i s®H¥bng a0f Hie-IpratqimaHbT -#lph2- allphingi fanscihiptiugel  attigaicrdobERMe 30

ubi qui tin- S m and can thep conmbjne with the other

transcri pt ﬁ@%}?%g%?ghe %ﬁiéﬁquﬁﬂc’%m @%ot @C?*eéﬁgf‘éﬂof%ﬂ@"t Ke ather sgseand

activale teth dsaVESIF geReSlar eNdoRm ' f%?&?i ' '

activation of_the proteins ﬁIrFl- al ph%magﬂ%\gﬂl F2-a Sﬁac?lﬁgﬁ lrjg?éné(;g%@rgé&tés}{mh

as i nsul i n1andhgrteseripliendr ecompiey Hifsd isl alythe miniein & heterodinadx foreasdi on,

especi al | ygyi r t] on tLhe r, serines 641 and 643, Phenot ypi

screeni ng gp@%@@@%@aﬁ' S-h@ggdﬂi Iﬂ@i’ﬂ'ﬁ'@t ANOREr ﬁnﬁ‘f"”‘ﬁﬁ’é‘ R ﬁNcr

H][ Ftlh al pha(fanfléﬂv klrlb:i_ﬂr ab HIE 1vesha NUSRRTt isddrshefiveR Asertddly SBresippunds
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© °P eggﬁ]s ahd\irele nlwgin part of the transcription complex regulation is associated with

20  the amount of HIF 1-alpha present in the cells, which is thus the limiting factor.

Under normal oxygen conditions, the protein HIF1-albha is rapidly degraded (half-
life of 5 minutes). This degradation follows the hydroxylation of HIF1-alpha or
HIF2-alpha, respectively, on prolines 402 and 563 and prolines 405 and 531 for

25 the human forms with HIF prolyl hydroxylase (HIF-PHDs or EGLNSs). This
hydroxylation allovyst pinding of the Von Hippell Lindau protein (pVHL) associated
with a ubiquitin ligase, which results in the degradation of HIF1-alpha or HIF2-
alpha by the ubiquitin proteasome system. When the cell or tissue are subjected
to high hypoxia/ischaemia, HIF1-alpha or HIF2-alpha is no longer degraded by the

30 ubiquitin-proteasome system and can then combine with the other transcription
factors of the HIF complex to transfer into the nucleus and activate their target
genes.



10 The conpounds according to the present invention correspond to formla
() below. in which nis equal to O, 1, 2, 3 or 4; 15mis equal to 0. 1 or
2; ois equal to O or 1; X represents a group -CH2, -CH(R)-, -N(R)- or
a heteroatom chosen from an oxygen atom % a sulfur atom it being
understood that R represents a group - 1- 05) ai kyl , -(C1-05)al koxy,
-CH2-aryl, -C(O)R5 or COOR5 with R5 as deflned 20 beI ow, RI represents

and ro a5 AaneRal Rl ypbie 8 BERLh R ot hAlvafloBich s miPl HIE kiR

chosen f r omngli BlIFgralpha, 6th6tindUzked, kyich ds insult 8HE rowfBlf£®ral k@XYalsé ipld
gr oups GHF@L DS on roups - EZQNRSRG v{f?&grouy

- S02- NR3R4 2 r(’\ﬁ (WtY‘ﬁértSé?*?JEﬁilOf‘g%Bﬁ@laﬁwiaowmwowg n potteeir wetines 6¢ cang

-(Cl-05) ai gy, (viii) groups -Waryl, (ix) groups -Weteroaryl, (x) groups
O-Waryl, (xi) groups -O-Wheteroaryl and (xii) groups -0- WNR5R6, wth W
R3, R4,5R5 and R6 as defined below, it being understood that: 30R3 and R4,

di ff t d dent | f each
Sther . Ca hyEOGLIESHiRE NG Fistelowaky MAgRTng hecipblicatin objhg eraaincy!

r 4C1
?szl;?/Lylgr ﬁ%l;?q Saﬁ’prgb?bl?g@g’l-!’lh O_PHQ w%g@@%%te@ﬁég@?qggﬁ% tHb coth SR &

the present invention.

10 The compounds according to the present invention correspond to formula ()
below:

_(r)n| H\
N
()}HJ;(
O

in which
nisequalto0, 1, 2,3 0or4;
15 m is equalto 0, 1 or 2;

ois equaltoOor1;

X represents a group -CHy, —CH(R’)-, -N(R’)- or a heteroatom chosen from an
oxygen atom and a sulfur atom, it being understood that R’ represents a group -
(C1-C5)alkyl, -(C1-C5)alkoxy, -CHz-aryl, -C(O)R5 or -COORS5 with R5 as defined

20  below;

R1 represents an oxo group, a group -COORS, a group -W-OH o.rwa group -W-
NRS5R6, with W, R5 and R6 as defined below; and

R2 represents a hydrogen atom or a group chosen from (i) groups -(C1-
C5)alkyl, (ii) groups -(C1-C5)alkoxy, (iii) groups -COORS, (iv) groups -NR5RS, (v)

25 groups -C(O)-NR5RS, (vi) groups -SO,-NR3R4, (vii) heteroaryl groups optionally
substituted with a group -(C1-C5)alkyl, (viii) groups -W-aryl, (ix) groups -W-
heteroaryl, (x) groups -O-W-aryl, (xi) groups -O-W-heteroaryl and (xii) groups -O-
W-NR5R6, with W, R3, R4, R5 and R6 as defined below:
it being understood that:

30 R3 and R4,



(ii)form together with the nitrogen atomthat bears them a

het erocycl oal kyi group optionally substituted with one or nore groups
chosen from groups -(Cl-05)al kyl and groups -CHraryl; 10Wis a group

-(d -05)al kyl ene, optionally substituted %ith one or nore hydroxyl groups;
and R5 and R6, which may be identical or different, represent,

i ndependently of each other, a hydrogen atomor a group chosen from groups
-(CG1-05)al kyl and groups -(C3-C6)cycloal kyl. 15 The conpounds of fornul a
(1) may exist in the formof bases or salts, the conpounds of formula (1)
havi ng been, in (his whisgimaﬁggfid@rdiogil bhdﬁi‘é{rl_ﬂﬁ, %pr@@?ﬁ,smd@ﬁ?ggéragﬂ ?Ee%csh
har maceuti cal |y acceptabl e adds or bases. ey are en re .
gddi tion salts, yi n pa&i‘%lﬂ hydregen Stem, adiPwRp o@é%@&iﬂkﬁca@r@lﬂp dQFase, which

RN e, whi
phar maceut i cal |y accent Shy SonyadT AT ole” e AE B R Bl R are

useful , 5for exanpl e, Heterqauyli fygragp e(C 1-€8)alkylNIRERE, & ey BAS0Pf of _Qg'ﬁblbﬁl (0
e

al so formpart of the Lon. Mention may be made of hydrochl ori
salts, trifiuor oaceti'(\!v'zi%ls@%a?rts and sodium salts, 25 The compounds of

formula (1) may SO LSt tddatf e I in f pr.m of
associ ati(ons or (gjonbifgg?i otr?géw%]ﬁ \&iﬁi”})@ n@?’?@gl \S;aetcr)]ﬂ[n %Fgcgkggs %\f@f a
sol vents al so form paratersicyclealkyhvgnotpoioptidalifhesubstiiusecqwith bee Oor tfere t he

ring conprises only hg}/rghgggﬂogetr?ﬁ’gm gr;o_up'sl-z(l.)\l1-_(§5l)al|k2§/| a8ndogroups -CHz-aryl;

10 W is a group -(C1-C5)alkylene, optionally substituted with one or more

hydroxyl groups; and
RS and R6, which may be identical or different, represent, independently of

each other, a hydrogen atom or a group chosen from groups -(C1-C5)alkyl and
groups -(C3-C6)cycloalkyl.

15
The compounds of formula (I) may exist in the form of bases or salts, the
compounds of formula () having been, in this case, salified with acids or bases,
especially pharmaceutically acceptable acids or bases. They are then referred to
as addition salts, in particular salts of addition to an acid or a base, which form

20 part of the invention. The salts are advantageously prepared with
pharmaceutically acceptable acids, but the salts of other acids that are useful, for
example, for purifying or isolating the compounds of formula (1) also form part of
the invention. Mention may be made of hydrochloride salts, triflucroacetic acid
salts and sodium salts.

25
The compounds of formula (I) may also exist in the form of solvates, i.e. in the
form of associations or combinations with one or more solvent molecules. Such
solvents also form part of the invention.

30 When ois equal to 0, then the ring comprises only hydrogen atoms.

The various tautomeric forms of the compounds of formula (1) also form part of the
invention:



Furthernore, a subject of the invention is also a uniformtest for the

di rect neasurenent by beta-gal act osi dase conpl enentation of the anount of
Hl Fl al pha protein in the nucleus of cells, preferably HEK cells, after
treating the said cells with one or nore test conpounds, which consists in:
(a) inoculating, preferably in 384-well ﬁﬁates, the said cells in a
suitable culture nedium preferably 1% foetal calf serum (abbreviated as

FCS) ; (b) adding the test conpound(s) at a suitable concentration in a
sui tabl e solvent to t@e& I's P Wiously inoculated in the said culture

medi um  10pr ef era@J he t conpbunds are diluted i n% FCS; c) incubating
the said cells th gfp paried i a4 ndi cator at about 37C, advant ageously

for about 6 hours; (d) |ySing the cells with a lysis buffer containing a
chem | ur ni nescent substrate for beta-gal actosi dase; 15(e) incubating in the
absence of light, befor|letreading and neasuring the | um nescence, which is a
function of the bet a-gﬁl ctosidase activity. The conpounds according to the
i nvention underwent a dcreening test according to the test as defined
above. 20 In the context iof tRe present invention, and unless otherw se
mentioned in the,t heN%ng definitions apply: - a halogen atom a
fluorine, chIori{'Fé,o Tile ok=Pbei ne at om - an al kyl group: a

| i near or branched, saturaied®al’i phatic group, which may contain 1, 2, 3, 4
or 5 carbon atons (abbreviated as -(Cl-05)aikil). Exanples that may be
ment i oned FrethedBoreasa(aybjgetoap thel insekijon is resorea hydifogmotast for the direct

measurement by beta-galactosidase complementation of the amount of HIF1-

alpha protein iri the nucleus of cells, preferably HEK cells, after treating the said
5 cells with one or more test compounds, which consists in:
(a) inoculating, preferably in 384-well plates, the said cells in a suitable culture
medium, preferably 1% foetal calf serum (abbreviated as FCS);
(b) adding the test compound(s) at a suitable concentration in a suitable
solvent to the cells previously inoculated in the said culture medium:
10 preferably the test compounds are diluted in 0.1% FCS;:
(c) incubating the said cells thus prepared in an indicator at about 37°C,
advantageously for about 6 hours:
(d) lysing the cells with a lysis buffer containing a chemiluminescent substrate
for beta-galactosidase;
15 (e) incubating in the absence of light, before reading and measuring the
luminescence, which is a function of the beta-galactosidase activity.

The compounds according to the invention underwent a screening test according
to the test as defined above.
20
" In the context of the present invention, and unless otherwise mentioned in the
text, the following definitions apply:

- a halogen atom: a fluorine, chlorine, bromine or iodine atom:

- an alkyl group: a linear or branched, saturated aliphatic group, which
25 may contain 1, 2, 3, 4 or 5 carbon atoms (abbreviated as -(C1-Cb)alkyl).
Examples that may be mentioned include, as (i) group -C7alkyl, the methyl group,




5 as (ii) group -C2al kyl, the ethyl group, as (iii) group -23aiky4 the
propyl or isopropyl group, as (iv) group -C4al kyi, the butyl, isobtityl or
tert-butyi group, as (v) group -05al kyl the pentyl or isopentyl group:.

an ai kyl ene group; a linear or branched, iatur ated dival ent al kyl group as
defined previously, which may cont ai n 1, 3, 4 or 5 carbon atons

(abbrevi ated as -(Cl-05)al kyl ene. -). Exarrpl es that may be nentioned incl ude

(b Grparay 5% scal 6 by SR8 o 001 afinp R fcire, raprys or

group whi clisamypgarbap ra§(|v)49r05|p0|C4@zllq¢,rthelblm}lIOil§5bu@I eoterbbiY HRIRSA 2B V)

- (C3-C6) cycl oaI k | es that may be 10nmenti oned i ncl ude cycl opropyi,
cycl obutyl 9 %éﬁﬁxﬁﬂgm b Pk isRsiy ageRips: - an al koxv group: a

di cal -0- Ik Lo I i : i
Exarples that  may el SR e cR thahthf sflraRERUBARYE B! droup as
(Or% ﬁsli al kiefiped ?melwouslpammncml'rlinyl ccm‘t?]mm 2rdup C()}ercsh Ghaidnyétom&(%\tﬂjr@viated
t as ai e t as (iii
-0 Gaal kyl 25t &%aﬁkﬁ’ 1) b A b rampenbaingivs repbufpne (or
- 0- O4ai kyl |
TR e o] M L DO g ), 1
group: a radicat efcyaeatiylagroabkyl @fvlic Gliafl lgrbypiwhiahimay tcoataih |{3;>(|4 aBbr 6
| kyl i f r t r not
comr § ot ng BT, 2T, b SbbRSIR B Rs r i oy GPakis Extimen thRbTBYey.
20 Ex | 4 Cl-
G5 Akl T sneauclade TRoPRISA &Rt s Ald o R R
- a hal oal kyl grOLﬁle@_wQKQ_UQg&fﬁqjCaals-Qi@lkyhedebb\tm aliybgtdupuis e défirtedL,

ment} oned PRRTGHY orSReIeen R i b8 R e BliecheCaPYPR P Re tepitel

above, andor n(Qm)talk@Nj/aénd irepatichilanoa® (B ykp QOOQI?aﬂ(?PI%é‘\?ﬁ Ffbﬁﬁeth)ﬂ:':s)

-an awl group; a cyclic aromatic group containing 5 or 6 ca at ons

exanpl e of @ar{) JgHETSE Gkt niag W@Uﬁeﬁlﬁtbﬁeésl(ﬁl)Qh@mh@a@?a@mfbdbe group— - a
h |
o ooy SHrULoraSirbby R TR oo 2P CHRIRYE e W rdoufll Pise GRY 6"

ni trogen BGWWtﬁmQMQOUﬁL@Wﬂ(WtMﬁd\%E -appehtyl Grden yky of each
other, so as to be identical or different en there are of "them or

i ndependent |y of %ﬂg&ﬁ&%&‘) I fedlignd qfcﬁ@rﬁ@@'@aﬁ”ﬁyfelm-@f@kﬂntn Whigntheher e
are 3 of th Wﬁf Y. ro

- a heter ocgﬂ/‘(?] og{? t| on p'(tiagr'? cyc BéHaq%kyq?r}%V%% at%r%ﬁt%fpﬂ?tng

5 6 or 7 campualn@td)mm smdecnrrmbesmgciarbcﬂfl catofhdyehiey et @inehi pRevidysipe
S0 .as-to be identical or different,

h f each oth
chooerin) DUSBEISEDtLY oheohh SOSedoiedul? Dok st -
| dent ! cal - O%) Al GRANICT }@Eﬁalkyté%eaﬁda @1 %@ém& ﬁﬁéHTéBoflé”oge” atom

an oxygen atom and a de especidl ly of

pi perl dyi, piper azhaigalkyl t indialkyl grbewamdéﬁdednabmm@ubsﬁhumwmyi, 2nd

1, 1- doxi dogehr h%’ﬂ otgré'noa mscra% “¥&tined previously. Examples that will be mentioned
include groups —halo(C1-C5)alkyl, with (C1-C5)alkyl as defined above, and in

25  particular the trifluoromethyl group (abbreviated as -CF3);

- an aryl group: a cyclic aromatic group containing 5 or 6 carbon atoms.
An example of aryl groups that may be mentioned is the phenyl group;

- aheteroaryl group: a cyclic aromatic group containing 2, 3, 4 or 5 carbon

atoms and comprising 1 to 3 heteroatoms, which may be chosen from a nitrogen

30 atom, an oxygen atom and a sulfur atom, independently of each other, so as to be
identical or different, when there are 2 of them, or independently of each other, so
as to be identical or different, when there are 3 of them. Mention may be made of
pyridyl, pyrrol and furyl groups;



- the letters a, y and 6 around the pyridine of the conpounds of formula
(1) serve to identify the positions of the various carbon atons. 10 Ampng
t he conpounds described in the present invention, nention nmay be nade of a
first group of conpounds corresponding tg fornula (1) in which: nis equal
to 0, 1, 2, 3 or 4, and/or mis equal to60 1 or 2, and/or o is equal too
or 1, and/or X represents a group - CH2- CI—||(]I3) -1\f(R)- or %
het er oat om chosen f Y. @é ul f.ur ato
represents a gr oup—ﬁé%@m éheép @{ﬂftﬂj@ 4P I?(Bl%} alnmgS

- CH2- aryl , GaorgrF oarbOfﬁél@J)rRSam canwh@mg 1%@ h@t@ﬁﬂa%mgf_wlﬁéh rn%’f Bé%l‘fo%eﬁ”
0XO0 group, .a CCER group - glr ouc!) -WNR5R6; and/ or
represents! f}ﬂerg%‘fisgﬂh Bf OH‘er §9p’5‘3 tP@ @'5)’1313 ifergnbupher ttnereae)ral&oﬁ(y, |
gog;(r)lglloor i 8@3%%88%&%@5&7&0%@@9% adPhe I|\&%€fﬁ%ai36r BirFHPwha OISR

5 are 3 of them, from a nitrogen atom, an oxygen atom and a sulfur atom. Mention

may be made especially of piperidyl, piperazinyl, pyrrolidinyl,
hexamethyleneimino, morpholinyl and 1,1-dioxidotetrahydrothienyl groups:

- the letters a, B, y and & around the pyridine of the compounds of formula

(1) serve to identify the positions of the various carbon atoms.
10
Among the compounds described in the present invention, mention may be made
of a first group of compounds corresponding to formula (1) in which:
nisequalto0, 1,2, 3or4,
and/or
15 misequalto0, 1or2,
and/or
ois equalto0or1,
and/or
X represents a group -CH,-, —-CH(R’)-, -N(R’)- or a heteroatom chosen from an
20  oxygen atom and a sulfur atom,
and/or
R’ represents a group -(C1-C5)alkyl, a group -(C1-C5)alkoxy, a group -CHy-aryl, a
group -C(O)RS5 or a group -COORS5;
and/or
25 R1 represents an oxo group, a group -COORS, a group -W-OH or a group -W-
NR5RG;
and/or
R2 represents a hydrogen atom, a group -(C1-C5)alkyl, a group -(C1-C5)alkoxy, a
group -COORS, a group -NR5R6, a group -C(O)-NR5R6 or a group -SO,-NR3R4;
30 and/or
R3 and R4



7 (i) represent, independently of each other, a hydrogen atom a group
-(Cl- C5)alkyl, a group -(C3-C6)cycloalkyl, an aryl group, a heteroaryi
group, a group -0H2-heteroaryi or a group -(Cl-05)al kyi - NR5R6; or

(ii) form together with the nitrogen atomthat bears them a

het er ocycl oal kyl 5group optionally subst ituted with a group -(C1-05)al kyl
or with an aryl group, and/or Wrepresents a group -(Cl-05)alkyl ene,

2B T opresunt - TAIEHERBut ROt Fult U0 b BERNSE: B Soalc
(CL-05)al kyi . AS)blkyt, doou®u(CHTEOMMNSIRAS 20f aﬁyﬂ@rbﬂy,e?tﬁézterdéai%li gzcg(ﬁgséx

the conmpounds of forpgula (I) in which nis equal to O.
secondrrgubgr ouSreqP ﬁﬁbﬁ gapd Of ROIPWR el§t 1-6R)alkyIfNIRABE; BY t he compounds of

formula (1) in i b d I 91%/ rd . subaroup of
conpounds of tﬁ%ﬁ@é#&ég)ﬁerﬁgwﬁcﬁ%@g e%t%@ng(t)hn%obt?ﬁtﬁéﬂi‘lf}h%f_ Cé(_"’?’?ﬁ‘_yin
whi ch asis equaroupoptigndlyuubistittdgnitha gfoupoDoLTBIIGT of Wh Vel hRsup, S
formed by the conpounds of fornula (1) in which Rl represents an oxo group,
a group -CFBIRY| | a group - C(O)R5- or a group - COOR5, the said group RL

ibly beg j C ; 1 v eously,
Pho aryl oroLarrony o8 o fot BLaRC TR GBichelly <ThBah 8 v BBk 38 HR 2
t he i nvent ihyalrdxy! gosupsgd by t he conpounds of fornmula (1) in which R2

represents (i) a hydrogen atom (ii) a group -(Cl-05)alkyl, (ill) a group
-(C1-05) al ?r(iv) a group -COOR5, (v) a group -NR5R6, (vi) a

10 RS and R6 represent, independently of each other, a hydrogen atom or a group -
(C1-C5)alkyl.

A first subgroup of compounds of the invention is formed by the compounds of
formula (1) in which n is equal to 0, 1, 2, 3 or 4.

15 _
A second subgroup of compounds of the invention is formed by the compounds of
formula (1) in which m is equal to 0, 1 or 2.

A third subgroup of compounds of the invention is formed by the compounds of
20  formula (l) in which o is equal to 0.

A fourth subgroup of compounds of the invention is formed by the compounds of

formula (1) in which R1 represents an oxo group, a group -CH,-aryl, a group -

C(O)R5- or a group -COORS, the said group R1 possibly being linked to a carbon
25 atom or a heteroatom. Advantageously, the aryl group represents a phenyl group.

A fifth subgroup of compounds of the invention is formed by the compounds of
formula (1) in which R2 represents (i) a hydrogen atom, (i) a group -(C1-C5)alkyl,
(ii) a group -(C1-C5)alkoxy, (iv) a group -COORS5, (v) a group -NR5RS, (vi) a

30 group -C(O)-NRS5RS, (vii) a heteroaryl substituted with a group -(C1-C5) alkyl, (viii)
a group -O-W-aryl or (ix) a group -O-W-heteroaryl.



30group -C(0)-NR5R6, (vii) a heteroaryl substituted with a group -(Cl-05)
al kyl, (viii) a group -0-Waryl or (ix) a group -OWheteroaryl. 8 A sixth
subgroup of conpounds of the invention is forned by the conpounds of
formula (1) in which R2 represents a group -S02-NR3R4. A seventh subgroup
of conpounds of the invention is forned l§y t he conpounds 5of formula (1) in
which R2 is a substituent on the atomin the beta position of pyridine.

of Formia’t Pt §bdou BetRRguRls, bf fre NERLRR s Srmpl BV ine feorgamee of -
posi ti on oforifuy (i) wcrﬁRnirapns@nﬁg@%@wa@gmﬂms of the invention is

formed by the conpounds of fewoula ( in which R3 and R4 represent,
i ndependently of each other, a hydrogen atom a group -(Cl-05)al kyl, a

group -(C3 het.eroar rroup, a group
Tor2: net or Aary o an SEbENp BF oATBUSEE P tha B ORI 61 aFs Rormeslnls

group represdnmtnsula (Bhanwhigr R2isandsubstitlitesany lat@homPtHE BERS 8B RioR of

pyri dyl grouP or a furyl group. A tenth subgroup of conpounds of the

i nvention P¥9I8Pmed by the conpounds of 20 formula (1) in which R3 and R4
form together with the nitrogen atomthat bears them a heterocycl oal kyl
group optionally substituted with one or nore group(s) - (C 1-05)al kyl

and/ or aryAn eightinsugeous bf compeuhes ef tieyioleatidy Is forraee byapeesambSurRs of
or .a hexanet hyl eneim no group and the

pi peridyl grou pyrrolidinyl grou / ]

aryl gr oup%’@ﬁﬁ%égnﬁsv"é‘cﬁ‘hgﬁy% %%’6@58’“‘%" SnelfendlPna indhe garemac pagdiondyf of
t he i nygnt byﬁUi'hé_ formed by the conmpounds of forrmula (1) in which R5
represents a group -(Cl-05)al kyl or a group -(Cl- C5)cycl oai kyl .

A ninth subgroup of compounds of the invention is formed by the compounds of

formula (1) in which R3 and R4 represent, independently of each other, a

hydrogen atom, a group -(C1-C5)alkyl, a group -(C3-C6)cycloalkyl, an aryl group,

15 a heteroaryl group, a group -CH-heteroaryl or a group -(C1—CS)alkyI'-NR5R6.

. Advantageously, the aryl group represents a phenyl group and the heteroaryl
group represents a pyridyl group or a furyl group.

A tenth subgroup of compounds of the invention is formed by the compounds of
20 formula (I) in which R3 and R4 form, together with the nitrogen atom that bears
them, a heterocycloalkyl group optionally substituted with one or more group(s) -
(C1-C5)alkyl and/or aryl. Advantageously, the heterocycloalkyl group represents a
piperidyl group, a pyrrolidinyl group or a hexamethyleneimino group and the aryl
group represents a phenyl group.
25
An eleventh subgroup of compounds of the invention is formed by the compounds
of formula (1) in which R5 represents a group -(C1-C5)alkyl or a group -(C1-
C5)cycloalkyl.

30 A twelfth subgroup of compounds of the invention is formed by the compounds of
formula (I) in which R6 represents a hydrogen atom or a group (C1-C5)alkyl.



9 The subgroups defined above, taken s parateiy or in conbination, &so form
part of the invention. Anong the conpounds described in the present
invention, nmention rmay al so be nade of a subgroup of conpounds
corresponding to formula (i) in which: 6, nis equal to 1, 2, 3 or 4, mis
equal to 0,1 or 2; o is equal to O or 1, X represents a - CH2-
group, a group -CH(R )-, a group -N(R )- or a 1lOheteroatom chosen from an

: Cl.. | k
3% 05) al Rey-doratlps Merted Fooyy i GR RTINS B o ket BrbinEgPR, s bermpaiy

r epr esent s cith@iwegtionp, a group COORS, a group AN-OH or a group - W NR5RG;
15 R2 represents a group -802-NR3R4; R3 and R4 represent, independently of
each other, a hydrogen atom a group -(Cl-05)al kyl, a group

-(G3-C)c - r aqr or ro

G- hot o ounond the cBfhuRliis edkhne e o8l Vb B My crtse s
bears t hemmadéet asabgmupadfiodmmsunds; carnsspOBmgaadoRfukepyias@ilitha group
-(Cl-05)al kyl. Anpong the conpounds described in the present invention,

mention may bt We§EAUE! faili 9,3 8F4a subgroup of conpounds corresponding to

formula (1) ip ‘f‘ﬁﬁ&?dual'}o?ﬂ"l%ré;o 1, 2, 3 or 4, 25 mis equal to 0, 1 or 2;
ois equal to 0 or I

e oisequaltoOorf;
* X represents a -CHz- group, a group —CH(R’)-, a group -N(R’)- or a
10 heteroatom chosen from an oxygen atom and a sulfur atom;

* R’ represents a group -(C1-C5)alkyl, a group -(C1-C5)alkoxy, a group -
CHz-aryl, a group -C(O)R5 or a group -COORS5;

* Rf1 represents an oxo group, a group COORS5, a group -W-OH or a group -
W-NR5R6;

15 e R2 represents a group -SO,-NR3R4;

* R3 and R4 represent, independently of each other, a hydrogen atom, a
group -(C1-C5)alkyl, a group -(C3-C8)cycloalkyl, an aryl group, a heteroaryl
group or a group -CH-heteroaryl, or R3 and R4 form, together with the
nitrogen atom that bears them, a heterocycloalkyl group; and

20 e RS and R6 represent a group -(C1-C5)alkyl.

Among the compounds described in the present invention, mention may be made,
finally, of a subgroup of compounds corresponding to formula (1) in which:
e nisequalto1,2,3o0r4;
25 e misequalto0,1or2;
e oisequaltoOor1;
* X represents a group -CHz-, a group —CH(R’)-, a group -N(R’)- or a
heteroatom chosen from an oxygen atom and a sulfur atom;
* R’ represents a group -(C1-C5)alkyl, a group -(C1-C5)alkoxy, a group -
30 CHa-aryl, a group -C(O)R5 or a group -COORS5;
¢ R1 represents an oxo group;

* R2 represents a hydrogen atom, a group -(C1-C5)alkyl, a group -(C1-



X represents a group -CH2-, a group -CH(R )-. a group -N(R )- or a

het eroatorn chosen from an oxygen atom and a sul fur atom RP
represents a group -(Cl-05)al kyl, a group -(Cl-05)al koxy, a group -
30CH2-aryl, a group -C(O)R5 or a group -COOR5; Rl represents an oxo group:
R2 represents a hydrogen atom a group -éQ:l- 05)al kyl, a group -(C1- 10
C5) al koxy, a group -COOR5, a group -NRS5R6 or-C(0)-NR5R6; and R5 and R6

08 o kyi o e Bl G B oy NEHn 6 D) SREBan Aador
formula (1) thalRREAISRE] RPFEsdt, INRpeRYBALY @ ed®BNbIHER J8Y PE3eRdtom. a

especially of the foll ow n(D; conpounds: .
245- (pi peri di n- 19'9UR G loRP)alkyirar di grozpy-(F1-CHevsl6alByl7- nexahydr o- 3H i ndazol -
3- one:

6-i net hyl-245- (pi peridin-1-ylsol fonyl)pyridin-2-yl]-1,2,4,5,6, 7- hexahydro-3
H- i ndazol A3nomg the 2dMmplovinBgrdfdormitay(Ip thet i Quid s rof 3nd ddvehtibnd rlerftid
hexahydr ocycl ohept a[ c] pyr azol - 3&3%;'1!3;\/8%;

N- et hyl - 6- (BR%Re Madpaspeaally. ofd ngigomands2- y1) - N- pheny! pyri di ne- 3-
sul f onam de: LrE [ ts o E i din-2-vll- 2 L
6- (5- benzyl - 3. 0585._@'%‘?r}ﬂ'%,16¥'§9|ﬁ%r§¥;|i)|ﬁ’y{]9'{,‘_%|yl]px,?,é‘z%PJ['Q?ﬁa_@jdﬁgﬁ"hmﬁiazp!&) - Nel
nyL- N phenyl By I ety piserti 3%1s Sifonyl)pyridin-2-yi]-1,2,4,5,6, 7-hexahydro-3H-
indazol-3-one;
o 2-[5-(piperidin-1-ylsulfonyl)pyridin-2-yl]-1,4,5,6,7,8-
hexahydrocyclohepta[c]pyrazol-3(2H)-one;
o N-ethyl-6-(3-ox0-1,3,4,5,6,7-hexahydro-2H-indazol-2-yl)-N-phenylpyridine-3-
sulfonamide;
o 6-(5-benzyl-3-oxo-1,3,4,5,6,7-hexahydro-2H-pyrazoIo[4,3-c]pyridin-2-y|)-N—
ethyl-N-phenylpyridine-3-sulfonamide;
o (i)2-(5—{[(3R,58)-3,5-dimethylpiperidin-1-yl]suIfonyl}pyridin-2-yl)—1,2,4,5,6,7-
hexahydro-3H-indazol-3-one;
o 2-(4-methoxypyridin-2-yl)-1,2,4,6-tetrahydre-3H:-thieno[3,4-c]pyrazol-3-one;
2-(pyridin-2-yl)-1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3(2H)-one;
o (¥)5-benzyl-2-(5-{[(3R,5S)-3,5-dimethylpiperidin-1-yl]sulfonyl}pyridin-2-yl)-
1,2,4,5,6,7-hexahydro-3H-pyrazolo[4,3-c]pyridin-3-one;
o (£)2-(5-{[(3R,58)-3,5-dimethylpiperidin-1-yl]sulfonyl}pyridin-2-y1)-6-methyl-
1,2,4,5,6,7-hexahydro-3H-indazol-3-one;
o) 6-(5-benzyl-3-oxo-1,3,4,5,6,7-hexahydro-2H—pyrazoIo[4,3-c]pyridin-2-yl)—
N,N-diethylpyridine-3-sulfonamide;
o N-ethyl-6-(3-ox0-1,3,4,5,6,7,8,9-octahydro-2H-cycloocta[c]pyrazol-2-yl)-N-
phenylpyridine-3-sulfonamide;
o N-ethyl-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-
phenylpyridine-3-sulfonamide;
o 6-(5-benzyl-3-ox0-1,3,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridin-2-y)-
N,N-di(propan-2-yl)pyridine-3-sulfonamide;

o 6-methoxy-2-(pyridin-2-yl)-1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3(2H)-one;
o 2+(pyridin-2-yl)-1,4,6,7-tetrahydrothiopyrano[4,3-c]pyrazol-3(2H)-one;

o N-ethyl-6-(3-oxo-1,4,6,7-tetrahydrothiopyrano[4,3-c]pyrazol-2(3H)-yl)-N-
phenylpyridine-3-sulfonamide;

o N-ethyl-6-(3-o0x0-3,5,6,7-tetrahydrothiopyrano[3,2-c]pyrazol-2(1H)-yl)-N-
phenylpyridine-3-sulfonamide;

o N,N-diethyl-6-(3-ox0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-
3-sulfonamide;



()245-{[ (3R, 59) -3, 5-di net hyl pi peridin-I-yljsulfonyljpyridin-2-0)-1,2,4,5,6,
7- hexahydr o- 3Hi ndazoi - 3- one; . .

2- (4- et hoxypyriclin-2-y1)-192, 4, 6-tetrahydro-:3ftthieno[ 3, 4-ci pyrazol -3-on
e: 2-(pyridin-210-1,4,5,64etrahydrocyc|ogepta[C|pyrazol-3(211)-ope; o]

() 5-henzyl-2-(5-{R3R, 53)-3,5-di nethyl pip }ld!n-I|y|Isulfonyllpyrldln-z-yl)-
,2,4,5,6, 7- hexahydr o- 3H pyr azol oV1, 3-ci pyri di n- 3-one;

7S Lo B A OSSO AR - ot

245,6,74hexay o d ] . ]
5o herd SUS T 0 24k 01008 S 92 v
N- et hy1- 6- ( 3- 0XdPWa30L39NE; 7, 8, 9- oct ahydr o- 2F1 _
-cycl ooct a[ cppﬁﬁdgpﬁo%ﬁfﬁoﬁé@dbydmﬂ Hethisrel3, Aecjpyriadet-2BH)-

N-ethyl -6-(3-0 [16Het- oRdmide; a _

i 3, 4= clgyt azols 2 G341 Y da j g - SULf enam de;

o6- (5. benzy 93%3%3 fiﬁ?ﬁ?@%ﬁ S B 2B A BB P -y 1) -

N, N- di (pr opan- 2- yridine- 3- onam de; _ _

- h -2- it sk ) 9, L € 0 al -1)-o0ne
e Cpy T i me B S b B e b s

N- et hyl - 6- ( 3- oxo-1, 4, 629- t et rahydr ot hi opyr ano[ 4, 3-ci pyrazol -2(31-)-y1)-N

henyl i di ge- _ Ic88)-6-(3-0x0-4 B-di -1H-thi - - -
eyl 76 (3 ot 2o e Or Sy W ene SR el -

o N-cyclopentyl-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-sulfonamide;

o N-methyl-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-(pyridin-
2-yl)pyridine-3-sulfonamide;

o 2-(pyridin-2-yl)-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-one;

o 2-[4-(dimethylamino)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-
3-one;

o 2-{5-[(4-benzylpiperidin-1-yl)sulfonyl]pyridin-2-yl}-1,2,4,6-tetrahydro-3H-
thieno[3,4-c]pyrazol-3-one;

o 6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-(pyridin-2-
yl)pyridine-3-sulfonamide;

o N-ethyl-6—(3-oxo—1,4,6,7-tetrahydropyrano[4,3-c]pyrazol-2(3H)-yI)-N-
phenylpyridine-3-sulfonamide;

o sodium 2~(4-ethylpyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-olate;

o 2-[5~(azepan-1-ylsulfonyl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-
c]pyrazol-3-one;

o sodium 4-benzyl-2-{5-[ethyl(phenyl)sulfamoyl]pyridin-2-yl}-5-ox0-4,5,6,7-
tetrahydro-2H-pyrazolo[4,3-b]pyridin-3-olate;

o N-methyl-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-y!)-N-(pyridin-
2-ylmethyl)pyridine-3-sulfonamide;

o tert-butyl 2-{5-[ethyl(phenyl)sulfamoyl]pyridin-2-yi}-3-oxo0-1,2,3,4,6,7-
hexahydro-5H-pyrazolo[4,3-c]pyridine-5-carboxylate;

o 6-(5-acetyl-3-ox0-1,3,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridin-2-yl)-N-
ethyl-N-phenylpyridine-3-sulfonamide;

o tert-butyl 6-(3-ox0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-3-
carboxylate;

o sodium 2-(4-methylpyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-olate;



phenyl pyri di ne- 3-sul f onam de; _ _

N, N- di et hyl - 6- ( 3- ox0- 4, 6-di hydro-il d-thieno[ 3, 4-ci pyrazol - 2(3H)-yQoyr d
3-sul fonam de; _

N, N- di r net hy1- 6- ( 3- oxo- 4, 6-di hydro- 111-t hi eno[ 3, 4-c] pyrazol - 2( 3H) -

Apyri di ne- 3- sui f onam de; 12 )

245- (pyrrolidin-1-yisul fonyi)pyridin-2-yl11-1, 2, 4, 6-tetrahydro-3H4hi eno[ 3, 4-
c] pyrazol - 3- gne;__,. (B Ttart. TN PP

N- cycl opr oc. 91-%‘1;@?[5%165 4o mP U LR RYIGIH 2y By dbyirortry -

yi ) pyri di ne- 3- sUIF Gk dRyrazol-3-olate; N

6- ( 3- 0x0- 4, 6odi $ndivro-2H$fiedrn B (ethy)pyfaazollp2(idiH) 2-y )2, Bkdipydro-aiH-2-

Apyr i di ne4- sul fthieewo{2ld:c]pyrazol-3-olate; _ ] o
Ndert - but y146- ( 3- oxo-4, 6-cl i hydro-11-1-thi eno[ 3, 4-c] pyrazol -2(3H) -yl j pyri di
ne3- sul f onanmpdedodium 2-(5-methylpyridin-2-yl)-2,6-dihydro—4H-thieno[3,4—c]pyrazo||-3-olgte;

-2 - - di - hj , 4-cl pyrazol - -
DI_OE);H Sinng- %ngﬁ[qrc]iit:qﬁ{Eéaeﬁ-)ﬁ%tﬁbgrbglmhgy%rp?/ricjhjﬁté-yl]?zr,] -[d?hydrg-4pl-}/-thleno[3,lf- 7
N-cycl opent yl - 61PE28R63 1€ hyci ro- 1H t hi enol 3, 4- el pyrazol - 2( 3F) -
y1) pyri di ne- 8- SAK YA Znf tmethoxypyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3- o
N-i - net hyl - 6- ( 3latesd- 4, 6- di hydr o- 1H4hi eno[ 3, 4- c] pyrazol - 2(3H) 11) - N- (pyri di n2
-y)pyridiri eos-N-tmiIétbyla&-(B-iam%,6-dihydro-1H-thieno[3,4-c]pyrazol—2(3H?- I%-N-(pyridin-

2- (pyridi n-2- yW-yllp@idiné3teilfoabyrdde- 31H-t hi eno[ 3, 4- c] pyrazol - 3- oue: _
214-(di met hy parSoRRlRY- sl cYeBpbhiybudifufahBy By -t dbfgalEaf. ] Py azo
- 3-one; thieno[3.4-c]pyraz I-3-'o‘ate' . o . ,
- - =T lipyridin-2-yil-1,2,4,6-tetrahydrio-31H
2 iﬁﬁgg‘of’gnzggf’@% 'ﬂiyﬂg?ﬁé’-y methoxy)pyridin-2-y[12,6-dibydro'4H-thieno[3 4-
6- ( 3- 0x0- 4, 6- i iGIRyare-3nlatfi eri o[ 3, 4- c] pyrazol - 2( 3E) - y1) - N- (pyri ci i n- 2-
Apyr i di ne- 3- suimethgh2-4&:[ethyl(phenyl)sulfamoyl]pyridin-2-yi}-3-oxo-1,2,3,4,6,7-
N- et hy1- 6- ( 3- oxmxhhydid-FHiBrazdlyd; DpyryaidaicdsTaed ool - 2(31-1) - y1) - Nphenyl
ridine-3-sylf el 6- ' -dih -1H-thi - - : idine-
gy( 4- et hyl py?i (g?/ Sa ogaé?@(%%d;g?ﬁodhﬂmt ;lﬁéglc?f‘g.[?ﬁ%cﬁ]%){/rra g%'o (3 ]3_|-) c}lll)gty g;dme
o 2-methylpropyl 6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-carboxylate;
o 2-[4-(propan-2-yl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-
one; :
o sodium 2-[5-(propan-2-yl)pyridin-2-yl]-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-
olate;
o methyl 2-{5-[ethyl(phenyl)sulfamoyl]pyridin-2-yl}-3-oxo0-2,3,4,6-tetrahydro-
1H-thieno[3,4-c]pyrazole-4-carboxylate;
o propan-2-yl 6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-
3-carboxylate;
o sodium 2-{5-{ethyl(phenyl)sulfamoyl]pyridin-2-yl}-6-methoxy-2,4,5,6-
tetrahydrocyclopenta[c]pyrazol-3-olate;
o N-ethyl-6-(3-ox0-3,4,5,6-tetrahydrocyclopenta[c]pyrazol-2(1H)-yl)-N-
phenylpyridine-3-sulfonamide;
o sodium 2-[4-(pyridin-3-ylmethoxy)pyridin-2-yl]-2,6-dihydro-4H-thieno[3,4-
c]pyrazol-3-olate;
o 2,2-dimethylpropyl 6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-carboxylate; -~
o 2-[5-(5-tert-butyl-1,2,4-oxadiazol-3-yl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-
thieno[3,4-c]pyrazol-3-one;

o N-cyclopentyl-N-methyl-6-(3-ox0-4,6-dihydro-1 H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-sulfonamide;

o N-cyclopentyl-N-ethyl-6-(3-oxo-3,4,5,6-tetrahydrocyclopenta[c]pyrazol-
2(1H)-yl)pyridine-3-sulfonamide;

o N-cyclopentyl-N-(2,3-dihydroxypropyl)-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-
c]pyrazol-2(3H)-yl)pyridine-3-sulfonamide;



2[ 5- (azepan-1 -yisul fony)pyridin-2-y11-1, 2,4, 6-tetrahydro-3H4hi eno[ 314-

c] pyrazol - 3-one; sodium

4-benzyl-2-{5i et hyl (phenyi)sul fanoylipyridin-2-y1}-5-0x0-4,5,6,7- tetra

hydr o- 2H pyr azol o[ 4, 3- b] pyri di n- 3-ol at e;

N- net hyl- 6- ( 3- 0x0- 4, 6- di hydr o- 1H-t hi eno[]334 el pyrazol -2(3H)-y1)- N (pyridin2

-ylrrethyl)pyrldlne3su|for|amde tert-buWw

2-{5-[etivi(phenyi)sul famoyl i pyridin-2-vyi}-3-o0xo-1,23,4,6,7-

hexahydr 0- 5Ho py&, 2zioh el pBepylB[5-(h ety suifanpyBydras-¢,3,4,5, 6 7-hexahydro-2H-
--(5-acet yl - 3pgrdxolol3, %c}byﬁd?rﬁ-%pmtﬂh@—ﬁbbmbkﬂéﬁé o[ 4, 3-ci pyri di n-211) - Net

hyI N- phenyl py | f opam de rt-

6. (3-0x0- 4, 6 d%@&? ot utithd n ol BRI By § By Brtairalaycso-3H-

car boxyl at e; »&n@]Py"aZO -3-one.

2- (4- et hyl pyr| d| n-2-yl1)-2, 6-di hydro-4H-t hi eno[ 3, 4-cj pyrazol -3-0late; 12
sodi um

2-{5-Bert - l)nuEhﬁ ‘Fﬁ%Pﬁ&ﬁ")‘%‘ilP‘f"aFR)‘i/HrBV}prﬂ‘ieﬁtiﬁg PIouR’ B Rears 2eHPEhst 8an-- c] p

yrazol -33- Ofimtl r@l@dt Wnreactive function such as an alcohol or an amine during a
2- (51t ert-but t hyl ) sul f amoyl ] pyri di n-2-01- 2, 6- di hydr o4Ht hi eno[ 3, 4-ci pyra
zol - 3- ol at &ynt gg@ Lgmamp les of protecting groups and of protection and deprotectlon

g 0((1I|5u1r;e tz%h‘%\(@dr@é %retzgll)&éér'%alrgr{)éj%‘pyr@'a‘?wsz'%@fb%['% §V ﬂt/ r azefie‘? ﬁ%f@ra

c] pyrazol - 8ditibat(¢ohn ¥ibyu8nSons, Inc., New York).
2- (5-met hoxypyridin-2-yl)-2, 6-di hydr o4H-t hi eri op, 4-cl pyrazol -3- date;
N-rnet hyl-6- ( 3- oxo 4 6- di hydr o- 1H-t hi eno[ 3, 4-ci pyrazol - 2(31H) -y1) - N- (pyri di

24{ %QF%({/L?L,{;@%% et hyl SSYVf grr%é)f%r 3|/er dn% 950%1“'? )é“‘aa’ﬁﬁfarfb“‘*‘!ﬁ%fH%h%ff’é‘p4 c]
pyrazol - 3- tlriatoan be saatilyncleaved from a molecule by breaking a heterolytlc bond, with
244- (rsyri I%ss of gn rgfecm )pg?; l'I%LlsnngOL}/pllrnazy t6hudsI Eedrregdléllr rctapr)]llaggd [Wlth another
nucleophilic group during a substitution reaction, for example. Such leaving
groups are, for example, halogens or an activated hydroxyl group such as a
15 mesyl, tosyl, triflate, acetyl, etc. group. Examples of leaving groups and of
references for preparing them are given in “Advances in Organic chemistry”, J.
March, 3rd edition, Wiley Interscience, pp. 310-316.

In accordance with the invention, the compounds of general formula (1) may be

20  prepared according to the process that follows, illustrated in Scheme 1.

Scheme 1
( X }—,'%i("('R1)o
SRS 9
0, | -0 HN
(R1 /"()i‘( Z/O N\ + Z \NH
@ © () Ny
———
X, r‘N s
m( n R2

/ (va)

(IVb)
= N
0} R |
R2

The synthesis of the compounds of general formula (1) is performed starting with
the compounds of formula (ll), in which R1, X, n, m and o are as described



, Cipyrazol-3--olate; nethyl

2.-{5-[ethyl (phenyl)sul farnoylipyridin-2-yl}-3-0x0-1,2,3,4,6,7-

hexahydr o- 5H pyr azol o[ 4, 3-ci pyri di ne-5-car boxyl ate; cycl opentyl

6- ( 3- 0x0- 4, 6-di hydro-1Ht hi eno[ 3, 4-c] pyrazol - 2(3H) - yOpyri di ne3- car boxyl at e;
2-rnet hyl propyi 6-(3-o0xo-4, 6-di hydro-11Hl¢hi eno[ 3, 4- c] pyrazol - 2(3H) -

yQpyri di ne- 3- car boxyr at e;

2-{4-(propan-2- Apyridin-2-yl1}-172, 4, 64etrahydro- 3H-t hi eno[ 3, 4- c} pyrazol -
one; ,... $wavigusly and z represents an aIkyI group, preferentially methyl or ethyl, which |s

245 (pr oparoAuskRd | B Ny Jorpid - Solfedl IdBRuAB L)hENUrdidabl PYi@&Rhor™ afld] €

2 {51et hyl (BRERIANVE P RRbWES DRI %n%ﬁﬁ G With-agemposing, & fosmulen (i) Hwticheno|
3, 4-c] pyr aRg & 4s descrisptyp@i/ius| an Yitermediate of formula (IV) that is in the

e e P AT AT st >

tetr ahydr ocwcllzmbmt tiec pesearel of3amloaganic base, preferably sodium methoxide, in a

N-et hyi - E?e Ifed sud éseﬁ'{e?ﬁynr‘fgl Oiﬁjtye? ‘e%@%‘taﬁk]%]&% %8en %8 and 50°C.

1-0-y1)-Np pyr| di ne- 3-su am
244- (pyridi n- 3-yl met hoxy) pyri di n-2-y11- 2, 6-di hydr o- 4H-t hi eno[ 3, 4-

| . . .
(él %r 2)2(8 43“rfé|dcl?<%1rﬁ|3cr>%r:&’dsz(lgbﬁfate|rﬂéﬁ gFé’Béilonall quvg{tffqgn_th the corresponding acid

Apyri dilfe- @r@é‘ﬁﬁdﬁtﬂ thesalt. _
2-[5-(5-tert-butyl-1, 2, 4-oxaciiaz.o0l-3-yQopyridin-2-y11-1,2,4,6-tetrahydro-3

N cycl opentJNERNEY R Fowafal GRBnedsisansl,deseribac e ArRandsngh rmua(h) 1) -

Apyri di ne- arem:bhtmemlaibr available or described in the literature, or alternatively may be

|N'E czlcl) gpen até}])é‘prcﬁnéfo ARSI i Grd RhORA%S tlg)c(}é/eclslgﬂ'?éad1 g gy razot 2(1
N-cyci é%entyl N- (2, 3-di hydr oxypr opyl ) - 6- (3-ox0-4, 6-di hydro-111-thi eno[ 3, 4-

ci pyrazol - JBbhey SRy deéﬁ@Zé'&éQcﬁB@at%dﬁeparation of the compounds of formula
(1),

The compounds of formula (ll) are obtained from the compound of formula (V),
20 with LG and R2 as defined previously, via addition of hydrazine hydrate,
preferably in a protic solvent such as ethanol, at a temperature of between 60 and

80°C (Scheme 2a).
Scheme 2a
g NH-NH,
NH2-NH2.H20 A
P @
| = R2
R2 EtOH

%) (tn
25 The compounds of formula (lll) may also be obtained in two steps starting with the

compound of formula (V). The hydrazine function is then introduced, via a
coupling reaction between benzophenone hydrazone of formula (V1) and the
compound of formula (V) in the presence of a catalytic amount of palladium, to
give the intermediate of formﬁla (VI1), the hydrazine function of which is freed by

30 acidic treatment, such as hydrochloric acid, preferably at a concentration of
between 6 and 12 N, in a binary mixture of immiscible solvents such as toluene
and water at a temperature of 100°C (Scheme 2b).



13 o 2, 2-di net hyl propyl

645- (et hyl sul fonyl) - 3-oxo0-1, 3, 4, 5, 6, 7- hexahydr o- 2H

pyrazol o[ 4, 3-c] pyriclin-2-yl]pyridine4-carboxyiate; o

245- (3-tert-butyl-1, 2, 4- oxadi azol -5-yQpyridin-2-y1H , 2, 4, 64et r ahydr o- 3H

t hi ene[ 3, 4-cj pyrazol -3-one. In the text her ei nbel ow, the term "protecting
group" (PG neans a group that can, 5 firstly, protect a reactive function
such as an al cohol or an am ne during a synthesis. Exanples of protecting
groups and of protection and depr ot eScheme@bhods are given in "Protective
G oups in Organic Synthesis", Geene et al., 3rd editi '
Sons, inc., New York). 10In the text hereinbel ow, the
(LG neans a nucl eofugal group #hat can be readily cl d froma nol ecul e
by breaking a heterolytic bondis W th | oss of an FI;a- on paiviy This group
may thus be readily repbaced wi th anot’her nucleog

substitution reaction r exanpl

0 Suckivil eavi ng e, for exanple,
hal ogens or an activ ed hydr oxyl “group such as]|la Fesyi, tosyl,

triflate, acetyl, et oup. Exanples of teavin RBups and of references
for preparing them ak& given in "PAlvances in OriIni c chemstry", J. March,

3rd edition, Wley Interscience, pp. 310416. In accordance with the
i nvention, the conmpourdds of general formula I) y be 20prepared accordi ng
to the process that follows, illustrated in Scheqg-A™ Schere 'I 14

0
1 (i)
R2

Alternatively, the compounds of formula (lll) may be synthesized from an amino
pyridine of formula (VIll) with R2 as defined previously, via the action of a mixture
5 of nitric acid and concentrated sulfuric acid at 0°C to obtain the N-nitroamine

intermediate, which is reduced in 10N sodium hydroxide in the presence of zinc

(Scheme 2c).
Scheme 2¢
NH,
NH
NN HNO,/H,SO, HNT 2
| = then Zn:10N NaOH N7 X
R2 = J
=
(Vi) R2

10 In the preceding schemes, the starting compounds, intermediates and reagents,
when their preparation method is not described, are commercially available or
described in the literature, or else may be prepared according to methods known
to those skilled in the art.

15 According to another of its aspects, a subject of the invention is also the
compounds of formulae (IVa) and (IVb). These compounds are useful as
intermediates for synthesizing the compounds of formula (I).

EXAMPLES:
20 The examples that follow illustrate the preparation of certain compounds in

accordance with the invention. The numbers of the compounds presented as



previously and z represents an al kyl group, preferentially nmethyl or ethyl,
whi ch is condensed in a protic solvent of alcohol type, preferably

nmet hanol , at a tenperature of between 20 and 60C, with a conpound of
formula (I1li) in which R2 is as described previously, to give an
internediate of fornula (1V) that is in the 5 formof a compound of fornula
(I'va) or (I'Vb), or a mxture of the two, and which is cyclized in the
presence of i e, preferably sodi met hoxi .de,, in rotic,

Sor vent - sucheREaeR 4B Bre BT LR, BRI heT 1#Ther yileh Hostsgs 268 hermicairne
conpounds (sthucelbeiang RaPpdpaiaed ¥f & Ve ' ' cid
10or base into the saﬁ@évvleﬁ their prepar a?ﬁf)br?\ﬁﬂ#gt@ﬁg:gﬁl;cgﬁ%gf eggrbﬁg%rg

t he conpounds of forrmula (I1) are commercially available or described in
the literatyle : i : r according to methods that
are known tT:)Het%%@év%b{)ﬁ% %@His\r(?ﬁ%'%%@Lfr.gﬁfgﬁ]ég%eﬁégwﬂ? l‘f‘r‘f’dand 2c descri be
the prepar &tOdc of the comtloyrestsie formula (ill). The conpounds of formula
(111) are obtained fromthe conpound of forrmuia (V), with LG and R2 as
defined préVi@dsly, via ad@etit@8idi hydrazine hydrate, preferably in a
protic sol yept such as et WPO t a tenperature of between 60 and 80C
(Schene 2a). Schene 2a Y {II 25 The conmpounds of forrmula (I111) may
al so be obtliGied in two siTépslsseachiongatogtdpHyne conpound of formula (V).
The hydr azi r@ function is theaﬁ;’bntroduced, via a coupling reaction between
benzophenoe hydrazone of-4¥fFIYNE\AaRtby t he conpound of formula (V) in
t he pregen a catal yt| Iladium to give the internedi ate
of for ?rgl a%(%\%lel 3, t he hydrt%ze?‘@?%mﬁqag% of which is freed by 30 acidic
treat ment, Budh as hydr ochlichlomnaethdne pr ef erably at a concentration of

bet ween 6 12 N, in a hjna i xture of inmm scible solvents such as
t ol uene an ter at a teﬁﬂ@?&{yﬂfggnam“i%oc (Schenme 2b). 15

DMSO Dimethyl sulfoxide
DME 1,2-Dimethoxyethane

15 EtOH Ethanol
MeOH Methanol
h Hour(s)
HCI Hydrochloric acid
K2CO3 Potassium carbonate

20  NH4CI Ammonium chloride
NaHCO; Sodium hydrogen carbonate
NaxS0O4 Sodium sulfate
MS Mass spectrometry
TEA Triethylamine

25 TFA Trifluoroacetic acid
THF Tetrahydrofuran
RT Room temperature
HNO3 Nitric acid
H2S0O4 Sulfuric acid

30 Conc. Concentrated
racBINAP (£)-2,2-Bis(diphenylphosphino)-1,1'binaphthalene
TBTU 2-(1-H-Benzotriazol-1-yl)-1,1,3,3-tetramethyluronium

tetrafluoroborate



Schenme 2b eet? R2 Alternatively, the conmpounds of fornula (il) may be
synt hesi zed froman am no pyridine of fornmula (VIII) with R2 as defi ned
previously, via the action of a mixture 5 of nitric acid and concentrated
sulfuric add at OC to obtain the N-nitrogrnine internediate, which is
reduced in -10N sodi um hydroxide in the 127resence of zinc (Schene 20).
(MI11)R2(11) 10in the precedi ng schenes, the starting (r:]o(rjrpounds, 4 bed
i nternedi a and reagent s, i eparation nethod is not described,
are comrer P?%IAI y avail abl ?il%wgggl%ﬂﬁﬂ%@wen the literature, or else may be
prepared adihDdi ng to met Addsthivimesphbiing Resgdekil 1 ed in the art 15According
to another of jts aspects, a subject of the invention is also the conpounds
of formul a®5Q4 va) and (Rpﬁm'umﬁéﬁ'@x@@rrpounds are useful as internedi ates

for synthegirgbpp the compgunds,RbnLairBHidabily -

5 Tr Retention time
T Time
T°C Temperature in °C
Min Minutes
m.p. Melting point
10

The proton magnetic resonance (1H NMR) spectra, as described below, are
recorded at 400 MHz in DMSO-d6, using the peak of DMSO-d5 as reference. The
chemical shifts 5 are expressed in parts per million (ppm). The signals observed
are expressed as follows: s = singlet; bs = broad singlet; d = doublet; dd = doublet

15 of doublets; dt = doublet of triplets; t = triplet; m = multiplet; H = proton.

The mass spectra are obtained under the following LC/MS coupling conditions:
Method 1: Column: Jsphere 33 x 2 mm; 4 uM;
Eluents: A = H,O + 0.05% TFA; B = CH;CN + 0.05% TFA
20 TO0:98% A; T1.0 to T5.0 min: 95% B;
Method 2: Column: Acquity BEH C18 (50 x 2.1 mm; 1.7 uM); 220 nm
Eluents: A = H,O + 0.05% TFA; B = CH;CN + 0.035% TFA.
T0: 98% A; T1.6 to T2.1 min: 100% B; T2.5 to T3 min: 98% A
flow rate 1.0 mL/min- T°C = 40°C, injection 2 L
25
Example 1: 2-pyridin-2-yl-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-one
(Compound 1 of Table I)

o)



EXAMPLES: 20 The exanples that follow illustrate the preparation of certain
conmpounds in accordance with the invention. The numbers of the conmpounds
presented as 16 exanples refer to those in the table given |ater, which
illustrates the chem cal structures and ihysi cal properties of a few
conpounds according to the invention. Th 8abbrevi ations and seni -struct ural
formul ae bel ow are used: 5 EtOAcEthyl acetate AcOHAcetic acid

o, oot BT oREaTD: ERE B g O B3
Di v150Di metrhthyb didxetdtetthyahdihiophnaes-bamost/ e ire 138 kL YféeRok heated for
12 hours at 80°C. The medium is then concentrated under reduced pressure and
the residue obtained is purified by chromatography on a column of silica gel,
5 eluting with a DCM/MeOH gradient of from 0 to 10% MeOH. After concentrating
under reduced pressure, 8.7 g (34.5 mmol) of hydrazone intermediate, in the form
of a yellow powder, are isolated and are then added portionwise, at room
temperature, to a solution of 0.8 g (34.5 mmol) of sodium in 46 mL of anhydrous
MeOH. The reaction medium is stirred for 2 hours at room temperature, and the
10  precipitate formed is then filtered off and washed successively with 10 mL of
MeOH and 20 mL of pentane. The residue obtained is dissolved in 20 mL of water
and 10 mL of acetic acid are added. The precipitate obtained is filtered off,
washed with 10 mL of water, dried under vacuum and recrystallized from EtOH.
429 of 2-pyridin-2-yl-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-one  are
15 obtained in the form of a whitish powder.
Yield = 56%
m.p. (°C) =152
M = C1gHgN30S = 219; M+H = 220; Method 2: Tr = 0.81 min.
'H NMR, d6-DMSO, 400 MHz, & (ppm): 8.45 (d, 1H); 8.2 (d, 1H); 7.95 (m, 1H); 7.3
20 (t, 1H); 4.0 (s, 2H); 3.8 (s, 2H).

Example 2: 2-[4-(Dimethylamino)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-
thieno[3,4-c]pyrazol-3-one hydrochloride (Compound 56 of Table II)

25 21. 2-bromo-N,N-dimethylpyridin-4-amine

To a solution of 12.6 mL (125 mmol) of N, N-dimethylethanolamine in 160 mL of
anhydrous hexane are added, under an argon atmosphere, at -5°C, over @2 hours
30 minutes, 100 mL (250 mmol) of 2.5 M n-butyllithium in hexane, anc‘l.'the
reaction medium is then stirred for 30 minutes at 0°C, followed by addition of 7.6 g



MeOHMet hanol Hour (s) HOHydrochl oric acid K2CO3Pot assi um car bonat e 20

NHACl Anmoni um chl ori de NaHCO3Sodi um hydr ogen car bonate Na2SO4Sodi um sul fate
MSMess spectrometry TEATri et hyl am ne 25TEATri fl uoroacetic acid _ _
THETet r ahydrof ura El RTRoom t enper at ure {—IgN(ISNi tric acid H2804Sul furic acid

30 Cone: Concentrated _
racBl NAP() - 2, 2- Bi s(di phenyl phosphi no) -1, 11 bi napht hal ene

TBTW2- (1- H'(éf.gz%trrrlci)ﬁzcﬁl l}di%gkﬁyjranllin%’p?/ﬁ&ﬁter aﬁérhg{irwngn.olf’q hour at 0°C, the
reaction medium is cooled to -78°C and 51.8 g (156.2 mmol) of carbon
tetrabromide dissolved in 250 mL of anhydrous hexane are added over 2 hours 30
minutes at -78°C. The temperature is allowed to rise to 0°C and stirring is then

5  continued for 1 hour 30 minutes.
The medium is then hydrolysed with water (400 mL) and subsequently extracted
with Et;O (400 mL) and DCM (2 x 400 mL). The combined organic phases are
dried over Na;SQ,, filtered and concentrated under reduced pressure. 6.4 g of 2-
bromo-N,N-dimethylpyridin-4-amine are obtained in the form of a brown solid,

10 which is used without further purification in the following step.

Yield = 51%
"H NMR, (CDCls, 400 MHz, & (ppm): 7.9 (d, 1H); 6.6 (s, 1H); 6.4 (d, 1H); 2.9 (s,
6H).

15 2.2. 2-[2-(diphenylmethylidene)hydrazino]-N,N-dimethylpyridin-4-amine

To a mixture of 3.3 g (16.41 mmol) of 2-bromo-N,N-dimethylpyridin-4-amine in 40
mL of anhydrous toluene, 3.5 g (18.05 mmol) of benzophenone hydrazone, 2.2 g
(23 mmol) of anhydrous sodium tert-butoxide and 100 mg (0.82 mmol) of
benzeneboronic acid in 40 mL of toluene are added, under argon, at room

20 temperature, after having degassed the reaction medium under argon, 74 mg
(0.33 mmol) of palladium acetate and 205 mg (0.33 mmol) of racBINAP. The
reaction medium is then heated for 4 hours at 80°C. The reaction medium is taken
up in 200 mL of EtOAc, washed successively with water (3 x 30 mL), with
saturated NaHCOj3 solution (30 mL) and with brine (30 mL) and then dried over

25  NaxSOQ,, filtered and concentrated under reduced pressure. The residue obtained
is purified by chromatography on a column of silica gel, eluting with a DCM/MeOH
gradient of from 0 to 10% MeOH. After concentrating under reduced pressure, 4.5
g of 2-[2-(diphenylmethylidene)hydrazino]-N,N-dimethylpyridin-4-amine  are
obtained in the form of a red solid.

30 Yield =87%

2.3. 2-hydrazino-N,N-dimethylpyridin-4-amine




tetrafluoroborate 17 DI EAD | sopropyl et hyl am ne NMO4- Met hyl nor phol i ne

N- oxi de 0s040sm um t et roxi de pTsOHpar a- Tol uenesul fonic acid 5 Ti Retention
time Time T CTenperature in C MnMnutes rn.p.Melting point 10 The proton
magnetic resonance (I H NVR) spectra; as described bel ow, are recorded at
400 MHz in DMBO-dei, using the peak of DRBO d5 as reference. The chenical
shifts 5 are expressed in parts per mllion (ppm). The signals observed are

expressed al. | ows d single ;,C%—doublet dd =
doubl ot 1508 thﬂS‘HleePE 70 T80 i8S ?%R&PQG”Y'%E*BYH nephydrazinol-N,N-
mul tiplet; divetifigydin-4ATHailRss W%Laoﬁrtélu@%alaﬁéd%'”ﬁ?_r Sf Eﬁlfe?dso%%
LC M5 coupl ing conditions: Method 1. Col um: Jsphere
El uents: Ahy lori@. agds TrAeaed forsdHheuts 0B%TTRAC. After cooling to room
temperature, the reaction medium is extracted with toluene (3 x 300 mL). The
5 aqueous phase is diluted with 200 mL of water, neutralized at 0°C by adding 12N
sodium hydroxide solution, and then extracted with DCM (3 x 150 mL). The
organic phases are combined, washed with brine (300 mL) and then dried over

Na;SOq, filtered and concentrated under reduced pressure 1.87 g of 2- -hydrazino-

N,N-dimethylpyridin-4-amine are obtaiillj Tn;the form of a brown SO|Id which is
10 used without further purification in the following step.

Yield = 87%

'H NMR (ppm, d6-DMSO, 400 MHz): 7.6 (d, 1H); 6.9 (s, 1H); 6.1 (dd, 1H); 5.9 (d,

1H); 4 (bs, 2H); 2.9 (s, 6H).

15 2.4. 2-[4-(dimethylamino)pyridin-2-yl]-1,2.4,6-tetrahydro-3H-thieno[3,4-
clpyrazol-3-one hydrochloride

According to the process described in Example 1, starting with 1.87 g of 2-
hydrazino-N,N-dimethylpyridin-4-amine and 197 g of methyl 4-
oxotetrahydrothiophene-3-carboxylate, 35 mg of 2-[4-(dimethylamino)pyridin-2-yl]-
20  1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-one are obtained. The hydrochloride
is prepared by freeze-drying the 35 mg obtained previously, dissolved in 1 mL of
0.1N HCI.
36 mg of 2-[4-(dimethylamino)pyridin-2-y1}-1,2,4,6-tetrahydro-3H-thieno[3,4-
c]pyrazol-3-one hydrochloride are thus obtained in the form of a white lyophilizate.
25  Yield=1%
m.p. (°C) = 182
M = Cy2H14sN4OS = 262; M+H = 263; Method 2: Tr = 0.59 min.
'H NMR, d6-DMSO, 400 MHz, & (ppm): 7.7 (d, 1H); 6.9 (s, 1H); 6.6 (d, 1H); 3.2 (s,
2H); 3.5 (s, 2H); 2.9 (s, 6H).
30
Example 3: 2-(4-methoxypyridin-2-yl)-1,2,4,6-tetrahydro-3H-thieno[3,4-
c]pyrazol-3-one (Compound 55 of Table II)




TGO 98% A, T1.0 to T5.0 mn: 95%B; Method 2: Columm: Acquity BEM C18 (50 x
2.1 mm 17 pM; 220 nrn Eluents: A = H70 4- 0.05% TFA; B = CH3CN + 0.035%
TFA. TO 98% A, T1.6 to T2.1 min: 100%B; T2.5 to 13 mn: 98% A flow rate
1.0 rnUrnin- T'C = 40"C, injection 2 pL Exanple 1: 2-pyridin-2-y1-1, 2,4, 64
rahydr 04114hi eno[ 3, 4- ci pyrazol - 3-one (Co#pound 1 of Table I) A m xture of
7 g (64.1 mmol ) of 2-hydrazinopyridine and 10.3 g (64.1 mmol) of nethyl

4- oxot et r ahydr ot hi ophene- 3-carboxylate in 130 nt.. of MeOH is heated for 12
hours at 80" C. Thenmediumis then concentrated under reduced pressure and

t he residue I ﬁd IS i fied by chromat ography on a colum of silica
gel, 5 elutithg th OH gradient of fromO to 10% MeOH. After
concentratin red pressure, 8.7 g (34.5 mmol) of hydrazone

internediate, in the form a yell ow powder, are isolated and are then
added portionw se, @At room Pemperature, to a solution of 0.8 g (34.5 rnnol)
of sodiumin 46 ITIL of anhydrous MeOH. The reaction nediumis stirred for

2 hours at 3r1oormt-@wmaeuvlmetlavlmehbmzcﬂanhapnmmbﬁ%@grdm is then filtered

of f and washed successively with 10 nt of -nt _ of pentane.
The resi dubCEBRAIG EythesPraressAgaerinas PoEXAMPler2. dastartingnwith 5o .of Zthlgtet i ¢

d t 0 nL
o vater, JufdmokliayRife| Mhd B 75081 & BEzothdaries Hifrkbhe, '676°G &t it
I2 p)t/){i i ndmlyh?%ylﬂ}emﬁdéEBMMMm]Mmthonjpﬁ/\r(lﬁﬂfddm/bggai/he@-u@rtl(ate?ﬂ@mlgfz a
cobt ai ned | e.formof a I e = % m = =
C10t i 9r\1308Ye‘?°2’i§°"%WfWFh is Yoed V\Nb b@'"v?\%r PHr'ﬂC%tlosﬂlmrthﬁfollovﬁng step. 1H

NWVR, d6- 6 8.45 (d, 1 8.2 (d, 1 7.95 1
1S 200 I e an e (o a0 V0 0 T A

Exanpl e2: 244 NMWB&M@MH&M @mn?%?—(& PR, BAdty aHY,dr.3-B5Hm, 5H); 7.4-
t hi eno[ 3, 47_<‘ﬂ Pﬂ¥ §|Z|5’7 ,F or‘;ﬁt_| h%défgdcqll-ﬂrb%e (gﬂsrpound 56 of Table I1)

10

3.2. 2-hydrazino-4-methoxypyridine

According to the process described in Example 2.3, starting with 0.76 g of 2-[2-

(diphenylmethylidene)hydrazino]-4-methoxypyridine, 0.24 g of 2-

hydrazinomethoxypyridine is obtained in the form of a yellow lyophilizate, which is
15 used without further purification in the following step.

Yield = 69%

'H NMR, d6-DMSO, 400 MHz, & (ppm): 9.7 (bs, 1H); 7.7 (d, 1H); 6.5 (d, 1H); 6.4

(s, 1H); 4.8 (bs, 2H); 3.9 (s, 3H).

20 3.3. 2-(4-methoxypyridin-2-yl)-1,2 4,6-tetrahydro-3H-thieno[3.4-c]pyrazol-3-one
According to the process described in Example 1, starting with 243 mg of 2-

hydrazino-4-methoxypyridine and 280 mg of methyl 4-oxotetrahydrothiophene-3-
carboxylate, 82 mg of 2-(4-methoxypyridin-2-yl)-1,2,4,6-tetrahydro-3H-thieno[3,4-
c]pyrazol-3-one are obtained in the form of a white solid.

25  Yield = 40%
m.p. (°C) = 254
M = C11H11N302S = 249; M+H = 250; Method 2: Tr = 0.8 min.
'H NMR, d6-DMSO, 400 MHz, & (ppm): 8.1 (d, 1H); 8.05 (d, 1H); 6.05 (d, 1H); 3.8
(s, 3H); 3.7 (s, 2H); 3.6 (s, 2H)



2.1. 2-brorno-N, N-di nethvipyridin-4-amine To a solution of 12.6 nL (125
mol ) of N, N-di netnyl ethanolarnine in 160 rnL of anhydrous hexane are
added, under an argon atnosphere, at -5C, over hours 30 minutes, 100 ni.
(250 mmoi) of 2.5 Mn-hotyllithiumin hexane, and the reaction nmediumis
then stirred for 30 minutes at 0C, follo#8d by addition of 7.6 g 19 (62.5
mol ) of 4-di nethyl arni nopyridine. After stirring for 1 hour at 0C the
reaction nediumis cooled to -78 C and 51.8 g (156.2 nmoi) of carbon
tetrabrornide dissolved in 250 nL of anhydrous hexane are added over 2
hours 30 nimxdApletd: - Naheth1%5-{RBREOLAEH Ay - Id Sang)-
stirring is t ep_continugéﬁ?ortl hguFsggH%Fﬁﬂ?gtﬂﬁgﬁggﬁ%éﬁggﬁ?gl?ﬁgﬁpgn
hydr ol ysed NipyidiatZylpysstinatd-sulianaotide (Gompound 24 aftTableilt h Et 20 (400
m.) and DCIVI (2 x 400 m|. The conbi ned organi c phases are dried over
Na2SO4, filtered and concentrated under reduced pressure. 6.4 g of 2-

br oi no- N, N-di r net hyl pyri di n-4-arnine are obtained in the formof a brown
solid, 10which is used wthout furthg yrification in the foll ow ng step.
Yield = 51% 1H NVR__(CIl0 i ppm - T9 (d, 1H); 6.6 (s, 1H): 6.4
(d, 11-1); 2.9 6HY, TIs2\2.
2-12- (i di ohenvirnat i deneThy aﬁT‘ | -N, N-di rnet hyl pyridin-4-amne To a

m xture of 3.3 g (16.421 nmol) of 2 brorno-N, N-di net hyl pyridin-4-amne in 40
rnL of gnhydrous toluen€, 3.5 g (18.05 nrnol) of benzophenone hydrazone,

2.2 g (23 nrnol) of anhydrous sodiumtert-butoxide and 100 ng (0.82 mmol)

of benzenelbi.onitchioraN-mettylN-pyridintDyipgridinersadoleainidender ar gon, at room

m (0,55 iy s pE AAZPATRSH ol ook RGbeag et )b o ECH IR,

The reacti g n@tiddin dtsoidhen shgt §9h e aGid ium
is taken up (ian 200 nmL of EtOAc, %s%ed@&%gﬂgﬁteg?% tﬁ-ﬂa\/\g{eglr‘ &%ﬂﬁéh\g%ght)

with satur@&ed NdHEmMebl of Sehlgrapyiiding-Zadfaiv thridee(préparad.jceordirighn

dried er Tl concent.r ated under, reduced pressure. The

r esi dugvobtdgnl%HE%ﬁiQ%&rqu@ﬁyi@%F oﬁ‘ﬁrt"b%rf%ﬁ? RAUTS oA tgfmgqrgﬁg%, 3@ ,

el uting w trbagiddCividdae igrtardé@m? @f 100 o Of tICHO Y%AdpRY. s Aice8sivERNGRATIGR | Ng

under reduced pressure, 4,5 g of .

2[ 2- (di phefiyh érwgler @%?Qﬂﬁa@ﬁ bidne,Ndmediiovet INApii diltarett anil mormestrated

g?thsldrn:gi 'nEj_nﬁgﬁl_r%ﬂdn@g?é]rygﬁgr%?J?l%l_rjg_g%j%%goebﬁﬂeg iS pﬁﬁﬁ/%g b§ '‘chromatography on a
column of silica gel, eluting with a 4/1 cyclohexane/EtOAc mixture. After

15 concentrating under reduced pressure, 2.8 g of 6-chloro-N-methyl-N-pyridin-2-

ylpyridine-3-sulfonamide are obtained in the form of a brown solid.
Yield = 84%
1I_-I_ NMR, CDCl;, 400 MHz, & (ppm): 8.5 (s, 1H);, 8.25 (d, 1H); 7.8 (dd, 1H); 7.7 (t,
=1H); 7.5 (d, 1_H);_7.3 (d, 1H); 7.15 (t, 1H); 3.2 (s, 3H).
20 ”
4.2, 6-hydrazino-N-methyl-N-pyridin-2-ylpyridine-3-sulfonamide

A solution of 1.4 g (4.9 mmol) of 6-chloro-N-methyl-N-pyridin-2-ylpyridine-3-

sulfonamide and 0.96 mL (19.7 mmol) of hydrazine monohydrate in 8 mL of EtOH

is heated for 12 hours at 80°C. The precipitate obtained, after cooling to room
25 temperature, is filtered off, washed with 10 mL of EtOH and then dried under

vacuum. 0.85 g of 6-hydrazino-N-methyl-N-pyridin-2-ylpyridine-3-sulfonamide is

obtained in the form of pale yellow crystals.

Yield = 62%.



20 A mixture of 4.5 g (14.22 nmol) of

242- (di phonyl net hyl i dene) hydrazi nol - N, Ndi met hyl pyri di n-4-amne in 300 nt.

of toluene and 80 nL of aqueous 37% hydrochloric acid is heated for 4 hours
at 110C. After cooling to roomtenperature the reaction nmediumis
extracted with toluene (3 x 300 nL). The 2% aqueous phase is diluted with
200 nL of water, neutralized at 0C by addi ng 12N sodi um hydroxi de sol uti on,

washed wi £ 1 L@‘Wé%%&“ﬁ@%&% B el s oer kB don A s dar 2R 715
concentr at ¢dd ﬁgucmdemr@%wm 3.5-80 (Bs, OZH% 8. 3§s 3H).

2- hydeazi noN | pyridin-4-anine are obtaltietHhe: forM of a brown
solid, which is 10used wi t hout further purlflcatlon in the follow ng step

{:ﬂgl le) 874%H B8 (-C Er«'sl%l ZPSI'?) \leN p\','_Pd!n-

244- (di sret _WIWridml@BFaulfddiamaewl 2 4 64etrahydro 3H4h| enol 3, 4-

c]ovrazol - 3- one hydr ochI oride Accor di ng to the process described in Exanple
1, startindc@Prding tg#h § Bfocgss described in Example 1, starting with 476 mg of 6-

hydr azi no- b ‘ﬁ'@ b pgroxnfﬁl‘i/@?ﬁ@gé-ﬂ%’é%f&%' 4hd 273 mg of methyl 4-

244- (di et bydmmahyaimhuodhene?-eyctarboﬁﬂate 416 mg of N-methyl-6-(3-oxo-4,6-dihydro-
1,2, 4,6- 1e§|Hath th| eno 3 4- CI azol one _are obtained. The
hydr ochl or i h fAPY&Z8 PW%@'&HBY%”#@ swfenaneidepr evi ouaey,

di ssol yed pbp alnéﬂ-r?q)he(fofrﬁ'dfké'whl e S(il ng of

244- (di met hy ar ni pyridin-2-y , 4, 6-tetrahydro-3Ht hi eno[ 3, 4-

cj pyrazol - Jiedthe 454r ochl ori de are thus obtained in the formof a white

| yophi | i zate ga Yi = 1% mp. CC = 182 M= C12F-114N40S = 262; tvl+H =
263; Met hold' ) =240 59 nin. 1H NVR, de-DVMBO 400 MHz, O (ppm: 7.7 (d,

1H; 6.9 (fh= @%Hw@ls@)g,\ég: 39, MAHZ §50; Mémbyi2:3 = 68 Al 2.9 (s, 6H), 30
'H NMR, d6-DMSO, 400 MHz, & (ppm): 12.0 (bs, 1H); 8.6 (s, 1H); 8.5 (bs, 1H);
15 8.4 (d, 1H); 8.2 (dd, 1H); 7.55 (d, 1H); 7.3 (t, 1H); 4.0 (s, 2H); 3.8 (s, 2H); 3.3 (s,
3H).

Example 5: N-ethyl-6-(3-0x0-3,5,6,7-tetrahydrothiopyrano[3,2-c]pyrazol-
2(1H)-yl)-N-phenylpyridine-3-sulfonamide (Compound 24 of Table I)

@N_@E&N\_
0

5.1. Ethyl 3-oxotetrahydro-2H-thiopyran-2-carboxylate

20

To a solution of 5 g (219 mmol) of sodium in 13 mL of anhydrous EtOH and 88 mL
of ether are added dropwise, at 0°C and under argon, 20.5 g (87.5 mmol) of ethyl
4-[(2-ethoxy-2-oxoethyl)sulfanyl]butanoate. After stirring for 18 hours at room
25  temperature, the reaction mixture is poured into a mixture of AcOH (12 mL)/ice
(70 g). The medium is then concentrated under reduced pressure, and the residue
obtained is taken up in 100 mL of ether, washed with brine (2x50 mL), dried over
Na,SO;,, filtered and concentrated under reduced pressure. The residue obtained

is purified by chromatography on silica gel, eluting with a cyclohexane/EtOAc



3.1. 2 -42-(diohenyl net hylidene)hydrazi nol 4-net hoxvpyridine According to
the process described in Exanple 2.2, starting with 0.5 g of 2-chloro-

4- met hoxypyridine and 0.75 g of benzophenone hydrazone, 0.76 g of 2-[2-
S(di phenyirriethylidene)hydrazindj-4-methoxypyridine is obtained in the
formof a yellow solid, which is used wi2hout further purification in the
followng step. Yield = 73% 1H NVR, CDClI 3, 400 WHz, 6 (ppm: 8.2 (?d 15&3;
7.9 (d, 1H); 7.7:7 [ sl A T ( o 7.1 , JAH): 6,4 : ;
3.9 (s, 3 .ra‘i'S”%‘?fé‘?O’&c@E?r i&éﬁ%‘% b Sdi}'e%_éﬁ)@é%?tﬁgéﬁyﬁir@%gh\gm@@-
starting wicafo®dfate 0é obtAred (it dref fldvdsme) hydrazi nci 4

rnet hoxypyri di ne, 0. 24gof hydrazi nornet hoxypyridine is obtained in the form
of a yel | oWieldopB#¥4.zate, which is 15used without further purification in

R G e R S

203. 3. : 244-2H| 211I52(m,\m-1)';c|i_41(1; 8H). ni xt hi enoL14-cl pyirl zol , 3-one

5.2.  N-ethyl-6-(3-ox0-3,5,6,7-tetrahydrothiopyrano[3,2-c]pyrazol-2(1H)-yl)-N-

phenylpyridine-3-sulfonamide

A mixture of 1 g (5.31 mmol) of ethyl 3-oxotetrahydro-2H-thiopyrane-2-carboxylate
10 and 1.55 g of 6-hydrazino-N-methyl-N-pyridin-2-ylpyridine-3-sulfonamide in 10 mL

of MeOH is heated for 15 hours at 80°C. After cooling to room temperature, the

precipitate obtained is filtered off and washed with 5 mL of MeOH, and then

recrystallized  from EtOH. 395 mg of  N-ethyl-6-(3-ox0-3,5,6,7-

tetrahydrothiopyrano[3,2-c]pyrazol-2(1H)-yl)-N-phenylpyridine-3-sulfonamide are
15 obtained in the form of a white powder.

Yield = 16%

m.p. (°C) = 198

M = C1gH20N4O3S, = 416; M+H = 417; Method 2: Tr = 1.12 min

'H NMR, d6-DMSO, 400 MHz, & (ppm): 11.9 (bs, 1H); 8.6 (bs, 1H); 8.5 (s, 1H);
20 8.1(d, 1H); 7.4 (m, 3H); 7.1 (d, 2H); 3.6 (q, 2H); 3.0 (t, 2H); 2.6 (t, 2H); 2.0 (q,

2.0); 1.0 (t, 3H).

Example 6: tert-butyl 2-[5-[ethyl(phenyl)sulfamoyl]pyridin-2-yl]-3-oxo-

1,2,3,4,6,7-hexahydro-5H-pyrazolo[4,3-c]pyridine-5-carboxylate (Compound
25 28 of Tablel)

7\
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6.1. 1-tert-butyl-3-methyl-4-oxopiperidine 1,3-dicarboxylate




According to the process described in Exanple 1, starting wwth 243 ng of 2-
hydr azi no- 4- net hoxypyri di ne and 280 ng of nethyl

4- oxot et r ahydr ot hi ophene- 3- carboxyl ate, 82 ng of

2- (4-met hoxypyridin-2-yl1)-1, 2,4, 6-tetrahydro-3H1thieno[3,4- c]pyrazol-3-one
are obtained in the formof a white soli€ 25 Yield = 40% mp. (C = 254 M
= C1H1I N3023 = 249; MtH = 250; Method 2: Ti = 0 8 mn. 1H NVR, d6- DivISO

2120 g/l:bz GT%p%)E%xtg;ﬁ of %g gEEgj)rr%I B o(f et?iH?Zl oxoprpe rgrnelgl)carboxylate andI_DI 3

N- et hy1- 6 {I3(3K64m i i iyesel 5 d’#%{-ﬁ
N- pyri di n- 2- yl( pyri dm drptgﬁm?mﬂ? 'gq@goemrrgodjnmﬂ of L g (51 ? Lo

6- chl or o- NOf rist@ryHoukyl ieartionate. VAt 2dioies 3ats iddno rtempdaeatu]’e), thes medlumnlsof

1,3 11. r a n 25. m ar.e added,
at 0C, (3 3{3%@%0‘6%5‘ %O(F‘%%‘@WW qi%ﬂ WP%@B of Water, 68?8 OH%N%&&Z

(11, 8 ranokherofiltérezhlaatogotideditragsd upidet Q@MUcé‘d‘ éséiﬁe(%egaéfeq' téﬁocﬁrtgl :519 to
10 docunent WO 98/40332). After stirrin hours at Foom tenperature,

the reacti Bethedi-anepigetidioen, ﬁp‘JKFaf bQEXdalgﬁ are @btam@d invihe fedn o @cebie golig,
wi th 100 I Na2SO4, filtered and
concentr a?gvd]?{rhnl rs%r e ucelgq%'&@ésr ure 'C%%ﬁ?q g&@ﬁgw %{Pﬂed is purified by

chromat ography on a colum of sca gel, eluting with a 411 cycl ohexane/ Et OAc
m xture. After 15conc ntratr ng under reduced pressure 2.8 ¢ of
6- chl or o- N®rfet higr-y ) : silfri3cleXqs .

formofya Hé?é%\/d?&l'dl‘ﬂ-pv?gz%'lﬂ4"3 (%v?rdlne-S carboxylate

According to the process described in Example 1, starting with 1.7 g of 6-

hydrazino-N-methyl-N-pyridin-2-yipyridine-3-sulfonamide and 1.5 g of 1-tert-butyl-

3-methyl-4-oxopiperidine  1,3-dicarboxylate, 190 mg of tert-butyl 2-[5-

[ethyl(phenyl)sulfamoyl]pyridin-2-yl]-3-oxo-1,2,3,4,6,7-hexahydro-5H-pyrazolo[4, 3-
15  c]pyridine-5-carboxylate are obtained in the form of a white solid.

Yield = 16%

m.p. (°C) = 192

M = C24H20N505S = 499; M+H = 500; Method 2: Tr = 1.23 min

'H NMR, d6-DMSO, 400 MHz, & (ppm): 12.1 (bs, 1H); 8.6 (bs, 1H); 8.5 (s, 1H);
20 8.1(dd, 1H); 7.4 (m, 3H); 7.1 (d, 2H); 4.1 (s, 2H); 3.6 (m, 4H); 2.7 (m, 2H); 1.4 (s,

9H); 1.0 (t, 3H).

Example 7: N-ethyl-6-(3-ox0-1,4,6,7-tetrahydropyrano[4,3-c]pyrazol-2(3H)-yl)-
N-phenylpyridine-3-sulfonamide (Compound 25 of Table I)

0
25

7.1. propyl 4-oxotetrahydro-2H-pyran-3-carboxylate




1H NVR, CDCI 3, 400 MHz, 5 (ppm; 8.5 (s, 1H); 8.25 (d, 1H); 7.8 (dd, 1H);
7.7 (t, 1H); 7.5 (d, 1H);7,3 (d, 1H); 7.15 (t, 1H); 3.2 (s, 3H. 20 4,2,

6- hydr azi no- 4r net hyl - N- pyri di n-2-vl ovri di ne- 3-sul fonani de A solution of 1.4
g (4.9 mmol) of 8-chloro-N nethyl-Npyridin-2-ylpyridine-3- sul fonam de and
0.96 nL (19.7 alma!) of hydrazine nonohydbate in 8 mL of EtOH is heated for
12 hours at 80C. The precipitate obtained, after cooling to room 25

t enper at ur is filtered off, shed wit 0 nL of, EtOH and then dried
unggr vacuﬁrrhe gq@gogngfls preparevc\iaaccordlng E) ghe procedure described in JACS Vol.

6- hydr azi no: RkgJ gl pp-p¥83-db912-yl pyri di ne- 3-sul fonam de is obtained in
the formof pale yel Pow crystals. Yield = 62% 23 111 NVR, CDCl 3, 400 IHz,
6 (ppm: 8.35 (s, 2H); 8.7 (m 2H); T5 (d, 1H); 7.15 (dd, 1H); 6.7 (d, 1H);
6.4 (bs, 1H), 3. 0 2H) ; 3 4. 3. rnadial : 6- (3-0xo0--413
di nydr o- lH-H%%'I Ci ol hp46 ] etraDydrop u,r!v....Ev. HAYHRZOT 26041 =Ml de

Accor di ng eh gapecssufesshideed in Exanple 1, starting with 476 ng of 6-
hydr azi no- N- et hyT - yridin-2Z-yl pyridine-3-sul fonan de and 273 ng of
rnethyi 4- Aﬁ@@f@ﬂgaﬂwﬁﬁ)tﬂﬁpw‘ﬁeﬂésmhﬁﬁ o xgxanele 41Gtanngfwith 0.47 g of 6-

DA 7 e R N b T A T 1 et
= 45% 1 n. p.oxC@irahydrS2M-5yrehtltdH0RE. 3289 mdH & 3RAthMEs-(Rex3:1 dis %

0.98 mn.
tetrahydropyrano[4,3-c]pyrazol-2(3H)-yl)-N-phenylpyridine-3-sulfonamide are

10  obtained in the form of a white powder.
Yield = 57%
m.p. (°C) = 164
M = C19H20N404S = 400; M+H = 401; Method 2: Tr = 1.0 min.
'H NMR, d6-DMSO, 400 MHz, & (ppm): 12.0 (bs, 1H); 8.6 (d, 1H); 8.4 (s, 1H); 8.0
15 (d, 1H); 7.4 (m, 3H); 7.1 (m, 2H); 4.3 (s, 2H); 3.85 (t, 2H); 3.6 (q, 2H); 2.6 (t, 2H);
1.0 (t, 3H).

Example 8: sodium 4-benzyl-2-{5-[ethyl(phenyl)sulfamoyl]pyridin-2-yl}-5-
oxo0-4,5,6,7-tetrahydro-2H-pyrazolo[4,3-b]pyridin-3-olate (Compound 35 of
20 Tablel)

')H

&
_N

According to the process described in Example 1, starting with 0.8 g of 6-
hydrazino-N-methyl-N-pyridin-2-ylpyridine-3-sulfonamide and 0.76 g of ethyl 1-
benzyl-3,6-dioxopiperidine-2-carboxylate obtained according to Tetrahedron, Vol.



"H NMR, cl16-DVMSO, 400 MHz, 6 (ppm: 12.0 (bs, 1H); 8.6 (s, 1H); 85 (bs.
1H); 158.4 (d, 1H): 8.2 (dd, 1H); 7,55 (d, 1H); 7.3 (1, 1H); 4.0 (s, 2H);
3.8 (s, 2H); 3.3 (s, 3H.

Exanpl e5: N- et hyl- 6- ( 3- 0x04, 5, 6, 74et r ahydr ot hi opyr ano[ 3, 2- c] pyr azol -

2(111) - 0) - N- phenyl pyri di ne- 3- sul f onamade2{ Conpound 24 of Table I) 20 5.1.
Et hyl 3-oxotetrahydro-2H-thl opyr an 2-carboylate To a solution of 5 g (219

f Hand 88 mL. of eth dded
irooni o, 90 8. 43 p- o, 220 i OF b5 Sxipctes compaiias dbp dbtaiged in the form of
4- [ (2- et hoxywwRit@ 61, RymeNid Pé]één}diw %f a%ét%woﬂ&bw hﬁﬁu&%( gahauré

room25terrperature the reaction mxture IS poured I1nto a re of
(12 nmi. )/pée‘l[\l?d\l@(j)H Thedmébiennfreszeddeirdc oB28ntmat efl sodlem réedened-2-{5-

RSN LR DN e R e e&%ﬁﬁ%&?-ﬁﬁi? =

reduceds pr egsideh- 3Ihgter@féltﬁlu9 ogta|ﬁéd1ﬁﬂth'esroﬁﬁrdffal \ﬁﬁ*té) hn&ggt ogr aphy on
silica geI el uti nQ? a cycl ohexansi Et 0Ac gra of fromO to 10%
ohyl

Et 0Ac. 5. 6XigJd st 12 3 oxot et r ahydr o- 2H-t hi opyr ane-2- carboxyl ate are
obt ai ned i Er?bh gf)g of ayellowoil. Yield = 34% 1H NVR, CDC a, 400 Mz,
6 (pprn): ? Izﬁ)O 4.3 (q, 2H); 2.80 (m 2H); 2,4 ft 2H); 2.15 (m 2H);

1.4 (1, 3HM= CzeH25N504S 503; M+H = 504; Method 2: Tr=1. 16 m|
5.2. N-ethyl -6-(3-0x0-3 627~ t et r ahydr ot hi op ranef3 razoi - 2(1H)-y1)-N
H NMR, d6- DMSO 400 MHz, 6 (ppm): 87@@ ); 8.4 (s 1 ) 7.8 (d, 1H); 7.5-

10 7.1 (m, 10H); 4.7 (s, 2H); 4.2 (s, 2H); 3.6 (q, 2H); 3.1 (s, 2H); 1.0 (t, 3H).

Example 9: sodium 2-(4-ethylpyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-
c]pyrazol-3-olate (Compound 57 of Table Il )

NN
S%\N 7\
0

15 9.1. 4-ethyl-2-hydrazinopyridine

To a solution of 56 g (40.9 mmol) of 4-ethylpyridin-2-amine in 10 mL of
concentrated H>SO, at 0°C are added 8 mL of an H.SO4/HNO; mixture (1/1) at a
temperature of between 0 and 10°C, and stirring is maintained for 1 hour at 0°C.
The reaction medium is then poured onto 100 g of ice and the white precipitate
20 obtained is filtered off and washed successively with 10 mL of water, 10 mL of
Et,O and 10 mL of pentane. The solid obtained is taken up in 100 mL of 10N
NaOH at 0°C, 7.76 g (187 mmol) of zinc powder are added and the reaction
medium is then stirred for 3 hours at 0°C. The reaction medium is then filtered
through Celite and the filtrate is extracted with EtOAc (3 x 200 mL). The organic
25 phases are combined, dried over Na,SO,, filtered and then concentrated under
reduced pressure. 4.3 g of 4-ethyl-2-hydrazinopyridine are obtained in the form of
a red oil, which is used without further purification in the following step.
Yield = 77%
'H NMR, CDCl3, 400 MHz, & (ppm): 7.9 (d, 1H); 7.2 (bs, 1H); 6.5 (s, 1H); 6.4 (d,
30 1H); 4.1 (s, 2H); 2.5 (q, 2H); 1.1 (t, 3H).



phenyl pyri di ne- 3-sul fonam de A m xture of 1 g (5.31 moi) of ethyl

3- oxot et rahydr o- 2H4hi opyr ane- 2- car boxyiete 10 and 1.55 ¢

of 6- hydr azi no- N-net hyl - N- pyri di n- 2-yi pyri di ne-3-sul fonanm de in 10 m . of
MeOH is heated for 15 hours at 80t. After cooling to roomtenperature, the
precipitate obtained is filtered off and?8washed with 5 mt_ of MeOH, and
then recrystallized fromEtOH 395 rng of N-et hyl-6-(3-oxo-3, 6, 6, 7-

t et rahydr ot hi opyrano[ 3, 2-c] pyrazoi -2(1H)-'y N-phenyl pyri di ne- 3-sul fonarn
ide are obtained in the formof a white powder. Yi eId = 16%rn.p. (C = 198
M= C4120 S2 : i '

d6- DVEO, ngﬁl\aﬂzsodﬁmg "#,&@“‘I'E‘*’ éa'{n n%@)h‘?é vl
(d, 1H); 7A¢c()|rd|ng3t4) therprocesss desqr;bai i6 E)qamalld)S szamngtthr%l)sa 9?064(etthyla=l)

2.0 (g, t. ert

2454et hyl (ﬁgﬂ‘é g’f'QW&F/QF‘PByi Odﬂag'g 'M 3 tegraé‘x’ﬂf@h*f’msiaﬁ?%/%f&%wﬂfﬁu azo
| o[ 4, 3-%] peREdiride-dF- §EdibAX - (348 ) J )
6.1.1-tert-but Uflges rnet hy 4@']6%% per Fp?ﬁde 2562&3 orgr Oilgﬁleg?g4c£c§/ra?zol3

m xt ure of OlEde gre shtagned tlﬁeﬂﬂ)% form méanyhitetlyopbiizpte: i di ne- 3- car boxyl ate and
7,3 al (51Y§e$m)13 of triethylamine in 100 tit of DCM are added 11.3 g

(51 6 mol) A {ert-butyl di carboriate, After 2 hours at room
terrperaturmpt(r‘ie:)m@oe@is taken up in 300 rot_ of DCM washed with 200 nL
of water, dried over Na2SO4 and then filtered and concentrated under

rleguged p[)%s@ﬂe 11NBQP 512472 8+H Fuddh; MEthﬁdt%ﬂ'lr-ﬂ1 8%apinper i di ne _ |
wt EhoufO T ari UARSABIAVEE ALY 5 BFm) e @ @%Sf‘t& €7 SN By

245-f et hyl Qﬁmezxw(%szﬂﬂ an®ydq, 28 il (t; 3Hy.1] - 3- oxo- 1. 2, 3, 4. 67-

10hexahydr o- 5H- pyr azol 014, 3- elpyri di ne-5-car boxyl ate Accor di ng to the
process described in Exanple 1, starting with 17 g of 6-

hydr azi no- | - yrd gdi

1-tert-but Mﬂ?@ly -g - Olggﬁl %ﬂe Ueﬁeggfﬁ(@g{ﬁ%%qﬁ?@%&g%-%? 6-
tert-butyl diwsro-4H-thieno[3,4-c]pyrazol-3-olate (Compound 36 of Table I?]

[ et hyl (phenyl)strifanoylipyridin-2-yl]-3-o0xo0-1, 213, 4, 6, 7- hexahydr o- 5H pyr az

ol o[ 4, 3- 13cj pyri di ne-5-carboxyl ate are ined in the formof a white
sol i d.
/N/\N
[ )
=
A
N

N A

10.1. _N-tert-butyl-6-chloropvridine-3-sulfonamide

According to the process described in Example 4.1, starting with 2 g (9.43 mmol)

of 6-chloropyridine-3-sulfonyl chloride and 0.99 mL (9.43 mmol) of tert-butylamine,

1.91 g of N-tert-butyl-6-chloropyridine-3-sulfonamide are obtained in the form of a
20  white solid.

Yield = 82%

'H NMR, CDCl3, 400 MHz, & (ppm): 8.8 (d, 1H); 8 (dd, 1H); 7.4 (d, 1H); 4.5 (bs,

1H); 1.2 (s, 9H).

25 10.2. N-tert-butyl-6-chloro-N-methylpyridine-3-sulfonamide




Yield = 16%rn.p. (CC ra 192 M = C24H29N505S ei 499; MrH = 500; Met hod

Ti = 1.23 min 1H NVR, d6-DIVISO, 400 Mz, 5 (ppm: 121 (bs, 1H); 8.

(bs, 1H); 8.5 (s, 1H); 208,1 (dd, 1H); 74(m 3H); 7.1 (d, 2H); 4.1 (s,
2H); 3.6 (m 4H); 2.7 (m 2H); 1.4 (s, 1,0 (t, 3H). Exanple 7:

14- et hyl - 6- ( 3- ox0-1, 4, 6, 74etrahydropyran 4 3-ci pyrazol -2(3Hyl) -

N- ohen&yri di ne- 3- sulfonam de (Conpound 25 of Table |) 25 7. 1. propyl

accordi ng eoriruaEtRT & Gakmniad-for SRettu Orgggg,ﬂﬁgsggﬁgn%de 243
4285- 4291, rﬁL%S@\'h%B?bfWhﬂ)ﬁe |%Ie4argil e% rf?ﬁ a?(g@ in 40. mL of acetone

3-e] ovrazol 3H) -yl ph eny pyri cording to the
process deserefekedfoEdarhlugs. 1Theste§acttlongnedmm tsmtkrgdat réem temperature, and

hydrazi no- I\ r r| di - ridine sul fona

propyl 4- gﬁ%?@{r?ény% i5 é ﬁﬁg fﬁ%‘)&ﬁ‘gtpées%lfﬁ emreSIgue Sbilined is
N-et hy1s56- (3rifi¥8-ch é‘lll@a éel elutmg w:th a cyclohexane/EtOAc g da)dlent of frCfrP Oto2 %
t et rahydrop Oﬁr ano[ 4, 3-c] %éazo - -y1) - N- phenyl pyridi ne-3-sul f onam

10 obt ai nedEtOAG e dive D08 g ofuN- tQIé’(- whytierchloro-N-methylpyridine-3-sulfonamide |n
the form of a yellow solid.
Yield = 65%
'H NMR, CDCls, 400 MHz, 5 (ppm): 8.8 (d, 1H); 8 (dd, 1H); 7.4 (d, 1H); 3(s.3H);
10 1.4 (s, 9H).

10.3. N-tert-butyl-6-hydrazino-N-methylpyridine-3-sulfonamide

According to the process described in Example 4.2, starting with 0.66 g (2.53

mmol) of N-tert-butyl-6-chloro-N-methylpyridine-3-sulfonamide and 0.46 mL of
15 hydrazine monohydrate, 0.55 g of N-tert-butyl-6-hydrazino-N-methylpyridine-3-

sulfonamide is obtained in the form of a white solid, which is used without further

purification in the following step.

Yield = 84%

'H NMR, CDCl3, 400 MHz, 3 (ppm): 8.8 (d, 1H); 8 (dd, 1H); 7 (d, 1H); 6.6 (bs, 1H);
20 4.1 (bs, 2H); 3.1 (s, 3H); 1.5 (s, 9H).

10.4. sodium 2-{5-[tert-butyi(methyl)sulfamovllpvridin-2-vi}-2.6-dihvdro-4H-

thieno[3,4-c]pyrazol-3-olate

According to the process described in Example 8, starting with 0.55 g of N-tert-
25  butyl-6-hydrazino-N-methyipyridine-3-sulfonamide and 0.34 g of methyl 4-
oxotetrahydrothiophene-3-carboxylate, 0.34 g of sodium 2-{5-[tert-butyl(methy!)-
sulfamoyl]pyridin-2-yl}-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-olate is thus
obtained in the form of a white Iyophilizate.
Yield =67%
30 m.p.(°C)=130
M = C45H20N403S; = 368; M+H = 369; Method 2: Tr = 1.09 min.
'H NMR, d6-DMSO, 400 MHz, 5 (ppm): 8.6 (m, 2H); 8.0 (s, 1H); 3.75 (s, 2H); 3.6
(s, 2H); 2.9 (s, 3H); 1.3 (s, 9H).
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Yield = 57% mp. (CC = 164 M= C19H201\ 1404S = 400; MFi = 401; Method 2:
Ti = 1.0 mn, 1H NWVR, d6-DWVsO, 400 MHz, 6 (ppm): 12.0 (bs, 1H); 8.6
(d, 111); 8.4 (s, 1H); 8.0 15(d, 1H); 7.4 (m 3H); 7.1 (m 2H); 4.3 (s,

2H); 185 (1, 2H); 3.6 (g, 2H); 2.6 (t, 2H); 1.0 (t, 3H). Exampl e 8:

sodi um 4- benzyl- 2- {540t hyl (phenyl ) sul fan®yl i pyri di n-2-14}-5.

0x0-4, 5, 6, 74et f ahydr o- 2H pyrazol o[ 4, 3- bj pyri di n-3-ol ate (Conpound 35 of
20Tabl e 1) According to the process described in Exanple 1, starting with
0.8 g of 6- hydrazino- N nethyl - N-pyridin-2-yl pyridi ne-3-sui fogglm degand
0.76 g of ebdAvApie- 1be i &-.h- j £ PRV i LAH-
accorgi ng to Te I%a1gd;g(?rﬁlu®ol Eh géﬁg%WN%ﬂ%%yI?%OS %Wznfg o@ﬁ.e Ei
expect ed cénigvobddeloysancliirolate {Comepowneh3dfofaTalletle solid, which is taken
up in 6 nL of a waterl CH3CN m xture (5/1)_and 1 eq. of IN NaOH, and then
freeze-dried. 225 ng of sodi um 4-benzyl 5-

[ ei hyl (phenyi ) sul fanoyl ] pyridi n-2-y1}-5- -4,6, 6, 74et rahydr o- 2H pyr azol o[ 4
,3- 5bj pyridin-3-olate are thus obtai the formof a white
iyophilizate. Yield = 12%rn.p. (C >250

O NH

111. 6-(3-0x0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-3-carboxylic

acid .

According to the process described in Example 1, starting with 1.75 g of 6-

hydrazinopyridine-3-carboxylic  acid  and 1.8 g of methyl 4-
10  oxotetrahydrothiophene-3-carboxylate, 2.5 g of 6-(3-oxo-4,6-dihydro-1H-

thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-3-carboxylic acid are obtained in the form of

a yellow solid.

Yield = 94%

'H NMR, d6-DMSO, 400 MHz, & (ppm): 12.5 (bs, 1H); 9.0 (s, 1H); 8.4 (d, 1H); 8.3
15 (bs, 1H); 4.1 (s, 2H); 3.8 (s, 2H).

11.2. sodium __ 2-[5-(tert-butylcarbamoyl)pyridin-2-yl]-2,6-dihydro-4H-thieno[3 4-

clpyrazol-3-olate

To a mixture of 200 mg (0.84 mmol) of 6-(3-0x0-4,6-dihydro-1H-thieno[3,4-

clpyrazol-2(3H)-yl)pyridine-3-carboxylic acid, 90 ul (0.84 mmol) of tert-butylamine
20 and 0.46 mL of DIEA in 3 mL of CH3;CN, cooled to 0°C, are added 365 mg of

TBTU. The reaction medium is then allowed to warm slowly to room temperature,

and stirring is continued for 12 hours. The reaction medium is concentrated under
reduced pressure, and the residue obtained is taken up in 20 mL of water and
extracted with DCM (3 x 20 mL), dried over Na,SQ,, filtered and concentrated
25 under reduced pressure, and purified on silica gel, eluting with a DCM/MeOH
gradient of from 0 to 10% MeOH. 66 mg of the expected compound are obtained,
and are taken up in 2 mL of a water/CH3;CN mixture (5:1) and 1 eq. of 1N NaOH,



M = C26H25N504S = 503; MH = 504; Method 2: Tr = 1.16 mn. NVR,

d6- DVsO, 400 MHz, 5 (ppm: 8.7 (d, 1H); 8.4 (s, 1H); 7.8 (d, 1H); 7.5-
107.1 (rn, 10H); 4.7 (s, 2H); 4.2 (s, 2H); 3.6 (g, 2H); 3.1 (s, 2H); 1.0
(t, 3H). Exanpl e9: sodi unk- (4-ethyl pyridin-2-yl)-2, 6-di hydro-411-t hi enop, 4-
ci pyrazot-3-ol ate (Conpound 57 of Table 31) 1 I M \,

159. 1. 4- et hyl - 2- hydrazi nopyridine To a solution of 5 g (40.9 mmvl) of

4- et hyl pyridi,n: 2-arni_ne, in nL of concentr at 304 at QC are added 8 ni
ot “an’ HOSOANENERN Hiebzhriiet B o o soRBR abue tOU DA aRiPvDP Y ot
stirring i ginRire4R-066hd[814- ]p?ﬁéirol-@tolg_@ ard ehUiL BB 1IN @?Qﬁ@;fbﬂﬁ deRyifgur ed
onto 100 g of ice and the whife precipitate 20 obtained is filtered o and
washed suctyepdilizetes with 10 nml. of water, 10 mi. of Et20 and 10 rrilL of
pentane. T -e|§QJ ggo obtained is taken up in 100 rnL of 1ON NaOH at 0D, 7.76
g (187 mmol f- 'é’c powder are added and the reaction nediumis then

stirredsfom.g. fayr96atCOC. The reaction nmediumis then filtered through CUR
and the filtrate is extracted with Et0Ac (3 x 200 rrilL). The organi c phases

are conbi nd= GnsHedNS0S = RAZSH Fid18eMathethd: Thed.8éndent r at ed under

Form of & radvury dbnc a0t Blp G ERBtEBoist ABY oo r 1Bk SR AR b T
fol | owi ng SH3p3.7%i(e] 0HR:3.8 1862H); 1.4 (s, 9H). 1H NVR, CDC12, 400 MHz, 6
(ppm: 7.9 (d, 1H); 7,2 (bs, 1H); 6.5 (s, 1H); 6.4 (d, 301H); 4.1 (Sr 2H);
2.6 (g, 2H); 1.1 (t, 3H. 28 9.1 Sodium 2-14* iyjnyridin' c2-

YA 0 L EnEIE 30t RHAGCTe T RABLE s ARRIRRL AR b ohDP RLIEFRAIFRR) 0o
g of net hyyl)pyridines:canpoxgldte dSoemes Grd B0bsiTalsled) 225 ngy of sodi um

2-(4-ethyl pyridin-2-yl)-2.6-di hydro-4H-thi eno[ 3, 4-ci pyrazol -3- date are
obtained in the formof a whitelyophilizate, Yield 15% mp. CC >260"C

A
S(I\N \ / .
!

12.1. tert-butyl 6-chloropyridine-3-carboxylate

15 To a suspension of 1 g (6.35 mmol) of 6-chloropyridine-3-carboxylic acid in 10 mL
of refluxing toluene are added dropwise 7.6 mL (31.75 mmol) of 1,1-di-tert-butoxy-
N,N-dimethylmethanamine, and the reaction medium is then refluxed for 30
minutes. After cooling to room temperature, the reaction medium is taken up in
200 mL of EtOAc, washed successively with water (2 x 100 mL), with saturated

20  NaHCOj; solution (100 mL) and brine (100 mL), dried over Na,SOy, filtered and
concentrated under reduced pressure. 1.16 g of tert-butyl 6-chloropyridine-3-
carboxylate are obtained in the form of a yellow oil, which is used without further
purification in the following step.

Yield = 86%

25 'HNMR, d6-DMSO, 400 MHz, & (ppm): 8.8 (s, 1H); 8.2 (d, 1H); 7.3 (d, 1H); 1.5 (s,

9H).

12.2. tert-butyl 6-hydrazinopyridine-3-carboxylate




M = C12K3N30S = 247; MtH = 248; Method 2: Tr = 1.05 mn. 1H NWMR ¢18-DVSO,
400 MHz, 6 (ppm: 8.2 (s, 1H); 8.1 (d, 1H); 6.7 (d, 1H); 3.7 2H); 3.5 (s,
2H); 2.5 (q, 2H); 1.1 (1, 3H). Exanple 10: sodium
2-(54tert-butyl(nethyl)sul fanoyl ] pyridin-2-y11-2, 6-

di hydr o- 4H4hi eno[ 3, 4-c] pyrazol -3-ol ate (¥onpound 36 of Table 1) 10,1,
N-tert-butyl-8-chloroovridine-3-sul fonam de According to the process

d ibed in Exanple 4.1, starting.with 9.43 mrnol) .
of 6. Ch or OBJFPHIEIS (45 HBRGTS RPGIRGIL M EaR00 42 MATION AthAG copf tert

tert-butyl gm - A Y= H6-Ch|0 Welf = sulf 1.de.are
obt ai ned | BV e aryfbiesd iR SR o PG TR e TS
MHz, 6 (pptear-bulyl &-liytirazidppyddiaddd-catipxyratet afe, oltbineddinsthgb&armlidf ;a Sokd,( s,
9H). 29 A mixture aof 0.9 3.9 ) of .

Nder t - hut y‘f'héch'ﬁlL@FaWB]%ﬁ&é@rﬁHr%h%ﬁ Jethefofawing $188- mai d) of et hy!

i odi de aandyfs|4 =07489 Mol ) of k2COG3 in 40 m._ of acetone is refiuxed for
12 hours. ;I'he reaction nediumis filtered at roomtenperature, and the
filtrate i 91dYMBeniBrAMSO ufeRMilzdddermpr 83s(sr dH)TRE (dasittué.®ihd ail HEd6.Bs
purified op. sisiC L, Ut i,{ h a cycl ohexane/ Et 0Ac gradient of fromO
Lo 20% £t ORS 1Y 3123530.2@55%53% ).

N-tert-butyl-6-chloro-N nethyl pyridine-3.sulfonanide in the formof a
yellow solid. Yield = 65% _ 1H NMR, CDCli 400 MHz, 6 (ppm: 8.8
(d, 1H); 812dd atyly_G-($-xo1dp-dilzydrogiy-thienal3M-cinyrazgl-2(36)-31)pyridine-3-

-t ‘
N-tertybut - azi no- N- net hyl vvri di ne- 3-sul fori am de Accor di ng to the
pr ocesl-s(pdegéﬂ) ! ﬂ:’rn Exanple 4.2, starting with 0.66 g (2.53 nmrnol) of

Nder t - but yAcberaiigtoothld-pretbyd Hpscribetein3Egarhpenandtdeingn@itd 046 §rf teft-butyl
6-hydrazinopyridine-3-carboxylate and 0.58 g of methyl 4-
oxotetrahydrothiophene-3-carboxylate, 0.7 g of tert-butyl 6-(3-oxo0-4,6-dihydro-1H-
thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-3-carboxylate is obtained in the form of a
15  white solid.

Yield = 61%

m.p. (°C) > 250°C

M = C15H17N30O3S = 319; M+H = 320; Method 2: Tr = 1.27 min

'H NMR, d6-DMSO, 400 MHz, & (ppm): 8.9 (s, 1H); 8.4 (d, 1H); 8.2 (d, 1H); 4.0 (s,
20 2H); 3.7 (s, 2H), 3.4 (bs, 1H); 1.6 (s, 9H).

Example 13: sodium 2-[5-(propan-2-yl)pyridin-2-yl}-2,6-dihydro-4H-
thieno[3,4-c]pyrazol-3-olate (Compound 44 of Table I)

o

25

13.1.  5-(prop-1-en-2-yhpyridin-2-amine

A mixture of 2 g (11.56 mmol) of 5-bromopyridin-2-amine, 2.39 mL (13.87 mmol)
of 4.4.5.5-tetramethyl-2-(prop-1-en-2-yl)-1.3.2-dioxaborolane and 3.83 g (27.74
30 mmol) of K2CO3 in 30 mL of DME and 10 mL of water is stirred for 5 minutes



15 hydrazi ne nonohydrate, 0.55 g of
N-tert-butyl-6-hydrazi no-N-rnethyl pyricline-3- sulfonam de is obtained in
the formof a white solid, which is used without further purification in
the followi ng step. Yield = 84% 1H NVR, CDCI 3, 400 MHz, 5
(ppm): 8.8 (d, 1H; 8 (dd, 1 1-1); 7 (d,33H); 6.6 (bs, 1H); 204.1 (bs, 2H);
1 (s, 3H; 1,5 (s, 9H). 10.4. sodiunk4541ert-butyl (rnelhyl 1sul fanmoyl | oy

Bricéii GeSeebaatopn. corrd 8] AR i 0 5Bt huralipdtu bisfiit
but y1- 6- hy g agbResghine) fnslewau%mﬁremﬁhé ﬁeat@od@r@%&s%ﬂsg ef Afet B¥biirfy

oxot et rahydr ot h| ophene- 3- car boxyl ate, O, sodi um
2-{5- [t ert {ouogm mrnpgiafure, the reaction medlum is taken up in 40 mL of water and

idi n-2- +2,8-diLhAydro- h 3. 4-o0l | - 3- 0l i
Chus-obt a1 WEEPRL REY Byong Lot & TR R s boarB SR BB shs MGy
5611[3](\)/5 2)/5 4ggﬁlMﬂ§ZﬁN(¥g35230=n398 TH\éHéqueéﬁg pﬁ@éé@@r@ ne-[ftraﬁzédo\ﬁltlmm éé‘&lbw

2H); 2.9 (§1ydgpgde §0Eut|pg argql-|)then mtrgx M@thlétOA@dZUmSO mL) The comblned
ZgISa'E teeE tColrar)gé)% ng%%%g?yéfa ddﬁwerzqé]éoé% Rt Lol 289 L Radr BN -
6- - di bydr opidsduné end 0pPol/bi(piopet-3nc2yNpyrididP-amine are obtained in the form of a
yellow solid, which is used without further purification in the following step.
10  Yield=71%
'H NMR, CDCls, 400 MHz, 3 (ppm): 8.0 (s, 1H); 7.6 (d, 1H); 6.5 (d, 1H); 5.3 (s,

1H); 5.0 (s, 1H); 4.5 (bs, 2H); 2.1 (s, 3H);

13.2. 5-(propan-2-yl)pyridin-2-amine

15 In a Parr flask, a mixture of 1.1 g (8.2 mmol) of 5-(prop-1-en-2-yl)pyridin-2-amine
in 40 mL of MeOH and 0.11 g of 10% Pd/C is hydrogenated at 7 bar for 24 hours.
The reaction mixture is then filtered through Whatman GF/F paper and
concentrated under reduced pressure. 1.07 g of 5-(propan-2-yl)pyridin-2-amine
are thus obtained in the form of a yellow oil, which is used without further
20 purification in the following step.
Yield = 96%.
'H NMR, CDCl;, 400 MHz, d (ppm): 8.0 (s, 1H); 7.4 (dd, 1H); 6.5 (d, 1H); 4.4 (bs
2H); 2.8 (m, 1H); 1.2 (s, 6H)

25 13.3. 2-hydrazinyl-5-(propan-2-yl)pyridine

According to the process described in Example 9.1, starting with 1.07 g of 5-
(propan-2-yl)pyridin-2-amine, 0.52 g of 2-hydrazinyl-5-(propan-2-yl)pyridine is
obtained in the form of a brown oil.
Yield = 44%

30
13.4. sodium 2-[5-(propan-2-yl)pyridin-2-yl]-2,6-dihydro-4H-thieno[3,4-c]pyrazol-
3-olate




According to the process described in Exanple 1, starting with 115 g of 6-
hydr azi nopyri di ne- 3- car boxyl i caddandl. 8gof net hyl 4- 10

oxot et rahydr ot hi ophene- 3- car boxyl ate, 2.5 g of _
6- ( 3- 0x0- 4, 6-di hydr o- 1Ht hi eno[ 3, 4-c] pyrazol - 2(3H) - Apyri diri e-3-carboxylic
acid are obtained in the formof a yeII&W solid. Yield 94% 1H
NMVR, de-DMBO, 400 MHz, 6 (ppm): 12.5 (hs, 1H); 9.0 (5, 1H);k8.ﬁ (db 1H)
8.3 15(Ips, 1H., 4.1 (s, 2H): 3.8 {( 2H) - 11.2. _soda,.ii car t
o ) o © PRI 19408 iprBrbey ScheiBed fb Eiop asating Vi BR0 RS of oo
ng (0. 84 nhp@lakirff-58ptce @y HpPrigihBy dr emiiH- t IsANO[ 3nd-  of  methyl  4-
c]pyrazol-Z?QLDjﬁbyﬁ?éﬁ%e-3y@g?boxylic acid, 90 p1E0é84 mol ) of Y

t ert - hut y| axetegabpdrgttiopharse-Braarbexyl@eeA G2hmg of . 2-[%tpropei@-ylmoidiat2td]-0C,

are added I e . f ' ium.is,then, all oyed to war
slowmy to ?%gﬂﬁgg%ﬁé‘#gﬁ%ﬁé’wghcﬁ )Zr%%blg:?'r?&?gs aé%ntolbh%lgadf i htﬁﬂ%. O{Ph@
reacti on ndpliizate. concentrated under reduced pressure, and the residue
obtained is taken up in 20 nL of water and extracted with DCM (3 x 20 ni),
dried over Y2804l %fi|tered and concentrated 25 under reduced pressure, and
purified op ié°b gz%qjoc eluting with a DCM MeOH gradient of fromO to 10%
MeOH. 66 rrg'g'f the expected conpound are obtained, and are taken up in 2
rit of a wht=GCHBMNOS %261 eM+H i)zmm/létﬂeqzlzrrhémwl, 3_1dand2t hig ) 8
freeze-drigd. of sodjum 245-(tert-hutyl oarbarnoyl)pyri di n-2- -2, 8-
i yar o- 4K N0 {8 IMSEOAGE ME 2ulrre): arb o110 ot bl 1746 (4. 19K 61 2
white Jyophi lbipat . (Ybah.d 57 5 : ) >260C M = C15] d17N4028 = 317;
v = il A D 2R R0 TgE A 12 @ 6

Example 14: sodium 2-[4-(pyridin-3-ylmethoxy)pyridin-2-yl]-2,6-dihydro-4H-
thieno[3,4-c]pyrazol-3-olate (Compound 60 of Table Il)

15 —

14.1.  2-chloro-4-(pyridin-3-ylmethoxy)pyridine

A mixture of 2 g (15.4 mmol) of 2-chloropyridin-4-ol, 3.82 g (15.1 mmol) of 3-
(bromomethyl)pyridine hydrobromide, 3 g (75.6 mmol) of sodium hydroxide and
20 1.39 g (4.3 mmol) of tetrabutylammonium bromide in 90 mL of toluene is refluxed
for 12 hours. After cooling to room temperature, the reaction medium is taken up
in 300 mL of EtOAc, washed successively with water (2 x 100 mL), with saturated
NaHCOj3; solution (100 mL) and with brine (100 mL), dried over Na,SOy, filtered,
concentrated under reduced pressure and then purified by chromatography on
25 silica gel, eluting with a 98/2 DCM/MeOH mixture. 2.5 g of 2-chloro-4-(pyridin-3-
yimethoxy)pyridine are obtained in the form of a yellow oil.
Yield = 73%
'H NMR, CDCl3, 400 MHz, 5 (ppm): 8.7 (s, 1H): 8.6 (d, 1H); 8.25 (d, 1H); 7.8 (d,
1H); 7.4 (dd, 1H); 7.0 (s, 1H); 6.8 (d, 1H); 5.1 (s, 2H)
30



1H NWR, cl e-DVSO 400 MHz, 6 (porn): 8.7 (s, 1H); 8.5 (d, 1H); 8A (d, 1H)
7.6 (s, 1H; 3.75 (s, 1H); 3.6 (s, 2H); 1.4 (s, 9H). 10 Exanple 112,
tert-butyl 6-(3-o0x0-4, 6-di hydro-1Hthi enopAckyrazol -2(311) -

Apyri di ne- 3- car boxyl at e (Conpound 30 of Table I) 12.1. tert-butyl

6- chl or opyri di ne- 3-carboxvi ate 15To a sus8pension of 1 g (6.35 nmol) of

6- chl or opyri di ne- 3-carboxylic acid in 10 nL of ref|UX|ng tol uene are added

dropwise 7.6 it (31.75 n of
1, 1- d|-tert14oérto;-&NEW' i X the reaction nmediumis

then refl U’ﬁ?%&ﬁ’x"re%@(f@;]& 1£87 rr%bgrofcél% l 8—4‘?-@yﬁ 13 1 ﬁ{oﬁg}ggﬁ rfepgnd

reaction nmediumis takenm up In ra o tOA succ
wat er (2 x mO@oD)mmael) of Mﬁllaeélyd?alemheé&cbaﬂ a0 |Q)f0r(1ﬂ)lﬁburls) Tb.ede!actidre

prossure. Tty BihebTan i G B e aneeded miilSRAS TR Ly ned

th B
the 1ol FSCM”"J‘? o R e s R TR I A

(s, 1H); 8.Naffs, imred7 CQHGGntrath)undBra’edgcecgHyessme 2andt mirtfiebluory Isilica gel,

Bl o 42 B30 M & DRfer BEMIEOH EiRhliey o8 Bia o i aio-I- EAREBR at o
and 1 nlL ofylhgthoxyipyeidmedart shtaPeQ inth@ forkPbt a PRI oil.
6- hydr azi nopyri di ned- carboxyl ate are obtained in the formof a solid, which

i s used wi tHe/dt= B4Vt her purification in the following step. 5 Yield = 79%

éHsN?’ESIOde“HBW@RZ‘b%ﬂDM%EOqR@Q 5 (%gﬁ})( 8.7 & )28 @d1nt o (§ PRl s 1)

1H); 7.4 (dd, 1H); 7.3 (s, 1H); 5.2 (s, 2H): 4.1 (s, 2H)

14.3. sodium_2-[4-(pyridin-3-ylmethoxy)pyridin-2-yl]-2,6-dihydro-4H-thieno|3,4-
c]pyrazol-3-olate

15 According to the process described in Example 8, starting with 197 mg of 2-
hydrazinyl-4-(pyridin-3-yimethoxy)pyridine and 146 mg of methyl 4-
oxotetrahydrothiophene-3-carboxylate, 225 mg of sodium 2-(4-ethylpyridin-2-yl)-
2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-olate are obtained in the form of a white
lyophilizate.

20 Yield =48%

m.p. (°C) >260°C

M = C16H14N4O2S = 326; M+H = 327; Method 2: Tr = 0.71 min.

'H NMR, d6-DMSO, 400 MHz, & (ppm): 8.8 (s, 1H); 8.6 (d, 1H); 8.2 (s, 1H); 8.1 (d,
1H); 8.0 (d, 1H); 7.5 (t, 1H); 6.5 (d, 1H); 5.2 (s, 2H); 3.75 (s, 2H); 3.5 (s, 2H)

25
Example 15A:  2-[5-(3-tert-butyl-1,2,4-oxadiazol-5-yl)pyridin-2-yl]-1,2,4,6-
tetrahydro-3H-thieno[3,4-c]pyrazol-3-one (Compound 50A of Table 1)
N 0w
N
o}
30

15A.1. 5-(3-tert-butyl-1,2,4-oxadiazol-5-yl)-2-chloropvridine




12. 3, tort-butyl (:3-di hydro-1Hthi eno[ 3"4-ci ovrazol - 2(3H) - Cpyri di ne-3- 10
carboxylate According to the process described in Exanple 1, starting with
0.75 g of tert-butyl 6-hydrazi nopyridi ne-3-carboxylate and 0.58 g of nethyl
4- oxot et rahydr ot hi ophone- 3-carboxylate, 0.7 g of tert-butyl

6- ( 3- 0x0- 4, 6-di hycl r o- 1Ht hi eno[ 3, 4-c] pyr%ﬁzol 2(3H) -yQpyri di ne- 3-car boxyl ate
i s obtai ned inthe formof a 15white solid, Yield = 61%rn.p. (C > 250t M

o e 38 aattintih & BPhs ey Po shlorpadhideg Beprbon, creyde n S0pa

202H); 3. 7pfis . ,
Enpl 1 3. oo g onesif Dcihstall appeiBuis ard Pkged pqrionwise 45 9 (21.5 mmo)

t hi eno[ 3, 4Nelfysiyoxy-8l2-ginvethylpréGorimidanices aoﬂ tmabbactk)n aediurt 3s stirred for 2
5- (prop-1- rnine xture, of

5- br omopyr ﬁgyrl% éf Iq(ﬁlrl glmg’e%@ Uh% an@lg{é‘é‘%ﬁ?wgl r fofls! l&ﬂeSrGleg) tc”foom
4A. 5. 5-4 et {; e tHePieRiukn fi’é‘c@n@éntﬂatéd %nﬂ'e@)‘é’dlﬁe@l' (5885 da iy %ﬁnﬂe(ﬁ %y- 74
30 nmol ) of CBin 30 rriL of DVE a water is stirred 5

m nut es chromatography on silica gel, elutlng Wlth a cycIo'hexane/EtOAc gradient of from 0
to 10% EtOAc. 4.1 g of 5-(3-tert-butyl-1,2,4-oxadiazol-5-yl)-2-chloropyridine are
obtained in the form of a white solid.

Yield = 81%
10 "M NMR, CDCls, 400 MHz, & (ppm): 9.2 (s, 1H); 8.4 (dd, 1H); 7.5 (d, 1H); 7.8 (d,
H); 1.4 (s, 9H)

15A.2. 5-(3-tert-butyl-1,2,4-oxadiazol-5-yl)-2-hydrazinylpyridine
According to the process described in Example 4.2 starting with 2 g of 5-(3-tert-

15 butyl-1,2,4-oxadiazol-5-yl)-2-chloropyridine and 3.9 mL of hydrazine hydrate, 1.9 g
of 5-(3-tert-butyl-1,2,4-oxadiazol-5-yl)-2-hydrazinylpyridine are obtained in the
form of a solid, which is used without further purification in the following step.
Yield = 97%

'H NMR, d6-DMSO, 400 MHz, 5 (ppm): 8.7 (s, 1H); 8.1 (d, 1H); 6.9 (d, 1H); 6.5

20 (bs, 1H); 3.5 (bs, 2H); 1.3 (s, 9H).

15A.3.  2-[5-(3-tert-butyl-1,2,4-oxadiazol-5-yl)pyridin-2-yi]-1,2 .4 .6-tetrahydro-3H-
thieno[3,4-c]pyrazol-3-one

According to the process described in Example 1, starting with 0.6 g of-5-(3-tert-
25  butyl-1,2,4-oxadiazol-5-yl)-2-hydrazinylpyridine and 0.41 g of methyl 4-
oxotetrahydrothiophene-3-carboxylate, 0.32 g of 2-[5-(3-tert-butyl-1,2,4-oxadiazol-
5-yl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-one is obtained in
the form of a white solid.
Yield = 38%
30 m.p. (°C) =240°C
M = C1gH17Ns02S = 343; M+H = 344; Method 2: Tr = 1.34 min.
'H NMR, d6-DMSO, 400 MHz, 5 (ppm): 12.3 (bs, 1H); 9.1 (s, 1H); 8.6 (d, 1H); 8.4
(d, 1H); 4.0 (s, 2H); 3.8 (s, 2H); 1;4 (s, 9H).



3' 3 under argon, followed by addition of 1 g (2.1 mml) of palladium

bi s(tri-tbutyl phosphine). The reaction nmediumis heated for 3 hours at 60C
After cooling to roomtenperature, the reaction nediumis taken up in 40

m . of water and extracted with EtOAc (3_.x 30 nt..), The organic phases are
washed with 0.5N HCl solution (3 x 30 Thé’ aqueous phases are neutralized
with I N sodi um hydroxi de solution and then extracted with Et0Ac (2 x 50
m.). The conbi ned organi c phases are dried over Na2SO4, filtered and
concentrated under reduced pressure. 1.109 of

5- (prop- 1- @xapledyr 18Bh- 22 e-Buflp f .
solid, whicCh i séused W t hou'f[g:‘.(rgrett her ugﬂrl ?:lgg¥?%ir?klbﬁ3tﬂfﬁprf&|n52myﬂ + g%“ég 10

Yield = 71%uamdmmI-letlneeomw]nvlzazods-%@m%mpmm 5QB)of'l7alﬂe(l)j 1H); 6.5
(d, 1H); 5.3 (s, 1H); 5.0 (s, 1H); 4.5 (bs, 2H); 2.1 (s, 3H);
13. 2, 5- (propan-2-yhpyrkiin+2-amne 15In a rr flask, a mxture of 1.1 a

(8.2 mml) of 5-(props/I= -NZ-Ap Idi n- 2- ine in 40 rnL of MeOH and 0.11 g
of 10% Pdl C i s hydr ogenatled /b 4 hours. The reaction mxture is
then filtered through at man papelt and concentrated under reduced
pressure. 1.07 g of 5-(prop&n-2-yl)pyridin-2-anmne are thus obtained in the
formof a yeIIow 0|I WhICh is used W|thout further 20pur|f|cat|on in the
fol | owi aig 3 - ' G (ppm: 8.0 (s, 1H);:

15 g Ndine
2" nyar azi A TAOYS éf’an1§°<v1> ArsiTae 8 e i B .

Exarrpl e 9. hndst.aBtrhbgowet iindol Pdf Binvdthftaceml eRRAdS-iM PR MLAbMoRchd Restir®dd2 9
of hydra2| nyl-5-(propan-2-yQpyridine is obtained in the formof a brown
oil, Yieldfer i4ln)@qr0at room temperature and then refluxed for 4 hours. The medium is
filtered. The insoluble material formed is dissolved in 15 mL of AcOH and then
10 heated at 60°C for 5 hours. After cooling to room temperature, the medium is
concentrated under reduced pressure and then purified by chromatography on
silica gel, eluting with a cyclohexane/EtOAc mixture (9/1). 0.39 g of 5-(5-tert-butyl-
1,2,4-oxadiazol-3-yl)-2-chloropyridine is obtained in the form of a white solid.
Yield = 21%
IS
15.B2  2-[5-(5-tert-butyl-1,2,4-oxadiazol-3-yl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-
thieno[3,4-c]pyrazol-3-one (Compound 50 B of Table | )

The compound is obtained, according to Processes 15.A2-15.A3, starting with 5-
(5-tert-butyl-1,2,4-oxadiazol-3-yl)-2-chloropyridine and methyl 4-
20  oxotetrahydrothiophene-3-carboxylate, in the form of a white solid.
m.p. (°C) =240°C
M = C16H17N502S = 343; M+H = 344; Method 2: Tr = 1.39 min.
'H NMR, d6-DMSO, 400 MHz, & (ppm): 12.3 (bs, 1H); 9.1 (s, 1H); 8.5 (d, 1H); 8.4
(d, 1H); 4.1 (s, 2H); 3.8 (s, 2H); 1.5 (s, 9H)
25
Example 16: N-cyclopentyl-N-(2,3-dihydroxypropyl)-6-(3-oxo-4,6-dihydro-1H-
thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-3-sulfonamide (Compound 53 of Table
1)



3-olate 34 According to the process described in Exanple 8, starting with
520 ng of 2- hydrazi nyl-5-(propan-2-yl)pyridine and 251 ng of nethyl 4-
oxot et rahydr ot hi ophene- 3- car boxyl ate, 102 ng of

2[ 5- (propan-2- Apyri di n-2-yl k 2, 6-di hydro-4Ht hi eno[ 3, 4-ci pyrazol -3-ol ate
are obtained in the formof a 5iyophiliz¥te. Yield = 11%rn.p. (C > 260'C
M = CL3H13N30S a 261; M+H = 262; Method 2; Tr = 1.26 min 1H
NVR, d& DIVISO, 400 MHz, 6 (ppm: 8.4 (d, 1H); 8.1 (Sc 1H); 7.6 (dd, 1H);
3.7 10(s, 2H); 3.6 (s, 2H),; 2.9 (qt, 1H; 1,2-@s, 8H). Exanple. 14; sodium

214- (pyridin-3-yl met };::mri d} -\-y#] - 27-6<di hydr o4Ht hi eno[ 3, 4- chayr ozol 4-0

| ate (Conpound 60 ofs Talyl e S—N OH

14A. 2- chi or o- 44pyri clYn=-3=§ | nme vt%vri ine A mxture of 2 g (15.4 mmol)
of 2-chloropyridin-4-ol, 3082 g (15.1 of 3- (brononethyl)pyridine
hydrobrom de, 3 g (75.6 nmmol) of sodi um hydroxide and 20 1.39 g (4.3 muol)

of t et r abutlgl1aBrchioroyNbsyaio pntyipyrdned3-sulfdnaneibgene is refluxed for 12

hours. Aft r cooling to roomtenperature, the reaction nmediumis taken up
in 300 m. CG‘P"E@ Kg %ﬁ%@ 15 StaEag WilBI § 9t Brohiarepyriding-3reidfany) ch{mﬂdﬁ

Rabucat o, PO SOLMORT LS LSS LR eling L s |,

chr omati)gr aphgbminabisi thedarngeff a yellowisodidw t h a 9812 DCW Vi eOH mi xt ur e 2.5
g of 2-chl %e?ai-éwori di n- 3-
'H NMR, CDCls, 400 MHz, & (ppm): 8.9 (s, 1H); 8.0 (d, 1H); 7.4 (d, 1H); 4.5 (d,
1H); 3.6 (g, 1H); 1.8-1.2 (m, 8H)

10  16.2 6-chloro-N-cyclopentyl-N-(prop-2-en-1-yl)pyridine-3-sulfonamide

According to Process 10.2, starting with 1 g of 6-chloro-N-cyclopentylpyridine-3-

sulfonamide and 0.42 mL of allyl bromide, 1.2 g of 6-chloro-N-phenyl-N-(prop-2-

en-1-yl)pyridine-3-sulfonamide are obtained in the form of an grange-ct;loured oil”
15 Yield = 94% -

'H NMR, CDCls, 400 MHz, 5 (ppm): 8.9 (s, 1H); 8.0 (d. 1H); 7.4 (d, 1H); 5.7 (dd,
1H); 5.2 (dd, 1H); 5.1 (d, 1H); 4.2 (m, 1H); 3.7 (d, 2H); 1.8-1.2 (m, 8H)

16.3. 6-chloro-N-cyclopentyl-N-(2,3-dihydroxypropyl)pyridine-3-sulfonamide

20 To a solution of 1.1 g (3.7 mmol) of 6-chloro-N-cyclopentyl-N-(prop-2-en-1-
yl)pyridine-3-sulfonamide in 15 mL of a mixture (1/1) of tBuOH and water are
added, at room temperature, 1.2 g (10.3 mmol) of NMO and 0.52 mL (0.04 mmol)
of 2.5% 0OsO; in tBuOH. Stirring is continued for 12 hours. The medium is then
diluted with 200 mL of water and extracted with Et,O (2 x 100 mL), dried over

25  NaySO,, filtered and concentrated under reduced pressure. 0.92 g of 6-chloro-N-
cyclopentyl-N-(2,3-dihydroxypropyl)pyridine-3-sulfonamide is obtained in the form
of a brown solid, which is used without further purification in the following step.
Yield = 75%.

'H NMR, CDCl;, 400 MHz, 5 (ppm): 8.8 (s, 1H); 8.1 (d, 1H); 7.5 (d, 1H); 4.3 (m,

30 1H); 4.0 (m, 1H); 3.6 (dd, 2H); 3.2 (dd, 2H); 1.8-1.4 (m, 10H)



yl met hoxy) pyridine are obtained in the formof a yellowoil. Yield = 73%
11.1 NWMR, CDCI 3, 400 MHz, 6 (ppm: 8.7 (s, 1H); 8.6 (d, 1H); 8.25 (d, 1H
7.8 (d, 1H); 7.4 (dd, 1H; 7.0 (s, 1H); 6.8 (d, 1H; 5.1 (s, 2H 35 14.2.
2- hydrazi nyl-4- (pyri di n4. vi met hoxy) pvri d'é?e A mxture of 0.5 g (2.27 mmoi)
of 2-chloro-4-(pyridin-3-yirnethoxy)pyrjdfine and 2 nt_ (40.5 mmol) of

hydnezine hydrate is heated at 80C for 12 hours. The reaction mediumis
then taken qgpgi r@igmofﬂ- a ]
organic phase 3 D : i ey
Na2SO4, fi |sU§oadm|dB)ncentrat ed under reduced pressure and pur| f| ed on

silica gel,, elut 5/'5 MeOH mxture 197
2- hydr agl Ny ?‘b{f i d i ret ) PPN néf ar &-chlsrai §MC|pﬁe'ﬂil’.YH\H§3r% of
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4.1 (s, 521tjmathaXypagiame arid éﬂoﬁ@@f (iSO az & mB-ofl BIE is1GirAzCordi hgutdat he
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oxot etrah otdi
2-(4-et hylygl?lddfl ﬁ&h%gd?NQHG g?%ltrng%ﬁét%ﬁgenow %clgpbfrngzgien?, egt 8V%rre
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%1:_—)) ( 880 gl(lagitalﬁéﬂ in thedfolrn, of ELBlowrPob, Which1d bsed Witholi furthebpurificdtfod th the)
following step.
Yield = 98%.
'H NMR, CDCls, 400 MHz, & (ppm): 8.8 (s, 1H); 8.0 (d, 1H); 7.3 (d, 1H); 4.3 (m,
1H); 4.0 (m, 2H); 3.7 (m, 1H), 3.3 (dd, 1H); 3.1 (dd, 1H); 1.8-1.3 (m, 8H); 1.3 (s,

15 3H); 1.2 (s, 3H)

16.5. N-cyclopentyl-N-[(2,2-dimethyl-1,3-dioxolan-4-yYmethyl]-6-
hydrazinylpyridine-3-sulfonamide

According to Process 4.2, starting with 0.92 g of 6-chloro-N-cyclopentyl-N-[(2,2-
20  dimethyl-1,3-dioxolan-4-yl)methyl]pyridine-3-sulfonamide and 0.24 mL of
hydrazine hydrate, 0.85 g of N-cyclopentyl-N-[(2,2-dimethyl-1,3-dioxolan-4-
yl)methyl]-6-hydrazinylpyridine-3-sulfonamide is obtained in the form of a yellow
oil.
Yield = 99%
25

16.6. N-cyclopentyl-N-[(2,2-dimethyl-1,3-dioxolan-4-yl)methyl]-6-(3-ox0-4,6-
dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-y)pvridine-3-sulfonamide

According to Process 1, starting with 0.4 g of N-cyclopentyl-N-[(2,2-dimethyl-1,3-
30  dioxolan-4-yl)methyl]-6-hydrazinylpyridine-3-sulfonamide and 0.173 g of methyl 4-

oxotetrahydrothiophene-3-carboxylate, 470 mg N-cyclopentyl-N-[(2,2-dimethyl-

1,3-dioxolan-4-yl)methyl]-6-(3-oxo0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-

yl)pyridine-3-sulfonamide are obtained in the form of a brown solid.

Yield=97%



25 Exanpl e15k245- (34ed- butyl-1, 2, 4- oxadi azol -511) pyri di n-2,11] -1, 2, 4, 6-
t et rahydr o4H4hi eno[ 3, 4- cj pyrazol4-one (Conpound 50A of Table 1) 30 15A. 1.
543-tert-butyl -1, 2, 4- oxadi azol -5-v1)-2-chloropyridine 36 To a solution of
3,8 g (21.5 mmol ) of 6-chloropyridine-3-carbonyl chloride in 100 rrilL of
tol uene, in Dean-stark apparatus, are added portionwise 2.5 g (21.5 mmmol)
N- hydr oxy- 2, 2- di net hyl propani m dam cie, and the reaction nediumis stirred
for 2 hours at roomtenperature and then heated for 2 hours. After cooling
to room5 tenperature, the nmediumis concentrated under reduced pressure

and purifigg R H &1H-thieno[3,4-
cycl ohexane

5-(3-tert- _]maz_&glu)-vimums s‘.iﬂfmﬂmﬁﬁdehl or opyrl d| ne are obtained in the
form o7 2 MLEsRl g Shd o epo) g%,%%pfﬁzﬁ%%%em 2
i gl ot e M Ayt 0 o 1
15buty1-1,4) thdma&z}Be&dfonEnydﬂ-lrz TcimLoob peOHliindeatet it BOC. forod Hoys.aThae
gygr gtjte ai ﬁ@%%fur%t'gé ncen{ratecfJ Xderlfezdu%e?jxgpe'sgﬁrpel andot)ne% ga/rq{e%zb{/]yrlee\e/Fslegl ne
phase chromatography on a C18 column, eluting with a 10°N HCI/CH3CN
gradient of from O to 100% CHsCN. 48 mg of N-cyclopentyl-N-(2,3-
10  dihydroxypropyl)-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-y)pyridine-3-
sulfonamide are obtained in the form of a white solid.
Yield = 30%
m.p. (°C) =190
M = C1gH24N4O05S, = 440; M+H = 441; Method 2: Tr = 0.89 min.
15 'H NMR, d6-DMSO, 400 MHz, & (ppm): 12.1 (bs, 1H); 8.7 (s, 1H); 8.3 (bs, 1H);
8.2 (d, 1H); 4.7 (s, 1H); 4.5 (t, 1H); 4.1 (m, 1H); 3.9 (s, 2H); 3.6 (m, 3H); 3.4-3.2
(m, 3H); 2.8 (dd, 1H); 1.7-1.2 (m, 8H)

Example 17: 2,2-dimethylpropyl 6-[5-(methyisulfonyl)-3-o0x0-1,3,4,5,6,7~

20  hexahydro-2H-pyrazolo[4,3-c]pyridin-2-yl]pyridine-3-carboxylate (Compound

54 of Table I)
: A
-0
\\S/ — le)
\ 0

17.1. methyl 1-(methylsulfonyl)-4-oxopiperidine-3-carboxylate

To a mixture of 1 g (6.36 mmol) of methyl 4-oxopiperidine-3-carboxylate
25  hydrochloride and 2.2 mL of EtsN in 12 mL of DCM is added dropwise at room

temperature 0.5 mL of mesyl chloride. The reaction medium is stirred for 1 hour

and then taken up in 50 mL of EtOAc, washed with 20 ml. of water and 20 mL of

brine and then dried over Na,SOQO,, filtered and concentrated under reduced

pressure. 0.35 g of methyl 1-(methylsulfonyl)-4-oxopiperidine-3-carboxylate is
30 obtained.



formof a solid, which is used without further purification in the
followng step. Yield = 97% "H NVR, d6-DMSO, 400 MHz, 6 (ppm: 8.7
(s, 1H); 8.1 (d, 1H); 6.9 (cl, 1H); 6,5 20(bs, 1H); 3.5 (bs, 2H); 1.3 (s,
9H). th eriof3.4-cl ovrazol-3-one According to the process described in
Exanple 1, starting with 0,6 g of-5-(3-t#kt- 25

butyl-1, 2, 4- oxadi azol -511) - 2- hydrazi nyl pyridine and 0.41 g of nethyl 4-
oxot etrahyq[ qt hi J)ene 3-carboxylate, 0.32 g of

2-[5-(3-tert€Bd 9421, 2, 4- oxadi azol 5-yOpyri cl i n-2-y11-1, 2, 4, 6- t et r ahydr o- 3H-
t hi eno[ 3, 4-cl pyrazol -3-one is obtained in the formof a white solid. Yield
= 38% 30 nn p CC) =240C M = C16H171\ 15028 = 343; M+H = 344 Method 2: Ti =
1.34 m n, {6 ; 9.1 (s, 1H);

Exar ((adISB JI%’1% SPg‘t{Oé‘r ?fli%tqu%o é('ﬂm&?él‘éf) @i’i‘i"@{’%‘i PT%ﬁ‘rﬁbQ;"Aﬁhorﬂk% in 100

tetrehyerna_Hﬁmrﬂgfai&;étaheuéml Sdéedeirlder Hﬁd P80 tehfbe 81
5-(5-tert-butvl 4- oxadi azol -3-?/1) 2-chl oiaggyrl gl neo temx %Eder)eofﬁ-)l?S g

(8. 74 minof}7Qf mmA) of & RcimgtwintgpgnoldiThe seagioboxiediuars dbeareated 3atri .

(5, 18 ol book o bR Y. AREL Mol 88 o SeBinectng R0 L Bbbtfty o
filtered. Bhe thé&@bldmbeomtn%ﬂl il takex fﬂ?dlnl 800linsls @F ERAAC wHahel ffcchsstrnd
then 10 heated at 80t for After cooling to room t enperature, "the

rodi um i o edhowater doet 200d80) rv@uﬁ\s@wraiesggaki@carﬁpwm (290 e )bgnd with
chy o 09T BREY (00%L) B e INE.508 I RGN IR RAPET LR
i s obt ai nedndnputified oyn cifromatdyraphgobn da Yolehth %f%ﬂfca gel, eluting with a
cyclohexane/EtOAc gradient of from 0 to 5% EtOAc. 11.9 g of 2,2-dimethylpropyl
6-chloropyridine-3-carboxylate are obtained in the form of a white powder.
Yield = 92%.
15 "H NMR, CDCls, 400 MHz, & (ppm): 7.5 (m, 5H); 4.2 (m, 5H); 3.0 (dd, 2H; 1.0 (t,
6H)

17.3. 2,2-dimethylpropyl 6-hydrazinvylpyridine-3-carboxylate

According to the process described in Example 4.2, starting with 11.9 g (52.26
20 mmol) of 2,2-dimethylpropyl 6-chloropyridine-3-carboxylate, 4.3 g of 2,2-

dimethylpropyl 6-hydrazinylpyridine-3-carboxylate are obtained in the form of a

white powder.

Yield = 37%

'H NMR, d6-DMSO, 400 MHz, & (ppm): 8.7 (s, 1H); 8.15 (d, 1H); 6.9 (d, 1H); 4.0
25 (s, 2H); 3.5 (bs, 1H); 1.0 (s, 9H).

17.4. 2,2-dimethylpropyl 6-[5-(methylsulfonyl)-3-0x0-1,3.4.5.6,7-hexahydro-2H-
pyrazolo[4,3-c]pyridin-2-yllpyridine-3-carboxylate

According to Process 1, starting with 0.21 g of methyl 1-(methylsulfonyi)-4-

30  oxopiperidine-3-carboxylate and 0.2 g of 2,2-dimethylpropyl 6-hydrazinylpyridine-
3-carboxylate, 10 mg of 2,2-dimethylpropyl 6-[5-(methylsulfonyl)-3-oxo-
1,3,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridin-2-yl]pyridine-3-carboxylate  are
obtained.



15 15. B2245- (54ert-butvl-1. 2, 4-oxadi azoi -3-yl )pyrid i

n-2-v1i1l-1, 2, 4, 64etrahvdro- 3H t hi enof 3, 4-cl pyrazol - 3-one (Conpound 50 B of
Tabl e I') The conpound is obtained, according to Processes 15. A2- 15A3,
starting with 5- (5-tea-butyl-I ,24-oxadi azol -3-y0-2-chloropyrid in

eandnet hyl 4- 20oxot et r ahydr ot hi ophene- 3-42ar boxyl ate, in the formof a white
solid. mp. (C =240t M= C4HL7N502S = 343; MtH = 344; Method 2: Tr 1.39
mn, 1H NVR, d6-DVSO, 400 MHz, 6 (ppm: 12.3 (bs, 1H); 9.1 (s, 11-1); 8.5
(d, 1H);: 8Ykeldd3%1-1): 4.1 (s, 2H); 3,8 (s, 2H); 1.5 (s, 9H) 25 Exanple
16: oy —

N- eyel open{nyP'-(l\l-sz,zggi hydr oxypr opyl ) - 6- ( 3- 0x04, 6-di hydr o- 1Ht hi eno[ 3, 4<pyr oz
ol - 2( 3H) i | Moy 1C@HndLBsSwH 40Bdvii-He= ¢Bnlethmatl B3TioF 1THbimen.l ) 38 t),

'H NMR, d6-DMSO, 400 MHz, 8 (ppm): 12.2 (bs, 1H); 9.0 (s, 1H); 8.6 (bs, 1H);
5 8.5(d, 1H); 4.1 (s, 2H); 4.0 (s, 2H); 3.5 (t, 2H); 3.0 (s, 3H); 2.8 (t, 2H); 1.0 (s, OH)

The tables that follow illustrate the chemical structures and the physical properties

of a few examples of compounds according to the invention.

10  Table lillustrates compounds of formula (l) according to the invention in which R2
is in the beta position. These compounds are referred to hereinbelow as

compounds of formula (I’).

Table 1l illustrates compounds of formula (I) according to the invention in which
15 R2 is in the gamma position. These compounds are referred to hereinbelow as

compounds of formula (I”).

Tables | and 1l below illustrate the chemical structures and the physical properties
of a few examples of compounds according to the invention.

20

In these tables:

- in the “salt” column, “-” represents a compound in free base form, whereas
“CF3COOH”, “HCI” and “Na” represent, respectively, a compound in the form
of the trifluoroacetic acid salt, in the form of the hydrochloride salt and in the

25 form of the sodium salt;

- in the other columns, “-” means that the substituent under consideration is not
present on the molecule;

- Me, Et, n-Pr, i-Pr, n-Bu and i-Bu represent, respectively, the methyl, ethyl, n-
propyl, isopropyl, n-butyl and isobutyl groups;

30 - Phand Bn represent, respectively, the phenyl and benzyl groups;

- the “m.p.” column indicates the melting point, in °C, of the compound under
consideration;

- the peak MH" identified by mass spectrometry, and the high-performance



0 16.1. 8-chloro-N-mlopentyl pyridi ne-3-sul fonam de According to Process
4.1, starting with 5 g of 6-chloropyridine-3-sul fonyi chloride and 2 g of
cyclopentylanine, 5.1 g 6-chloro-N-cyclopentyl pyridine-3-sul fonanide are
obtained in the formof a yellow solid. Yield = 83% 1H NVR, CDClI 3, 400 MHz,
6 (ppm: 8.9 (s,8.0 (d, 1H); TA (d, 1H); 4315(d 1H); 3.6 (q, 1H): 1.8-1.2
(m 8H) 1016.2

6-ch10ro-N—cy | apent 2- ridi ne-3-s nanm de Accordlngto
Process 10. 2, %lf' rrhrﬁ a\tﬁ’é‘%pﬁegﬂ@?ﬁ@a&ﬁ%ﬁe‘jﬂuﬁgl @b‘irﬁ{%’i’ PERvirRUSly, are

sul f onani de andidud?, respbciRelyal i

8- chl or o- N- Cenyl - N- (pr o!p))- - e)ﬁ-":l mfpg_r?msggjoé&gﬁ @gﬁgﬁ’l eet%?% Co Il’frglnned in
the formof an orange-coloured oil: 15 Yield 94% 1H NVR, CDCL1, 400 MHz.
6 (ppm: 8.9 (s, 1H: 8,0 (d, 1H1 7.4 (d, 1H), 5.7 (del, 1H): 5.2 (dd,

1H: 5.1 (d, 1111z: 4.21(0, 11-1)13.7 (d 2H): 1,8-1.2 (m8H) 16.3.

6- chl or o- N-cycl onentyl - N- (2, 3-cl i hydroxypropyl)rivridine-3-sul fonainicie
20To a soiution of 1.1 g (3.7 mmol) of

6- chl oro- N-cycl opentyl - N- (prop-2-en-1- yl)pyricline-3-sulfonamde in 15 md
of a mxture (1/1) of tBuCH and water are added, at roomtenperature, 1.29
(10.3 mol ) of NMO and 0,52 rnL (0.04 mml) of 2.5% 0804 in tBuOH Stirring
is continued for 12 hours, The mediumis then diluted with 200 nL of water
and extracted with Et20 (2 x 100 nL), dried over Na2SO4, filtered and
concentrated under reduced pressure. 0.92 g of

6- chl or o- Ncycl opent yl - N3- di hydr oxypr opApyri di ne- 3-sul fonam de i s obt ai ned
in the formof a brown solid, which is used without further purification in
the followng step. Yield = 75% 1H NWVR, CDCl 3, 400 MHz, 6
(ppm: 8.8 (s, 1H); 8.1 (d, 1H,; 7,5 (d, 1H); 4. 301H); 4,0 (m 1H); 3.6
(dd, 2H); 3.2 (del, 2H); 1.8-1.4 (m 10H) 39



16,4. 6-Onloro-N-cyCoperity N-(dirm filo t)1l R 4-4/1)nmethVil pyridi ne-3-
Aglifilaigg A mxture of 0.83 g (2.48 mmol ) of

6- chl oro- N-cycl opentyl - N- (2, 3- di hydroxypropyl ) pyri di ne- 3-sul f onam de,

m. (5.45 nmmol ) of 2,2- dinethoxypropane and 47 ng of pTsOH in 5 rriL of DW

d 50 Bit__

under

i di ne-3-sul

d wi t hout
CDCl 3, 400

); 4.0 (m
1.3 (s,

| a

to Process

at of
oxol an- 4-

e formof a

ording to

is stirred for 3 hours at roomtenpefature. The nediumis taken up in 100
m._of Et0OAc, washed With mL gf saturated NaHCO3 sol gtion a
of water, and then dried oveR Na2904, filtered anij concentrat ed
reduced pressure. 0.92|g T a = = -
6- chl or o- Ncycl opent yl - N4( 2, Z=di net/hyl - 1, 3- di oxol an- 4- Anet|hyl | pyr
fonam cle is 10obtai ned in the forfmof a bfown oi i, wWhich s us
further purification in the foiloWwing step| Yield|= 98% |1H NWR
Mz, 5 (ppm: 8.8 (s, 1H; 8z0 (d,| 1H,; 7.8 (d, 1H); 4.3|(m, 111
2H); 3,7 (m 1H), 3.3 (dd, ™): 3.1 (dd, 11-1); 1)8-1,3 (m 8H);
3H); 1.2 (s, 3H) 16.5, N-cycl opentyl -N4(2,2:d inethyl-Z% 34d ioxo
n-4-yl)rn ethyll-6- hydrazi napyri|di ne-3-sul'fonam[de Acgor di ng
4.2, starting with 0.92 g of Jp-chlforo-N-cy¢loperifyl-N[(2,2- 20
di met hyl - 1, 3-di oxol an- 4- yO@tRyl i gyri & ne- 8- s& f onanide 4and J. 24
hydrazi ne hydrate. 0.85 g of #cycl opéht yl 1 NA(2. 21 di 2t hyl - F°34j
yl ynet hyl | - 6- hydr azi nyi|pyri dife- 3-[sul fonarni de is|obtained in tH
yellow oil. Yield = 99% cl gpentyl -|[N-r oxol an-4-yOMett1yi X
di hydr o- 1H4hi enof 3 4- clpyraz@l - 2(3H) - Apyri di n& 3- $ui fPnari d&2Acg
Process 1, starting with 0.4Eg of |N-cyel opent §¥ - N{[ (2 2- di mét'hyl
30di oxol an- 4- Anet hyl i - 8- hydrazi nyl[pyri di net 3-sul f gnam de [and 0. 1
met hyl 4- oxot etrahydrat hi ophene- 3-carboxylate, 470 ng
N-cycl opentyl -N-[ (2, 2-giitnethyl - O O
N o T Q z z
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1, 3-di oxol an-4-yl )rnethyli-6-(3-0x0-4, 6-di hydro-1H-thi eno[ 3, 4-cj pyrazol - 2(3
H) - yl)pyricline-3-sulfonarnide are obtained in the formof a brown solid.
Yield = 97% 40 11J-cypionentilaN(2,3--ditittroupropyl}Ai hydro- thieric

di nvrazol - 2(3H) - vi ) oyri di ne- 3- sul fon%gi de A solution of 470 ng (0.54 mol)
of 6 N-cycl opentyl-N4A(2, 2-di net hyl -1,"3-

5di ool an-4-yi ) net hyl | - 6-|( 3- oxo- 4|, 6- di hydijo- 1H-t hi eno[ 3, 4- c] gyrazol - 2( 3H) -
yl ) pyri di n§-3-sulfonén‘i dg in 1 rrfiL o({l AcOH is heated at_80"C for 4 hours.
The medi un®i s cdncentratdgd under |reduced pressme and t h&n purified by
reveris& pr%se chr omat ogr gphy on a C18 col ym, eluting with a|10-3N

HCQ / QH3CN gradignt of frgm O to 100% CH3CN. 48 ng of| N-cyciopgentyl - N-42, 3-
10di hydr oxypr opy|l) - §5( 3- gxo- 4, 6- di hydr o- 1kt hi eno[ 3,}4- ci pyr azol - 2( 3H) - Apyr i
di ne-|3- sq}gfonani de @re gbtaimned |in the formoft 6 white solid, Yield = 30%
rn.p.| (t) =190 M = @I81- §24N403S2| = 440; MrH =. 441;| Method 2: Tr = 0.89
mn. |151H NVR, d6- DNBO, 400 MHz, [6 (ppm): |12.1 (bs, [1H); 8,7 (s, 1H); 8.3

(bs, |1H); &_EZ(d, 1H); 4.7 (s, 1H); 4.5 (1, 1H; 4.1 (m 1H); 3.9 (s, 2H);
3.6 (Im 3% 3.4-3.2.(m (3H) ,_2.8 (dd,, 1H); 1.§-12 dm 8H) Exanpl e 17;
2, 24l|mot Hylpr opy|l  64%- (gt hyBsul tionyp3- oxo-1, § 4, 5,16, 7-220
hexahydr o- pyrlazol o[ 4, 3-ci pyri di n-2-ylj pyridine-3-[car b%xyl ato (Conmpound
$4 of| Tabl e=1)
a = o © o) ©
£ N & N N &
v Q\ZJ \Q/ T : CLZJ
O:L!'J:o o:{.'o:o O:(D:O O=J)=O
g L Ir
,Z

z
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17, 1.

of 1 g (6.36 rnnol) of nethyl
hydrochl oride and 2.2 nL of Et3Nin 12 m.
tenperature 0.6 nt..
1 hour and then taken up in 50 nL of

nmet hyl

of ne

syi chlori

z@io

Ac,

1-(mettlyisul fonvi)-4-oxopi peridi ne-3-carboxylate To a m xture
4- oxopi perl di ne- 3-car boxyl ate 25

of DCMis added dropw se at
The reaction mediumis stirred for
washed with 20 m .. ..

room

of wat er

and
under

1-(ne

-2. 7
sol ut
m. (@
(170.
80C f
conce
was he
sol ut
conce
col un
5% Et
obt ai
MHz

2. 2.4
proce
2. 2-

di net
of a

6 (p
1H)

0 m . of Dbr
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23% 122, 29
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br Na2S
Nyl
cafboxy

or opyri

filte

lat&'is
cline- 3-

red and d@

B0obtai ne
car boxyl g

oncentr at ed

d. 41 Yield
te To a

ion of 10 ¢
f anhydrous
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the resid
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DI OpYr i
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17.4. 212-di met hyl or opyl
6- 45- (et hvi sul fonvl) - 3- oxo- 1, 3. 495, 6, 7- hexahydr o- 2Hpyr azol or 4, 3- di pyri di n-
2- Apyri di ne- 3-car boxyl ate According to Process 1,
met hyl 1- (met hyi sul fonyl ) -4- 30 oxopiperidi ne-3-carboxylate and 0.2 g of

starting with 0.21 g of

2, 2-dinet hyl propyi 6-hydrazinyl pyridine3-carbc.)xylate, 10 ng of
2, 2-di met gl progy!l 645- (et hyi sul fonyl) - 3-oxel, 3, 4{5, 6, 7-hegxah yd ro-2
H-pyrlazol of4. 3- di pyrdgd i [n-2ayli pyrigd n ¢-3-¢arboxyl gée are optained. 42
Yield = 3%m p. | =230 M = C18H24NA05S =|408; M+H = 409; Nethod 2: [Tr 1.11
mn. 1H NVR_ d8-I[DMSO, 400 MHz, 6 {(ppm: 12.2 (bs, IH); 9.0 (s, 1H); 8.6
(bs, |1H); 8.5 (d, 1H); 4)1 (s, 2H); 4.0 (3, 2H); 3|5 (t, 2H); 3.0 (Sc 3H);
2.8 (t, 2H:; 1.Q (s, 9H) | The tables that flollow il|ustrate |[the chemni|ca
strugt uregpand tlhe physi cal properties of j[a few expnpl es off conpounds
accorlding to the inventi ¢on. 10Table I illdstrates ponpoundg of formyla (1)
according to the invention in whilch R2 is|in the bpta positlion. Thege
conpounds a&Fe regferred tp herei nbel ow as ¢onpounds| of formjla (I1'). Tabl e
U iIIust%gggs cqnmpousids of fegynuljfa (1) acgordihg tp thg inventign in which
15 R2 i s Ziret he [gami@ posi ti @h. Thesefcompounys arpe querred t a@her €i nbel ow
as ccnpounég of [fornmula (1"). Tables | and Il below illustrlate the ghem cal
strugtures—and tlthe physical propearties of |a few exanpl es off conpounds
acconding o the inwention. 20 In tthe tableg; ip thg "sglt" solum, "-"
represent ssa conpoulfd in|fre¥ base f%m wher gps g %
) Zﬁ\\ /J; O~ <::l\
% ? |Z zZ=- ><]ZI . -
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"CF3COOFV, "HA ™

and " Na"
of the trifluoroacetic acid salt,

represent,

respectively,

a conmpound in the form
in the formof the hydrochloride salt and

in the formof the sodiumsalt; in the other colums, "-" nmeans that the
substituent under consideration is not present on the nolecule;, M, Et
n-Pr, i-Pr, n-Bu and i-Bu represent,4$espectively, the nethyl, ethyl.
npropyl, Isopropyl, n-butlyl and 1 obutyl groups; - Ph apd En represent,
respectively, tHe phenyl |and benzyl groups; the "rn.gé" col utm i ndi cat es
the melti point, i "C| of the donpdind UndeéM cansideration?N t he peak
M It |i dent+#fied |by mass dgpectronetiry, and tlhe hi gh-perforpance A3 liquid
chromat ography gnal yti cal| methods [used and |[detail ed previpusly, arle
i ndi gat ed, _respgctively, [in the "UC MS' coljum and the "Method" cal um.
g 1 ] I 1 L) L)
T
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58 The conpounds according to the invention underwent pharnmacol ogi cal
trials in order to determne their
vitro test of direct neasurenent of stabilization of the protein H FI-

al pha, a transcription factor consti
degraded 5 under nor nal

oxygen cond

properties,

i

W th,

in particular:

an in

tively expressed in cells but
ons by the ubiquitiniproteasone

syst em
VEGF | and
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30char acterize conpounds that stabilize H Fl-alpha in cells in order to

anplify or

mmc its beneficial

ef f

ect.

59 Many tests exist describing the

i ndi rect neasurenent of the activity of HF via reporter gene systens

(HRE-l uciferase) or via the neasurenent of H Fi nduced protei

ns (for exanple

VEGF or EPO). Furthernore, the only Pésts that allow direct measurenent of
t he ajrount - pf HIFI-alpha pgrotein in[cellTs are[5 tests using anti bo¢i es, for
instapce Western| blotting [conprising phases of cell extraction (total
| ysat s orghucl epr eXtractls) that afje cotsumipg in™erms|of c®ls and tine,
thus |imteng the conpound screening capacity| The object was thus|to
devel pp a sensit|ve screening test, |adaptable[To 384-well plates, {or
direcfly neasuripg the angunt of H Fl-al pha pfotein in the nucl eus|of
cells{ 10 ‘@wrhis fest s establi shed in HEK cells uman|epithelial cells
derived fr%m a renal “adendcarci noma). 1.2Test princCiple The test i$ a cel
test pased on the principlle of enzy conpl enentation, the enzyne lsed
herei n bein beta-galact03|dase. HEKEA celTs are HEK cells stably
expr egsi ng, yand estQLcted in their nucleus Tutant bet a{gal act osi flase
(omegpa fralgmnt al seoknown ascEA) Ilneosol d| by DRscovel X). &his ¢onstruct
makes| it pB&slbIa t o Vbt ai|n befa- gallact d8i dasg actiVity only Rhen the
protejn co i sing the Pragl abel conpl enentatipn fragnment |has migrated into
t he 2Dnucl eus. The protein of |nterest conpri sing the Prolabel fragment is
in this cage an H F1&l phg or Fl - alphaNnuta ed aR the {wo d%alinas 402
and 564 repl aced|withtal arfinesT is Cterfinal|fusel via ol ecd ar bi ol ogy
(Di scpver X vectof 75 sold|by Conte¢h) with the smalT compl enentation
peptide fragnment| (Prol abel| or ED, about 4 kDa). The vector coding tor the
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The measurement of the betaial actosidase activity wll
and thus of HI Fl-al pha that has mgrated into the
Experinments were performed internally in parall el

t he anount of Prol abel
nucl eus of the cells.

be proportion& to

to confirmthat the Prol abel fragnené3alone was not stable in the cells and
thus did not allow any activity 10 to’ be neasured. 1.3Protocol 7.3.1
Expeni mentgplan| 1) Inoculation of the cells on 152) Adherence for 24
hours unde® nor roxi a Preparatjon and addition| of the prloducts (Bifornek
2000 [and FX) on [D+1 4)° Incubation under notrnoxigp fof'6 hdurs Reﬂding of
t he plateés(by llum nescence) 20 1.3.2 inoculation of the qells The gells
are ijnoculated with Multidrop in whitle, opaque-bpttoned 384-welT plates
(Geilner ref 3704), in 30 p| of culture medium (1% FCS) 6 (10 000 celfl s/ well
(cell plagg). 29 1.3.3 Treatnent Preparatiion of| the dilutlion plate|(DL
pl ate) The test [products arge prepared at 3 x 10-2 Min 10Q% DMSO and t hen
diluted to 3 x 104 Min nedfum contaijning 0.1% HCS (10 pi |in 990 pi |of
VEM . Theyf
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30 are then deposited by hand into cdumm 12 of a round-bottorned 96-wel |

pl at e

2000 (programre:

(200 ul

of each conpound) known as the dilution plate (dl).
conplete DL plate of 3 x 10-4 Mto 104."'
61 range of 10 points in series).

The
Mis then prepared with Bi onmek
For the references and

controls, 100 pi of DI MEtvl containiéé 0.1% FCS are added to colum 1, 100

ui of| Defegoxarnj ne 10-3M[to colum 2] wells A BC D and 1Ip0 plI of
Def erloxam RBe 5x10-3Mto cqlum 2, wel|s EF GH 5DL plate distribution in
cell |plate® 3.3 ppi _ &le tdken ffomthe DL plate| by pipett{ng With a| Bi onek
FX 96 and $l aced in horizgntal duplicate (colunps 1 to 24) in each B84-wel |
cell |plate (HEKEA HI F1-al phaPLBL cell|plate). 10 The cell§ are then| pl aced
for § hoursg in an incubatqr at 37QC (anbient 02, 6% CO2).|1.34 Measurenent
of the beﬂ%—ciafactosddase activity. |[The kit used is the|Prol abel
chem|l urninescent kit (Reff 93-0001 D scoverX). [15 After ipcubation for 6
hoursl at 37QC, the cells are lysed with addition of 15 pi|of iysis buffer
cont &l ni ng £he bet a- gal act|osi dase substrate (19 vol unes of Path hunfer cel
assay buffef + 5 volunmes of Erngraid 11 solution + 1 volufe of Galacton
star)| direckly addedsto 3Q pl 2 medi ym i r?;t he |pl at éc The]| pl at®s arp 20
i ncubat edf@r 60| mi nites iln t heYabsente of l'ight, bef or e eadfﬁg t he
| um nescen wi tlhh a Top Cqunt nachi ne] The EC50rvaIues fof the conppunds
are tlhen cal cul at ed g@th approg&iate fittkgg sof t war e and| given 1 n [Table
111 bel ow. 225The act pvati ng actgwity Df a gonpound tcward H =i s gj ven by
the nol ar Concentration tHat produces 50%9f thie maxi mum esponse of this
same |conpound. Te, I .pLE 111
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61 1.9E-06 623.9E-06 1.4Various 1,4.1. M ntenance of the

HEKEA HI FI - al pha

PLBL cells, The cells are cultured in whole nedium (cf. below in a

Fl ask T225, at 37"Cin 5a CO2 incubator. 1.4.2. Culture nediumfor the
HEKEA H1E181/ilia Pl.& cells DVMEM FCS 10% (G BCO 10500-056) d utam ne (2
mM final) 10Penicilllin + streptomycin (200 ng/ rnL) Hygronycin B (100 pgi

)

Geneticin (400 ugirrL final) 500 B8BiL 60 rriL 5 nL

10

15

20

25

30

The compounds according to the invention underwent pharmacological trials
in order to determine their properties, with, in particular:

- an in vitro test of direct measurement of stabilization of the protein HIF1-
alpha, a transcription factor constitutively expressed in cells but degraded
under normal oxygen conditions by the ubiquitin/proteasome system;

- a functional test for measuring in He3pB celis the secretion of VEGF and

EPO, which are two markers of activation of HIF1-alpha in hepatocytes.
These two tests are described below.

1. Measurement of the stabilization of HIF1-alpha in HEKEA cells

1.1 Object

HIF is a transcription factor involved in the adaptation of cells to hypoxia. This
transcription factor is at the minimum a heterodimer formed from two proteins,
ARNT and HIF1-alpha. ARNT is constitutively and stably expressed in cells
and the main part of the transcription complex regulation is performed via
stabilization of the protein HIF1-alpha. In point of fact, this protein, under
normal oxygen conditions (20%, approximately equivalent to the value of
ambient oxygen), is hydroxylated specifically on two prolines (proline 402 and
564 for the human protein) via HIF prolyl-hydroxylases, resulting in the
binding of the von Hippell Lindau (VHL) protein. This binding of VHL to HIF1-
alpha then causes the degradation of HIF1-alpha via the ubiquitin/proteasome
system. Under hypoxia (O2 < 5% in the celi tests), the HIF prolyl-hydroxylases
are inhibited, which is reflected by an increase in the amount of HIF1-alpha
protein in the cells. This protein can then combine with ARNT to transfer into

the nucleus and activate its target genes.

Since the genes activated by HIF are involved in the adaptive response of
cells to hypoxia and of tissues to ischaemia, the object is to identify and
characterize compounds that stabilize HIF1-alpha in cells in order to amplify

or mimic its beneficial effect.



5 filL 1.1 rriL 4.4 rnL 63 2. Measurenenthe secretion of VEGF and EPQ32y,
Hen313, hepatocyles 2.1. Object HHF is a transcription factor involved in
the adaptation of cells to hypoxia. Since the genes activated by HF are
invol ved in the adaptive response of cells to hypoxia and of tissues to

i schaem a, the object is to identify and characterize conpounds t hat
stabilize H Fl-alpha in cells in order t&®anplify or mmc its beneficial
effect. H Fl-al pha was identified followi ng the analysis 10 of the EPO gene
pronoter, which nakes this protein one of the first markers of H Fl-al pha
activation. Mangdesis exigtdescsbiagdbeiindradt measuramené of theeactivily ©f dtiFosie of

of these t o JpPbeD: 9 Sl S HBE ireldosd o o InhgPRBRulsRn BRAFET e
HI F acti vat ojnglutéd lieefihs ¢ldr sexabpléNeECH BEEP®E FiMiserhbrdettd oplya tests
sensitive screening test, adaptable to 96- well érﬁl ates, for directl

nmeasuri ng t hthahatemdirert yreasutsimere the ameund @b &t hatadpha proteiRdn elisBreel | s

[1's desi h ' j : : i al
HE act i vat ofgts ooy aoPbEBEsERHAGAES VTR bR EPRRRRRoig shaGe SR BN °
measuring VE&kranidnERQal nyddtes suprrchadragttraets)Hepd Bire eldnsutrieg ire de sl &f
hypoxia or with deferoxamne as controls or wwth the potential HF

activators, THE arcimgathusolipiiag (be CATRSLREISCroANIRG CARRFBI TG QB as
conmpound scr @i 03 SANES 1 ¥endtive BEURGR test SadaR5BR HRBA-RLIPPlates, for

directly measuring the amount of HIF1-alpha protein in the nucleus of cells.
10  This test was established in HEK cells (human epithelial cells derived from a

renal adenocarcinoma).

1.2 Test principle

The test is a cell test based on the principle of enzyme complementation, the
15 enzyme used herein being beta-galactosidase. HEKEA cells are HEK cells
stably expressing, and restricted in their nucleus, mutant beta-galactosidase
(omega fragment, also known as EA) (line sold by DiscoverX). This construct
makes it possible to obtain beta-galactosidase activity only when the protein
comprising the Prolabel complementation fragment has migrated into the

20 nucleus.

The protein of interest comprising the Prolabel fragment is in this case an
HIF1-alpha or HIF1-alpha mutated at the two prolines 402 and 564 replaced
with alanines, is C-terminal fused via molecular biology (DiscoverX vector

25 sold by Clontech) with the small complementation peptide fragment (Prolabel
or ED, about 4 kDa). The vector coding for the chimeric protein HIF1-
alpha_Prolabel is then transfected into HEKEA cells to obtain stable clones
(HEKEA_HIF1-alphaPLBL).

30 The amount of C-terminal Prolabel-“labelled” HiF1-alpha protein obtained

after treating the cells to hypoxia or compounds that are potentially HIF



1) Inocul ation of the cells on DO 302) Adherence for 6 hours under
norrnoxia 3) Preparation and addition of the products (Biornek 2000 and FX)
4) I ncubation under nornoxia for 13 hours 64 5) EPO and VEGF assay in the
supernatant on D+1 2.3.2 inoculation of the cells The cells are

subcul tured into 100 pl of culture medium (10% FCS) in bl ack;

5opaque- bottomed 96-wel | plates (referené@ Costar 3916) at 30 000
cells/well, with Multidrop: 2.3,3 Treatnment of the cells Preparation of

t he dllutlon plate (DL plate) 10 The test products are prepared at 10-2Min
100% DMVBO andctiyatarsdis upeapured addmmutﬁenﬁ%llsm tysist guﬁemg:ootal_mmlcs (6

i in 194 pi eposited in colum 12 of
g 96- wel | p ﬁéml\@% ef‘%%ﬁt rgéé%gtreagg &&&g%f%%agﬁglo 8M are prepared with
Bi onek 2000 (programme: range of 9 points in series).100 pl of MEM 0.1% FCS
and Defer oxar i ne 5x10-3M J are added as controls to _colum 3 and,
respectlvely ednaasyremens octite ketpagalaclpsidagegctivity will be proportlonal to the

5 amount of Prolabel and thus of HIF1-alpha that has migrated into the nucleus
of the cells.

Experiments were performed internally in parallel to confirm that the Prolabel
fragment alone was not stable in the cells and thus did not allow any activity
10  to be measured.

1.3 Protocol
1.3.1 Experiment plan

1) Inoculation of the cells on DO
15 2) Adherence for 24 hours under normoxia
3) Preparation and addition of the products (Biomek 2000 and FX) on
D+1
4) Incubation under normoxia for 6 hours
5) Reading of the plates (by luminescence)
20

1.3.2 Inoculation of the cells

The cells are inoculated with Multidrop in white, opaque-bottomed 384-well
plates (Greiner ref 3704), in 30 pl of culture medium (1% FCS) a 10 000
cells/well (cell plate).
25 «
1.3.3 Treatment
J Preparation of the dilution plate (DL plate)
The test products are prepared at 3 x 102 M in 100% DMSO and then diluted
to 3 x 10* M in medium containing 0.1% FCS (10 pl in 990 pl of MEM). They
30 are then deposited by hand into column 12 of a round-bottomed 96-well plate
(200 pl of each compound) known as the dilution plate (dl). The complete DL
plate of 3 x 10 M to 10”° M is then prepared with Biomek 2000 (programme:



DL plate distribution in cell plates The medi um of the cells inocul ated
the day before into 96-well plates is 20 changed for 90 pi of nedium
containing 0.1% FCS and 10 pi are distributed with FX 90 fromthe 96-well
DL plates to the cell plates. The cell plates thus treated are placed for
18 hours in an incubator at 37C (anmbient 25 02, 6% CO2). 2.3.4 EPO and VEGF
assay The supernatants (80 pi) of the HeééB cells in the 96-well plates
treated with the potential H F activators are recovered with a nultichannel

i tte f 30 si | . f 1 he, VEGE dth PO ELI
Dot ng L o 1 ST REIE iR EfesSt FoRane KarelaRes St canBoler dio8 i of
K15122B- 2) ) . pirenvEéaRainttly valy e d are BRANE Yidn af 1bb$l‘%ffrﬂé?éu‘2ﬂ<%nﬂ{}§ then

calculated with appropriate fitting software and reported in Tablg I
bel ow. 10 2.407Vata easimrcai welle AddiCub and 1t00euHepBBfarekarmineVEM 7 BArtoes

(@ BCO 31009?%%&% Q%%E%BCQEIOSOO- 056) 4- dutamine 2 MVl final 1%

non-essenti a sults
5 o DL plate distribution in cell plates

3.3 UL are taken from the DL plate by pipetting with a Biomek FX 96 and
placed in horizontal duplicate (columns 1 to 24) in each 384-well cell plate
(HEKEA_HIF1-alphaPLBL cell plate).

10  The cells are then placed for 6 hours in an incubator at 37°C (ambient O,, 6%
COy).

1.3.4 Measurement of the beta-galactosidase activity.
The kit used is the Prolabel chemiluminescent kit (Ref 93-0001 DiscoverX).

15
After incubation for 6 hours at 37°C, the cells are lysed with addition of 15 pl
of lysis buffer containing the beta-galactosidase substrate (19 volumes of
Path hunter cell assay buffer + 5 volumes of Emarald 1l solution + 1 volume of
Galacton star) directly added to 30 pl of medium in the plate. The plates are

20 incubated for 60 minutes in the absence of light, before reading the
luminescence with a Top Count machine. The EC50 values for the
compounds are then calculated with appropriate fitting software and given in
Table il below.

25 The activating activity of a compound towards HIF is given by the molar
concentration that produces 50% of the maximum response of this same

compound.

TABLE Il
Compound
No. EC50 (M)

1 8.8E-06




The activating act vity of a conmpound with respect to HF is given by the
concentration that produces 50% of the maxi num response of this sane
conmpound in Table IV. 66 The conpounds according to the invention nmay thus
be used for the preparation of nedicanments, in particular nedi canents that
are activators of the H F transcription factor. Thus, according to another
of its aspects, a subject of the inventi6A is nedicanents that conprise a
conmpound of forrmula (1), or an addition salt thereof with a

pharmaceutically acceptable acid of the conpound of formula (O The
invention also relates t¢ a pWlarmaceutical G&¥pOSition comprising a
conmpound of forrmula (I) according to the prégsdhd6i nvention, or a
pharmaceutical |y acceptabl'e sgdt of this cogpsipd, and al $o at | east one
pharmaceutical Iy accept able efgzi pient 15 Thesepgdi camentsfi ndt heir
t her apeuti cuseespeci al | y Hn 16 8.6E-06

17 1.0E-05

18 4.4E-06

19 5.5E-06

20 3.4E-06 -

21 8.7E-06 -

23 1.2E-05

24 3.E-06

25 3.3E-06

26 1.5E-06

27 9.5E-06

28 1.6E-06

29 2.5E-06

30 6.5E-07

32 1.3E-06

33 9.4E-06

34 1.0E-05

35 2.5E-06

36 1.2E-06

37 2.2E-06

38 3.8E-06

60 2.1E-05

61 1.9E-06

62 3.9E-06

1.4 Various
1.4.1. Maintenance of the HEKEA HIF1-alpha PLBL cells.

The cells are cultured in whole medium (cf. below) in a Flask T225. at 37°C in

5 a CO;incubator.
1.4.2. Culture medium for the HEKEA HIF1alpha PLBL cells

DMEM 500 mL
+ FCS 10% (GIBCO 10500-056) 50 mL
+ Glutamine (2 mM final) 5mL
10+ Penicilllin + streptomycin (200 mg/ mL) 5mL
+ Hygromycin B (100 pg/ mL) 1.1 mL

+ Geneticin (400 pg/mL final) 4.4 mL



treatment/ prophyl axis, in particular of cardiovascul ar di seases, ischaernia
of the lower |inbs, cardiac insufficiency, coronary di seases of ischaemc
for instance angi na pectoris or nyocardial infarction, arteriosclerosis,
strokes 20 of ischaernic origin, pulnonary hypertension and any pathol ogy
caused by partial or total vascular occlusion in man and ani mals. These
medi canents also find their therapeutic $e in the treat nent/ prophyl axi s of
gl aucoma, renal diseases or in cerebral diseases of neurodegenerative
origin or otherw se, and anaem a, or a nedi canment for pronoting
cicatrization or agents for shortening the post-operative conval escence

period or a wedMaRIbnicit dFethe NSeBrEsR offa\li#, SHadiE#@n?_y& Fief3B

medi canment used T or € purpose of obtalni

aut ot r ansf usihepateeytessary fol | owi ng maj or surgical interventions such as
30crani al or c,p oSproery, or cardiac, carotid or aortic operations. These
conpounds fi f?d t = therapeutic use especially in the

treat ment § pr ppRYikaxitfarcripiéeTadtor ifVoIved Gh GRE AdHIRANOF QR fis Yy Rkia.
cranial or chest surgery or cardiac, carotid or aortic operations. These

conpounds ar SRR &if iI&NE§ asdixales by hiEnaken thvahedlrinsthas adaptiviesresponpe aofot i ng

cicatrizatio . shot. i t. ost-qgperative conval escence
peri od. T 8@% tf’Sclo guh%%hgrgpg%%%]?%l'?@]&% B1 gﬁ? P 'ﬁntﬂ’_ ﬁﬁpﬁ& ?n_ﬁn t he
treat ment of chenstélzd a@m?uan@@mhttstabrﬁzé H1GH D it eebafexde? tBRRARLA/NTG 1 N
particular in 10the elderly. These conpounds are potentially usable in man
and ani mal s PhMIAYC it hanelinial sffegh AllEdradbha sl idan¥fiegstodovingtheenalysis

di seases®f t] I Qb i : Fi Ly, the
compounds! deSEHiE ERT REPRBrifoRer, ML ma¥ss bt BSteid st isffrers

ani mal s for of eHF1-aipteaactivationr Moesd\sreVEIGRisssiss aseriffiet 56 e litlek Stues bgi n
via regenerati ve@g\e@i cine in autol g)?_ous and_ het er ol ogous approaches using
[

non- enbr yoni €N§t &1 I"2IR, MAFERISasf | Bl ehtliyation. dhds alesuthis ieasposéhat
20whet her as ofs t I Fare m.nj tEQn Qr I.eat ment
si mul t aneous Fg/éwi Eﬁﬁttg hte {)t)ctlgl%gdrqn\ﬁhi y?%t'ﬁn“’% ts%@téé@ehqs _cﬂ%qacggbéﬁs t he
conpounds desomipoedds thathereiHiFeattivatoreiry Hep3Bsedls. al one or, if

15
The object was thus to develop a sensitive screening test, adaptable to 96-
well plates, for directly measuring the amount of VEGF and EPO in the
supernatant of the Hep3B cells (cells derived from a human
hepatocarcinoma) in response to the potential HIF activators.

20

2.2. Test principle

The test is an ELISA test for measuring VEGF and EPO in the supernatant of
Hep3B cells treated under hypoxia or with deferoxamine as controls or with
the potential HIF activators. The test was adapted to a 96-well plate, allowing

25  greater compound screening capacity.

2.3. Protocol

2.3.1 Experiment plan

1) Inoculation of the cells on DO - 5 v

30 2) Adherence for 6 hours under normoxia
3) Preparation and addition of the products (Biomek 2000 and FX)
4) Incubation under normoxia for 18 hours



necessary, in conbination with one or nore other active conpounds that are
25useful in the treatnent of hypertension, cardiac insufficiency, diabetes
and anaem a. For exanple, nmention nay be nade of the conbination of a

conpound according to the invention with one or nore conpounds chosen from

30 converting enzynme inhibitors, anglotensin Il receptor antagonists,
bet abl ockers, mi neraiocodi coid receptor @t agoni sts, diuretics, calcium
ant agoni sts, statins and digitalin derivatives. Accordi ng to anot her of

its aspects, the on relates to 35pharmaceutical conpositions
conprising, as ac ﬁ%m«&’%&? agpaydRpBe FHPAREGHHiHGOtd the inventi on.

These pharmaceutical conpositions contain an 68 effective dose of at |east
one conpound according to the invention, or a pharmaceutically acceptable
salt of the said 2é&npolmody/aéind cdlile® caells | east one pharnmaceutically

accept abl e exci pient. Th |d ex S ar chosen, rdin

phar maceut i ciﬁ ﬁ?naéﬁéugﬁﬁl le'Pé{j%ﬁd’i OBPU Wi 'ﬁ\egft’rrﬁ?%@(r% Epﬁgrw g’f‘@?‘ﬁjsual
exci pi entss kppufud-BoktHded FHkivell §ate8 FéT@re?fcb (')é’caF @91@"55 W@PUtde‘H@}well,
conpositions of the present Inv t|on for ora I ngua

subcut aneousyithidultidiepcul ar, intravenous, topi cal | ocal, intratracheal,

i ntranasal, transdermal or rect al admnistration, the acti ve principle of
formul a (I) above, or the salt thereof, may be administered in unit

adm ni stration fopm3aSrantiekt bf henkd/lR st andard phar maceuti cal excipients,

to man and animals for the prophylaxis or treatnent of the above disorders
or 15di seases. The appPeparaiian ahihe ditioniategDilqgriater ns i ncl ude oral forns

zglcnt ?Enlts(f"bl ‘T’F\e ’tesscopfrédt%ts rz]a‘?er %r reg%ﬁsll(')lzq\ﬁ in %Webmsgr an gﬁ dﬁﬂgedp{oaé
x 10 *“M in medium containing 0.1% FCS (6 plin 194 pl of MEM). 200 pi of
each compound are deposited in column 12 of a 96-well plate. Dilution ranges

from 3x10™*M to 3x10®M are prepared with Biomek 2000 (programme: range
of 9 points in series).100 ul of MEM 0.1% FCS and Deferoxamine 5x10°3M

15 are added as controls to column 3 and, respectively, to wells A,B,C,D & wells
E,F.G,H

o DL plate distribution in cell plates
The medium of the cells inoculated the day before into 96-well plates is
20  changed for 90 pl of medium containing 0.1% FCS and 10 ul are distributed
with FX 96 from the 96-well DL plates to the cell plates.

The cell plates thus treated are placed for 18 hours in an incubator at 37°C
(ambient
25 Oy, 6% COy).

2.3.4 EPQ and VEGF assay
The supernatants (80 ul) of the Hep3B cells in the 96-well plates treated with

the potential HIF activators are recovered with a muitichannel pipette for
30  simultaneous assay of the VEGF and the EPO by ELISA according to the
supplier's instructions (Kit EPO Mesoscale (ref K15122B-2)). The EC50



suspensi ons, sublingual, buccal, intratracheal, intraocular, nasal and 20

i nhal ation adm nistration fornms, topical, transdermal, subcutaneous,

i ntramuscul ar or intravenous administration fornms, rectal adm nistration
forms and inplants. For topical application, the conpounds according to the
invention may be used in creans, gals, ointnents or lotions. 25 By way of
exanple, a unit admnistration form of a66onpound according to the
invention in tablet formmay conprise the follow ng conponents: Conpound
according to the invention50.0 Manni t ol 22375 ng Sodi um

croscarr nel | vak@s0farg ESGToand s\(égEh@B,tbengompounds are then calculated with

Hydr oxypr opyl net hyl cei.l.til ose2. 25 Magnesi t e3.0 ng There may be
parti cul ar CQEBEOF%W?%\;"“@H ﬁﬂ?&?é? %@8&&?3%%2%R§bgfowmcor ding to the
usuai practice, the dosage that is appropriate to each patient is

determ ned by the doctor according to the node of adm nistration and the
wei ght and ré&shon¥@rieist he said patient. According to another of its

aspects, the i I £es to a nethod for treating the
pat hol ogi &s i%ﬁ@ggﬁahﬁﬁﬁ%mmﬁéﬁ%%%ﬁses the adm nistration, to
patient, of MERIfEetiby¢GRCO Pfom@5yonmpound accdd@imig to the invention, or

a pharmaceutically accePt able salt thereof. 70 _CLANS 1. Conpound of
formula (O: + 10% FCS (G BCO 10500-056) 50 mL

+ Glutamine 2 mM final 5mL
+ 1% non-essential amino acids 5mL
10
3. Results
The activating activity of a compound with respect to HIF is given by the
concentration that produces 50% of the maximum response of this same
compound in Table IV.
15 TABLE IV
C°"‘NP:““°' EC50 EPO (M) EC50 VEGF (M)
1 2.9 E-06 3E-06
9 7.0E-07 6.6E-07
13 9.0E-07 1.0E-06
15 2.8E-06 3.0E-06
16 3.5E-06 3.0E-06
17 2.9E-06 2.9E-06
18 5.0E-07 4.0E-07
19 2.4E-06 2.4E-06
20 1.0E-06 9.0E-07
21 1.4E-06 2.4E-06
24 5E-07 5E-07
25 2.4 E-06 2.5 E-06
26 1 E-06 1.3 E-06
28 1 E-06 1 E-06
29 2.5 E-06 2.6 E-06
30 1.5 E-06 1.8 E-06
32 2.6 E-06 3.2 E-06
35 1.7 E-06 1.1 E-06
36 1.6 E-06 2 E-06
59 2.6 E-06 3.1 E-06
61 2.2 E-06 2.8 E-06




...N\ p, a 05 nwichnis equal toO, 1, 2, 3 or 4, mis equal to 0, 1
or 2; is equal to O or 1; Xrepresents a group -CH2, -CHR)-, -N(R- or a
het er oakom chosen from 10 an oxygen atom and a sul fur atom it being
understood that R represents a group -(Cl-05)al kyl, -(C1-05)al koxy,

-CH2-aryl, -C(0)R5 or -COORS with R5 as defined bel ow, Rl represents an
0X0 group, a group -COORS, a group -WOH%r a group -WNRS5R6, with W R5
and R6 as defined bel ow, and R2 represents a hydrogen atomor a group

chosen from (1) groups -(Cl- C5)alkyi, (ii) groups -(Cl-05)al koxy, (ill)
groups -COOR5, (iv) groups -NRS5R6, (v) groups -C(0)-NR5R6, (vi) groups

- S02- NR3R4, i i) het | A ti R bsttuted wt
(108 al ky[He (PR iRELdrcoliftl T MRt Bephon soauliin Hodisot, T8 F oups
-OW-aryl, greppraficoupsmediodhnaiter mapgtticalad nR2€di¢aiientsytheat @se -d2tiVa RS B6,

with W R3, , 5’1@& i ned below, it being understood that: R3
and R4, (i )ﬁ\%hﬁl?ﬁtrrray r@golﬁ?eﬁgf'cal or different, represent, independently

of each dther, a hydrogen atom a group -(Cl-05)al kyl, a group -(C3-
Thus, according to another of its aspects, a subject of the invention is
medicaments that comprise a compound of formula (I), or an addition salt
thereof with a pharmaceutically acceptable acid of the compound of formula

(1).

10
The invention also relates to a pharmaceutical composition comprising a
compound of formula () according to the present invention, or a
pharmaceutically acceptable salt of this compound, and also at least one
pharmaceutically acceptable excipient.

15

These medicaments find their therapeutic use especially in
treatment/prophylaxis, in particular of cardiovascular diseases, ischaemia of
the lower limbs, cardiac insufficiency, coronary diseases of ischaemic origin,
for instance angina pectoris or myocardial infarction, arteriosclerosis, strokes

20 of ischaemic origin, pulmonary hypertension and any pathology caused by
partial or total vascular occlusion in man and animals.

These medicaments also find their therapeutic use in the

treatment/prophylaxis of glaucoma, renal diseases or in cerebral diseases of
25 neurodegenerative origin or otherwise, and anaemia, or a medicament for

promoting cicatrization or agents for shortening the post-operative

convalescence period or a medicament for treating general fatigue conditions,

or a medicament used for the purpose of obtaining blood in the context of

autotransfusions necessary following major surgical interventions such as
30 cranial or chest surgery, or cardiac, carotid or aortic operations.

These compounds find their therapeutic use especially in the
treatment/prophylaxis of anaemia.

35 These compounds may also be used in man and animals for the purpose of
obtaining blood in the context of autotransfusions necessary following major



its L.,C6)cycloal kyl, an aryl group, a heteroaryl group, a group
-CH2-heteroaryl, a group -(Cl-05)al kyl -NR5R6, a group -WOH or a group
-WNR5R6; or (ii) form together with the nitrogen atomthat bears them a
het erocycl oal kyl group optionally substituted with one or nore groups
chosen from groups -(Cl1-05)al kyl and gro -CH2-aryl; 71 Wis a group
-(C1-05)al kyl ene, optionally substituted With one or nore hydroxyl groups;
and R5 and R6, which may be identi cal or different, represent,

i ndependent|y of each other, hydrogen atom or a group chosen from groups
- (Cl1- 05) ai kylsuagiea'gméﬁrygnﬂqrasw) @pctraniak i :chiet sHeeryomastdinhecaediedl or of
an aci d- addi t40pfic 88éiatiods. Conmpound of formula () according to Claiml,
characterized in that nis equal to 0, 1, 2, 3 or 4; 10 mis equal to 0,1
or 2; ois equal to O or 1; X represents a group -CH2-, -CHR-, -NR)-
or a hoter oatTdmsehmﬂpotﬂmdBTaﬁél potergialy alsailea el réars Bhil WniRbfThs agents For

G- aryl Sa dratbingy bl Bl Aedibetor sioidbdsdne S dhstbsraiup, a

group - COO?SCOQVQIBSQWGGMG}NN a group - WNR5RG6; R2 represents a

hydrogen atom a group -(Cl-05)al kyl, a group -(Cl - C5)alkoxy, a group

-COORS, a group -NR5IR6, a group -C(O) NRSIR6 or a 70 group -902- NR3R4,
These compounds are potentially usable in man and animals in the treatment

of general fatigue conditions ranging up to cachexia appearing in particular in
10  the elderly.

These compounds are potentially usable in man and animals in the treatment
of glaucoma, renal diseases or cerebral diseases of neurodegenerative origin
or otherwise.
15
Finally, the compounds described in the invention are potentially usable in
man and animals for treating cardiac or peripheral diseases of ischaemic
origin via regenerative medicine in autologous and heterologous approaches
using non-embryonic stem cells or myoblastic cells for therapeutic purposes,
20  whether as treatment of these cells before administration or as treatment
simultaneously with the local administration of these cells.

Moreover, the compounds described in the invention may be used, alone or, if
necessary, in combination with one or more other active compounds that are

25  useful in the treatment of hypertension, cardiac insufficiency, diabetes and
anaemia.

For example, mention may be made of the combination of a compound
according to the invention with one or more compounds chosen from

30  converting enzyme inhibitors, angiotensin Il receptor antagonists, beta-
blockers, mineralocorticoid receptor antagonists, diuretics, calcium
antagonists, statins and digitalin derivatives.

According to another of its aspects, the present invention relates to
35 pharmaceutical compositions comprising, as active principle, a compound
according to the invention. These pharmaceutical compositions contain an



R3 and R4 (Orepresent, independently of each other, a hydrogen atom a
-(C1-05)al kyl, a group -(C3-C6)cycloal kyl, an aryl group, a

gr oup

het er oar yl

het er ocycl oal kyl group optionally substituted with a group -(Cl- C) al kyl
with an aryl group; Wrepresents a grouf-(Cl-05)aikylerter optionally

group, a group -CH2-heteroaryi or a group -(Cl- C5)al kyl - NR5RS;
or form together with the nitrogen atomthat bears them a

substituted with one or 30 nore hydroxyl groups; and/or RS and R5
represent,

- (Cl1-05)al kYéﬁeébveCéﬁwlmdatOfeafsPrdﬁé' éonhbbuﬁécéﬁdﬂirﬂ'lﬁ tﬁ’) fﬂe?l'lrWeHlon or a

characterized in

or 2;

group - C(0) Rbharaiaceuticalipacddpiitbic exepisati d group R1 possibly being [ nked

i ndependently of each other, a hydrogen atomor a 72 group

2| & Bhipaceotioall aiosrine s & B b BT BaHN a3 B SCRBSPYP

to a carbon atomor a heteroatom the said aryl group advantageously
representing a phenyl group; 10 R3 and R4 represent, independently of each
a hydfbgenidaexmipieatsgrreuphosealac®)rdingyto, the pieoupceica ¢aycpotidae kyl |,

ot her,
an aryl

-(Cl-05)a _
gr oups berl thidesit-d het er oar yl

phenyl

10

15

20

25

30

35

grouge | (ﬁféj%?ﬂdn%%‘&% iofl, oY Rhe ?’sj%ah‘:‘e& @)?él{twkn‘ywr? td"Hd8e

group representing a

advant ageous y, the saird aryl

In the pharmaceutical compositions of the present invention for oral,
sublingual, subcutaneous, intramuscular, intravenous, topical, local,
intratracheal, intranasal, transdermal or rectal administration, the active
principle of formula (l) above, or the salt thereof, may be administered in unit
administration form, as a mixture with standard pharmaceutical excipients, to
man and animals for the prophylaxis or treatment of the above disorders or
diseases.

The appropriate unit administration forms include oral forms such as tablets,
soft or hard gel capsules, powders, granules and oral solutions or
suspensions, sublingual, buccal, intratracheal, infraocular, nasal and
inhalation administration forms, topical, transdermal, subcutaneous,
intramuscular or intravenous administration forms, rectal administration forms
and implants. For topical application, the compounds according to the
invention may be used in creams, gels, ointments or lotions.

By way of example, a unit administration form of a compound according to the
invention in tablet form may comprise the following components:

Compound according to the invention 50.0 mg
Mannitol 223.75 mg
Sodium croscarmellose 6.0 mg
Corn starch 15.0 mg
Hydroxypropylmethylcellulose 2.25mg
Magnesium stearate 3.0 mg

There may be particular cases in which higher or lower dosages are

appropriate; such dosages do not depart from the scope of the invention.

or

equal  to O, 1



group representing a pyridy/ group or a furyi group: or (ii) form together
with the nitrogen atomthat bears them a heterocycloal kyi group optionally
substituted with one or nore group(sy -(Cl-05)al kyl and/or aryl,

advant ageously, the 20 said heterocycl oal kyl group representing a piperidyl
group or a hexanethyl eneimno group and the said aryl group representing a
phenyl group; R5 represents a group -(Cf905)alkyl or a group
-(Cl-05)cycloalkyl; a mtar 25 OR6 represents a hydrogen atom or a group

(C1-05)al kyl ., 4. oynd of fornula,(l) according to Cajml1, ,

character i Ze@chrcﬁﬁ@?o HH u?‘éalé’(ﬁﬁgl%et Hgﬁb?saiq%{w lggppmpir@{%%@ch Baenty or
2; 30 a is egabtdrMifedby the dSciRRIRSRIRG 18 tBE MBde SHAUMIRisFARNP angHhE ) -
a group -N(R)- or a 73 heteroatom chosen from an oxygen atom an(r:i| a sul fur

atom R repeigidang wesgoose of (heisaigpalirpl., a group - (Cl- 05) al koxy, a group
- CH2-aryi, a group -C(0)R5 or a group -COOR5; Rl represents an oxo group,
a group COORS, a group -WOH or a group -WNR5R0; R2 represents a group
-502- NR3Rg; Alddoriitg B8 another of its aspects, the present invention also relates to a

method for treating the pathologies indicated above, which comprises the
administration, to patient, of an effective dose of a compound according to the
invention, or a pharmaceutically acceptable salt thereof.



represent, independently of each other, a hydrogen atom a group
-(C1-05)al kyl, a group -(C3-C6)cycl oal kyl, an aryl group, 10a heteroaiyl
group or a group -CH2-heteroaryl, or (ii)form together with the nitrogen
atomthat bears them a heterocycl oal kyl group; and R5 and R6 represent a
group -(C1l-05)al kyl, 5. Conmpound of formula (1) according to Caiml,
characterized in that nis equal to 1, 20 3 or 4, mEs equal to 0,1 or 2;
ois equal to 0 or 1; X represents a group -CH2-, a group -CH(R)-, a
group -N(R )- or a 20heteroatorn chosen from an oxygen atom and a suI fur
atom | T represents a group -(Cl-05)al GAIM& group - (C1-05)al koxy, a group
- CH2-aryl, a group -C(O0)R5 or a group -COORS; Rl represents an 0xo group;
R2 represents a hydrogen atom a group -(Cl-05)al kyl, a group -(Cl-
25C5) al koxy, 12 Caheptund@EBmuia (@F oup - NRSR6 or - C(0)-NRSR6; and RS and R6
represent, independently of each other, a hydrogen atom a group
-(C1-05)al kyl or a group 1C1-05)cyddc3 Ik T‘g gompound of formula (1)
0N

according to Claim1l, characterize t R r\%esents (1) a hydrogen
w{as)
R2

atom (ii) a group 4C1l-05)al ky(IR,1
o o7

a‘ gro

5 in which
nisequalto 0,1, 2, 3or4;
m is equal to 0, 1 or 2;
ois equaltoOor1;
X represents a group -CHz, —CH(R’)-, -N(R’)- or a heteroatom chosen from
10 an oxygen atom and a sulfur atom, it being understood that R’ represents a
group -(C1-C5h)alkyl, -(C1-C5)alkoxy, -CHz-aryl, -C(O)R5 or -COORS5 with R5
as defined below;
R1 represents an oxo group, a group -COORS, a group -W-OH or a group
-W-NR5R6, with W, R5 and R6 as defined below; and
15 R2 represents a hydrogen atom or a group chosen from (i) groups -(C1-
Cb)alkyl, (ii) groups -(C1-C5)alkoxy, (iii) groups -COORS5, (iv) groups -NR5R6,
(v) groups -C(O)-NR5R6, (vi) groups -SO,-NR3R4, (vii) heteroaryl groups
optionally substituted with a group -(C1-C5)alkyl, (viii) groups -W-aryl, (ix) *
groups -W-heteroaryl, (x) groups -O-W-aryl, (xi) groups -O-W-heferoaryl and
20  (xii) groups -O-W-NR5RG6, with W, R3, R4, R5 and R6 as defined below;
it being understood that:
R3 and R4,
(i) which may be identical or different, represent, independently of each
other, a hydrogen atom, a group -(C1-C5)alkyl, a group -(C3-
25 C6)cycloalkyl, an aryl group, a heteroaryl group, a group -CH,-heteroaryl,
a group -(C1-C5)alkyl-NR5R6, a group -W-OH or a group -W-NR5RG6; or
(i) form, together with the nitrogen atom that bears them, a
heterocycloalkyl group optionally substituted with one or more groups
chosen from groups -(C1-C5)alkyl and groups -CHa-aryl;



C5) al koxy, (iv) a group -COCRS, (v) a group -NRSR6, (vi) a group -C(0)- 74
NR5R6, (vii) a heteroaryl substituted with a group (CL C5) alkyl, (viii) a
group -OWaryl or (ix) a group -0-Whbeteroaryl. 7. Conpound of fornula (1)
according to Caim1l, characterized in that R2 represents a group

-902- NR3R4, 8, Conpound of formula (1) according to any one of Clains 'l to
7, characterized in that R2 is a substitudnt on the atomin the beta
position of pyridine, 10 9. Conpound of formula (1) according to any one of

d ai 1to 7, aracterized. i t R2 is.a substituent on the atomin the
gaﬁ;rgsposi ? i on Of "Dy PR &%@é&g&ﬁﬁ%uHBt'QﬂaﬁWoWﬁﬁt'QJtFﬁ)W%c%}edpﬁg“@@ any
one of the prr%e@typ?r&ly@;%d characterized in that it is: 9

-yl'sul'fo

245- (pi perictin-| rlyl)pyridin-2-A-1
, 2, 4,5, 6, 7- hexaRypdrred RE, iwltlelz onady badsentical or different, represent, independently

- - 245- (cpi i,dLn-1-vyisulf I idiri-2-yli-1,2,4,5,6,7-hexahydro3H
?i Hg;%ll = g rg&%'a%ﬁ&%ﬂ%tgl%@(ﬁﬁﬁn %?gm)orl)’yg group oosen frofh groups -(C1-?:%)alk¥l
?yl sul f onApy randi drodip¥ 13- CEISyoalky- hexahydr ocycl ohept af c] pyr azol - 3(2H) - one

N-et hyl - 6- ( 3Bie form of thedapersaimporaid-2editiodesal. - 2- y1) - N- phenyl pyri di ne3-s
ul f onam de;

6(5- benzyl-3-oxo0-1, 3, 4, 5, 6, 7- 1i exahydr o- 2H- pyrazol o[ 4, 3-c] pyri di n- 2-y1) - Net
hyl - N- phenyi @y iGampeurdt stiobaulzafl) d&sordihg to Claim 1, characterized in that
()2-(5-(R3R, 58) -3, 5-di et hyi pi peridin-1-yijsul fonyil pyridin-2-yl)-

1,2, 4,5, 6, 7- texatiyafvalde, ilndazsir43- one;

2- (4- met hexypyridi n- 2- ~1,2 4, 64etrahydro-3Hthieriof3/4-c]pyrazol 4. one;
2- (pyri di1 - 2-°yI -'f?%ﬁ??(é%?’& PEéyci rocycl opent a[ c] pyrazol - 3(2H) - one;

e oisequaltoOort;
o X represents a group -CH,-, —CH(R’)-, -N(R’)- or a heteroatom chosen
from an oxygen atom and a sulfur atom;
* R’ represents a group -(C1-C5)alkyl, a group -(C1-C5)alkoxy, a group -
15 CHa-aryl, a group -C(O)RS5 or a group -COORS5;
* R1 represents an oxo group, a group -COORS, a group -W-OH or a group
-W-NR5R6;
* R2 represents a hydrogen atom, a group -(C1-C5)alkyl, a group -(C1-
C5)alkoxy, a group -COORS5, a group -NR5R6, a group -C(O)-NR5R6 or a
20 group -SO2-NR3R4;
e R3and R4
(i) represent, independently of each other, a hydrogen atom, a
group -(C1-CS)alkyl, a group -(C3-C6)cycloalkyl, an aryl group,
a heteroaryl group, a group -CHy-heteroaryl or a group -(C1-
25 C5)alkyl-NR5R6; or
(i)  form, together with the nitrogen atom that bears them, a
heterocycloalkyl group optionally substituted with a group -(C1-
C5)alkyl or with an aryl group;
» W represents a group -(C1-C5)alkylene, optionally substituted with one or
30 more hydroxyl groups; and/or

* RS and R6 represent, independently of each other, a hydrogen atom or a



- benzyl - 2- (5- (R3R, 5S) - 3. 5-di net hyl pi peridin-1

i sul fonyll pyridin-2-yl)-

, 4,5, 6, 7- hexahydr o- 3H pyrazol o[ 4, 3-ci pyri di n- 3- one;

- (54R3R95S) - 3, 5-di net hyl pi peridin-1 itisulfonyl}pyridin-2-yl1)-6-nethyl1,
,4,5,6, 7-hexahydro-3Hindazol -3-one;

- (5-benzyl- 3-oxe-1, 3, 4,5, 6, 7- hexahydr o- ZB pyr azol o[ 4, 3-ci pyri di n-2-y1) -

N, N- di et hyl pyri di ne- 3- sul f onam de; 7c

N-et hyl-6-(3-o0xo0-1,3,4,5,6, 7,8, 9-octahydro-211-cycl ooci a[ ci pyrazol - 2-yl ) - Np
henyl pyri di ngr@usdCrldRa)dllice:;

N- et hyl- 6- ( 3- ox0- 4, 6-di hydro- 1H-t hi eno[ 3, 4-c] pyrazol -2(31-1)-y1) - Nphenyl pyr
i di ne- 3-sul fonam ci e;

6- (5- benzyl- 3: g¥n Mﬁoﬁnataf(w@mlﬁg%mm azeh£hbteBizEH Ry fHedi N- 2-y1) -

RN-ci i (propan-2-yOpyricline-3-sul fonarnrd

6- r net hoxy- 2o(pynu%|equallt@)0 112, BQMbtrahydr ocycl opent a[ c] pyrazol -3(2 one;

2- (pyri d|§1 2- y1) 1,4 6 f ﬁérot hi opyr ano[ 4, 3-c] pyrazol 4(21-1) - one;

N-et hy1- 62 (3° * ooy 4—:‘061 tq t t &hydr ot hi opyr ano[ 4, 3- ci pyr azol - 2( 3H) - A- Nphc- 3n
yl pyridi ne- 35sul §enagi,g8o 0:

N-et hyE- 6- ( 3- oxo- 3, 516, 74et’r ahydr ot hi opyranc[ 3, 2-c] pyrazol -2( 1H) -y1) - Noheny

I pKrl di ng 3- sul fRﬂaep«EentMN—mkcegmup,? gfbtfP(GDHg -6rydli &yrowp 1C(O)R5- or a

H4hi sn , 4- ridi nam de;

ol B T b RE e R bl A0S Foiest o saepatom or
Apyri di ne- 3- gé{érBé‘t%Yﬁ qﬁ? salca aryl ﬁ)ur? adva {aq_eous 4y represent‘%g dar Bh%wl rou%O[ 3 4

245- (pyrrolidin-1-yisul fony)pyr b-tetra
ci pyrazoi 3- ene; R3 and R4

Ncycl opropyl - 6- ( 3- xo46d|hd H t hi eno i pyrazol
0) )p/)yri (F:)I i ﬁg 3. Sl(ﬂ{ nani déepresen méepencﬁently[of eac% g%er a hydrogl_tle)n atom, a

6- ( 3- 0x0-4, 6-di hydro- 1I—|-tdpb§[§|g{r @ﬁcgtatp&% %aglg-rglggl-l) %¥é¢%§|§?%xagn aryl

y) pyri di ne- 3- sul f onam de; t - but 0Xx0-4
H-t hi eno[ 3, al- ci pyrazoi - 2rGHyy ppyeietpanB-grouporeargrdep -CHy-heteroaryl or a

N-(furan-2-ylmethyl)-6- (3gr8t)1(p(>) ?C? éjé)a}f(d Rlegﬁg"gg%n?fage&]sW t%e sai%i( glr_yl)l
15 group representing a phenyl group and the said heteroaryl
group representing a pyridyl group or a furyl group; or
(i) form, together with the nitrogen atom that bears them, a
heterocycloalkyl group optionally substituted with one or
more group(s) -(C1-C5)alkyl and/or aryl, advantageously, the
20 said heterocycloalkyl group representing a piperidyl group or
a hexamethyleneimino group and the said aryl group
representing a phenyl group;
o R5 represents a group -(C1-C5)alkyl or a group -(C1-C5)cycloalkyl;
and/or

25 e RG6 represents a hydrogen atom or a group (C1-C5)alkyl.

4. Compound of formula (l) according to Claim 1, characterized in that
e nisequalto1, 2, 3or4;
e misequalto0,1or2;
30 e oisequaltoOor1;

e X represents a group -CHo-, a group —CH(R’)-, a group -N(R’)- or a



Apyri di ne- 3- sul f onar ni de;

N-cycl operityi-6-(3-0x0-4, 6-di hydro-1Ht hi eno[ 3, 4-ci pyrazol -2(311) -
Apyri di ne- 3- sul f onar ni de;

N- net hyl- 6- ( 3- oxo- 4, 6- di hydro- 1H-t hi eno[ 3, 4-cl pyrazol -2(31H)-y1)- N
(pyridin-2-yl)pyridine-3-sul fonam de: 2-(pyridin-2-A-1

r2,4, 6-let rahydr o- 31- 14hi eno[ 3, 4- el pyraz@B- 3- one;

244- (di met hyl arni no) pyridin-2-y11-1, 2, 4, 64et r ahydr o- 3H4hi eno|[ 3, 4-

c] pyrazol - 3- one;

2-{54( 4- benzyl pi p@etedbatom ghpsen fromyan pyygen atarm anp-alsdfus sdaest r ahydr 041- 1-
t hi eno[ 3, 4-ci pyra

6- ( 3- 0X0- 4. 6- d|hy§$698r|9rsf3ﬁ tsed =Gl PR 27 g1ouy '(911;9@9(”&37% & rosp -

y) pyridi ne- 3-sul f [§€:a gréfip -C(O)R5 or a roug -COOR
N-et hy1-6-(3-o0xo0-1,4, 6, /-tetrahy ropyr ano ? c] pyr azol 2(3H) -y1) - Nphenyl py
ridi ne-3-sul fonarriRjereprssdmanan oxo group, a group COORS, a group -W-OH or a

2- (4-ethyl pyridin-2- hydr o- 41- 1-t hi eno[ 3, 4-ci pyrazol - 3-ol at e;
245- (azepan- 1-yi sgfqlé% §§§?&6n 2-A-1, 2,4, 6- tetrahydro 3H4hi eno[ 3, 4-

cl uyrazol - 3-one;  RROdMBAents a group -SO,-NR3
4- benzyl-2-{5-, [ et hyl pheny%lstﬁ? Fr?m Izpyr |n 2-yl}-5-0x0-4,5,6, 7-

t et rahydr o- 2H pyr &8chd R43- b]pyrldln s-ol at e;

N- net hyl- 6- ( 3- 4, 6-di hydro- 1Ht hi eno C ra 2(3 yl) - yridin-
2- ;r?rr?/et hyé)py?i(gi('?le 3ré FFSH%HPH%W@]EE'&E& BL%%‘PY‘ §1er a hydlr)ogen at g"ﬁ)

2-{ 54et hyl (phenyGsul fa 5 1}-3oa%d3d Baiks I
hexahydr o- 5H pyr azol ol 3 Op I‘Ig ?Fe@% @goéyl(ate;é)c% alkyl, an aryl group,

6- (5-acet§1- 3-oxo-1, 3, arfgtemyyi@raug@ra-gmupy% hdtefoérd: i pyri di n-2-y1)-Ne

t hyl - N- phenyl pyri ?.1 ne- ;Fosul fggee%

Iq]er With the nitrogen atom that bears them, a
heterocycloalkyl group; and

e R5 and R6 represent a group -(C1-C5)alkyl.

15 5. Compound of formula (I) according to Claim 1, characterized in that
e nisequalto1, 2, 3or4;
e misequalto0,1or2;
e oisequaltoQor1;
o X represents a group -CHz-, a group —CH(R’)-, a group -N(R’)- or a
20 heteroatom chosen from an oxygen atom and a sulfur atom;
e R’ represents a group -(C1-C5)alkyl, a group -(C1-C5)alkoxy, a group -
CHgz-aryl, a group -C(O)R5 or a group -COORS5;
e R1 represents an oxo group;
e R2 represents a hydrogen atom, a group -(C1-C5)alkyl, a group -(C1-
25 C5)alkoxy, a group -COORS5, a group -NR5R6 or -C(O)-NR5R6; and
¢ R5 and R6 represent, independently of each other, a hydrogen atom, a
group -(C1-C5)alkyl or a group -(C1-C5)cycloalkyl.

6. Compound of formula (I) according to Claim 1, characterized in that R2
30 represents (i) a hydrogen atom, (ii) a group -(C1-C5)alkyl, (iii) a group -(C1-
C5)alkoxy, (iv) a group -COORS5, (v) a group -NR5RS, (vi) a group -C(O)-



tert-butyl o

6- ( 3- 0x0- 4, 6-di hydro-111-t hi eno[ 3, 4-ci pyrazol - 2(3H) - yQpyri di ne- 3-

carboxyl ate: sodium

2- (4-met hyi pyridi n-2-y0-2, 6-di hydro-41-1-thieno[ 3, 4-cl pyrazol - 3- orate;

sodi um 2- (5-Rert-butyl (nmet hypsul f anoyl i py/ri di n-2-y1;

-2, 6-di hydr o- 4Ht hi eno[ 3, 4- qpyr azol - 3- ol at &; sodium .

2-{5-[tert-butylilethyl)sulfanoyl]pyridin-2-yl}-2,6-dihydro-4Ht hi eno[ 3, 4-el
razol - 3- ol o. S0di um . ,

2}’( 5-r net hyl m%@'r@ﬁi?/D?19£98WéPH9%F+th-eMF*hP¢G{8PB,-QQEQ@@&% (vVBD) a gioep

sodi um 245- (tenl:-Ayt ¥ ﬁ)g!’éJngUd W irdkdlodry! 1 - 2, 6-di tlydro-4H-thieno[3, 4-

sodi um

el .pyrazol - 3-o0l at €; _ _
2- (5- met hoxypyridi n-2-yl)-2, 6-di hydro-4H-t hi eno[ 3, 4- pi pyrazol - 3- | ate;

2': )r/reotjw: d?né%B%ﬁ%ﬁé‘f :QF ﬁrﬁﬁ)ﬁlég ¥ taerci:oeraf)r{g?’to4aajﬂﬁ¥r1ézc%f’azc é”r@édv iLr? tfl}legtp k2’ S

2-{5- I[ cgcj Fpﬁﬁmbé@%m?ﬂml BamoyRBRyy. i di n-2-01-2, 6-di hydro- 41Ht hi enol 3A-c] p
razol -3-ol ate; sodiu

)2/44- (pyridin-3-yl met hoxy) pyri di n-2-yil -2, 6-di hydro-4H-t hi eno[ 3, 4-

C razol - 3- gl ; h . .

3 TS0t hyl (pﬁéﬁ%ﬁﬁ"gﬁﬂﬁgn@;ff?@?'ﬁdi(ﬁ- 5eeqring. 40 ,aqY 0ne 40 Glaims 1 to 7,

hexahydr o- SHepgraatarizelddin3het R isdh RebBtitRNPOXYhat ftom &Y HOBER Pbsition of

6- ( 3- oxo0- 4, 6-di, h_(\gdr 0- 1H-t hi eno[ 3, 4- o] pyr azd- 2( 3H) - yhpyri di ne3- car boxyl at e;

2- et hyl pr opPVHE0E3- oxo- 4, 6- di hydr o- 1H-t hi eno[ 3, 4- c] pyrazol - 2(3fri)-

yOpyri di fyg- 3- car boxyl ate; 244-(propan-2-yl)pyrid _

in-2-yl11-1, 2, 4, 6-tetrahydro-3Hthieno[ 3, 4-e] pyrazol -3- one; sodium

245- (pr opan- 2: yGpypbdnd- af Yaim@la6{Ji bycrdingHtb hagnodRe 4ot Mgz o 3tpl At e;

nri et hyl . . . ] . "

2-1 54e¥hy| ( pRRAFCidireddndhat RY is aisybstituent go dhe aba i thesgaevnapgaitionof1- t hi

eri o[ 3, 4-c] pw@aﬁg_e- 4- car boxyl at e;

15 10. Compound of formula (I) according to any one of the preceding claims,
characterized in that it is:

o 2-[5-(piperidin-1-ylsulfonyl)pyridin-2-yl]-1,2,4,5,6,7-hexahydro-3H-indazol-
3-one;

* 6-methyl-2-[5-(piperidin-1-ylsulfonyl)pyridin-2-yl]-1,2,4,5,6,7-hexahydro-
3H-indazol-3-one;

* 2-[5-(piperidin-1-ylsuifonyl)pyridin-2-yl}-1,4,5,6,7,8-hexahydrocyclo-
hepta[c]pyrazol-3(2H)-one;

* N-ethyl-6-(3-0x0-1,3,4,5,6,7-hexahydro-2H-indazol-2-yl)-N-phenylpyridine-
3-sulfonamide;

* 6-(5-benzyl-3-ox0-1,3,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridin-2-yl)-N-
ethyl-N-phenylpyridine-3-sulfonamide;

¢ (£)2-(5-{[(3R,58)-3,5-dimethylpiperidin-1-yl]sulfonyl}pyridin-2-y1)-
1,2,4,5,6,7-hexahydro-3H-indazol-3-one;

* 2-(4-methoxypyridin-2-yl)-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-
one;

e 2-(pyridin-2-yl)-1,4,5,6-tetrahydrocyclopenta[c]pyrazol-3(2H)-one;

* (%)5-benzyl-2-(5-{[(3R,5S)-3,5-dimethylpiperidin-1-yl]sulfonyl}pyridin-2-yl)-
1,2,4,5,6,7-hexahydro-3H-pyrazolo[4,3-c]pyridin-3-one;

e (+)2-(5-{[(3R,58)-3,5-dimethylpiperidin-1-yl]sulfonyl}pyridin-2-yl)-6-methyl-
1,2,4,5,6,7-hexahydro-3H-indazol-3-one;

* 6-(5-benzyl-3-ox0-1,3,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridin-2-yl)-
N,N-diethylpyridine-3-sulfonamide;



propah-2-y1l 6-p-oxo-4, 6-di hydro-1H-t hi eno[ 3, 4- 0) pyrazoi - 2( 3H) -
yl ) pyri di ne- 3-car boxyi ate; sodi um
2- {54et hyl (phenyi ) sul fanoyi | pyri di n-2-y1}-6- et hoxy- 2, 4, 5, 6-
t et rahydrocycl opent a[ ci pyrazol - 3-ol at e;
N- et hyl - 6- ( 3- oxo- 3. 4, 5, 64et rahydr ocycl opent ai ci pyrazol -2(111)-y1) - Nphenyl py
ridi ne-3-sul fonam de; sodium 75
244- (pyridi n- 3-yl met hoxy) pyri di n-2-0] - 2, 6-di hydro-41- 1-t hi eno[ 3, 4-
c] pyrazol - 3-ol ate; 2, 2-di et hyl propyi " o)
6- (3- oxo- 4, 6-di hyq‘métﬁyﬂéﬂn 302313 ,4:5:6 7Y8,828ta 2H-cycloocta[c]pyrazol-2-yl)-N-
yQoyri di ne- 3- car b Fgmdm?élg &,ﬁo ’wg Qut yl-l%( g lelpy -
|

, 2, 4- di azol - n-2-0 -tetrah -1-
thi enof 3, '4a§] oy P a6 - e d|hydro e e omrasol- _2(3H)-yl)-N-

N-cycl opentyl - N-r rféTGrWlp%ld(f’B“»-&S@ﬂfnnaﬂHﬂ&;ydro 111- t hi ono[ 3, 4- c] pyr azol 2( 3H) -

yppyri di ne- 3- sulf _
N-cycl opent yl - N- e'?En gﬁ%,éj’ﬂ?;f’yép% -:73 gﬁﬁri o aécHy% rgpz)glr? d[o’cﬁ] r}da"z]o% 211 1
ridine-3-sul
?\I— Z?g?’opent yl - Ne( B- mﬁﬂhWZdeﬁlbfﬂrﬂ)ﬂA 3, Gotedrahyratiyiclogreats] oy a3 H 3
cl pyrazol - 2(31f fi ldngyyri di ne- 3- sul f onam de; 2, 2-di net hyl pr opyl
645- (net hyl sol fortyl)-3-o0xo0-1, 3, 4,5, 6, 7- hexahydr o- 2H
pyr azol o[ 4, 3- ci pyrd-thymidi-gil py ¢ 6lir retrahydrotioayyrahef4, 3-245434s 3 (2 BiHoyle: |
, 2. 4- oxadi azol -5-yi ) pyridi n-2-0]-112, 4, 6-t et rahydro- 3H f I
t hi eno[ 3, 4- c] pys az2@let3/1 B&-0skd-1 fsqcmh Qfothi rlof4 3¢ ! fyfQrmul a
(1) according to %P?Wrgvoze_ Ch al #5n dmt S( 0 Eépg{t"gg&"c gﬁ%ﬁ%’%@tmgl R
I ch

conmpound of formul I's1n e formof a compound of formula
(I'lia) or (1Vb)eomM-ettiy6-(3-oxo-3,5,6,7-tetrahydrothiopyrano[3,2-c]pyrazol-2(1H)-yl)-N-
phenylpyridine-3-sulfonamide;
* N,N-diethyl-6-(3-0x0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-
3-sulfonamide;
¢ N,N-dimethyl-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-sulfonamide;
o 2-[5-(pyrrolidin-1-ylsulfonyl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-
c]pyrazol-3-one;
* N-cyclopropyl-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-sulfonamide;
e 6-(3-ox0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-(propan-2-
yl)pyridine-3-sulfonamide;

e N-tert-butyl-6-(3-ox0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-
3-sulfonamide;

== .- N=(furan-2-ylmethyl)-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
Tee’ - "yl)pyridine-3-sulfonamide;

* N-cyclopentyl-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-sulfonamide;

e N-methyl-6-(3-ox0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-
(pyridin-2-yl)pyridine-3-sulfonamide;

e 2-(pyridin-2-yl)-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-one;

¢ 2-[4-(dimethylamino)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-
c]pyrazol-3-one;

o 2-{5-[(4-benzylpiperidin-1-yl)sulfonyllpyridin-2-yl}-1,2,4,6-tetrahydro-3H-
thieno[3,4-c]pyrazol-3-one;

e 6-(3-0x0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-(pyridin-2-
yl)pyridine-3-sulfonamide;



(ivt3) in which X, R, R2, n, mand are as defined in CQaim1l, and z
represents an al kyl group, is reacted with an organi c base, 12. Conpounds
of formulae (1va) and (1Vb) ----f-RI1\ )11'0 Lii Vv-"11(, RI )n
(1va) (MID) in which X Rl, R, n, mand a are as defined in daim1l, and z
represents an al kyl group. 13. Medicanment, characterized in that it
conprises a conpound of forrmula (1) accor/ding to any one of Clains 1 to 10,
or an addition salt of this conpound with a pharmaceutically acceptabl e add
of the compound of fornmula (1).

* N-ethyl-6-(3-ox0-1,4,6,7-tetrahydropyrano([4,3-c]pyrazol-2(3H)-yl)-N-

phenylpyridine-3-sulfonamide;

* sodium 2-(4-ethylpyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-olate;

* 2-[5-(azepan-1-ylsulfonyl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-
c]pyrazol-3-one;

* sodium 4-benzyl-2-{5-[ethyl(phenyl)sulfamoyl]pyridin-2-yl}-5-ox0-4,5,6,7-
tetrahydro-2H-pyrazolo[4,3-b]pyridin-3-olate;

* N-methyl-6-(3-oxo0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-
(pyridin-2-ylmethyl)pyridine-3-sulfonamide:;

o tert-butyl 2-{5-[ethyl(phenyl)sulfamoyl]pyridin-2-yI}-3-oxo0-1,2,3,4,6,7-~
hexahydro-5H-pyrazolo[4,3-c]pyridine-5-carboxylate;

* 6-(5-acetyl-3-oxo-1,3,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridin-2-yl)-N-
ethyl-N-phenylpyridine-3-sulfonamide;

* tert-butyl 6-(3-oxo0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-3-
carboxylate;

* sodium 2-(4-methylpyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-
olate;

* sodium 2-{5-[tert-butyl(methyl)sulfamoyl]pyridin-2-yl}-2,6-dihydro-4H-
thieno[3,4-c]pyrazol-3-olate;

* sodium 2-{5-[tert-butyl(ethyl)sulfamoyl]pyridin-2-yI}-2,6-dihydro-4H-
thieno[3,4-c]pyrazol-3-olate;

* sodium 2-(5-methylpyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-
olate;

* sodium 2-[5-(tert-butylcarbamoyl)pyridin-2-yl}-2,6-dihydro-4H-thieno[3,4-
c]pyrazol-3-olate;

¢ sodium 2-(5-methoxypyridin-2-yl)-2,6-dihydro-4H-thieno[3,4-c]pyrazol-3-
olate;

* N-methyl-6-(3-ox0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)-N-
(pyridin-4-yl)pyridine-3-sulfonamide;

 sodium 2-{5-[cyclopentyl(ethyl)sulfamoyl]pyridin-2-yI}-2,6-dihydro-4H-
thieno[3,4-c]pyrazol-3-olate;

* sodium 2-[4-(pyridin-3-ylmethoxy)pyridin-2-y1]-2,6-dihydro-4H-thieno[3,4-
c]pyrazol-3-olate;

e methyl 2-{5-[ethyl(phenyl)sulfamoyl]pyridin-2-yl}-3-ox0-1,2,3,4,6,7-
hexahydro-5H-pyrazolo[4,3-c]pyridine-5-carboxylate;

* cyclopentyl 6-(3-oxo0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-yl)pyridine-
3-carboxylate;

e 2-methylpropyl 6-(3-ox0-4,6-dihydro-1H-thieno[3,4-c]pyrazol-2(3H)-
yl)pyridine-3-carboxylate;

* 2-[4-(propan-2-yl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-thieno[3,4-c]pyrazol-3-
one;



79 pharmaceutically acceptable salt of this conpound, and al so at |east one
phar maceuti cal |l y accept abl e exci pi ent, 15. Use of a conpound of formula
(I') according to any one of Clainms 1 to 10, 5for the preparation of a

medi canent for the treatment/prophyl axis of cardi ovascul ar di seases. 16.
Use of a conpound of formula (I')- accordi n% to any one of Clainms 1 to 10,
for the preparation of a medicanent for Yhe treatnentiprophylaxis of 10

i schaem a of the |lower |inbs, cardiac insufficiency, coronary diseases of
ischaemic origin, for instance angina pectoris or nyocardial infarction,
arteriosclerosis, sodittkesSelorogarndeipyridin-2iyvii;2, fimuoardH-tlyipeoBehsimmazoid

any pat hol ogy causkdlaby, partial or total vascul ar occlusion. 17. Use of a

conpound of forpulges K lAaj s,

preparation of gurq!i_g‘j %g%%g é’%}@fﬁ s%ﬁéigfg_)&a Idr"(q):lp I x‘%@ gfégpat&%‘%gro'
renal diseases or 3’1’0 3 egenerative origin

ot herwi se, anaeti £roRAN-2-¥hédiScarrsf6-¢ WGWIQ@[@ACQPVFGZQ{-Z&H)-M agent s
for shortening thé/I pwﬂfﬂm@ﬁ’eﬁaﬁhowlaé@nval escence period, or a nedicanent for

20 treating gener abdfuah RgBe{ettpnghhiehphsulfpho dMaRiyYes hatheRADCARENt  Used
for the purpose ofte@m)@rgfye’g[go@ gy%a%_gg%ygxt oTy“aut otrgﬁgf usi ons

cur gary.or heast EelAB %qéb,»f P'é%jéé B RBPoSHEGp B R B cunar of

formula (1) accor(ﬁ)hﬁ yll% ms 1 to 10, for the preparation of
a medi canent fof tsﬁdlum adt Mtl¢lpr%wh‘wt’mm)pdfldma2-d|]6236ﬁhh)ghfo+%h&llaho[3 4-

di seases of ischaelpirazar3-glate;vi a regenerative nedici ne using stemcells.

30 19, Conbi nat QLY K f
Glaimk 110 10 w o} %'rﬁi‘g%@@ww%e PR R e Pt

5020, ConiTor mo{e t% ol &H% d' aGeePer bRl AT Reagad e
{ene3 G

conpl ement ati on o PP®1- al pha protein in the nuclei of

cells, preferabiy Nﬂléyc|§9éﬂlt§|—N%bmy|-Br(gaéxdw BBy R FHABIND W ABSoR"
mor eof the test 2(3H)-yl)pyridine-3-sulfonamide;

e N-cyclopentyl-N-ethyl-6-(3-ox0-3,4,5,6-tetrahydrocyclopenta[c]pyrazol-
2(1H)-yl)pyridine-3-sulfonamide;

* N-cyclopentyl-N-(2,3-dihydroxypropyl)-6-(3-oxo-4,6-dihydro-1H-thieno[3,4-
c]pyrazol-2(3H)-yl)pyridine-3-sulfonamide;

e 2,2-dimethylpropyl 6-[5-(methylsulfonyl)-3-oxo-1,3,4,5,6,7-hexahydro-2H-
pyrazolo[4,3-c]pyridin-2-yl]pyridine-3-carboxylate;

o 2-[5~(3-tert-butyl-1,2,4-oxadiazol-5-yl)pyridin-2-yl]-1,2,4,6-tetrahydro-3H-
thieno[3,4-c]pyrazol-3-one.

11. Process for preparing a compound of formula () according to any one of
Claims 1 to 10, characterized in that a compound of formula (IV), which is in
the form of a compound of formula (IVa) or (IVb) or both:



5conpounds, which consists in: (a) inoculating the said cells in a suitable
culture nedium (b) adding the test conpound(s) at a suitable concentration
in a suitable solvent to the cells previously inoculated ian-the said
cul ture nmedi um (c) incubating the said cells thus prepared in an
i ncubat or at about 37C, 10advantageously for about 6 hours; (d) lysing the
cells with a iysis buffer containing a chénilum nescent substrate for
bet a- gai act osi dase; (e) incubating in the absence of |ight before reading
and neasuring the |um nescence, which is a function of the
bet a- gal act osi dase activity. 21. Test accordlq the \precedi ng cl aim

sen fromthe

(Ilva) (IVb)
in which X, R1, R2, n, m and are as defined in Claim 1, and z represents an
alkyl group,
is reacted with an organic base.
5
12. Compounds of formulae (IVa) and (IVb)
( )*X %«/Lm
O%( n g n
/
/O N
B “NH
=N = !N
L/ N
Ro R2
(Iva) (IVb)
in which X, R1, R2, n, m and o are as defined in Claim 1, and z represents an
alkyl group.
10

13. Medicament, characterized in that it comprises a compound of formula (1)
according to any one of Claims 1 to 10, or an addition salt of this compound
with a pharmaceutically acceptable acid of the compound of formula (1).

15 14. Pharmaceutical composition, characterized in that it comprises a

compound of formula (I) according to any one of Claims 1 to 10, or a



10

15

20

25

30

79

pharmaceutically acceptable salt of this compound, and also at least one

pharmaceutically acceptable excipient.

15. Use of a compound of formula (I) according to any one of Claims 1 to 10,
for the preparation of a medicament for the treatment/prophylaxis of

cardiovascular diseases.

16. Use of a compound of formula (1) according to any one of Claims 1 to 10,
for the preparation of a medicament for the treatment/prophylaxis of
ischaemia of the lower limbs, cardiac insufficiency, coronary diseases of
ischaemic origin, for instance angina pectoris or myocardial infarction,
arteriosclerosis, strokes of ischaemic origin, pulmonary hypertension and any

pathology caused by partial or total vascular occlusion.

17. Use of a compound of formula (I) according to any one of Claims 1 to 10,
for the preparation of a medicament for the treatment/prophylaxis of
glaucoma, renal diseases or cerebral diseases of neurodegenerative origin or
otherwise, anaemia, or a medicament for promoting cicatrization, or agents
for shortening the post-operative convalescence period, or a medicament for
treating general fatigue conditions, or alternatively a medicament used for the
purpose of obtaining blood in the context of autotransfusions necessary
following major surgical interventions such as cranial or chest surgery, or

heart, carotid or aortic operations.

18. Use of a compound of formula (I) according to any one of Claims 1 to 10,
for the preparation of a medicament for the treatment/prophylaxis of cardiac
or peripheral diseases of ischaemic origin via regenerative medicine using

stem cells.

19. Combination of a compound of formula (I) according to any one of Claims
1 to 10 with one or more active compound(s) that is (are) useful in the
treatment of hypertension, cardiac insufficiency, diabetes and anaemia.



80

20. Uniform test for the direct measurement by beta-galactosidase
complementation of the amount of HIF1-alpha protein in the nuclei of cells,
preferably HEK cells, after treating the said cells with one or more of the test
5 compounds, which consists in:
(a) inoculating the said cells in a suitable culture medium:
(b) adding the test compound(s) at a suitable concentration in a suitable
solvent to the cells previously inoculated in the said culture medium;
(c) incubating the said cells thus prepared in an incubator at about 37°C,
10 advantageously for about 6 hours;
(d) lysing the cells with a lysis buffer containing a chemiluminescent
substrate for beta-galactosidase;
(e) incubating in the absence of light before reading and measuring the
luminescence, which is a function of the beta-galactosidase activity.
15
21. Test according to the preceding claim, characterized in that the test
compound(s) is (are) chosen from the compounds according to any one of
Claims 1 to 10.



