WO 2010/ 133794PCT/ FR2010/ 050948 1 ANTI - CANCER COVPOUND AND PHARMACEUTI CAL
COVPOSI TI ON CONTAI NI NG THE SAME The present invention relates to the
conmpound of forrmula (I): OE[(l) and to the pharnaceutical conposition
conprising it. This conmpound is preferably the | evogyratory conpound (la).
Thi s conmpounWw@2mohe37sed as an anti-cancer ingredient. The S5ipaorentioososabsao
relates to a process for preparing the cotpound (1) or (la) and also to
sonme of the internediates in said process. [Technical problen A nunber of
cancer treat VP OLIIND AiNeRH AR Mi ] QOMIPOATION GONYARING

ki nases, 10 particularly Aurora A and xgh are involved in the
regulation of mtosis; in this regard,ﬁge%\%ture Revi ews 2004, 4, 927-936;
Cancer Res. 2002, 94, 1320; Oncogene 2002, 21, 6175; Mol .Cell.Biol 2009,
29(4), 1059- 18/ dresdrx PREticRPéIBtes TBE comBd PR T0RRAR (1):15(9) , 1169-1182;
Cin.Cancer Res. 2008, 14(6), 1639. 15Sonme Aurora I nhibitor conpounds (for
exanpl e, M.N-8237 from M I Il ennium AZD 11rom Astra-Zeneca or SNS-314

from Sunesis) are presently under eval uat inclinical trials. MN 8237
is selective for Aurora A while AZD- 1152 i$ sglective for Aurora B. Since
bot h ki nases, Aurora A and B, are deregul at in cancer, inhibiting both
Aurora A and B provides an advantage relativg to selective inhibition of
one ki nase or the other. Moreover, 20 ki nase conpounds are in

exi stence, such as the conpound AT-9283~§f#0m Astex, which inhibit a nunber
of kinases, including Aurora A and B. For thils type of conpound it is
difficult to predict that the inhiQiyTon of” the Aurora kinases m ght
actually be exploited clinically, siheelthe_inhibition of kinases other
than Aurora A and Bis likely to g} rifle to side effects. One technical
probl em the invention intends to solvg.is therefore that of 25devel oping a

conpound which is a potent and sel ective inhibi tbr of Aurora A and B. WD
2010/ 133794 REH ©6RA6 kA4 BaR cdihpositiodl dcenpiisiag 80 Thibecdhand o bRYBHRSRe

enzynme PDE3 pl | or n the signalling, nmediated by the cyclic
nucl eot i des I(B:\ﬁ%&%éoﬁﬂ%nﬁ raqrgi 11{15k° DPGINg G By L{S%%aﬁg%eg}[-%agc%&mqrﬁgleg%m h
cardi ac &nd iveantion also miates tosa probessiformréparing theofonfPDEXd Byorshirkhd aebecsdres has

5 an i not r opis¢hARErNaRQdL r ion, which may prove to be useful on a
short-term basis for tﬁe tn%égtﬁr{r%%gg'of certain cardi omyopathies in which
defects in cardiac contraction are a feature. It has been shown, however,
that the | ongeéiiidal ppébith) t hese nol ecul es increases nortality anong this
type of patient. Furthernore, the use of PDE3 inhibitors in patients who do
not present "fﬁF@b‘frfﬁéaB‘Fer6@?%”&@%te%%ﬁreﬁm§%?t BRPEing fhiectitrem-tnye kianwsr
may gi veol0 prart&ﬁlatlpAumn@mm B fuheshl e @voRad M e rédWEBALF hltodisd irL i_?ﬁs_r .%5%{823
important, in t cant ext a - cancer _t ,, ot to inhibit :
In this regasreg,Naztgg%gﬁf”fﬁlghé’lpn\?g@tg.&%r §e’2%?)32?6€22?64'1 729: 98egen¢ #fidhidlor s
of PDE3 as d&lj7tintbol C&eBiap\20bdr2944) avse-10at dERserOppnhher. Bitontdi2ans, 15(9),
suppl enent s 2.4 (SUppl e t - "What 1s wong with positive
i notropic drﬁggg"ﬁ%g@é’ﬂ%”?%%&%P‘igl’ gﬁige and clinical trials". Another
techni cal problem 15the invention intends to solve is that the Aurora A and
B i nhi bitor gonpaun ) aTlY! E NI 3. bt 1s al
i nportant that tﬁe gan?1 hiﬁ’ﬁ:t%rn‘g’g‘ﬁp":”ﬁgér Q!&rlt %}nat%%ﬁehra@'en %ﬂ;\@%tl\gh%]nu ' '"|1I1?2ty
(see from Astra-Zeneca or SNS-314 from Sunesis) are presently under evaluation in clinical

trials. MLN-8237 is selective for Aurora A while AZD-1152 is selective for Aurora B. Since

both kinases, Aurora A and B, are deregulated in cancer, inhibiting both Aurora A and B

provides an advantage relative to selective inhibition of one kinase or the other. Mareover,
20 multikinase compounds are in existence, such as the compound AT-9283 from Astex,
which inhibit a number of kinases, including Aurora A and B. For this type of compound it
is difficult to predict that the inhibition of the Aurora kinases might actually be exploited
clinically, since the inhibition of kinases other than Aurora A and B is likely to give rise to
side effects. One technical problem the invention intends to solve is therefore that of

25  developing a compound which is a potent and selective inhibitor of Aurora A and B.



section 10.2.2 of "Chime pharmaceutique” G L.Patrick, De Boeck, published
2003, |ISBN = 20 2-7445-0154-9). The reason is that the inadequacy of the
phar macoki neti cs of pharmaceutical compounds is one of the prinmary reasons
for failure in their devel opnent (Curr. Pharm 2005,1 1, 3545 "Wy drugs
fail-a studywen@ids7ed fects in new chemcal entities"). Mre@CarERI0DE050948
nmetabolismis often a major determ nant of clearance, of drug interactions,
of intra-individual variability in pharmacokinetics, and of clinical
efficacy and 25 toxicity (Curr.Drug Metab. 2004, 5(5), 443-462 " Human

hepat ocyt es b BiidRlckeofidd ;%Hbrs h dfé%?er&%%‘iﬁcée BpER Fa?r&b pgﬁ%gth Qﬁ%hq

in man"). Anothér technica nt|o 'nten sto so
t he Aurora Angigtes by s bsrcﬂ'@)ﬂu@wﬁ@mﬂl\ﬂswmc%ﬂ@t fakps QHC%H‘eWﬁd&YOCaﬁﬁé of

net abol i ¢ st@bishiobih: cadfdd i dOFasdlld] mBicRRr Gﬁé\'ﬁﬁlb%ﬁm F|1I§E1§ by gﬂgli?moﬂe%ules has
1481- 1484 descri bes in tabl t he cgnBoun whi ch _has a different
%6‘2122‘0%‘3

tricycliC st¥FuBPHYRIC 2R appe é'gaycfifﬁ’ﬁf'o'[?nt?fsuer‘?gi}loﬁé’ ogrieie Pasis
tricyclic Stfoutn‘eureetméiﬁoﬁ@r@ﬁﬂcéb;r@@ﬁﬁﬁﬁ}tm&ﬁﬁwhlwﬁefd&& 1ﬁ@ﬂfﬂﬁula;dntﬁi>ﬂat9 aﬂa‘a
formula (a) 10/ 133794PCT/ FR20 0 an r ece

naving . d £ PRLE T BR PO IS PPHEELeet B PR Moloa ™ FRee ESIRSURR ITHREE® not

i ncl ude a phweasdlity amongthizstype of patiebly Fukbergocuphe GdeMRDES dhibddngl in atatiedie t op

of the tricyghd g %Qg?%mﬂhﬁ‘{@y?r | g& ﬁ&@gﬁ/ Qéétza”é;?é%@ﬁﬁra'ﬁ &8d B{'Eé?c%f‘qﬁ&%wﬁ

conpounds havi ng rent I cstructu
CH2)n 1ORs rise to unwanted effects on cardiac rhythm. It is therefore |mportant in the context of an

anti-cancer therapy, not to inhibit PDE3. In this regard, see Exp.Opin.invest.drugs 2002,
11, 1529-1536 “Inhibitors of PDE3 as adjunct therapy for dilated cardiomyopathy™; Eur.
Heart J. supplements 2002, 4(supplement D), D43-D49 "What is wrong with positive
inotropic drugs? Lessons from basic science and clinical trials”. Another technical problem

15 the invention intends to solve is that the Aurora A and B inhibitor compound shall not
inhibit the enzyme PDES3.

It is also important that the anti-cancer ingredient presenis a metabolic stability (see
section 10.2.2 of "Chimie pharmaceutique” G.L.Patrick, De Boeck, published 2003, ISBN =
20 2-7445-0154-9). The reason is that the inadequacy of the pharmacokinetics of
pharmaceutical compounds is one of the primary reasons for failure in their development
(Curr. Pharm. 2005,17, 3545 “Why drugs fail—a study on side effects in new chemical
entities”). Moreover, the metabolism is often a major determinant of clearance, of drug
interactions, of intra-individual variability in pharmacokinetics, and of clinical efficacy and
25  toxicity (Curr.Drug Metab. 2004, 5(5), 443—462 “"Human hepatocytes in primary culture: the
choice to investigate drug metabolism in man”). Another technical problem the invention
intends to solve is that the Aurora A and B inhibitor compound shall exhibit high chemical

and metabalic stability.

30 [Prior art]
Bioorg.Med.Chem.Lett. 2002, 712, 1481-1484 describes in table Il the compound 6A,

which has a different tricyclic structure.

WO 01/36422 describes compounds having a different tricyclic structure.
35
WO 2004/005323 describes the compound E5A29 of formula (a):



N RZARS 3 (b) i nwhi chRi t mayr epresent asubstituted

phenyl group. Substituti onbythe -0- 10benzi m dazolyl group is neither

descri bed nor suggested. WD 20071012972 and EP 1746097 descri be anti-cancer
conpounds of fornmula (c) R20 HNyl ' 157(c') R2 represents a substituted
aryl or het ewoaoyd/ 137sup, X represents N or CR7, R5 and R6 mayCi@mH2010/050948
represent H or CH3. No exanple in WO 2007/ 012972 contains the group WO
2010/ 133794PCT/ FR2010/ 050948 4 whi ch characteri zes the conmpound of formula
(0. Moreover, anong the conmpounds resol vedsWD 2007/ 012972 teaches that it
is dextrogyratory conpounds which are th st active on Aurora A or B (cf.
ex. 119 and 120 in the table on page 147). {[Bri ef, descri ption of the

i nvention]

MG

HaC H

(a)
as an EPO receptor having a different tricyclic structure. Furthermare, the compound does
not include a phenyl ring substituted by the group —O-benzimidazolyl at the top of the

fricyclic ring system.

WO 2005/016245 describes anti-cancer compounds having a different tricyclic structure, of

formula (b):

N\/ CHRz)n
| R
R, R °

(b)
in which R4y may represent a substituted phenyl group. Substitution by the -O-

10  benzimidazolyl group is neither described nor suggested.

WO 2007/012972 and EP 1746097 describe anti-cancer compounds of formula (c)

and, in one embodiment, of the formula (c’):
R, 0

T
"N — CR.R
ﬁ 5 "6
15 R, (c)
R, represents a substituted aryl or heteroaryl group, X represents N or CR;, Rs and R;

may both represent H or CH;. No example in WO 2007/012972 contains the group



10The invention relates to the conpound of formula (1): CEt(l) nore
particularly in its levogyratory form (la), particularly that exhibiting
the optical rotation [a]D= -38.60.7 at a concentration of 0.698 ng/m in
met hanol . The conpound may exist in the formof a base or an addition salt
with an aci dwopat®/iismdar|ly a pharmaceutically 15accept abl e acPdr/FR10E/050948
conpound is a selective inhibitor of Aurdgra A and B kinases. It can be used
as an anti-cancer ingredient. The invention also relates to a

phar maceut i cal corrpos' ron conprising the conpound and at | east one

phar maceut i cakdy @ e excipient, and to the nedicament conprising the
20conpound. 2010E{ 94PCT/ FR2010/ 050948 5 The invention also rel ates
to the proces~ or preparing the conpound, conprising: reacting together

the three conpounds bel ow, »E’ﬁ%cﬂéﬂé%dt&&e@th@rc%%&dd/&f&}ﬁn‘aléR Jfr@&eH«B’r Hhbng
function of the benzi nm dazol e ve the conpound eprotecting the

NH functi on 6% CHEPATAF despbed, Wpoz‘bQT\’ng?T*?ete@@?PﬁdﬂﬂHt @rdqxsewtaW(qOJﬂpoumre
appropri at e, whigdratieNgodt Betive@MQQYFra A B (€0 BRMINENd LOTH teltRAE bh pAgdEiMEEN
the three conpounds is carried out in an alcohol at reflux, particularly
1-butanol. The follow ng internediates also form part of the i nvention: , PG
O HN . BG nu@ (26562738 dearidbigslcempbiirels @f faapula B[ Descri ption of the invention]
The invention relates to the conpoundﬂpf formula (1): (1)

2z 1
R VR
e
8 >y~ TN TR°
H (d)

in which R4 and Rs may optionally form a 5- or 6-membered ring.

[Brief description of the invention]

10  The invention relates to the compound of formula (1);

“,

N

J”
0]
S
HN ‘
—

o N
OEt 0!
more particularly in its levogyratory form (la), particularly that exhibiting the optical rotation
[o]n= -38.620.7 at a conceniration of 0.688 mg/ml in methanol. The compound may exist in
the form of a base or an addifion salt with an acid, particularly a pharmaceutically
15 acceptable acid. This compound is a selective inhibitor of Aurora A and B kinases. It can

be used as an anti-cancer ingredient.

The invention also relates to a pharmaceutical composition comprising the compound and
at least one pharmaceutically acceptable excipient, and to the medicament comprising the

20 compound.



WO 2010/ 133794PCT/ FR2010/ 050948 6 Thi s conpound may exist in a racemc form
or inthe formof the two | evogyratory (la) and dextrogyratory (I|b)
enantioners. The | evogyratory conpound (la) has a selective inhibitory
activity on Aurora A and B kinases which is nuch greater than that of the
dext r ogyr at owy mna@ntsrener (|1 b). The | evogyratory conpound (| apCaiFRR0TIASIBIB
anti-proliferative activity which is greaer than that of the
dextrogyratory enantiomer (Ib) (see Table |I). The three conpounds (1), (la)
and (I b) mayTrexnghtiomalsdieldtes tntref pracdsa e poapadny the dompamdsalntprisihgan aci d.

Th It i . | h - id
e Sl L 1o 9 4a A0EURLY R BRESHLD 8o RESHY PRI B GERL PR o
| SBN- 13: 978- NBdogsgnoie bergBndazple 3906390268), al t hough the salt of any

other type of acid, which may be usedy for exanple, for a purification or
i sol ation step, also fornms paris m&ol nyent |oon T:hn; corrpounds (1) and

- (la) may be used as anti -ca@z di enti{a}/’ arl ng a nedi canent
for treating a cancer. The ¢ céf is nore ticu Na a cancer in which

Aurora A and/or B kinase(s) arel/is invol ved The corrpounds (1), (la) and

(I'b) are obtained according to Schene | GQ]W °a (I') Schenme | step 1: the
NH function of a 2-hal o-benzi m dazol e ( @or Cl) is protected using a
protective group PG to give Al. PG X reg ents a reagent which introduces

the WD 2010/ 133794PCT/ FR2010/ 050948 Mg ctive group PG PG may be, nore
particul arly, dihydropyran ( ) and, =4on tthat case, PG X represents

3, 4-di hydro- 2H; p 2: Al is reacted with 3-fornyl-phenol in the
presence of a %@B?%@ﬂ'ﬂe "the correspondi ng phenolate ion, to give Bl.
The base may bdepmtealiigshé Nhiguradtiomgtirendieidezole hto give SiNatemfoond ekfarmilia (1), The
reaction is cg such as DMF; step 3: B1,
3-am no- 2- et ho%cb:%?aﬁgwp Iét}%r'% ggﬁ%%%@ét&!?%éﬁg‘tﬁed. one are reacted with
one anot her, for exanple in an al cohol (e.g. 1l-butanol) at reflux, to give

a; 3bep the tdRiMMbbMRERT BB tﬂfee%odwﬁonﬂ@@ﬁ@tc%ﬁfe@d@utt @ oh VdcdnBe a%:qem&und
(1). The deprotection conditions are dependent on the nature of PG For

exanpl e, whehatiqEry dpvEseh ke PeiiRg H‘F%’ﬁ’??'é"ﬁs algo fariey chthednyestieied: step 5:

using, for exanple, a chiral chromat ogr&p:hy, the two enantioners (I a) and

(I'b) are isol ated. n For eac steps 1- reference nmay be nmade to
the specific con%icti descri be » o e 1.
PG HN
N
gooc H

. PG may be, for example, the group
£

15  [Description of the invention]

The invention relates to the compound of formula (1):

Y,

Nz~
(J”
O
—3
HN .
—_—

N
o H
OEt (|)



[ Exanpl es] Anal ytical methods Method LC/ MS-A 20The products for anal ysis
are separated on an Acquity Beh C18 UPLC colum, 1.7 pm 2. 1x50 mm (Waters)
thernostated at 70C and eluted at a flowrate of 1 m/mn with a gradient
fromacetonitrile containing 0.1% form c acid (solvent B) into water

cont ai ni ng OVORM@EINE aci d (sol vent A); elution programene: PCEFR2AL0/050948
stage at 5% of solvent B for 0.15 min, grfadient from5%to 100% of sol vent
Bin 3.15 mn then return to the initial 25 conditions over 0.1 mn. The
product s ar elifesarerasad By grisiie gueesmiPfymdir ddte dermegf toiwg levagsratary dr) and
(Vaters, wavglgoghdtor ABYEnsfBMBRIThE ResHiod BbmpSurdh§ ¥ad2 stibailk n‘ﬁﬁlﬂfo r| ng

detector (Sedere, nebulizin as: nitrogen, nebulizing tenperature:

nebul i zi ng REYE AN YO HaRY B SSﬁW}lGatﬁ mjchseysater dendprtaf lﬂlﬂ’r‘i‘;ﬁ)‘é'Pgl(Werr s,
Ope; at gggNLtnsr@aﬁaLrtérvmo)amﬂe nwggtrgaowggggog&m/ & ags'lﬁalg@s S M0 Tnfe%t.vteoact&@@

amu) . ad . - e spectra were
obt ai ned on VQ"&HP@F%@%B@&%P A SPriRgERory AN gm?r(%? 3'7 &regati ve

el ectrospray ionization node (ES+/-), under the follow ng I iquid

chr omat ogr a L :

Tcoi um: 50C; ftﬁ%\?v%?@k) %&%_SL uﬁd,ax]% ('é\)(ﬁ%;, nxt'St%ﬁE %—l%'(?}(a é %}fa&'rarﬁg(dgmam?f
CH3CN (0. 1%dnoaa. ¢ heealtiy adgﬂf@ﬁﬂeeuﬁly prepared pith 8 whemnB5 el aqqtema!sempni (seks 2
mn: 100% B;p, éta%ﬁ @Wbrﬂﬂgﬁ%l-%ndﬂ)ocgé ofn F'shaltsrr{%(%utléa'ﬁ é!h@ W%ysﬁﬁcqé ?)IVé&i

recorded on a product being diSso

Br uk

The chemi ca|39§ﬁ?9q2§0 518§Ne10e>?896§§9%%{3 wttﬁﬁm tt@osa'tF@fmé qther treeef @%dtm@tm is
recorded on maNbealsed, eXNsmBIBEf 0 PBifREtionOSr Rolklln BB CalsiMibihsapa@SPlng | ON
of 2 cm1. 15Measurenent of the optical rotation The optical rotations
were recor déﬂveé‘ﬁorb Perki n-El ner 341 polarinmeter. Elenental analysis The

el enental anal yses were made on a Therno EM 108 anal yser 20 Measurenent of
the activit n o it h the kinase activity
of the enzyyng]%l s%ﬁﬁ%a@ %Qg“%n%% E)?l%ggtaﬁ’ ahti anééar? Agr?(l'%rg%é)r iy 2?"'ngoaf t he
enzyne in th@ecma@whf@etrgﬁtindiafdaemﬁntha:@ng@nt rnateu uaﬁs:uaﬂytamncteestwimdnrﬁm@mj
(general ly fAQﬁH/Qr‘EiLIZInés%(s} reQQQwEIV% A dose-response curve is produced,

whi ch 25 allows an 0% 1 n itory concentration) to be determ ned.
The ki nase ad¥ispnmpyuids ('r)re(@Qﬁ‘éﬂbb%feab‘ia&'@ﬂ@8%‘?'%’[%%@‘&91%@9[0% anount of

radi oacti ve phosphate (33P) incor por at ed into a fragment of the pratein

NuMA (Nucl ear m Apparat aft r 30 mnutes @ -«- patj on at
37C. The test und Ismphir l\SSO i TLEr2ent ons in
di met hyl sul phoxi d& (DVMSO). Reagtifn tak | ace in the |BG
U°
NH step 3

q—\g\cooa

H

Rua @
(1a) + (ib) N _-— HN
step 5 step 4

E100C
EtOOC

Scheme |
step 1: the NH function of a 2-halo-benzimidazole (Hal= Br or Cl) is protected using a

protective group PG, to give A1, PG-X represents a reagent which introduces the



30 FlashPlate mcrotiter plate (N ckel Chelate FlashPl ate-96, PerkinEl nmer).
Each well (100 pl) contains 10 nM Aurora A, 500 nM NuMA, 1 pM ATP and 0.2
pC ATP-7-33P in a buffer of 50 mM Tris-HC, pH=7.5; 10 nM MyCl2; 50 niM
NaCl, 1 mMdithiothreitol. The final percentage of DMSOis 3% After
honogeni zat | Bi© 10433764 i ng, the plate is incubated at 37C f or pB®/FR20UI/E59948
The contents of the wells are then renovedd and the wells are washed 35with
PBS buffer. The radioactivity is then nmeasured using a TRI LUX 1450

M crobeta counter (WALLAC). In each plate, there are eight ntrol wells:
four positive controls WD 2010/ 133794PCT/ FR2010/ 050948 9% ( mgxi num ki nase
activity), for which neasurenent is nmade in the presence oenzyrre and
substrat e angtotedtiieh@o@dBENRE Ry 160 MRS Pariefiardyh Binldrysysd o, dy 5 Qi that
negative controls (background) for which neasurenent is rrade |n t he absence
of enzyme, substrate and test conpound. Th asurenents are given in Table
. 5 Aurora A The reconbi nant human enzyne Vurora A used is expressed in
entire formadsehP@Xyepipserits 3 tidthyde-2Hagyram( N-Per)r:n' nal position and is
produced in I ta i 115 uman

or ot ei n Nu ge GZOA1 [s'AYe%Etggir{;ﬁ{ﬂ (‘cﬁ@{%eﬁ& ﬂéh Qerﬁeﬂac-r\ % E: SII)? OHFOGU%IHQ the
10expr essed qweﬁ@rzf@mﬁlmamﬂlate inptoi giverB1. (ﬂJB basgfmavbaaBalkaiceetp! idade stch &
human enzy MenAWITeF daRpleSTIOBERIA TS &Y dlhind EJIQ'%%E sQlert Q@WFW otein

I ncenp (aa 821-918) in a bacul ovirus systemand I's expressed 1 n inSect
celI's. Auror$ieB3hid dgmiopsptionrappryinyEcleand h3rydaenanesionp ese reasted Wi | e

the | ncenp férRgmeiier, FISI@HBIEH & éﬂ:woa(fem Qn@n&oﬂa@mbﬁﬁ@gﬁe €$ST) tag in

N-term nal pgsi rma conpl ex wh is called Aurora
1 ncenp. . A RS BRNH Uetas or s efiBtectRal o i T BreGTEP NIV A E RO cton
pol y- Hi sti dicvedtiag kre G‘emeendamtn@d thi0 Satured B IPS. EXPr ©RERE, iwhere FBTHEFaSENtd Or M

in E cq I| g sed S substrate. 20 Measur enment of the cell
pr ol | feratl Odgmcio&y 4 %ntgt% aC' cel't®Tine HeLa - ref.: ATCC CCL-2 and HCT116

ref.: ATCC (ﬁi&@:@)ngafoeemﬂ!@cﬁtMawmchmatb@fam'sthedwmoanrmbnfem{Ieeaaddqm)sare with
14Ct hym di ng,adged during the last 24 hours. The cell proliferation is
estimated by the anount of 14C-thym di ne incorporated in 25the cells. The
test conpound is dissolved to forma stock solution at 10 mMin DVMSO and

this stock sruacRnfistepysiesl bRrdNce JHEELE niABAS 19d sﬁ&fﬂcaéonghlbﬁst HE4Sibed in
gener al I% from1l 000 pMto 0.3 pM these serial | utions being thensel ves
/

di | ut ed'®/ 5RAPERL cel | cul ture medium (20x sol ut| on) 30which will be used
for 1/20 dilution in the cell culture plates. The final concentrations of
t he test cogggy@d i1l generally be between 10 000 and 0.3 nM DO the
cells are seede 96-wel | Cytostar plates in 180 pL of culture nedium
The pl at es amalyticehmgtheded i n an i ncubator at 37C, 5% CO2 for four hours.

The test prq,_%l%i%a Lgy!ﬁ;ﬁ_ﬁhen 35added in a volume of 10 pL per well, starting
sor atr om.

froma 20x s solution contains WO
2010/ 133994 Pte Erowisnfoo 508ugs are separated on an Acquity Beh C18 UPLC column, 1.7 pm

2.1x50 mm (Waters) thermostated at 70°C and eluted at a flow rate of 1 ml/min with a
gradient from acetonitrile containing 0.1% formic acid (solvent B) into water containing
0.1% formic acid (solvent A); elution programmeme: isocratic stage at 5% of solvent B for
0.15 min, gradient from 5% to 100% of solvent B in 3.15 min then return to the initial
25  conditions over 0.1 min. The products are detected by an Acquity PDA diode-array UVivis
detector (Waters, wavelength range scanned: 192-400 nm), a Sedex 85 light scattering
detector (Sedere, nebulizing gasf nitrogen, nebulizing temperature: 32°C, nebulizing
pressure 3.8 bar) and an Acquity SQD mass spectrometer (Waters, operating in positive
and negative mode, mass range scanned: 80 to 800 amu).
30
Method LC/MS-B




10 2% of DVMSO in the culture nmedium The final concentration of DMSO is
therefore 0.1% The plates are then placed in an incubator at 37C/ 5% CO2
for 72 hours. D3: after 72 hours, 10 pL per well of 14C-thym dine at 10
pG /L in the culture medium are added. The plates are then placed in an

i ncubat or atw®70 /527902 for 24 hours. 5 D4: The incorporatipOr@R204G50948
thymdine is neasured on a Mcro-Beta radi oactivity counter (Perkin-Elner)
after this 24-hour, "pulse" period. The total tinme of treatnment of the
cells with tte dpesita peredbinedon36NVatey PLC-SQD |n§1her1erlxxemqmsmmgend/m‘r1idgian\jeons

100 51 CF bty o ihodd 391 D Ble SR ToprBHl hren ol ARlRAS, O, =
Control Bl arﬂMNé%@QM@NeWﬁW%& hd vl Rsx6@ timout cocel B8°C; flow rategst mignin;
cal cul at ed ugjvagtst N%ét(fol 1o ﬁf%fc%fd? : IcD§§N AW/O #hiP aE 5) gﬁyd%np{% thif:594 & 205,

with the 15par apet er i 1] ) to a val ue he results
are given w?of/%lﬁl”éoﬁm"l‘iv"a:f 'ﬂﬁ'tﬂ?ﬂ”/“gf ?ﬁ@"ré?qoeft? bP5 PHES e Bnpounds of the
invention on the activity of the enzyne PDE3 The effect of the conpounds
of the invem%on the activity of the enzynme PDE3 was 20 eval uated by

t he conpany - (Le bois |'Evegue, 86600 Celle |I'Evescault, France;

htt p: / / www. CEegpeftrs are necacted rod ariRrekasispéctiotretes ttoe dadoct peiot disedlvddsiaNEDder |
A T., Beavo, 488-520: the enzyne PDE3A in
recorrbl nant df%?%?@@é%?@%ﬁg% pégge% m??m the substrate is cAMP and the
resi dual®AMPc i s nmeasured by HTRF. The reference inhibitor in the test is
m lrinone, wRose 1C50 is 270 nM The residual activity % 25 are related to
the control Without inhibitor). The results are expressed either as the
concent r at i oHeviATaied FRagtivBdS raspidsd on GrNipgjetdipmis prsTPmeier. 2 aKBitiss ithge

i nhi bition reasweadsatmd, set concentration of the conpound. The results are
given in Table |I. Measurenent of the chem cal stability of the conpounds
30The chemi cal stability of the conpounds was nmeasured in various nedia:

0. 05 N hgdr quédsnlfénﬁer&w’fmé dptRabtdtlbn( v/ v) wat er/acetonitrile mxture; 0.05
N sodi um hy OXI a 50/50 (v/v) water/ eto trile m xture; sodium
phosphat e bu ?rtﬁns Eﬁ'ﬁr—ﬁfeéfyrd? M 69“@ %1 REA S cet onitril e

m xture; sodi um phosphate buffer 25 mM pH=7. 4 in a 50/50 (v/v)

wat er/ acet orgL bl & o fe containing 1% (wv) of benzylan ne

hydr ochl ori hosphate buffer, 25 mM pH=7.4 in a 50/50 (v/v)
wat er / acet onfiherdldreental analysss overe emege Ay a Toerme(EA1098 /088284 PCT/ FR2010/ 050948
11 (v/v¥Oof 2-mercaptoethanol. The conpounds are diluted in the media under

study at a fmadlur&RaneniiaddiRfy 8h AlPGraAhndl di l ution of a 10 mM stock
solution in DVSO. The solufrons are stored at 20C for a total tine of 48

hours, and tH¥¢ ‘I’?@ﬁ@@ﬁf’r"&h'?'bwedﬁnqsﬁé‘c&‘ﬂmmﬁj§"¥Yﬁ't?e‘ﬁ ostimaipdiy measvipedheover

ti {TE (: ;0, ]res@l.laai &laase'zefbttlﬁ@d:f 412 dveyns In thy pliBbiee dﬁakfg'eﬁﬂ?ﬂﬁ)é&ﬂt?tibr% &f thé\eki ed

out Wi an en S r equi Wi a. di ode arra

Gt ot or on Eheai @RbbBi i 0326030 BUTRRL 4 e FoRBnte s RefLert e ut e

wi t h a geadiaiows fanoi®s@ @lo inhibitodyecdneentration) B)bd ﬂéiﬂrmaécﬁrTr@oiﬂhﬁeniadﬁtng iH%
v/iv) of forpn i o tA atafowrat

Lomper ot ur o ByRoyB By 2 aERke) oy or LAl BE uidadfle Brdsdile ane) o ¢

90% sol vent iBdppr@edintus degmeéniof thwertotein NuMA Sbusieat Nhiotgiﬁag@rajtﬁs pnoein)Gfted nut e

at 90% of soiyvefitud omaﬂ‘QuESaEﬁBgré? iRct 't@étt bnﬁ'll\po(ﬁﬂaqé tflrﬁnéi d&?ﬁ%@ an |ffg?em‘1t e

The concentration of uct's un §|s esti nat e om t he hel g
and area of qoﬁ%er@'ﬁﬁﬁ*r&c’f‘é?*mQWV'CSMK'déf(DW@ pRerftier taledetacet nde orellg of a

chromat ggr arFl%Plaﬂ?mWité?%@té"N@Jeﬁ@ﬂé[ﬁe(Fﬁasﬁlalﬁ{é 9. @@mﬁ{am rﬂ%a@ﬁ%llfﬁ'@ dipe
hei ght neasured at each tinme of sa W |ngf are_related t e area and hei ght

obt ai ned f orcoPRESSIIAM duigra A $HO M L Gt H@ pf@db%:’epr ipegjbuftgr of
hal f-life i $ormﬁswmcif rp@lﬁvtshaorrﬂwkn@cgg 50 | M- NANIC ANEVA TGN RUEIY Ehe TG

results are | ve E@%@ o at| on, of tEe net abolismin, the resence
of m croso g”ﬁ rof iIHf " ﬁrﬁﬂger?tﬁa?'?fb Y Strgpg. the plate is incubated at
37°C for 30 minutes. The contents of the wells are then removed and the wells are washed
35 with PBS buffer. The radioactivity is then measured using a TRILUX 1450 Microbeta

counter (WALLAC). In each plate, there are eight contro! wells: four positive controls




20Whereas m crosone preparations remain inportant in determning the
nmetabolic stability of a pharmaceutical conpound, primary hepatocyte
culture allows a nore detailed evaluation of its intrinsic clearance, and
better vitro-vivo correl ati ons suggest hepatic clearance in humans. 25The
conpounds ofwoimaiimsent i on (5 pM are incubated at physi ol ogi e@r/FR2010/050948
tenperature over human and nmurine mcros@ml liver fractions (1 ng/m of
proteins), diluted in a phosphate buffer, in the presence of bovine serum
al bum n (1 niglawimuBSA)gseastivity ) éormertthceekshiemenié nmaide ot tha arasdesead entynes and

di nucl eoti d T n Lncu i on our._vo

of acet oni t‘rasiU}Bgt? %%%ﬁ g?nnlh%egggc\:égr D?(;Qs%m r gﬂé o me 'ﬁ\fe%P?\ralan%%ur nérgéi“ﬁ g?ntro
added. 30 THéa@@rﬂblhe)stawéICbemasuifeugetjlsamﬁetlhéhesalmnnapaﬁmzymr eutmsfrateyareld by
|iguid chrorBiearpi TROAEERIRRSS BECERTRH EOUPI I Ng (LGN 1) . - The
LC/ M- M5 _anal ysis' is performed on a Pl 4000 mass spectroneter (Sciex)
equi pped>wi th an 1100 series chromat ography system (Agilent) and a Pal CTC
automati c Il’ﬂlﬁﬁﬁa The data are ach| red and anal ysed using Analyst 1.4.1
sof t war e. ng) e separ at eg pm C18 <£O| aris_colum, eluted
at a flow ra rg’f: FWF'H SR ”@Faa |“§‘ﬁ 'Sf‘?XQFﬁsﬁ% fgeties form Wikt 9%t B)
into water dﬂlsﬂmmiaggnmtia%mmrpusmoaendl if( pobvedtin A&). .collhe fraymentqamindacids

2010/ 133794 r e f nt.from
20 to 90% of UGG Y W A UARE IR 4 S RRARE Rd! ¢ OGusH BPHESH e
B, for 009 mxpesesd inmebosbiranfiorm ind=-iche initial conditions in 0.1 minute.
The area of the chromatographic peaks for the compound and for the internal
standard are i nt egrat ed using the Analyst-C assic algorithm The netabolic
stability ofAureid Bllgcetipoduct s of the invention is estimted by conparing the

integration Tratdrife Kunih &izymeRufordB i B@e@mmé lr@@méwdf%thdn%n preRgur ed
after 0 mnyte éﬁ(g@% %5850 m nutes (t20) i ncubation. The metaboljc

stability is % & 5%‘3”5"”;5‘&%@??%@ ‘%I?’é‘%ﬁ?fﬁ@‘é%ﬂ??ét rlls frrardhite

Wi tE t hesf gl)d @Myngstfdmamdgam Metembindli ;ScrﬂgmﬁhWhBé itige Ohcepp afkan@int tp@ssesfsg&f IaoI lor
eaks at t rati to 1 Tersutsa venlnT e .
el vati o aPupHlerS1RnBESE ol W I aF i *iisiidn” Mo b ctorels BT% B
conpounds ofcotipexiwhidns called(Arda &ingenpMh fageentrieatyat €d 15)af thunaarr srotein

48-wel | pl at o o

Cryopr eser e ahe =Ry FOIb T0E e s BEuRRGE SRSt KRRy Perygm i
speci fi c dorforesli. This fegamienos beacors substeatphysi ol ogi cal tenperature. The

i ncubat bgns are carried out with a culture medium (HAM F12 - WlliamE). At
various tines (0 0.5; 1; 2 4 6 8 and 24 hours), 100 pi are sanpled from
each wel |, Measyrementof thay elifgrations| t ed by addition of 700 pl of a 70/30

(v/v) acet orgdisi (lueonatear ingl H@Llér-erefJONT@c G192 GAE HETA 36 @& T OES cUn_tﬁf‘rl)\%Fe

standard (IS re then oci ate the intracell ul ar
extracel | ul #’ 'r?ﬁgséf”tgrﬂﬂéﬂ 85“’8 @E%ﬁ'&%ﬂ? H‘”tg %zgﬁm\dlﬂerﬁda?g&fﬁ‘@ e Iaé?z‘it 0

t heir anal ys‘noﬂrs Fot lcopngfetdtiamiingstinidiel atpl esouat of Cerbymifivgatoaiord®irg for
20 m nuLes atﬁ Ihe supernatants are anal ysed by liquid

chr omat 6gr ap yf? andem mass spectronetry 25 coupling (LC Ms-MS). The

LC M5-MS anal ysis is perforned on a QTRAP API 4000 mass spectroneter (Sci ex)

equi pped W thealy LA 3Rl BSANATHEAY d0MkoRIS] %%g i Blish, AR ufk Sigl STC
autonmatic i nj ect or a a are acquire usi ng naI

sof t war e. THeludamsiussd fr modusgarrangaiofearial diutions, @Feerlatby ten 40980 uito 0e3 wtled at
a flowrate tﬁ’ése@e?alrgnﬁtmng b&‘hé %eﬁ;sﬂﬁ;@éjmﬁﬁd f/S@Wtﬁ&@élmlt%'nl.e%drﬁ@o‘k%ﬂﬁmcﬁb

into vvater cont ai ni ng 1% formc cid (solvent_A). el ution

progr ami i s‘”@%‘ggéﬁsﬁﬁ fof W@OQH‘&@P%WEF‘%FH'WF E'%te§0T%ecWa'sQ§’P9%Wﬁt'@ﬁ 9f the
mnutes, an te&eempbird val ggferal b8 G%wekn 30l0veBkd B3 nfor 0.9 minute, and a
return to the initial conditions in 0.1 mnute. The concentration of the
products of the invention is neasured by integrating the ion current of the
char act er i stD@ theoredls ofe sebdedoin @duned| Cytasedr ata'te\sen 1 &0 Inlhef dunmaernﬁmihunstmdmels

(I'S). The c t t te brati on

35st andar ds%%ngaé%gﬁace'ﬁ Ub%t% %*né;ﬁe ar ecifye/%oraf PY'oW Ours ?ﬁﬁgs{prﬁg%cﬁ? PR %h of
t he prodéct sdded irhe velawmeref i18neLtper vl agierding ﬁpmed20xT$néutlont Fhinsolotia! eantame e
(expressed in nil.1-11.1c16 cells) is WD 2010/ 133794PCT/ FR2010/ 050948 13
then determned fromthe kinetic profiles (concentration/tinme), using the
W nNonLin software (5.0). The results are given in Table IV. Exanple 1:
preparation of ethyl 8-o0x0-94341

H benzi m dazol - 2-yl oxv) phenVl 1 4,5, 6, 7, 8, 9- hexahydr o- 2H pyr r ol oF3, 4- bl qui nol
i ne- 3-carboxylate (1)




Bl Ocr0 step 3 N112 COOEt Al .

2- Chl oro-1-(tetrahydro-pyran-2-yl)-1H benzi m dazol e (CAS N 208398-29-2) 10
A 10 | reactor is charged, under argon and with stirring, with 2.5 | of
THF, 180 g of 2- chl orobenzi m dazole (1.18 nol) and 325 m of

3, 4-di hydr o-\E-20y0/E837446. 56 nol, 3 eq.). The reactor is heat edP@MVFRR010/050948
di ssolution occurs (tenperature of the mi&ture: 40C). Then 6.3 g of

par a-t ol uenesul phonic acid (0.033 nol, 0.028 eqg.) are introduced. The

t enper at ur e 4% ohBM$OLB the chibreveediudd Thadnd 2BndeniratnSof MMED @ thagferakeBo.pl ace

at 12C and ll'h@%lﬂesoérggiﬁqufﬁpemgph&&%to&g&%ﬂéﬁ'@b?ﬁer%‘gh&ﬂs) are added, wth

stirring maintal ned tenperature is then

taken to 18@3:5ieni2 e shoeavel ofddethymidie atHe uRifoLdn Hisxaulivre mesiivm preer ed
on 300 g of fdyad.crele pFé%@%tﬁeh%larc@@ %rbtrﬁh&b%kQﬂaﬂ@%ﬂ/@@dﬁﬂf&fmhohrsof nhept ane.

The filtrate_ is concentrated yness under reduced BDressure to give
292.6 g 6f Ddp ?91Wi@?f@ﬂlﬁf3TPFtP&D'f@PO%U§ﬂ@rﬁ%°na Micro-Beta radioactivity counter

2I chlholro 1- l(lPeﬂdnaEllmdF )GaftRy a2 &hir) plstéletdw)pe;zddnrrdami(azeuonl(z)mot fﬂ@atgﬁggfé}g{; @ells ,
slightly ye 0 antl t|vey|e 1H NMR (4 VHz 1.4
to 2.01 (m "VS&I)%GEE‘%&F i‘ .69 to 3.78(m 1H); 4.12 (d, J=11.4
Hz, 1H); 5.72 (dd, J24and 112Hz H; 7.22 to 7.34 (m 2H); 7.62 (d,

J=7.2 Hz, : . .

‘o por an - C‘h@ Rk relbnd o %‘i%'%"? By Exod g IR ryuia

t hr ee- nggked;, ot fPfasMsnk ch equi pped with a condenser, a
t her nonet er I}ng.bq”So?I rﬂrog?%dl{ad"tt BakR )f:lharged under argon with

N, N- di et hyl or m de 2 10 ll per flask), and 3-hydroxybenzal dehyde (68.5
g, flask 1; casureperl 4 BE.5aHPI88 ol ) | Sodi um hydri de (60% di spersion in
m ner al oiI)CC&deh@anfa;jded in portions (flask 1: 26 g; flask 2: 24 g; 1.25
nmol, 1.2 eq.), the maxi mumtenperature during the addition being 32C

2-chl oro- 1- et Hagaraegytdnvdlsyife Fellenzi ni dazol e (AI ), purity estimated
at 85%) s taens cakladyeH H')@é‘rk&fm DSS'@K 4 %d f formula 205, with th
S eyt P AL 5o 25K iAo Bl P s o 205, v e

di et hytPor r@ﬁ@'ﬂl@e"q(*@%n%ﬂ)er 'GC"@? tea V?‘U‘“th THPXQ%HF%E“'G@VPH%T?HM ed at
reflux (tenmperature 140C, tenperature rise tinme 40 min) and the reflux is
mai nt ai ned f 1 _h. I—fietl ng is then st0ped nd the tm xture is all ov\ed to

cool over 1.% haedizet of AMpENas ok OB AR aCHEY ObIS ned
mxture is mrvzgﬂiei’c’lnmi y into 51 of ice- vvater The aqueous phase obtained is
;? gn ext ractﬁ] g#ecp of4 fhg c%mlpoggdsegque me\‘/%rei\tﬁo%t g'\n ;[n?y of tng e% anIP%E%hases

20 evaluated by the company CEREP (Le bois I'Evéque, 86600 Celle I'Evescault, France;
http:/iwww cerep.fr) in accordance with its standard protocol (see Bender, A.T., Beavo, J.A.
Pharmacol Rev. 20086, 58, 488-520: the enzyme PDE3A in recombinant form is expressed
in Sf9 cells, the substrate is cAMP and the residual AMPc is measured by HTRF. The
reference inhibitor in the test is milrinone, whose ICsy is 270 nM. The residual activity %

25 are related to the control without inhibitor). The results are expressed either as the
concentration which induces inhibition by 50% (ICsq) or as a percentage inhibition

measured at a set concentration of the compound. The resulis are given in Table I.

Measurement of the chemical stability of the compounds

30 The chemical stability of the compounds was measured in various media: 0.05 N
hydrochloric acid in a 50/50 (v/v) water/acetonitrile mixture; 0.05 N sodium hydroxide in a
50/50 (v/v) waterfacetonitrile mixture; sodium phosphate buffer, 256 mM, pH=7.4, in a 50/50
{v/v) water/acetonitrile mixture; sodium phosphate buffer 25 mM, pH=7.4, in a 50/50 (v/v)
water/acetonitrile mixture containing 1% {(w/iv) of benzylamine hydrochloride; sodium

35  phosphate buffer, 25 mM, pH=7.4 in a 50/50 (v/v) water/acetonitrile mixture containing 1%



20 then conbi ned, washed with 3 I of water and then with 21 of saturated
NaCl solution, and finally dried by addition of MgSO4 overni ght. The
organi ¢ phase obtained is then filtered on a glass frit (porosity 4) and
concentrated to dryness under reduced pressure to give 385 g of a brown oil
(LG M5-A, trwOorauiemtd7en tinme)=1.86 nmin, M positive node: nl ze@R2ARR6)0/05258
fraction of 158 g of the crude product obtiai ned above is dissolved hot in
1.5 1 of an n- heptane/ AcOEt m xture (8/2 by volune), conbined with 500 g
of silica (7@V30f 2rawhipptoathdnal hEhendoxipgreds ae silited Bdhé medidSindemstudiha a final
resul ting SuspensiAsy 51510? W, %g%ﬁiutﬁ o?ghbtrrﬁfllsﬂglgs%?@n?rd WSt T doiBiordfire

n- hept ane/ AcOEt m xture e organi c ase obt al ned
concent r at edBerEd &t yHésier @hﬁ&%rﬁmeétﬁ &éé‘@“"ﬁr aykthe éonwn%atwesaf H\?@OWOH%‘ﬁwﬁéhded

in 200 m ofgsedy ||s$1€l§%ars@déM|ov@Itfhﬂ§(t-JED/ 1MeCMATGRY 43tHouFs) BY HRDG. HPLC%?@HQQ is
treatnment, and .t e resulting

sol i d .s%vas??éraeﬂu;? PW*%%@%%‘PH%VS‘P%@??@?WW@EQL&RR?%? o ighm erey Saaca
pressure at ¢H&Lueds C18 chiuing, 846 186, @ 10f (RrainbtlendX) sihith ligelutetadihn® atadrppl i ed

o o e S8 ol DA BB s3AAHEE S 0ol et it o

to give 155.18wgradd of 1.5 mli/min and a temperature of 25°C. The elution programme consists of a

341- (tetrahy \V/ i form
of pal o bol b epUF A8 o e T s YR A e e ey ol 13|
VS( LC/ MBOB) : mmﬂtelato@ﬂ%m SOVRALHS, yandnfeiurg Ag: thqwtmrzorqchm?:wr omy/Bee) Thel . 54
to 1.62 (m cjdﬂ):entﬂaﬂ%oi ﬂlelpr%c(snﬂmd%'r")studg‘ |sggsttn%te2d ﬂgm(tﬂé hélg%"gnd 3re§Q)fttﬁb 2.42
(m 1H); 3.70 to 3 F‘%ﬁ 1H); d, J=2.1 and
11.1 He, 1H)cha*7601631%p akzgfe p@ﬂyct tr”d@, swiv em @rwatoqrﬁoﬂ at7 f@snlea'mum 3
TZH) 1|7'|) 967( 7\Bav(e1lengﬂw—cg eggﬂ'lﬁr,odddﬂ) Thelaré8 ah@ the Iﬁ’e’i’g]]cr(t Imeaéthléd alledth tﬁrda ostaﬁpgnd'%

; . . of t sed above
Wih 21 of 4R HERER R s M PERE [ st ahirye fr whER e &
pr oduct 150l | dsiernvgd coheltlife isamibasurddfran tine ssulting tme-ceheoatiopropssu e réelts
product is t%gggl Hﬂ]j-ap)lgu of an n-heptane/ AcOEt m xture (9/1 by volune),
conbi ned wt 5 silica (70-30 nesh), stirred and treated with
ultrasound for 1 h. The suspension is then filtered on Celite and the solid

phase is wasgp\gfuiMdnbfdné nidkaidiisi-intRe B?&%ﬁ@@é)ﬁ% sdThai (ptéFarkéns th’rﬂér‘rme)
The filtrate 1S concentrate 0 dryness under reduced pressure an
residue is t3N4MUERQNVErs. 4100 nl of an n- heptane/ et hanol ni xture (95/5 by

vol ume) pof i I waeeds @ticréscieds®pdriidns (BRBRSHpYrtaht irp@6te@Hihifg tHeNesabsIRMISRR
pressure to %I ve
H

3-[1-(tetra d?op'WP%f?”gC%/1°)°”EPPH‘%nQrFPﬁ‘rHa*}e&F*°2¥t9| Sy alns Gelytfe deithe
form of pal esviatiagen of ytstlatthuﬁ lcleaidiBed, atd bt 3vitd-vivo Nbrrglatikinki stgigestdiespatic
m z=323. 16).

8- oxo0-9-{ 3- 1 ga(r?n Bl Hu”d?rbs pyr an- 2-yl) - 1H benzi m dazol - 2- yl oxyl pheny1} -
4,5,6,7, 8, 9- hexahydro 2H pyrrol o[ 3, 4- b] qui nol i ne- 3- car boxyl at e A2

conlcal Skl a tirring, Wtk

25 et hoxycar on ”:5‘% %fgﬁ tﬂ% oc@g@eﬁd\gf:aédh%&é{%g 5 Y&h#é’b&%@ dé?{P ?;&?r oxi de
sol uti on. THéJmﬁrwmirréunr@ r@t:ruoﬁ@réaj lipgyrfrapBons (f umads! %ftprcawm eﬁltutqcb'ﬁ@em@pmaée
(AT), and t hep i (RCIEENNE bhbohHe: érdm %fbuFlePhl rﬁélﬁf@%hﬁ%d tﬂ-e,hﬁ‘edgé&ﬁf&'nﬁ of

phases are combi'ned, dried over concentrated dryness under
reduced pr es¥igRtiBamifgeadepiap dlinsiclestiqe P"E‘Qﬁpaﬁtéﬁ iRV HNAR Efﬂ@ntT Sﬁ%rm“l‘qt? tiguegtioand

grl ed under fb@rdmLeﬁlet ; %f%%&ﬂhli&llé &)rﬂalﬁiﬁ@%b?lgést?@megﬁﬁ mtén‘ihtl) @ta\ﬁ@araQIS‘} e Bfided.

am no- et hoxycar bon role i e form a brown

2010/ 13§994CF%‘F/ ] o%rﬁgﬁgﬁﬁ’gﬁ\d and, {ie cSRETIRANS ofifig %8@?%%8” ?Agé%
equi pped wi tdmrca'nstbgmplaﬂtasdtm tmass tdpectropmattye codtidg a(L SISl erThes LCas gesl
wth 1.2 1 ¢ - rahydro-pyraf-2-yl)-1H .

benyi m dazol 0SS B emed PR e ia ) Mrbichh Fldss ARG BB 1 40 odtd win on

et hoxycar bon!ﬂloﬁwerleﬂ ehr¢rhategraphy0sysGsn (Adilent) 461 8 Pgl GTC duRmetic Inssetafediadme i n
97% form (1 £d.acqQredQd %ﬂgiksé%ﬂgméomﬁlm 1 Qf1 é}lrftwéfy Wﬁ@@érﬂ;ﬂéﬁé Qrte@ébglrﬁltéaeon(al

eq.) and the mxture 1st ture rise tinme

reflux AR nthide&BoPolats aplvmnt elniser alt ﬁrf@wl!@‘r@)o" Orh & tithea |E§a‘1'?férff%ol ed
to AT and cogeemithiat(eslvdr® Bqnmeeﬁeﬁewa@ﬁé.mhgw,@dorﬁf@é&@r(@owéhtQsl Vehe 3fitigh of a
brown oil contai ni ng et hyl 8-oxo0-9-{341- (tetrahydro pyran-2-yl) -

101H benzi m dazol - 2-yl oxy] phenyl}-4,5, 6, 7, 8, 9- hexahydr o- 2H pyrrol o[ 3, 4-b] qu
i noline-3- carboxylate (LC M5 A, tr=i. 96 i n, MS positive node m z=553. 33).
A simlar operation carried out with 35 g of
3-[1-(tetrahydro-pyran-2-yl)-1H benzi m dazol - 2-yl oxy] - benzal dehyde (0.098
nol, exanpl e Bl) produces 72 g of a brown oil containing ethyl 8-

0x0-9- 1341- (tetrahydro-pyran-2-yl)-1H benzi




15hexahydr o- 2H pyrrol o[ 3, 4- b] qui nol i ne- 3-carboxylate (LG M5-A, tr=1.96 mn,
M5 positive node m z=553.35). D : Ethyl

8- 0x0- 943- ( 1H benzi m dazol - 2- yl oxy) phenyl11-4,5, 6, 7, 8, 9- hexahydr o- 2Hpyr r ol o
3, 4- bl qui nol i ne- 3-car boxyl ate (compound 1) OyN HN 200 A 2 1 round-bottoned
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analysis: C= 68.18% H= 5.92% N= 11.22% H20= 1.25% Exanple 3:
Dextroqvratory enantioner (lb) of ethyl 8-o0xo0-943-(1H benzi m dazol -

5vl oxy) phenv1l1-4,5, 6, 7, 8, 9- hexahydr o- 2H- pyrr ol c43, 4- bl qui nol i ne- 3- car boxyl a
te The dextwog@yreiseres enantiomer is obtained by purificati ore@f/FRD&10/050948
purified product fromexanple D by chromiat ography on a Wl k-01SS chiral
colum, 10 pM 60x350 mm (Regis, USA) eluted with an n-heptane/ et hanol
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temperature. The desired products are isolated by filtration®pr else the
solvent is evaporated to dryness. If necessary, the cr oduct is
purified by chromatography on silica gel or else by high=-perfprmance
preparative liquid chromatography (HPLC). 25Wen Y represgnts NePBoc, the
products may be deprotected using a solution of trlflugfgﬂ?et c acid in
di chl oronet hane (50/50) or else a solution of hydrochl d in di oxane
(Scheme 111): WD 2010/ 133794PCT/ FR2010/ 050948 19 Scﬁene 111 Thz;>

of the

al dehydes of,ggne_a“__QLngla (1'11), that are used in t}ENrdparati
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conpound 4 (R= bt ai ned accor di cL% nSchenme 1V. R denaobesy one
(n=1) or norje @ purification & N@ 1- ag,HCY, EOH @
separation of the O H TA., 20h.
~ enantiomers 2- trituration iPr,O
= —
HN HN - HN
N step 5 N step 4 N
Eooc H Etooc  H P Eooc H
Laevogyratory enantiomer D1, compound |, example 1 €1

Compound la, example 2

_/

A1. 2-Chloro-1-{tetrahydro-pyran-2-yl}-1H-benzimidazole (CAS N° 208398-29-2}
O
N
<10
N

A 10 | reactor is charged, under argon and with stirring, with 2.5 | of THF, 180 g of 2-
chlorobenzimidazole (1.18 mol) and 325 ml of 3,4-dihydro-2H-pyran (6.56 mol, 3 eq.). The

reactor is heated until dissolution occurs (temperature of the mixture: 40°C). Then 6.3 g of

10

para-toluenesulphonic acid (0.033 mol, 0.028 eq.) are introduced. The temperature is held
15 at between 49 and 52°C for 2.5 h. Cooling takes place at 12°C and 7.65 g of sodium
methoxide (0.142 mol, 0.12 eq.) are added, with stirring maintained for a total time of
15 min. The temperature is then taken to 18°C, 51 of n-heptane are added, and the whole
mixture is filtered on 300 g of Clarcel FLO-M, the retentate being washed with 5 | of n-
heptane. The filtrate is concentrated to dryness under reduced pressure to give 292.6 g of



substituents (n from2 to 4) on the benzi m dazol e nucl eus, which are
selected fromthe 5followng: H F, d, Br, OH SH CF3, OCF3, OCH3, SCF3,
SCH3, OCHF2, OCH2F, SCH2F, (Cl-C6)al kyl, O-allyl, phenyl optionally
substituted by one or nore hal ogen atons. Schene IV 10 step 1: the al dehyde
functi on of WO WUwIBENzal dehyde is protected using an al cohol PEFHREEX005€943
group and nore particularly a diol protet4ive group (ethylene glycol for
exanple) in the presence of an acid such as para-tol uenesul phonic acid in
an inert sol3eheroddidahyire-oyraedeairtibenzirgidazelepsr teufoem off detigwinys!o€ eind

the boiling 5@%%@4 %&6@ ).0f lﬁ[\h‘f@ (L{mﬁk%mééma?tm% 25616(% %H)ti“ﬁ {on:i; Q-h: {’Pﬁd' ate
formed is reacte

pal | adi um cotipl &89 %5853[’% W)s‘(a? ez it ?Eén@c@ﬁ%‘}ﬁa@f‘éﬂﬁjﬁﬂrﬁ "5— 6Hbs7p3r?| ne
derivative sugtssds bitshE2diphemd phpsmsi@a)phenyhi) et her and a base such
as sodi ug tert-butoxide, WO 2010/ 133794PCT/ FR2010/ 050948 20 in an inert

sol vent such as toluene and at a tenperature of between 20C and the boiling
t enper at ur e Bf: }MdTet repymahyli-tH-bensi z01-2-yloayle dedi deunction is
deprotected in the presence of an aqueous acid solution such as

hydrochl ori c, aCIl op |onaIIy in a sol vent such as acetone and at a

tenperature o $h 20C and t he boiling tenperature of the reaction
m xture. Table the Aurora A and B inhibition activities, the
antl-prollferatlveoggtanl es on the lines HeLa and HCT116, the PDE3

inhibition activity ahd e netabolism It is found that compound (I) or

(1a) exhibi tg,f i aneb%aiedotouln%bm&]é@magis %Eﬁr%@ 88 duiB, ki BESRPsENG
10al so very gOOd activity o 1 nes HeLa and f 21 Nbuse m crosone
[ Yo] %AE (y@g eIFeTHey and a stlrrer shaft are charged under argon with N,N-dimethyiformamide (0.4

10  |per flask), and 3-hydroxybenzaldehyde (68.5 g, flask 1; 64.2 g, flask 2; 1.08 mol). Sodium
hydride (60% dispersion in mineral oil) is then added in portions (flask 1: 26 g; flask 2: 24 g;
1.25 mol, 1.2 eq.), the maximum temperature during the addition being 32°C. 2-chioro-1-
(tetrahydro-pyran-2-yl}-1H-benzimidazole (A1), purity estimated at 85%) is then introduced
(flask 1: 151 g in 0.5 | of N,N-dimethylformamide; flask 2: 142 g in 0.5 I of NN-

15  dimethyiformamide; 1.05 mol, 0.97 eq.). The mixture is then heated at reflux (temperature
140°C, temperature rise time 40 min) and the reflux is maintained for 1 h. Heating is then
stopped and the mixture is allowed to cool over 1.5 h. The contents of the two flasks are
combined. The combined mixture is mixed slowly into 5 | of ice-water. The agueous phase
obtained is then extracted with 4x2.5 | of ethyl acetate (AcOEt). The organic phases are

20 then combined, washed with 3 | of water and then with 2 | of saturated NaCl solution, and
finally dried by addition of MgSQ, overnight. The organic phase obtained is then filtered on
a glass frit (porosity 4) and concentrated to dryness under reduced pressure to give 385 g
of a brown oil {LC/MS-A, tr (retention time)=1.86 min, MS positive mode: m/z=323.16).

25 A fraction of 158 g of the crude product obtained above is dissolved hot in 1.5 | of an n-
heptane/AcOEt mixture (8/2 by volume), combined with 500 g of silica {70-30 mesh), and
the mixture is stirred for 45 min. The resuiting suspension is filtered on Celite, and washed
with 3 | of an n-heptane/AcOEt mixture (8/2 by volume). The organic phase obtained is
concentrated to dryness under reduced pressure. The residue is resuspended in 200 ml of

30 isopropyl ether by mechanical stirring and ultrasound treatment, and then filtered on a
glass frit (porosity 3). The resulting solid is washed with 2x40 ml of isopropyl ether and
dried under reduced pressure at 40°C for 16 h to give 68 g of solid. A similar treatment

applied to the remainder of the crude product produces 87.8 g of solid. The solids obtained
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are combined and homogenized to give 155.8 g of 3-[1-(tetrahydro-pyran-2-yl)-1H-
benzimidazol-2-yloxy]benzaldehyde in the form of pale beige crystals (LC/MS-A, tr=1.87
min, MS positive mode m/z=323.13). MS(LC/MS-B): tr=1.00 min; [M+H]+: m/z 323; H
NMR (400 MHz, DMSO-d6): 1.54 to 1.62 {(m, 1H); 1.63 to 1.84 (m, 2H); 1.92 to 2.03 (m,

5 2H); 2.30 to 2.42 {m, 1H); 3.70 to 3.79 (m, 1H); 4.10 (d, J=11.5 Hz, 1H); 5.74 (dd, J=2.1
and 11.1 Hz, 1H); 7.13 to 7.22 (m, 2H); 7.43 (d, J=7.3 Hz, 1H); 7.65 (d, J=7.3 Hz, 1H);
7.73 (t, J=7.8 Hz, 1H); 7.78 to 7.83 (m, 1H); 7.87 (d, J=7.8 Hz, 1H); 7.96 (s, 1H); 10.05 (s,
1H).

10  Washing of the silica phases used above with 2 | of an n-heptane/AcOEt mixture (1/1 by
volume) produces 67 g of product following concentration to dryness under reduced
pressure. This product is taken up in 2 | of an n-heptane/AcOEt mixture (/1 by volume),
combined with 285 g of silica (70-30 mesh), stirred and treated with ultrasound for 1 h. The
suspension is then filtered on Celite and the solid phase is washed with 2 | of an n-

15 heptane/AcOEt mixture (9/1 by volume). The filtrate is concentrated to dryness under
reduced pressure and the residue is triturated in 400 ml of an n-heptane/ethanol mixture
(95/5 by volume), filtered on a glass frit {(porosity 3) and dried under reduced pressure to
give 35 g of 3-[t-{tetrahydro-pyran-2-yl)-1H-benzimidazol-2-yloxylbenzaldehyde in the
form of pale beige crystals (LC/MS-A, tr=1.93 min, MS positive mode m/z=323.16).

20
C1: Ethyl 8-0x0-9-{3-[1-(tetrahydro-pyran-2-yl)-1H-benzimidazol-2-yloxylphenyl}-

4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-blauinoline-3-carboxvlate

o)
O._-N

T
-0

=

HN_ ‘

5 N

A 2 | conical flask is charged, with magnetic stirring, with 50 g of 3-amino-2-
25  ethoxycarbonylpyrrole hydrochloride and 0.204 | of 2N sodium hydroxide solution. The

mixture is stirred for 15 minutes at ambient temperature (AT), and then extracted with

3x0.3 | of dichloromethane. The organic phases are combined, dried over MgSQ, and

concentrated to dryness under reduced pressure. The residue is triturated with n-pentane,

filtered and dried under reduced pressure to a constant weight, to give 36.4 g of 3-amino-
30  2-ethoxycarbonylpyrrole in the form of a brown solid.
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A 2 | three-necked round-bottomed flask equipped with a stirrer shaft, a thermometer and a
condenser is charged with 1.2 | of 1-butanol, 145 g of 3-{1-{tetrahydro-pyran-2-yl)-1H-
benzimidazol-2-yloxyjbenzaldehyde (0.405 mol, B1), 624g of 3-amino-2-
5  ethoxycarbonylpyrrole {1 eq., 0.405 mol), 46.8 g of 1,3-cyclohexanedione in 97% form

(1eq., 0.405 mol} and 70.5 ml of N,N-diisopropylethylamine (1 eq.) and the mixture is
taken to reflux {temperature rise time 55 min, reflux maintained for 30 min, temperature
114°C). The mixture is then cooled to AT and concentrated to dryness under reduced
pressure to give 290 g of a brown oil containing ethyl 8-oxo0-9-{3-[1-(tetrahydro-pyran-2-yi)-

10  tH-benzimidazol-2-yloxy]phenyl}-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]guinoline-3-
carboxylate (LC/MS-A, tr=1.96 min, MS positive mode m/z=553.33). A similar operation
carried out with 35 g of 3-1-(tetrahydro-pyran-2-yl}-1H-benzimidazol-2-yloxy]-
benzaldehyde (0.098 mol, example B1) produces 72 g of a brown oil containing ethyl 8-
ox0-9-{3-[1-(tetrahydro-pyran-2-yl}-1H-benzimidazol-2-yloxylphenyl}-4,5,6,7,8,9-

15  hexahydro-2H-pyrrolo[3,4-b]quinoline-3-carboxylate (LC/MS-A, tr=1.96 min, MS positive
mode m/z=553.35).

D1: Ethyl 8-ox0-2-[3-(1H-benzimidazol-2-yloxy)phenyl}-4,5.6.7.8,9-hexahydro-2H-

rrolo[3,4-blauinoline-3-carboxylate {compound |

20
A 2 | round-bottomed flask is charged with 224 g of the brown oil containing ethyl 8-oxo-9-

{3-[1-(tetrahydro-pyran-2-yl)-1H-benzimidazol-2-yloxylphenyl}-4,5,6,7,8,9-hexahydro-2H-
pyrrolo[3.4-blquinoline-3-carboxylate (example 1.3), 0.7 | of ethanol and 0.243 | of 2N
hydrochloric acid. The mixture is stirred at AT for 16 h and then fillered on a glass frit
25  (porosity 4}). The filrate is concenirated to dryness under reduced pressure and the
residue is triturated with 0.5 | of isopropyl ether, The solid obtained is dried under reduced
pressure at a constant weight to give 253 g of a brown solid containing ethyl 8-0x0-9-[3-
(1H-benzimidazol-2-yloxy)phenyi]-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-blquinoline-3-
carboxylate (LC/MS-A, tr=1.46 min, MS positive mode m/z=469.29). A similar operation
30  carried out with 54 g of the brown oil containing ethyl 8-oxo0-9-{3-[1-(tetrahydro-pyran-2-yl)-
1H-benzimidazol-2-yloxylphenyl}-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]quinoline-3-
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carboxylate (C1) produces 60 g of a brown solid containing ethyl 8-ox0-9-[3-(1H-

benzimidazol-2-yloxy)phenyl]-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-b]lquinoline-3-

carboxylate (LC/MS-A, tr=1.48 min, MS positive mode m/z=469.29).

5  An aliquot fraction of 0.8 g of the product obtained may be purified by chromatography on
a 50 g silica cartridge {(10-90 pm) (Biotage SNAP, KP-Sil} eluted with an isocratic stage of
dichloromethane of 20 min, then a gradient from 0 to 1% by volume of isopropanol in
dichloromethane over 1 h, and, finally, an isocratic stage of dichloromethane/isopropancl
(99/1 by volume) of 20 min. The fractions containing the expected product are combined to

10 give 0.21 g of a yellow solid. The products of two similar chromatographic separations
carried out on the same scale are crystallized from acetonitrile fo give a total of 0.16 g of
ethyl  8-ox0-3-[3-(1H-benzimidazol-2-yloxy)phenyl]-4,5,6,7,8,9-hexahydro-2H-pyrrolo[3,4-
blguinoline-3-carboxylate in the form of beige crystals (LC/MS-A, tr=1.61 min, MS positive
mode m/z=469.28). 'H NMR (400 MHz, DMSQ-d6): 1.29 (t, J=7.0 Hz, 3H); 1.80 fo 1.97 (m,

15  2H); 2.19to 2.27 (m, 2H); 2.55 to 2.69 (m, 1H); 2.81 (dt, J=4.8 and 17.2 Hz, 1H); 4.26 (q,
J=7.0 Hz, 2H); 5.11 (s, 1H); 6.73 (d, J=3.3 Hz, 1H); 7.02 to 7.16 (m, 5H); 7.25 (f, J=7.9 Hz,
1H); 7.31 to 7.38 (m, 2H); 8.34 (s, 1H); 11.33 (broad s, 1H); 12.26 (broad s, 1H). Elemental
analysis: C= 68.72%; M= 5.10%; N=11.82%; H,0=0.38%.

20 Example 2: Levogyratory enantiomer (la) of ethyi 8-oxo0-9-[3-{1H-benzimidazocl-2-

yloxy)phenyli-4,5.6,7,8,9-hexahydro-2H-pyrrelo[3,4-blguinoline-3-carboxylate

The levogyratory enantiomer is purified from the crude product of example D1 on a Welk-
01RR chiral column, 10 pM, 80x350 mm (Regis, USA)} eluted with an n-
heptane/dichloromethane/ethanolitriethylamine mixture (50/47.5/2.5/0.1 by volume). The
25  elution of the products is detected by UV speciroscopy at 265 nm. Amounts of 10 g of the
crude product described in example D1 are injected in each operation. Under these
conditions, the peak corresponding to the levogyratory enantiomer is eluted with a tr of
between 50 and 80 min. The fractions of purified levogyratory enantiomer corresponding to
the operations needed to purify 310 g of the crude product described in example D1, are
30 combined, homogenized and concentrated to dryness under reduced pressure to give 50 g
of a beige solid. Mass spectrum (LC/MS-B}: tr=0.77 min; [M+H]}+: m/z 469; [M-H]-: m/z 467.
H NMR (400 MHz, DMSO-d6): 1.29 (t, J=7.1 Hz, 3H); 1.79 to 1.97 {m, 2H); 2.19 to 2.27
{m, 2H); 2.55 fo 2.66 (m, 1H); 2.81 (dt, J=4.9 and 17.1 Hz, 1H); 4.26 (q, J=7.1 Hz, 2H);
5.12 (s, 1H); 6.73 (d, J=3.4 Hz, 1H); 7.02 to 7.16 (m, 5H); 7.25 ({t, J=8.3 Hz, 1H); 7.28 to
35 7.41 (m, 2H); 8.32 (s, TH); 11.31 (broad s, 1H); 12.26 (broad s, 1H). IR: principal bands:
1678; 1578; 1525; 1442; 1188; 1043 and 743 cm™. Optical rotation: [alp= -38.6+0.7 at
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c=0.698 mg/ml in methanol. Elemental analysis: C= 68.18%; H= 5.92%; N= 11.22%;
H-0= 1.25%.

Example 3: Dextrogyratory enantiomer (Ib) of ethyl 8-0x0-9-[3-(1H-benzimidazol-2-

5 yIoxy)phenyl}-4,5,6,7,B,Q-hexahvdro-ZH-pvrroIo[3,4—b]quinoline-3-carboxylate

The dextrogyratory enantiomer is obtained by purification of the purified product from
example D1 by chromatography on a Welk-0188S chiral column, 10 yM, 60x350 mm (Regis,
USA) eluted with an n-heptane/ethanol mixture (7/3 then 6/4 by volume). The elution of the
products is detected by UV spectroscopy. The fractions of the dextrogyratory enantiomer

10 are combined, homogenized and concentrated to dryness under reduced pressure to give
1.9 g of a yellow powder. MS (LC/MS-B). tr=0.77 min; [M+H]+: m/z=469.2; [M-H]-
m/z=467.2. Optical rotation: [a]p= +53.1+1.1 at c=3.6 mg/ml in methanol.

Examples 4-13: the compounds of examples 4-11 were prepared according to the
15  teaching of WO 2007/012972 (see process of Claim 28). The tricyclic dihydropyridine

products of formula () may be prepared according to Scheme II:

< o R O
4]\ alcohol T
T e o () 222 WYY
N Y heating X N
X~ "NH, 0O H )

Scheme i

A mixture of one equivalent of pyrazole (X=N) or of pyrrole-2-carboxylate {(X=COOELt), one
equivalent of aldehyde R-CHO and one equivalent of diketone derivative {Y=CH,, CMe,,

20 N-Boc) is heated at reflux in an alcohol such as ethanol or 1-butanol for a period of
between 2 h and several h. The mixture is then cooled to ambient temperature. The
desired products are isclated by filtration or else the solvent is evaporated {o dryness. If
necessary, the crude product is purified by chromatography on silica gel or else by high-
performance preparative liquid chromatography (HPLC).

25  When Y represents N-Boc, the products may be deprotected using a solution of
trifluoroacetic acid in dichloromethane (50/50) or else a solution of hydrochloric acid in
dioxane (Scheme [il):



pu pu -o C-0 C pu pu pu pu 017 299 9 9V6 699 CDOVK cn 0 L- 91, ZZ 99Lt ci-
co cs) LW CtN SOT.
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R

TFAICH,CI,

-~
> HN
or \ NH
HCI / dioxane X N
Scheme lll

The aldehydes of general formula (li1), that are used in the preparation of the compound 4
{R=H), may be obtained according to Scheme V. R denctes one {n=1) or more
substituents (n from 2 to 4) on the benzimidazole nucleus, which are selected from the

5  following: H, F, ClI, Br, OH, SH, CF;, OCF3, OCHjs, SCF3s, SCH3, OCHF,, OCHaF, SCH:F,
(C4-Cg)alkyl, O-allyl, phenyl optionally substituted by one or more halogen atoms.

HN {R)n
=N
0 s
H
ROH
RO
H _— = 1
step 1
o R HN ®Rn
step 2 Pd (0), ‘-—- v
base
aqueous HCI
{R)n (Rn
step 3
Scheme IV

10
step 1: the aldehyde function of 3-iodo-benzaldehyde is protected using an alcohol
protective group and more particularly a diol protective group (ethylene glycol for example)
in the presence of an acid such as para-foluenesulphonic acid in an inert solvent such as
toluene and at a temperature of between 20°C and the boiling temperature of the reaction
15 mixture;
step 2: the intermediate formed is reacted with a product of formula (1V} in the presence of
a palladium complex such as bis(dibenzylideneacetone)palladium, a phosphine derivative

such as bis[{2-diphenylphosphino)phenyl] ether and a base such as sodium teri-butoxide,



HN SI --- NEtQOC H As the trifluoroacetate nbo SN NH N s 411 00013 HN NH
O NO 410 HNNit NOO ,"-J, NO O M | hydrochloride
WO 2010/133794 PCT/FR2010/050948
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in an inert solvent such as toluene and at a temperature of between 20°C and the boiling
temperature of the reaction mixture;

step 3. the aldehyde function is deprotected in the presence of an aqueous acid solution
such as hydrochloric acid, optionally in a solvent such as acetone and at a temperature of

5  between 20°C and the boiling temperature of the reaction mixture.

Table 1 compares the Aurora A and B inhibition activities, the anti-proliferative activities on
the lines HelLa and HCT116, the PDE3 inhibifion activity and the metabolism. It is found
that compound (1) or {la) exhibits a high level of inhibition of Aurcra A and B kinases and

10  also very good activity on the lines Hela and HCT116.
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25 CLAIMS 1. Conmpound of formula (1): CEt(1) 52. Conpound according to Claim
1 in levogyratory form 3. Conpound according to Claim2, exhibiting an
optical rotation [a]p= -38.60.7 at a concentration of 0.698 ng/m in

met hanol . 10WOCpe3sTed according to Claim 1l to 3, in the fornPofi/RR208650943
addition salt with 25

CLAIMS

1. Compound of formula (I):

N
o H
OEt n
5 2. Compound according to Claim 1 in levogyratory form.
3. Compound according to Claim 2, exhibiting an optical rotation [o]p= -38.6+0.7 at

a concentration of 0.698 mg/ml in methanol.

10 4. Compound according to Claim 1 to 3, in the form of a base or addition sait with

an acid, particularly a pharmaceutically acceptable acid,

5. Compound according to Claim 1 to 4, as a selective inhibitor of Aurora A and B
kinases.
15
6. Compound according to Claim 1 to 5, as an anti-cancer ingredient.
7. Use of the compound according to Claim 1 to 5 for preparing a medicament for
treating a cancer.
20
8. Pharmaceutical composition comprising the compound according to Claim 1 to 6
and at least one pharmaceutically acceptable excipient.
9. Medicament comprising the compound according to Claim 1 to 6.
25

10. Process for preparing a compound according to Claim 1 to 4, comprising:



an acid, particularly a pharmaceutically acceptable acid. 5. Conpound
according to Caiml to 4, as a selective inhibitor of Aurora A and B

ki nases. 6. Conmpound according to Claiml to 5, as an anti-cancer
ingredient. 7. Use of the conpound according to Claiml1 to 5 for preparing
a nedi canent WiR01pAHPd ng a cancer. 8. Pharnmaceuti cal conposi PCIVEFR2010/050948
conprising the conmpound according to Cla?ém 1l to 6 and at | east one

phar maceutical |y acceptabl e excipient. 9. Mdicanment conprising the
conpound accordi ng to 'epdingtagetier ére thyge oroNaEs pelaPCTHRRAGITG/DBORLEVY 6

reacting together the §hugRr #HRMIPRANH P HeDihziffdads@poting a protective
group for the NH function of the benzjm dazole 5 to give the conpound:

deprotecting the NH function Qf §he benzi m dazol e, 4,0 gi ve the compound of
formula (0; where appropri@jji? ng o ey, ytatory conpound. 10 11.
Process according to Cai m1Q;, whetein the acti cbet ween the three
conpounds is carried out in an alcohol at reflux,"particularly 1-butanol.

12. Process according to one of Clainms 10 to 11, wherein PG represents the
group 15 13. Conmpound sel ected fromthe quGI ow ng list:

DR
-0
(IO
HN
=
N

5 goo¢  H

to give the compound;
» deprotecting the NH function of the benzimidazole, to give the compound
of formula (1);

= where appropriate, isolating the levogyratory compound.

10
11. Process according to Claim 10, wherein the reaction between the three
compounds is carried out in an alcohol at reflux, particularly 1-butanol.
12, Process according to one of Claims 10 to 11, wherein PG represents the group
S
15 .
13. Compound selected from the following list:
H
N O o
N\
PG
Eooc H
where PG denotes a protective group for the NH function of the benzimidazole.
20

14. Compound according to Claim 14, wherein PG represents the group

£



where PG denotes a protective group for the NH function of the

benzi m dazol e. 14. Conpound according to Claim 14, wherein PG represents the

group WO 2010/ 133794PCT/ FR2010/ 050948 27 15. Use of a conmpound as defi ned

in Caiml1l3 or 14 as an internediate in the preparation of a conpound

accordi ng t oWO 11113706 4. PCT/FR2010/050948
27

15. Use of a compound as defined in Claim 13 or 14 as an intermediate in the
preparation of a compound according to Claim 1 to 4.



