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TI TLE OF THE | NVENTI ON PYRROLO 3,4- C ! PYRAZOLE

DERI VATI VES ACTI VE AS KI NASE | NHI Bl TORS BACKGROUND OF
WA RIESOMMENTI ON Field of the Invention The presPCI/EP2004/007515

invention relates to pyrrol o-pyrazol e derivatives, to

a process for their preparation, to pharnmaceutica

conpositions conprising them and to their use as

t herapeutic agents, particularly in the treatnent of

cancer and cell proliferation disorders. Discussion of

t he Background The mal functioning of protein kinases

(PKs) is the hallmark of nunerous di seases. A | arge

share of the oncogenes and proto-oncogenes involved in

human cancers code for PKs. The enhanced activities of

PKs are al so i npli catf¢. it BEFRRINVEGTIOR! | gnant

di seases, such as benign prostate hyperpl asi a,

fam|lial adenomatosis, polyposis, neurofibromatosis,

psoriasis, vascular snooth cell proliferation

associ at ed wikiviat heroscl erasoss ppriva@maty abrbrosi s,

arthritis gl omerul ongphgidnss ARG PRSI Sur gi cal

stenosis and restenosis. PKs are also inplicated in

inflammatory conditions and in the nultiplication of

viruses and parasites. PKs may also play a major role

in the pathogenesis and devel opnent of

neur odegenerative di sorders. For a general reference

to PKs mal functioning or disregulation see, for

i nstance, Current Opinion in Chem cal Biology 1999, 3,

459 -465. Anong t haBACKGRAUND OFTRHEINVENTIED®S known i n

the art as being inplicated in the growmh of cancer

,&§Hﬁ ol a ki nases, in particular Aurora-?2.
nd to be over-expressed in a nunber of
INe PSR 'Wﬁ’@ﬂn ﬁ}?}%% o | REOREZPIB cOREVANPS It 220 Br therr
phiparzas) t‘ﬂ%hafrﬁ@ie@ﬂibaf doRpasiiins Ycoapiingfthedl and tdMABY use as therapeutic

agen%s par’tlcularﬁ/ in fge trgatr*%egte}ﬁ Eancer and cell proliferation disorders.

Discugsion of the Backaround

The malfunctioning of protein kinases (PKs) is the hallmark of numerous diseases. A large
share of the oncogenes and proto-oncogenes involved in human cancers code for PKs. The
enhanced activities of PKs are also implicated in many non-malignant diseases, such as
benign prostate hyperplasia, familial adenomatosis, polyposis, neuro-fibromatosis, psoriasis,
vascular smooth cell proliferation associated with atherosclerosis, pulmonary fibrosis, arthritis

glomerulonephritis and post-surgical stenosis and restenosis.

PKs are also implicated in inflammatory conditions and in the multiplication of viruses and
parasites. PKs may also play a major role in the pathogenesis and development of
neurodegenerative disorders.

For a general reference to PKs malfunctioning or disreguiation see, for instance, Current
Opinion in Chemical Biology 1999, 3, 459 - 465.
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[ Cancer Res. 1999, 59(9), 2041-4] and colon. 20913
anplification correlates with poor prognosis in

WE2105001437 Wi t h node- negati ve breast cancer andPCT/EP2004/007515

i ncreased Aurora-2 expression is indicative of poor
prognosi s and decreased survival tine in bladder
cancer patients [J. Natl. Cancer Inst, 2002, 94(17),
1320-9]. For a general reference to Aurora-2 role in
t he abnormal centrosone function in cancer see also
Mol ecul ar Cancer Therapeutics 2003, 2, 589 - 595.

- SUMVARY" OF THE | NVENTI n Obj ect of
b

ARSNE 5RVEE RIPIBYI Tases 281 e RRlcafit n;the growth of
ddnesrapls s Aagerkirmsery i pagicular Aoge-20f di seases caused by

and/ or associated to a disregulated protein ki nase
activity and, nore particul arlgr{\ Aur ora ki nase

Ao w3 o 55 QiR eHRIF S CE RS B Tt CEoER s gene focus
Wab<LA 20618, @REWEEL Fdyigprieedntly kinpidiee in miriyltiabeens including breast

l?%h%‘%h{e%’( 1@@&,5{3&8 2§4,pfﬁr %%&g@rl y, Aurora kinases

ng d The present inventors have now
di scovered that sone pyrrol o-pyrazol es, and

ﬁ’&ﬂ!’:‘é&ﬁ‘rﬁdhﬁc@ﬁoﬁ P&Fe@e{i’és wilth %owﬂr@wﬁﬂlsvmtﬂht@ft@tmﬂh Mmoddenagetive breast
I biting act,iyvi

B ER S i
sunviesh timerin Bledden serfcel patigntsHié Natleaenvéhtnsbf2092 \ﬁ&f’ﬁét@%‘ﬁ] For a

gé?ﬁﬁ?rrege bRl th!luﬂQa-z Bait M"{Ne elbhmﬁaﬁgerﬁr@son%afuﬁétﬁﬁVfﬁc&ié@rl"'see also
reast, CO on, %q%y, |Ver ung,_

MH'@F%l%QC%ﬂ-ﬁ?rPP%@FE} 2005 @ E%gnc esophagus,

gal | - bl adder, ovary, pancreas, stomach, cervi X,

thyroid, prostate, @Wﬂmﬁi&wb;:m@iw@wwquanvus cel |
carci noma; hematoporetic tanors of 1 ynphoid Ii ne

!t Fﬁ:@ﬂj@hﬁ?@ of e KWARLRN (RBTIVIES CHTRIVGET. lch 2% RS 40 (hapy as agents
h@h{o@ﬂ)ﬂ gisd=Rbk eslisad bB-apelot abyvopleorna,a dlsregulated protein kinase

ﬁlgvh%%nﬁgamcularg' &Pra'?(,-ﬁsés)g&?ﬁ ma, non- Hodgk| n's

ormma and Burkett's | ynphonsg;
hermt opoi etic tunors of rryel oid |ineage, including

ﬁ%llérﬁ)tr%'ﬂ@bj@&r’t@Bi&ld%@ﬂﬂ@&ﬂﬂ@%ldh%é‘@moﬂ@d with protein kinase inhibiting
%l\entyoar%cljsr%orae%ta}tlguIg%vguro%%nases inhibiting activity.

The present inveniors have now discovered that some pyrrolo-pyrazoles, and derivatives
thereof, are endowed with protein kinase inhibiting activity, e.g. Aurora kinases inhibiting

activity.

More specifically, the compounds of this invention are useful in the treatment of a variety of
cancers including, but not limited to: carcinoma such as bladder, breast, colon, kidney, liver,
lung, including small cell lung cancer, esophagus, gall-bladder, ovary, pancreas, stomach,
cervix, thyroid, prostate, and skin, including squamous cell carcinoma; hematopoietic tumors
of lymphoid lineage, including leukemia, acute lymphocitic leukemia, acute lyrﬁphoblastic
leukemia, B-cell lymphoma, T-cell-lymphoma, Hodgkin's lymphoma, non-Hodgkin's
lymphoma, hairy cell lymphoma and Burkett's lymphoma; hematopoietic tumors of myeloid
lineage, including acute and chronic myelogenous leukemias, myelodysplastic syndrome and
promyeiocytic leukemia; tumors of mesenchymal origin, including fibrosarcoma and
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pronyel ocytic | eukem a; tunors of nmesenchymal origin,
i ncludi ng fibrosarcoma andr habdonyosarconma; tunors of

wao b@soenet al and peripheral nervous system i neCT/EP2994/007515
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astrocyt oma, neurobl astoma, gliom and schwannonas;

ot her tunors, including nelanom, sen nong,
teratocarci noma, osteosarcoma, Xxeroderna pignentosum
ker at oxant homa, thyroid follicular cancer and Kaposi's
sarcoma. Due to the key role of PKs and Aurora kinases
in the regulation of cellular proliferation, these

pyrrol o-pyrazol es are al so usefu n th treat mgn .
apaemopgoena;c BMorg %) NP e?eﬁjr?lv 8"%“ %egprb‘aé Fs"TUER & Ee"? jneluding
laBtEdcRome, nduestizgionfar giivat andrscheanpbaigs; sothelr dumars, alhcludmg melanoma
ggr%fﬂu%? t Qécf'é%carar‘?c% aooéétecbsar@grlﬂé 0 xgﬂogérﬁﬁabﬁﬁfeﬁtosum keratoxanthoma,

vasc snooth cell proliferation
Sysaic folliewsal oamehaw%@%%?@%éu s pul monary fibrosis,
arthritis glomerul onephritis and post - sur gi cal
t enos i ten I
z]r‘llﬁ F,E?% ro% %S&s %edg/gdn ra kfb‘ggeg lrgfhg gépq\ﬁratlérrbf %elfu\a? ﬁrtohferatlon
ﬂlmsetmeeltnpmrgmi@l Iarep$l§51 |U$%f\d|a'ﬂ|tb% f@?@‘@ﬂbl@? 3 \@H%éﬂ gsl proliferative

ARdidets s"aéhc'é’é: 'fcfﬂrf%féné‘! bbnigpradthte h?ﬂar;ﬂésﬂ& &inflidk bders@atosis, polyposis,

activity es adm ni stering

ﬁ]gga-ﬁpwg}ag)a{s aﬁs%?ggct‘fa\?‘é“'aéno%”h‘{ﬁ‘ ceII prglﬁergtlogan%@!xétgd with

faﬂfemsblaroélls)pu@orﬂw fistosiseanthrifs glgmﬁyun@@gfms smd PegltsHfgical gignosis and
T':: droxy or a straight or branched C1-C3 al kyl or

a ﬁ<oxy group; R2 is a hydrogen or hal ogen atomX s a

di val ent group sel ected from net hyl ene (-CH2-) -

fAcu&HuagI?tlhl)al fefien(bo@iEnt) theqiresett ingentiorhpbedesad cmthgd for treating cell
rPrc%II?e(Sﬁ%é dtsoﬁciﬁgr %ld V\%QS E}L Sﬁ&/%dasf%cﬁ’é‘{érﬁ?%lg%ﬂ dierleh )pr&éln kinase activity,

en atom
Sthichi g:mpne@s Béraifistean G?laomaramﬁyln @?qsluw Pt gn @ﬁe@ge amount of a

%mlpg.mdlby{rorrglm@gp or a pharmaceutical” acceptable salt
t her eof

x)ﬁ
(A
H
N N
Z" “NH 0
O —
N R,
o)
R

wherein

R is hydrogen or methyl;

R, is hydroxy or a straight or branched C4-C5 alkyl or alkoxy group;
R; is a hydrogen or halogen atom;
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The above net hod enabl es treatnent of cell
proliferative disorders caused by and/ or associ ated

wowaok/oed4eer ed Aurora ki nases activity. In a pre¢EEP®A4/007515

enbodi nent of the nethod described above, the cel
proliferative disorder is cancer. Specific types of
cancer that may be treated include carcinoma, squanous
cell carcinoma, henatopoietic tunors of myeloid or

| ynphoid |ineage, tunors of nesenchymal origin, tunors
of the central and peripheral nervous system

0o R SO OO T B AT R SAGE T, o
figtblobon dhetematbar grauptseléaied sromoxggendEvper nilggerp(-did'e meherein R’ is
I nvc?rgéenoa[g?rﬁl sﬁgragﬁt%\l lol‘%ﬁé‘he@ (f:mﬁlﬁ@%ugfor fer @Plzﬁlo%’k}l gioup)

y roxy or a
Qt?d?aghﬁcwﬁcab%%ﬁ%ﬂ@de @it-t@geocil kyI or al koxy group;R2 is

a hydrogen or hal ogen atom X is a dival ent group

ted r.0 I r I 4

Thepoge mseh, SEbley @aucrt S eh SOy QB G0 oy ancr
saoeletegd/lth a&md)&wgeﬂfmese@a)m\wv nitrogen (-NR -) \/\,her e| n

R is a hydrogen atom a straight or branched Cl-C4
B i SR eRCHdt e SRTPrhdrder e FhLPigieryg dorder s
cancent i on al so i ncl udes net hods of syntheS|Z|ng t he
pyrrol o- pyrazol es of formula (I) and the

phar maceuti cal » accept gble sa ., as well as the : inoma
SReraesi 7 CATooE i DY DP iFElSE AP SPIR O Re RVARORope carcinoma.
compbpdicicappsre of ayélad oolympingd lireage thiroers ahleseanlyynaf oridine tumors
%I; ttr?enqgmal %qga&"naga‘?é EMUQOJystem, melanoma, seminoma, teratocarcinoma,

osteosarcoma, xeroderma pigmentosum, keratoxanthoma, thyroid follicular cancer, and

Kaposi's sarcoma.

The present invention also provides a compound of formula (1)

R
x)ﬁ
A

H

N NG

o) —
R
N 2

wherein
R is hydrogen or methyl;
R; is hydroxy or a straight or branched C4-C; alkyl or alkoxy group;
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will be readily obtained as the same becones better
understood by reference to the follow ng detail ed

waemsiyei on. DETAI LED DESCRI PTI ON OF THE | NVENTT/ER2004/007515

Several heterocyclic conpounds are known in the art as
protein kinase inhibitors. Anmong them

3- car boxam do- pyrazol es and 3-urei do-pyrazol es and
derivatives thereof, have been disclosed as protein

ki nase inhibitors in the international patent

appl i cati ons WO 01/12189, WO 01/12188, WD 02/48114

and WD 02/70515, all in the name of the applicant
Rl@@”de@ﬂgééa@g%v%WPc conpounds conpri sing pyrazol e

R gldiveRnigieuppsseessiorgmihpiase(-CiH) & fuoroynetiylene (-CHF-), or it is a

ve been, al so S S '

R A e s A M AT R A
POy egRD 3tad @G Raiglor breaghed F1-Ce PIKY! §TOND Op? Cofs exploplkyg grous
0RY AR A AR AOLATRARY, fi1ed in Mey 17, 2002).

In the nane of the applicant itself. In addi ti on
to t he above, am nophenyl - pi perazi ne or
ang pregEmeinyéntipn plee indiudes ethedsaf syrdiesizing Hpsmergiormygpzoles of formula

Y. %WQ:! r | 55 ARES bigdrAB8&utical compositions

g?%@gyﬁgﬁ§?§££?ﬁgw6§§ '93%505Q§%527 |nEthe nanme of P
PereRrieiBd f8BY e Medi cament. The conpounds of the present
invention fall within the scope of the general formula

Rfmcgrg' gon%l%{g gﬁ'@!@&ét%ﬁ %Pth%vgr?t() ;ll %gél aran)'ﬂ @F tﬁé’vaﬁé?ldant advantages thereof

I ncor por are not specifi

mtlémseadﬂy é*étaw%?se‘ihﬁ STHR bRISMED Bﬁt&é UB#efﬁrt?ﬂdrﬁw fafe(eﬂfe Bfthe following
bhgilddReedtibiigan have asynmmetric carbon atons and may
therefore exist as individual optical isoners, as

racemi c mixtures or as any other mixture conprising a

maj ority of onPEBRAILERDESHLRIBHONON THEWVENIIONG| ch are

@la\berél‘ﬁetl%%cycﬂé Wn@ﬁaré\kﬁdﬂlnm b %rt%@ lerﬂfmésb &m[bit@rsent
I nven n ant|t u r

e e L T

bedrh detiesenetsabotdin dpasmn ihhibiiers phaherdgenetiooall patent applications WO
L ERARIE R A REURRN &1 4R WO /AB15, all in the name of the applicant

itself.

Fused bicyclic compounds comprising pyrazole moieties and possessing kinase inhibitory
activity have been also disclosed in WO 00/69846, WO 02/12242 as well as WO 03/028720
and still unpublished PCT/EP03/04862 application (claiming priority from US patent
application 60/381092, filed in May 17, 2002), all in the name of the applicant itself.

In addition to the above, aminophenyl-piperazine or aminophenyl-piperidine derivatives as
possessing inhibitory activity towards prenyl transferase proteins are disclosed in WO
02/30927 in the name of Pierre Fabre Medicament.

The compounds of the present invention fall within the scope of the general formuia of the

aforementioned WO 02/12242, herewith incorporated by reference, but are not specifically
exemplified therein.
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referred to as pro-drugs) of the conpounds of fornmula
(I') are also within the scope of the present

WO pwenei4on. Prodrugs are any coval ently bondedPCT/EP2004/007515

compounds, which rel ease the active parent drug,

according to fornmula (1), in vivo. In cases when

conpounds nmay exist in tautoneric forns, each formis
contenpl ated as being included within this invention

whet her existing in equilibriumor predomnantly in

one form As such, unless otherw se provided, when

only one of the fO||OMAng tautoneric forns of fornula
TheaForopoupdshpf fosmiladl) eathedinvertien haye PHITHRptEHEArPRIs algms |gnd may
therehfe leﬁgteikdﬁgwlaueﬁ opIEPIsbed, ué trdvemict MBRtuBROEEasOfinyt Gter mixture

I nvention: O ln the e

E@%‘F'i”%?lr?ﬁ’lo”tyu?{ I Qgéf té? ﬁ%r%ﬂgaé “Spec 1's edgr%rgiI {H0F i 35 witnin
e seopghf theprdseirohetdnC- 1 - C3 or CL-C4 al kyl we intend

any of the groups such as, for instance nmet hyl ,

ethyl, n-propyl, iso L sobutyl ., . :

Elspiss 17 AR a0 SBUSB B PN Sl e SRSy S g iures and
br anehed rodtatichieal Mxmev@armaannbaﬂgnpcmptabheblgfpwplsolsu@kherwise
?e?erred% a%&?c{,@rﬂﬁs% tohe A erﬂﬁ;}\ﬂﬁnq@tJ?Q&qulana)pirQQQKanﬂfHQhe scope of the

SOpr opox ogen atom we | ntend
PileaQﬂ*InN@t'Oth orine, bromne or iodine atom Wth the
term C3- 06 cycl oal kyl we intend any group such as

%Yégﬂg? 38{’ CR%a(fen(aP one’dt?C1 AoBRo%”E%kcpofeﬁgéfex h%hgewé ‘parent drug,

upon nat ur e
aérioglingderforiniela at\y\@l e being linked to the phenyl ene
noi ety of the conpounds of for nmul a (1) may represent a
E}I%g%/ \?fllegocB@#é“E‘ldﬁ E,%{, %)P%t aB‘é’F‘I?Q‘? foﬁ"u% &7G glzform is c?ntemplated as being
molupdvolithinathis nnvgntloﬁ’h/aetherc%lstmgoaqulyhba@m eprragrireinandy ingpngform.
t he conpounds of forrmula (1) include the acid addition

As such, unless otherwise provided, when only one of the following tautomeric forms of
formula (la) or (Ib) is indicated, the remaining one has still to be intended as comprised within
the scope of the invention:
H H
H N

N
k” Zany (la) (N \\/N (Ib)

In the present description, unless otherwise specified, with the term straight or branched C4-Cs
or C4-C4 alkyl we intend any of the groups such as, for instance, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, tert-butyl and sec-butyl.

With the term straight or branched C4-C; alkoxy we intend any of the groups such as, for

instance, methoxy, ethoxy, n-propoxy and isopropoxy.
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salts with inorganic or organic acids such as, for
i nstance, nitric, hydrochloric, hydrobromc, sulfuric,

w@esoshbsaeT c, phosphoric, acetic, trifluoroacetPCI/EP2004/007515

propionic, glycolic, lactic, oxalic, malonic, malic,

mal eic, tartaric, citric, benzoic, cinnam c, mandelic,

nmet hanesul phonic, isethionic and salicylic acid. A
preferred class of conmpounds of the invention is
represented by the derivatives of formula (1) wherein

R {ﬁ rydrogenhor met hyl; Rl is sel ect ed fron1hydroxy,

met hyl or methoxy; R2 is a h en or uori.ne ato

i 2 s abogen T bR IEHyANETS FUGTEHSPRYF BHEtns e,

wWhiR the \fé}fnr eg-ae Féycloakyas«/eabmarﬂ agpardupdsuckoas ayclopfopyle reyelobutyl,

S conmpound of formula (1) of the
?Vﬁe%ﬁyi' cyc'8hetxP/lonaI ly in the formof a
pharnaceutlcally acceptabl e salt, see the experinental

&gyl Qé“peﬁm%%m‘\ltﬁ@natd%é of BENEGrbip, e iegsrodclk beinBdinked to the
object of

esent | nvention re
Sebeges T 5 By togobits - BoriBuliad) SRAr SR & phdftpe. 4
mbmprphmnmoearez:ma|4+q}kthmmrwbi4~@y@<alw*sp|mﬁ@?ﬂr@@r mompltrﬁ ring.
process conprises: a) reacting a conpound of fornula
wi th a conmpound of fornula

é@rw@c@ﬂm@@tﬁwe Ralis R the cqrapoyy ‘HJ%/Q‘“EZP I?]Célaie tEje famd addltlon
$myRiith & okganicir @uanictaciBy suapase $@ rinstarce rititrid Utygroctderig, Bydrepromic,

h%grrlcoaé{raﬁ&%c ?%hﬁﬁpl ?warﬁgﬁd}‘&acg{ %nglorﬁcp gfSoiit, Q2B RkIR, Ralonic,
mahc maleic, tartaric, citric, benzoic, cinnamic, mandelic, methanesulphenic, isethionic and

salicylic acid.

A preferred class of compounds of the invention is represented by the derivatives of formula
(1) wherein R is hydrogen or methyl; R, is selected from hydroxy, methyl or methoxy; R, is a
hydrogen or fluorine atom; X is selected from methyene, fluoromethylene, -O- or -NR', wherein

R' is as above reported.

For a reference to any specific compound of formula (1) of the invention, optionally in the form

of a pharmaceutically acceptable salt, see the experimental section and claims.

As formerly indicated, a further object of the present invention is represented by the process
for preparing the compounds of formula (1) and the pharmaceutically acceptable salts thereof,

which process comprises:

a) reacting a compound of formula (Il) with a compound of formula (1)
O

N /[(
H,N 74 \N O/Q R

. (I XO—Q—{ (1)

OO-Bu

0O—=
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(I'V) NCOOtBu b) reacting the compound of fornula

(I'V) under acidic conditions so as to obtain a
weoopoesaer of fornmula (V) RDH N NHc) rearCT/RBR0DNIENTS15

conmpound of formula (V) with a conmpound of fornmnula

(M) O(M)wherein Ri and R2 are a s above defi ned

and Z1 represents hydroxy or a suitable | eaving group,

so a s to obtain a conpound of fornula (VII) RN Q

(M1) d) reacting the compound of formula (VII1) under

basi c conditions so a s to obtain the correspondi ng

conpound of formul a él and, if desired, converting it

iwhersingR pRdK FErcsLAbPYatefineds Qéﬁﬁ dpyre alsy jofoup Heiugaresenisdert-butyl and

IO VRriHy OF 8 SGitab 16aving 3rbab,ad)as iy 6HLAS & compuuad olfammule(V)
carried out by_working according to very well-known

operative condytions. According to step (a) of the
process, the reaction between the conpounds of formula
(1) and X

(A

@]
N /K
~
Z "N e

0 —

ZT

(V)
|
COO-tBu

b) reacting the compound of formula (IV) under acidic conditions so as to obtain a compound
of formula (V)
R

=z

T
\Z
2/
e
5

c) reacting the compound of formula (V) with a compound of formula (VI)
0

Zl

(Vi)
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(I'l'1) can be carried out in a variety of ways,
according to conventional nethods for acylating am no

waletoswedeves. As a n exanple, the conmpound of POY/EP1084/007515

(I'l') may be reacted with an acyl chloride of fornula
(I'1'I)wherein Z represents, a s a suitable |eaving
group, a chlorine atom Preferably, this reaction is
carried out at a tenperature ranging fromroom
tenperature to about 600C, in a suitable solvent such
as, for instance, tetrahydrofuran or dichl oronethane,

and i.n fhe esence,, of roton_scaven

C Phsce e e G 62845, PoTBor a7 Taiarans Gy o1  gutable leaving
conyn 8n 8s togbtairor eampaurid df forQuieéihesent s a | ower al kyl

group, for gnstance a Cl-C4 al kyl group, nore

preferably thyl or ethyl.According to step (b) of

the process;~\the conpound of formula (1V) is easily
deprotec?% at| the pirrolidine nitrogen atom by

acidic trk§gﬁ/ his reaction can be conveniently

carried out™'n esence of a n1n8ral or organic

acid such as, fo anced hydrochl/pric,

[ [ A Al d, Ln a suitable
sol vent such as dichl orfJneth , drﬁQane a | ower
al cohol (e.g. nethanol at a tenperatﬁﬂ%
rangi ng fromroomtenperaturg to about 400C and for a

time varying fromabout 1 hou ours. The
compound of formula (V) thus ol further
reacted, according to step (c dcess, Wth a
compound of formula (M). Fr@ it is clear

to the skilled person that also this acylation
reaction may be acconplished in a“ariety of ways and

aper atlbé(&ln&‘ﬂ{édbérﬁ&[]% om}nﬁiha %\7]6 u%cgec!alétclﬂ:% %ﬂm% réota@e[o obtain the

art for I on of boxam des. reaction
RIS ESAOUAGT BT AHEh ! (65 i AT IS P ppemeceutcaly
acreptafe datithamad (V) wherein Z' is hydroxy can be

carried out in the presence of a coupling agent such

as, for instance, carbodiimde, i.e

1Th§ a@P@y@P?ﬂ?éWWE’@YJ proﬁqssaewhlch can be carried out by working according fo
lveBrwhllikaopt ogyitoacdadibhgri de, 1-(3-

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de,

N- cycl ohexyl car bodi i m de- N - propyl oxynet hyl

puEyeing fesier & oNbhe piecesethy rerglidnoeitwesndes ¢¢mpeendsydf formula (1) and

AMh k&t b edted bUB irfa SaHchod viRiyS k& Bihg $HEMv@Rional methods for acylating
amino derivatives. As an example, the compound of formula (1) may be reacted with an acy!
chloride of formula (Ill) wherein Z represents, as a suitable leaving group, a chlorine atom.

Preferably, this reaction is carried out at a temperaturé ranging from room temperature to
about 60°C, in a suitable solvent such as, for instance, tetrahydrofuran or dichloromethane,
and in the presence of a proton scavenger such as triethylamine or diisopropylethylamine.
Within the compounds of formula (Il) Q represents a lower alkyl group, for instance a C4-C,
alkyl group, more preferably methyl or ethyl.
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for instance, dichl oronethane, chl oroform
tetrahydrofuran, diethyl ether, 1,4-dioxane,

w@e®sooi4eTi | e, toluene, or N, N-di nbt hyl f or mam PET/ar2084/007515

tenperature ranging fromabout -10C to reflux for a
suitable time, i.e. fromabout 30 m nutes to about 96
hours. The said reaction is optionally carried out in

the presence of a suitable catalyst, for instance

Adi met hyl am nopyridine, or in the presence of a

further coupling reagent such as

Nhydr oxybenzotri azol e. The reaction between a_conp
Acofdingriistap (bVpf the Brogess ohp sAPRPUBY Of fBmua &) c%ﬁaf"vc%%ﬁf%%ded at the
ShrsiRine Afirbb&ChtéH by stk rex@pl e, through a mi xed

anhydri de nmethod, by using an al kyl chl orof ormat e,

such as ethyl, iso-butyl, or iso-propyl chloroformate,

This tebetiop pasmvejﬁeng{y (:a;qu| ki theaseseneg efle naigeral or organic acid such

L kf H@ééh@érhfl‘kﬁochmngl' tﬁﬂdoﬁﬁ@éti‘é R_Y h’!@%@b@uﬁmld"&:l@ fin @Wlﬂaﬂb RElvent such
In sul t abl e

sol vent
G By ? FHE A, R B e8! 8 Bperaure
@aeh® frbrh Irbdre tentheedtlny lto ebdue#Q°Clang- i axleneelarymg from about 1 hour to

%Ohlf%%g hyl f ormam de, at a tenperature ranging from
ou OC to room tenperature. The reacti on between a

conpound of formula (V) and a carboxylic derivative of
flﬁH mdﬂmp%unﬁd\/bf) foMiues ed) nhug otitsined is Mirthableactbd aactarding) taostpp (¢) of the

grl%ehss v%lﬁ:\ar rog}pﬁu Ocu of f&r&uFaQ\?lh_Rfr&ﬁ ‘f‘t‘l%ca(:tBO\(RilC f dc Sllr tto'tl?er M(illgé‘ﬁ@rson that

I SOpProp
iy ité recylaton wasiont Bl beSTCOEIRNE LR satieboP WA, and operative

Singiby ARER S_NRielyahbRk AftRd &R fofling bRyhraBdn @ tarboxamides.
tetrahydrofuran, acetonitrile, or

NthlnEthyIfornan1de at a tenperature ranging from
Alronetctiod 0§ @s¢roa capifound of TetenuledWiand racharbokylie eeidol fam(ulﬂ (V1) wherein

arg h%@fyaccahed'e' Shfkg kB(lt tnhtﬁe Fe%@r%@(b@ aQ.fouﬁlfﬁg %@é{m&f é@ for instance,
car bon atom bein ent |

garbedimideastidr i sﬂogld\%@ OW%H?,aébOdl”ﬂ'g 'cor?p%ﬁfﬁa%m%ﬁ*“f%ﬁ‘mﬁ% -
Givie)hyBminoprepye)-3-tibyicarbodiimief or m\!e:yclehlerxgbab@ﬁardlewbﬂ@mdoxymethyl
%l&s%ﬁeﬁé' &tr\fgy%@h%@féérggénml '@%&W&l Y] Ynea Qﬁtaﬁl@@tﬁmnpsuch as,

pon the nature of
toH nipgante: dl\"Chf%Qf?ﬁ'ﬁ‘l‘aé‘e( \ﬂhbor%féinn gteti?g‘éilp Uppng pietiy o%tg%rs 10"f -dioxane,
bdoriitA adilérN or 160EdiRSARthaMgde atnpiempetatuaf rafgingriadra about -10°C to

‘e\ﬂnl( ?or gaswta%% t|m£ he pf‘ra’ornjl Xbo(éx?gé Hw‘]a’nqltes to about 26 hours. The said reaction is
optionally carried out in the presence of a suitable catalyst, for instance 4-
dimethylaminopyridine, or in the presence of a further coupling reagent such as N-
hydroxybenzotriazole.

The reaction between a compound of formula (V) and a compound of formula (VI) can be also
carried out, for example, through a mixed anhydride method, by using an alkyl chloroformate,
such as ethyl, iso-butyl, or iso-propyl chloroformate, in the presence of a tertiary base, such as
triethylamine, N,N-diisopropylethylamine or pyridine, in a suitable solvent such as, for
instance, toluene, dichloromethane, chloroform, tetrahydrofuran, acetonitrile, diethyl ether,
1,4-dioxane, or N,N-dimethylformamide, at a temperature ranging from about -30°C to room
temperature.
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stereochem stry at this sanme carbon atom coul d be thus
obt ai ned. According to a preferred enbodi nent of the

WO pooénoi4en, step (c) is carried out by reacti NBCHEP2004/007515

sui tabl e conpound of formula (M), which is in a given
enantiomeric form Likewi se, if racem c m xtures of

the conpound of forrmula (V) are enployed and whenever
final conpounds of formula (1) in optical pure form

are desired, optical resolution of the internediate
compound of formula (VII) or, alternatively, of the

final conpound of fornmula (1) will be required, b

Tisr TeReiign Setweeri? ISEMPYINE Gh IPERLF HRAN RO lefvaljee ¢ formula (VI
VXARER Zeis LaMMRe1davinglgrdup chmibguersied out in dheepragence of a tertiary base

resol yti.on incl . ' | I

) o i Ripayri S negp by PR ARE BRIk, n £330 sovert, sucn as
foluens, efichicaereteaneh ichlarofopip) diethyingthery tetiabypiiaRg ageirrdtilgpor N.N-
§ifbtnGiforh BRidBT0 8 BFfperdi e rapgip oo do&lt -foeT mutefux( VI 1) i's
deprotected at the pyrazole nitrogen atom by worki ng
according to conventional nethods enabling, for _
Tiestampoendstdi dormela ¢l areechatagtedsegsivshe presense o4 ph apineetric carbon
&nging’fﬁke@% B XM &entlyHofedWRAGH b&BriskBY be carried out
under basic conditions, for instance in the presence

of sodi um potassium or Iith’un1hydroxide, or a

tertiary am ne such as grietlylamne, and in a

suitabl e sol vent such as N dtzret hyl f or mani de,

met hanol , ethanol, tetrahydrofuran, water and m xtures
thereof. Typically, the ion is carried ouf at
tenperatures ranging frg om t efiier at ure to about

6Q0C and for a tinme var g A rom about 30 minutes to

about 96 hours. Finally, pharmaceutical”™ acceptable

salts of the conpounds of gornula (1) or,

alternatively, the free corfpounds fromtheir salts

Heﬁfﬁ,eg@ cBm¥ouras af fornflid @inesl wcemedih g foon omnm’l?riam;]md\ers or as
met hods. The starting.materi e process of the
N‘T\R/‘gﬁst tﬁ%rﬁo a%%o ‘f(om?\ﬁ?egsrweeoafgaircfs@lcpng%lﬁ'rg?’ed according to

knwon met hods. As an exanple, the preparation of the

BRI UBSLNGIhg (RS Ratlirk b thwherhi§iuRd & BRIy beimg etdtyih therocess

of the invention, corresponding compounds of formula (VII) having a. properly defined

stereochemistry at this same carbon atom could be thus obtained.

According to a preferred embodiment of the invention, step (c) is carried out by reacting a

suitable compound of formula (V1), which is in a given enantiomeric form.

Likewise, if racemic mixtures of the compound of formula (V1) are employed and whenever
final compounds of formula (1) in optical pure form are desired, optical resolution of the
intermediate compound of formula (VII) or, alternatively, of the final compound of formula (1)
will be required, by working according to conventional means. Just as an example,
conventional techniques for racemate resolution include, for instance, partitioned

crystallization of diastereoisomeric salt derivatives or preparative chiral HPLC.

(k!
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di scl osed in the aforenentioned international patent
application WO 02/ 12242 (see, in particular, exanple

wWQ@gooanoaane 249; this same conpound i s therei NnPCHRRWHOHBITS1S

3-am no-4, 6-

di hydr o- pyrrol o[ 3, 4-c] pyrazol e-1, 5-di carboxylic acid
5-tert-butyl ester l-ethyl ester). By working in an

anal ogous way, additional conmpounds of formula (11)
wherein Q represents a | ower al kyl group other than

ethyl can be thus prepared as well. The conpounds of
formula (I'11) and (M), for instance those wherei
Finaily.Z2ccordipg &neteR () ohtap Geessatng rPmaoygd oh faeyig r(Y'Hés %%‘H?Cted at
tRE © %&&B%tr&@@@\wbn@rby Qﬁmmhge a@@ﬁdldgytoobdrﬁemedalfrhéthmdshmabllng, for

'5%%59?3 PRGBS R RAC e B BB BT covi oo i1 i s

al so clear to the person skilled in the art that if a
ﬁ%@%l&fthlé FHaHﬁHnaméyj Be cdMicPsH BRI BESE dbrtitiohd) féMiBstance in the

B B FOSSmapP SR APV ai R & R A B4 fighlamine
ardtio atshieabii soyket sustomeN, dl-dirhethyformenzdg, Mefhaoelr q;tha;@l tairahydrofuran,
\@%tgroa(nglnqgtukg trfeﬂé%\" el'pﬁl&é?lg Ghe Feg&ﬁﬂ'lsqéé‘ﬁed du?atst@m%ir;atWeE RdnBing from

i nvention. Y T
@ewﬁemmatu@ftorsefamoap emc} fop IS " BPeut &p FinyigRoig gbout 96
hdukd. bitors, nore particularly as Aurora kinases
inhibitors and are therefore useful, for instance to

restrict the unregul ated prollferatlon of tunor
Finally hehaapaceuticalyacaepjabifesalis efdhe eprineendsiob irmeat!) of a"‘emat“’e‘% the

h‘@er b&HﬁouﬁWﬁ thSit GhitsAthetcBP Ry fHar BE bbigine@ RREdréify t@ Sonventional
as in the treatnment of other cell proliferative

W?@B?Hers such as psoriasis, vascular snooth cel
proliferation associated with atherosclerosis and

ﬁ’ﬁbsétarﬁﬁﬂ' rgétgﬁil oﬁh@ﬁr%éés% of¥Rd mK/@n‘ilbﬁ BRYnSwn d&siyihédaidd d36ording to
activit he potency of selected conpounds is

He«oemﬁtfe@a through a method of assay based on the use
of the SPA technol ogy (Amersham Pharnmaci a Bi ot ech).

PQ% %?a%%x qeﬁ\%;ﬁﬁ)%acﬁorqgt hd Sorﬁﬁo%ﬂig%m%ﬁa ('il?\%é?éﬁ@ ¥pre¥Yents ethyl is

ate nol et ki nase’ to
dipdeseryinal A N RPHES Ny i opgg242 (sce,

birfdulanyd@inpr J8r DGhagd 24 thad boweconipubd Rdhdrein named as 3-amino-4,6-
dihydro-pyrrolo[3,4-c]pyrazole-1,5-dicarboxylic acid 5-teri-butyl ester 1-ethyl ester).

By working in an analogous way, additional compounds of formula (Il) wherein Q represents a

lower alkyl group other than ethyl can be thus prepared as well.

The compounds of formula (lll) and (VI), for instance those wherein Z and Z' represent a
halogen atom, e.g. a chlorine atom, are either known or can be easily obtained from the

corresponding known carboxylic acids, by working according to conventional methods.

Likewise, it is also clear to the person skilled in the art that if a compound of formula (1),
prepared according to the above process comprehensive of any variant thereof, is obtained as
an admixture of isomers, their separation into the single isomers of formula (1), carried out
according to conventional techniques, is still within the scope of the present invention.
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streptavid in-coated SPA beads (biotin capacity 130
pnol /ng), and light emtted was neasured in a

W@ 20080034kAt i on counter. Inhibition assay of AuPCI/EPD04/007515

activity Kinase reaction: 8 mM biotinylated peptide (4

repeats of LRRWSLG), 10 nM ATP (0.5 uC P33Y-ATP), 7.5

ng Aurora 2, inhibitor in a final volunme of 30 m

buffer (HEPES 50 MM pH 7.0, MgCl2 10 MM 1 nmM DTT, 0.2

ng/ M BSA, 3 nM orthovanadate) were added to each wel |

of a 96 U bottomwell plate. After 60 m nutes at room

t enper at ure i ncubation, reaction was stopped and

BL'EEMAQQ&Q@J peptide captured by adding 100 ni of bead

$létg&§dtmﬁiuﬁdk obernanai fl) et active ad Pdtel kiodseQsldbiprs nrevparicularly as
e

8%{8' olgl%a{%es ﬁ}‘%ﬂn ahd aaﬁ %Hg%tforec’tuélﬁg #)r g%g;la%tecg Icl’%sgrtlcrt_ Elhr?e L;{]tregulated

Dr@!B‘efabI%‘tféﬁtrWQﬁa@lison inhibitors were tested at

dlfferent concentrati ons ranging from0.0015 to 10 mM

S hrth b DR PV IR YDA o trose fomery

fepgjitest;, ine \Aeth @atin ¢he: treatreent of Pﬁjﬁﬂeﬂlcﬂﬁo*lmtwﬁjsp(dfﬁﬁl%mh as psoriasis,

Lés(:blgrgén%% S FrhIRRSoh AR withSathdiscleR@R dridhiBsdurdidi® stenosis

I nhibitor concentration, y is the response; y starts

a8td BHENSH and goes to top with a signoid shape. Ki

cal cul ation: Experinmental method: Reaction was carried

?H% n“" Ql&@‘gcﬁ@{yé’l&%e'g&eﬁw ShselRbled c%po&%sﬂ%@@qln’%d titoih a method

contal nin
R eseesehen 1T o] SRS O ReP gIe aT PR A
Tha3848) conBleRof ihe frakéler of t=appetdityatidiedEENbApraateimbibiy by the kinase to a

@gf) iy a:gq%t SupSH? é“fh%‘s/rleg{h ?%%R%WB@QE@WMJ&S &raﬁaane@ﬁs bind to

rom xtensi ve wash g
sheptayiginoster S8 hopea (i R 30 PAlag) 258 g1 GAVten vas measured

CondS@liatibh bdmtezer o) for each ATP and hi stone
concentrations was neasured. Experinental design:

React| on veI 00|t| es are measured at four ATP,

Kinase reaction: 8 piM blotmylated peptlde (4 repeats of LRRWSLG), 10 uM ATP (0.5 uCi
P®y-ATP), 7.5 ng Aurora 2, inhibitor in a final volume of 30 pl buffer (HEPES 50 mM pH 7.0,
MgCl, 10 mM, 1 mM DTT, 0.2 mg/ml BSA, 3 uM orthovanadate) were added to each well of a
96 U bottom well plate. After 60 minutes at room femperature incubation, reaction was

stopped and biotinylated peptide captured by adding 100 pi of bead suspension.

Stratification: 100 pl of CsCI2 5 M were added to each well and let stand 4 hour before

radioactivity was counted in the Top-Count instrument.

IC50 determination: inhibitors were tested at different concentrations ranging from 0.0015 to
10 uM. Experimental data were analyzed by the computer program GraphPad Prizm using the
four parameter logistic equation:

y = bottom+(top-bottom)/(1+107({loglC50-x)*siope))

where x is the logarithm of the inhibitor concentration, y is the response; y starts at bottom and
goes to top with a sigmoid shape.

13

CONFIRMATION COPY



10

15

20

25

30

i nhi bitor concentrations. An 80-point concentration
matri x was desi gned around the respective ATP and

weusnosate Km val ues, and the inhibitor |1 C50 vRCTIEB2004/007515

(0.3, 1, 3, 9 fold the Kmor 1C50 values). A
prelimnary tinme course experinent in the absence of
inhibitor and at the different ATP and substrate
concentrations allows the selection of a single
endpoint tine (10 min) in the linear range of the
reaction for the Ki determ nation experinment. Kinetic
paraneter estimates: Kinetic paraneters were esti mated
Bicaléulationaneous nonl i near | east-square regression

B3 Mol mekh dd RERBEH Whe/@rrigahiubin boffer (ESPRGYis tit! 70 mM MgC,
rB%Prgﬁcl)rg ggeﬂy%asnm@%ﬂ %onqg[nt hgZ%Wdzg%%brg&&%}gﬂghﬁgonstant ratio of
Sol@Bbeled ATB/1/390Q)KBeaction WK$ siopRéidavith I;'@-TAA\WG] the substrate captured on
%Js%?%ﬁr%] Mu|t|§<£réé'm©é)w5lpbl]abes\ﬁf8ﬁ M’ﬁiid)rﬁﬂ mﬁ&freémshy washing, the

di ssoci ati on copst.a :
SEPAR RASHAST AT & P BUBECCPVR] TS 4150 G CRyATP and hstone
coRpRralibnswdsyndaactdr bet ween substrate and ATP bi ndi ng
and substrate and inhibitor binding respectively. The
conmpounds of the invention were furéher

t ' .
Fpartnenta Aesigu PR SETIoERUE] GO et RorLp (isone) and
%lb'ltonfaéhéeldfr@c&nﬁm dl)%mlt ednichittatidromstrievbeddsigned afaenditbé respective

%F’&qd élétﬂs&rét:et@yﬁﬁ g A tﬁé:llnfnf%]t_%tlbgﬁqv Seegg T‘h@ @Wﬂﬂe Km or IC50
veliés/ & pRliminarg Smgesopse ﬁxw@eof@@ﬁ%ﬁbfe%%@ 13 30g gt iy deret

(A%%lg)stu%ﬂrﬁfé' &mdtr%n%n&wm&/csa)e@oﬁ Bia eiBhlereadpdiritaime)(1@ min) in
ut am ne an C in in and

RS 'Wg%flr?ﬂig& Oﬁ‘ ":'fﬂ% andmggtif’Sq 695? %ghum dity.

The foll ow ng day pl ates were treated in duplicates

\@éiltnéiic%élra te%tlﬁﬁﬁso Rinbf Saréthdists were éxfimeedpuiftiganeous nonlinear
starti ng roma

deAHFPrONERATSSSRB és'n%élgﬂﬁlegcwe h"\BIT’ﬁ?Df o k?‘%%a&’ %TP random
heaehsniof) usihg eicremplsterath seni8@msinis): t hdr awn and cel | s

Vme Ae B

V=
OZ@Ka@Kb+05Ka@B+aKbA+AB+ozI]?@]@(Kb+%)
i

[Eq.1]

where A=[ATP], B=[Substrate], I=[inhibitor], Vm= maximum velocity, Ka, Kb, Ki the
dissociation constants of ATP, substrate and inhibitor respectively. a and B the cooperativity
factor between substrate and ATP binding and substrate and inhibitor binding respectively.

The compounds of the invention were further tested in vitro to assess the anti-proliferative

effect onto cell cultures and the inhibititory effect on the cell cycle.

In vitro cell proliferation assay

The human colon cancer cell line HCT-116 was seeded at 5000 cells/cm2 in 24 wells plate
(Costar) using F12 medium (Gibco) supplemented with 10% FCS (EuroClone, ltaly) 2 mM L-
glutamine and 1% penicillin/streptomycin and maintained at 37°C, 5% CO. and 96% relative
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detached fromeach well using 0.5 m of 0.05% (w v)
Trypsin, 0,02% (w v) EDTA (G bco). Sanples were

waldoaved2wi th 9.5 m of |soton (Coulter) and cCPCHERIH04/007515

10"

15

20

25

30

using a Miultisizer 3 cell counter (Beckman Coulter).

Data were eval uated as percent of the control wells: %

of CTR = (Treated - Blank)/(Control - Blank). I1C50

val ues were cal cul ated by LSW Data Anal ysis using

M crosoft Excel signoidal curve fitting. In vitro cel

cycl e anal ysis The human col on cancer cell Iine

HCT- 116 was seeded at 5000 ceIIs/ch in 24 m% late

pudidityarTie deflawing| deyir lgtes dverfe HE3eth S0 dUIERIRS WL Fls°f| % appropriate

ﬂhﬁéﬁ ofeedRaeisi drtifahese aof0 igkostbdr IVBIMS L. IMeat wnttedted c@rol wells
our.s

‘Hﬁrlet'ﬂ‘ij% e%ingrh gécfhf ef‘atg n.&ftep 95 Cﬁ?tﬂg ﬂréﬁﬁ?ntoﬁne@mwm l%lNﬁ Qnd cells{

I um su er nat an av0| | 0ss
dtached ar@me@acawtugm ®-5om! af §-87% dwWivbTIYBSn, 1A e A/¥eEDTA (Gibco).

%ﬂ)@s WelcCdilkag R oUsSimner IBESh 306118 laA¢ Bewhtddlyudhg0S Multisizer 3 cell

t TA (G b T
i Ve Curen i b e et eeraaa b R
%nmCﬁﬁﬁ%ﬁdh@ﬂean©éEmeWd@aM©ns wer e pool ed and

centrifuged at 2000 rpmfor 10 mnutes. Cells were
re-suspended in PBS and counted us
e wa'E%W%rércatCB'ét?fé rPdnLSc‘MEPFe%a?VSEo?S' '5&°F?If1 Exceef ﬁ'§W81da' curve
eisg. added (70 % v/v) and cells were kept at - 200C
overnight. One mllion fixed cells were centrifuged at
2000 rpmfor 5 mnutes and washed with PBS and

Isned for 1 hour at roomtenperature in
trheneadrkcdih adekrrgil RROHEY-1162wag sedded BORI0dicat/dnaind wells plate

[ ang 15 u R i )
&é‘ﬁ%ﬁa%ndpﬂf Lr %aa%ﬁeﬁlqnﬁdl\lsgﬁeﬁrcnglg ?ﬁ;e%r exg%r%%;( \R}'né(s[evc)flgrowth were
Teddd fBabrblhesrsweithe difiawnt sentepationso®f coMBRHaLT Ysat Cu!@ae medium
%ﬁeﬁ?&%nﬁ whd MediEACDtad lobdIr, deﬁeﬁé@taﬂbeptﬁlictdﬂmaweeny Thégafter, cells
ckinson)..
VB0t BoRHEES PR8Ny APFrs B orce (TR fos HBLERL foeco)
DiMsiaadiviatvensioppet wsisg ngluee meclillurg)Ad)oeregt 20| Hoacdbefeni ggll fractions
?v \}el poSDé& LSy niigk8 St 2686 Bonk RF 9 ARdieb SdeNgwERIrd-L4i@8hded in PBS and
couen{e-d using a Multisizer 3 cell counter (Beckman Coulter). For fixation, ethanol was added

(70 %, v/v) and cells were kept at —20°C overnight.

One million fixed cells were centrifuged at 2000 rpm for 5 minutes and washed with PBS and
subsequently stained for 1 hour at room temperature in the dark by adding 200 O&: 25 Og/ml
propidium iodide (Sigma) and 15 ug/ml RNAse A (Sigma), 0.001% (v/v) Nonidet P40 (Sigma)
in sodium citrate (0.1% wi/v, pH 7.5). Samples were analyzed by flow cytometry at 488 nm
excitation (FACSCalibur, Beckion Dickinson) using Cell Quest 3.0 software (Beckton
Dickinson). Typically 10000 events (activating doubles discriminate module DDM and gating
only single cells) were collected and cell cycle profiles were recorded using CellQuest (Verity
Software). Cell Cycle distribution of the population was calculated using a modified model in
Modfit 3.1 software (Verity Software) and expressed in % G0/G1, S, G2/M and polyploidy.

Given the above assays, the compounds of formula (1) of the invention resulted to possess a
remarkable protein kinase inhibitory activity, e.g. Aurora-2 inhibitory activity. See, as an
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Software). Cell Cycle distribution of the popul ation
was cal cul ated using a nodified nodel in Mdfit 3.1

waodosmatse7 (Verity Software) and expressed in %BQOEED)I4/007515

S, &/ M and pol yploidy. G ven the above assays, the
conmpounds of fornula (1) of the invention resulted to
possess a renarkable protein kinase inhibitory
activity, e.g. Aurora-2 inhibitory activity. See, as
anexanple, the following table | reporting the
experinmental data of four representative conmpounds of
the invention being tested as Aurora-2

examplsi tleg golpwnotak,be | reportingetng  XRETMeid!| ?ﬁieﬂq? fayr. fepveéentatlve
@nipeahds(dF BelnveMion ting tésted dshiairsra-caqrabeé Inhibljors GC&xéM tfor their cell

SRS o Ay 3R'of AR YPLRHA 6eodRh Ut nauce

paypislyritheol WME+ pelyrieidy ﬁtﬁoQ:@Nﬁparl son to a structurally
very close prior art conpound herewi t h defined as

Ref erence conpound, whi cifically, di

RLSIR BSRBS Ao P BB RIS LR ) cone
frior an torhpreing cheeswith ligfirkd fae Refecence gwpmy:ndj. V\M@ is racéipally disclosed
iﬂﬁ gfo ﬁ1en joned WO 02/12242 - see page 160, lines 5-7 of the same; the Reference

acet r o) 4-c
FIRpURY WEIEFY ﬁ?rﬁe} ay Nq{é)r*geﬁ% SRR oo s
@angpumstréfofpdiiamidd2 = H, X =
N-{5-phenyl acetyl - 4, 6- di hydropyrrol of 3, 4-c] pyrazol - 3-y
|'}-4-(4-met hyl pi perazi no) benzam de; Conmpound (1) (R =
R2 = H Rl= g}gg X = Nwe) )
N-{5-[(2R) - & net Qoxy- 2- phenyl et hanoyl ] -1, 4,5, 6-tetrahy
dr opyrrol of

)b 'd prrazol 3-yl}-4-(4- nethyl pi perazin-1
-yl ) benzam

oMy (11) (R= R2 = H Rl= Me; X =

NVe)
N-{5-[ (2R) - 2- net hyl ~2-phe & -1,4,5,6-tetrahyd
ropyrrol o[ 3, 4-c] pyrazol - t hyl pi pér azin-1

-yl ) benzam de; Conpound (6)O(R = R2 H RL = Ow; X =
CH2)
N-{5-[ (2R) - 2- net hoxy- 2- phenyl et s
dropyrrol o[ 3, 4-c] pyrazol - 3-yl } - 4-

Reference Compound (R = R = R; = H; X = Ni¥ie)
N-{5-phenylacetyl-4,6-dihydropyrrolo[3,4-c]pyrazol-3-yl}-4-(4-methyipiperazino)benzamide;

Compound (1) (R = R; = H; Ry= OMe; X = NMe)
N-{5-[(2R)-2-methoxy-2-phenylethanoyi]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-4-(4-
methylpiperazin-1-yl)benzamide;

Compound (11) (R = R;=H; R;= Me; X = NMe)

N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo]3,4-c]pyrazol-3-yl}-4-(4-
methylpiperazin-1-yl)benzamide;

16

CONFIRMATION COPY



10

15

20

pi peridin-1-yl benzam de; Conpound (5) (R = M; R =
Owe; R2 = H X = Nwe)

W@ 2¢03/0d540 et hyl pi perazi n-1-yl ) -N-{5-[ ( 2R) - 2- "B TIBR306L007515
phenyl et hanoyl ]-1 , 4,5, 6-
tetrahydropyrrol o[ 3, 4-c] pyrazol - 3-yl } benzam de. Tabl e
| Aurora-2 Cell Antiproliferation Cell Cycle block
Compound inhibition IC 0 (nM (%32/M + pol ypl oi dy at
| Cso(nM 200 nM Reference conmpound 140 220 33 none 19
gl) 16 31 ?O (11) 63 17 90 (6) 37 30 90 (5) 18 50 90

urprisingly, the Aurora-2 inhibitory activity of the
empRIdS) (BF RafeH: Rerdies S Fggul ted to be con)s/t antly
lal{ai[(mrzkrﬁ@thwyszm;enylahartomau,4,5tﬁaetram&dmmrom@c]gwwl-s-yl}-4-
compound. | n _addition, those same conpounds resulted
F%§@8§§e§?zgﬁ@%l| antiproliferative ngect t oget her
with the capability to block the cell cycle and induce

%&?g&j@i (VR Sgm, EiaMé R, ¥ HS XpeNMér than that of the
erence conpoyn [ e

SGHAPTPOAE PORRBOAT Cor R uBse2 PN RRSR 438 ounas
efrafydropyrtaio[3 4-Flpwkzaieyllbenzamide.on appear to be endowed
m%ﬁ@ha bi ol ogi cal profile, considered as a whol e,

is unexpectedly superior _ thant that t h

of a
closest fri oAusrg2of (GeBAniproliisratian | hencLellygte block
[Tahipioand ar | yinhibitiont ageous, 164 (nM) (% G2/M + polyploidy at

ICs, (NM) 200 nM)
Reference
compound 140 220 33
none | = -— 1 = 19
(1) 16 31 90
(1) 63 17 90
(6) 37 30 90
(5) 18 50 20

Surprisingly, the Aurora-2 inhibitory activity of the compounds of the invention resulted fo be
constantly and markedly superior that that of the Reference compound.

In addition, those same compounds resulied to possess a cell antiproliferative effect together
with the capability to block the cell cycle and induce polyploidy, significantly superior than that
of the Reference compound being tested in the same conditions.

From all of the above, the novel compounds of formula (I) of the invention appear to be
endowed with a biological profile, considered as a whole, which is unexpectedly superior thant
that of the closest prior art of WO 02/12242 and, hence, are particularly advantageous, in

therapy, against proliferative disorders associated with an altered Aurora-2 kinase activity.

The compounds of the present invention can be administered either as single agents or,

alternatively, in combination with known anticancer treatments such as radiation therapy or
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t herapy, against proliferative disorders associated
wth an altered Aurora-2 kinase activity. The

weewpoesads of the present invention can be adnPei/BP®o€a7515

either as single agents or, alternatively, in

conmbi nation with known anticancer treatnments such as

radi ati on therapy orchenotherapy reginen in

conmbi nation with cytostatic or cytotoxic agents,

antibiotic-type agents, al kylating agents,

anti netabolite agents, hornonal agents, inmmunol ogi cal

gr}ﬁ%%sefa@;/ grfa;xgarg rll’(l) e tgggtloﬁ%\ﬁl ts)g?sg tl%l cg)roc):()qugxrl]caggeents antibiotic-type

Q@Hnté kil sgenet emmmmebagemsshortnehatr@e&s,elmmunologlcal agents,
Pepfl |%|ntt S %gXﬁtQS' cl%b)p ér?asénhw'ib‘it%s @gti 'Qbf("é't h inhibitors),

ece bg I - HER agents, anti-E
mg’@lpqmgtalloamtqasgﬁ@; @é,ntg@rngrag@ g}ﬁltbgore ety@3|n%lh|@§§§glgm@t§rss anti-growth
faeiak k&e%ﬁtbﬁégenfsaamsb{ER tapans fRHESFR ajenlj baFahgiogasskafgents (e.g.

ng%p?sis[ @Rg gcirﬁ,etarneaﬁ Efrtalﬂg}%r%gé P’nﬂlb%rg orra rﬁf C‘sﬁ %I t@ﬁgélﬁtlon pathway

ors
mgertnrs cell oyrtd ipbibtaraiséher cilshinlibitosy éubuwblﬁm%ﬁs@m&s @pplpomerase |

IRt kHomomaie fi Riblidrk &nd tie 1k@r nul ated as a fixed
dose, such conbination products enploy the conpounds

of this invention within the dosage range descri bed _
bebrowlatnidas heixed Kese, shelr pectansipr afddyctaetmiplpy thgyeempounds of this

%Jﬁﬂoﬁ‘ \Jﬂtﬁlﬁ tﬁ@BE&\é@qaﬁb%S@él@rlﬂea%ﬁ)w SRPewnds pRbmf-LeltbhiR active

used sequentially wth known anti cancer
a@%ﬁ%h"\‘/\ﬁéﬁpfﬁo\@ér?ﬁ?%ﬁtr?r@ﬁ fornulation is
i nappropriate. The conmpounds of formula (1) of the

B%Iﬁlﬁp:lfw:ds op%ﬁ‘ml% @5‘ Fnaz&guggcll gec{u%ﬁtlaﬂ)ﬂmtﬁ] kr%mrnaédg%céroag%nts when a

e admnistere
qulahatlpﬂ)fwé@at@ﬂdﬁ't‘@f@md’ﬁ%tage | evel depends upon the
age, weight, conditions of the patient and

gg%]ﬁ{qué‘gé#@ g:}%ﬁnglléd&)] ?f: @r exlag?] m??nt%nsémt"aag Ifgr Qtﬁ-ﬁ ﬁlgt?atlon to a
framma, ze.¢.| fo hmens,sezg edef adominisipied tby 1toe vwahmvtﬂs #gghergosage level

BESendOSon tid YA dei§if, RnditidFe of Mabhient HA@dMMEREIATSUIOT
the i nvention can be admnistered in a variety of

dosage forns, e.g., orally, in the formtablets,
Capsahpl, a sugale dosadsi ddopted &t @ckl edrbinistraion lof ngrdpound of formula (1)

é‘%ﬁé Igt?rgrrrll%rgg&qﬁ @c?éb%'upéb% m§ 6&taRLd, Yoty tb BRinfe@ G5y The compounds

par ent er al i ntranmuscul ar | P(
@\Wnquﬁ\tqag\}@n@ﬂggmgﬁr&yj df? a vanet;g of dosage forms, e.g., orally, in the form

tablets, capsules, sugar or film coated tablets, liquid solutions or suspensions; rectally in the
form suppositories; parenterally, e.g., intramuscularly, or through intravenous and/or

intrathecal and/or intraspinal injection or infusion.

The present invention also includes pharmaceutical compositions comprising a compound of
formula (1) or a pharmaceutically acceptabie salt thereof in association with a pharmaceutically

acceptable excipient, which may be a carrier or a diluent.
The pharmaceutical compositions containing the compounds of the invention are usually

prepared following conventional methods and are administered in a suitable pharmaceutical

form.
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i ntrathecal and/or intraspinal injection or infusion.
The present invention al so includes pharnaceutica

W@ 09063427 ons conpri sing a conpound of fornul aPCT/EPD4/607515

pharmaceutically acceptable salt thereof in

associ ation with a pharmaceutically acceptable

exci pient, which may be a carrier or a diluent. The
phar maceuti cal conpositions containing the conpounds
of the invention are usually prepared foll ow ng
conventional nethods and are admnistered in a

sui tabl e pharmaceutical fo For t.h

oo fxample nige ﬁgvl qg@r{?rgismaytc&ég}(nh&g \ﬁ%( nHwttﬁ% gnvg c%%b&%d diluents,
69TREWUBS] dettiosel atcSarose, glcroskaetidese, calestarch gepotato starch jubricants,
g?;fs@l%, BE: stg'atil%r%%@e magr%shH'l QIS@alCILﬁ'nQrs[éa%@raﬁﬁl’opbm%ygn@ glycols;

ubr I Ca |ca tac Ssteari,c
bindjne 8gants, 619. e es: n@fél?"?eawﬁt gelatinp mepicpiaset WOéY{Be"hy'ce”“'Ose

gl &)Q/tr@b ))Prbf%h@%hs’iﬁ@ﬁét&g ZQells, e. Gl étamh‘l,e?glmaaadn ajginpten or sodium
%taics\glyﬁg?’fe p%/f@e(’STC'”& d'rl)]lxtgr% g%%fgoﬁég?etngéé g&llrlguelggﬁg s@h as lecithin,

e ratin
polgsociatesallayinysuiphates; dandal i geaereks f@f"t@‘d?d ?mnpgﬁrmaeﬂoglca"y inactive

gu%fé%ér"stlﬁed ﬁfJhgfn\’é:éélﬁicélgormuéhwsea' heééy;ﬁﬁtnhﬁ‘célmcal preparations may be
sweet ener s; ttin entS such as Olf?nm

H@P‘ﬁf‘é‘a\"ﬁ%t”'égno"‘fna'ﬂ? eé P bér%eans P g r‘&f g anulating, tabletting,

emﬁwb@mmgcﬁﬁduphﬁ@ﬂﬂﬂ@b@@lcalIy i nactive substances
used in pharmaceutical formul ations. These

har maceut i cal t '
Eh@ﬂquﬁaﬁﬁ@rsnoqsgF&g;éﬁéd%?n?sgﬁtl%emwg%] u%,'a)célt %ygrﬁl?ps 'dhulsions and

ghspaidicsi ng, tabletting, sugar-coating, or
filmcoating processes. The liquid dispersions for

oral adm nistration may be, e.g., syru enu

A dinsuapRinghe AEUPSABAYAF N AD PATEN ??éc*é%/&?ri’é ﬁ‘ﬁbarose with glycerine
CANbAhEhniteeng 8drbitoRr , sacchar ose or saccharose w th
glycerine and/or mannitol and sorbitol. The

suspen3|ons and the emul sions nmay contain, as exanples
Tdhe sespensgrs ,and delamalisiqpa imay gg@am %pmﬁlﬁ%pfgqaﬁgfse natural gum, agar,

gg{ﬁﬁrln Rig |n;§Fet F@é i %étl\i}lc@ﬁﬁosec@'fmwmdwdllé‘&l cbrLHotySlSyl alashol.

,Tﬁp ,sg%ﬁgg%%n %{rsg‘uﬁc}r@é?r lr&WQUﬁjﬁvnSI o %ri%:{nasy?colﬁl ?etfmé)r \%th the active
tcbpaunidj § @harmaceutically acceptable carrier, e.g., sterile water olive oil, ethyl oleate,
glycols, e.g., propylene glycol and, if desired, a suitable amount of lidocaine hydrochloride.

The solutions for intravenous injections or infusions may contain, as a carrier, sterile water or
preferably they may be in the form of sterile, agueous, isotonic, saline solutions or they may

contain propylene glycol as a carrier.

The suppositories may contain, together with the active compound, a pharmaceutically
acceptable carrier, e.g., cocoa butter, polyethylene glycol, a polyoxyethylene sorbitan fatty

acid ester surfactant or lecithin.

With the aim to better illustrate the present invention, without posing any limitation to it, the

following examples are now given.
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compound, a pharnmaceutical ™ acceptable carrier, e.g.,
sterile water, olive oil, ethyl oleate, glycols, e.g.,

wee@ppbaee gl ycol and, if desired, a suitabl e BCEP1004607515

| i docai ne hydrochl oride. The solutions for intravenous
injections or infusions may contain, as a carrier,
sterile water or preferably they may be in the form of
sterile, aqueous, isotonic, saline solutions or they
may contain propyl ene glycol as a carrier. The
suppositories may contain, together with the active
conpound, a pharnaceutical ™ acceptable carrier, e.g.,
cocoa butter, polyethylene glycol, a polyoxyethyl ene
sorbitan fatty acid ester EXamPRESant or lecithin. Wth

he qi Dl Oyl better illustrate the present invention,
§F¥¥%4E1p031ng any limtation to it, the follown
@amrwt@gf@hmmﬁs@ev@meMﬁM@' (eres @ﬂad%%%@%)ﬂﬁ%léﬂ'\"s was
gﬁ%‘ Q0% @\%‘f@f ﬁ@%rr@ﬁﬁpf o ek Q@m‘ﬁi I3l slﬁn)g&ilun{rl\@r@lﬁa Waters 2790
a 9385 gA) PLC/ M5 was %ﬁﬁa@ a Wate %b
Jis arctem omiRnad it SLHOeer Pl i Hrom s mod. 20 singe
MalripSle 20638 sl Enatyrs eimped) witipareeleatios praya( ESHGor\/douese SMGHDA phase
R%g gﬁw%onlﬁqgcgttawﬁﬂ éﬂpg 5 m&ﬁaéétﬂ%@ 1 GetasHitR @b @)Eand Mobile

an el ectros ray 30
Phﬂﬁe §O'l’ﬁsdh0 ! I@B@i?ﬂ'@'erﬁﬁﬁ@e prdigairoghibiRi 0 Biet 'gt”é eg, Tpg 90% B 2

B U@rdgéefahbﬁa@zm A afkC 244 mnalelbwl réte acrliroini injettioa VBGINB)10 pl. Full

and Mobil e ase Lt 95

ﬁaaupg?ﬁ rafw%; OE to é%agng @ﬁaﬁ g{%}laéé ’vJa'Eoé.%Kgoao%ceztemp.was

tA0AC; Wedfeqsewtv d?ﬁ’fQﬂ“OfE?@eﬁ rﬁlﬁ%kﬁjr D5 given 0| HiRKipRge229 nm or 254

?ﬂq/ ms%(%é i &Cds R rate! WﬁMﬁ%p%trosé_'dp%/ lvas §&fhrmw§rﬁa Mg VX 400
rom pilla vV

SR 4 & 9@4%38*'219%@% et e Seel Reded Ryt deon-o1e)

[CHPEG M=rign)) are given in mnutes at 220 nmor 254 nm

Mass are given as mz ratio. 1H NVR spectroscopy was

performed on a Mercury Vxééﬁggﬁﬁgratlng at 400.45 MHz

equi pped with a 5mm doubl nce probe (1H
picphtaBidR’} of D5REfBLMEA i drekhyl  3-amino-4,6-dihydropyrrolo[3,4-c]pyrazole-1,5-

dicarboxylate

A solution of ethyl chlorocarbonate (8.9 ml, 93 mmol) in tetrahydrofuran (THF, 250 ml) was
slowly added to a mixture of feri-butyl 3-amino-4,6-dihydropyrrolo[3,4-c]pyrazole-5(1H)-
carboxylate (20 g, 82 mmol) and diisopropylethylamine (DIEA, 92 mi, 528 mmol) in THF (500
ml) at 0-5°C. The reaction was kept at the same temperature for two hours then allowed to
reach room temperature and stirred overnight. The obtained mixture was evaporated to
dryness under vacuum, and the resulting residue extracted with ethyl acetate (AcOEt) and
water. The organic layer was separated, dried over sodium sulfate and evaporated to dryness.
The mixture was purified by flash-chromatography (eluent: ethyl acetate/cyclohexane 4/6 to
7/3) to give 19 g of the title compound as a white solid. [M+H]" 297

Example 2
Preparation of 5-tert-butyl! 1-ethyl 3-{[4-(4-methylpiperazin-1-yl)benzoyljJamino}-4,6-
dihydropyrrolo[3,4-c]pyrazole-1,5-dicarboxylate
Oxaly! chloride (23.2 ml, 265 mmol) was added to a suspension of 4-(4-methyl-1-piperazinyl)-
benzoic acid (11.7 g, 53 mmol) in dichloromethane (DCM, 320 mi} and dimethylformamide
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Preparation of 5-tert-butyl 1-ethyl
3-am no- 4, 6-di hydropyrrol o[ 3, 4-c] pyrazol e- 1, 5-

wale@aniaxyl ai e A sol ution of ethyl chlorocarbor@t/erio84/@7515

m, 93 mmol) in tetrahydrofuran (THF, 250 nl) was
slowy added to a m xture of tert-buty!

3-am no- 4, 6-di hydropyrrol o[ 3, 4-c] pyrazol e~5(1H) -

car boxylate (20 g, 89 nmmol) and dii sopropyl et hyl am ne
(DIEA, 92 m, 528 nmmol) in THF (500 mM) at 0-50C. The
reacti on was kept at the sane tenperature for two
hours then allowed to reach roomtenperature and

MR, 1068 oW-ehier gefxing e Bstus e @ iouruvalailes WeiragssFuly ggmoved

b FfeY (HR8 PredBHE ltaNiRCIpLIRR redifide thive tir@s ith tongne)esi due

extracted with ethyl acetate (AcOEt) and water. The

organi c | ayer was separated, dried over sodiumsulfate

ahmdreemmor-ne’rewlplperanmq;mgrl cmbreierﬁl-mwcelomiswiamqlqeﬁ dgrtipywise to

£ 1 B8RsC ;'l! RIRY Gt 6- diﬁ?d‘r‘&ﬂyrrolo[S 4-¢ pyrazole 1,5-dicarboxylate
cy

acet at e/ cycl ohexane 4/6 tOo 7/

(15015 “6ArVoRinG e i (80 e 1T Py 5.3 el Hfing ot rom
Bﬁ@ﬁﬁtuﬁé iTha réshltrﬁg ttﬁpénsl‘[nnt\/yds slirrgrt 18/hours at room temperature and 1 hour
A [4- (4- et hyl pi per azin-1-yl)benzoyl ] am no}- 4, 6-

%4hy ropyrrol o] 3, 4-c] pyrazol e-1, 5-di car boxyl ate Oxal yl
chloride (23.2 m, 265 mmol) was added to a suspensi on
Afierdokdt Mdhdvil unlierePRER picBiUrg, the@sidu wasatekah Yphith7Ac@Et (600 mi)

G el LIR30 S0 G20 bt o oo an

. tiedtayeresofligm sBif8e.hours, vol atiles were carefully

renoved under reduced pressure (taking up the residue
three tines

SO (g VR A KESOYE Y AP RS O i cstygter (E60.
WeEs mi) cahe P& {i5omiM fitteret odried sobert Vagwinp Bt 50 @eiptglveraoys of the title

%4 hite, powder [M+H]* 499,
%cm%cm oas&a\év Ide powdsro[pyr]rol o[ 3, 4-c] pyrazol e- 1, 5-di car box

ylate (13.1 g, 44.3 mmol) in dry THF (620 m) and DI EA
6pdopkrathg 0. &2 amalbjousnday mtli by irergliad Srtethutyl 1-ethyl 3-amino-4,6-

ﬁ%g@ggyﬂ%}l% 34- crﬁ %oree’rséjlerérQ g%%s\pﬁﬂfhb O p RSt ol dfl rcﬁ@ncﬂe(sderrvatrve

nmper at ure our at 40 O
%va@mngrcefﬁmﬁsWﬁﬁ@FeP?'@éuced pressure, the resi due
was taken up with AcOEt (600 ml)

5-tert-butyl 1-ethyl 3-{[4-(4-ethylpiperazin-1-yl)benzoyljamino}-4,6-dihydropyrrolo[3,4-
clpyrazole-1,5-dicarboxylate; [M+H]" 513.

5-tert-butyl 1-ethyl 3-{[4-(4-isopropyipiperazin-1-yl)benzoyl]amino}-4,6-dihydropyrrolo[3,4-
(5)c]pyrazole-1,5-dicarboxylate; [M+H]" 527.

5-tert-butyl 1-ethyl 3-{[4-(4-cyclopropylpiperazin-1-yl)benzoyljamino}-4,6-dihydropyrrolo[3,4-
c]pyrazole-1,5-dicarboxylate; [M+H]" 525.

5-tert-butyl 1-ethyl 3-{[4-(3,4-dimethylpiperazin-1-yl)benzoyl]lamino}-4,6-dihydropyrrolo[3,4-
c]pyrazole-1,5-dicarboxylate; [M+H]" 513.

5-tert-butyl 1-ethyi 3-[(4-piperidin-1-ylbenzoyl)amino]-4,6-dihydropyrrolo[3,4-c]pyrazole-1,5-
dicarboxylate; [M+H]" 484.

5-tert-butyl 1-ethyl 3-{[4-(4-fluoropiperidin-1-yl)benzoyllamino}-4,6-dihydropyrrolo[3,4-
clpyrazole-1,5-dicarboxylate; [M+H]" 502.
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and the organic | ayer washed with aqueous sodi um
carbonate (200 m ), brine, (200 mM) and dried over

w@owsmes4gul f ate. Sol vent was evaporated, and tPEI/EP2004/007515

residue was triturated with a m xture of diethyl ether
(Et20, 135 m) and AcOEt (15 m), filtered, dried

under vacuum at 400C lo give 20 g of the title
conmpound as a while powder [ MtHf 499. By operating in
an anal ogous way and by reacting 5-tert-butyl 1-ethyl
3- at ni no- 4, 6-

di hydropyrrol o[ 3, 4-c] pyrazol e-1, 5-di carboxyl ate w t
§-tet-taityp 1-eibWi Sl emareholindhiikspryBamiapl 4 GreinyAsopyrelel.4- ClpyfaZO'e-1 5
(ﬁggﬂgdg(%@g[mmypqg@ds were prepared: 5-lert-butyl

%tE{*[b49¥V( e R eV Lo B e r v A DTy e e S S (o
Gypyraxblef1E-dearndxpigiea pdthi- $45- di car boxyl ate; [ M+H] +

513. 5-tert-butyl 1-ethyl

3-{[4- (4-isopropyl pi perazin-1-yl)benzoyl ] ani no}- 4, 6- di
hydr opyrrol o[ 3, 4- (5)c] Eﬁ%@%ﬁe 1, 5-di car boxyl at e;
Pidbhdatiob27. Dftert ethyt vl 13-g#i4-methylpiperazin-1-yl)benzoyllamino}-5,6-

éh% ég rA|‘6l8 CJ- LW4PI b bidte tnh drochlorlde

B 1Aphysolition et dgzcﬂlp@cmngwﬂloa(@@e (2 4,885*2@9I was @?({e_db:{ﬁce%wise to a
dirb hybiudon( [~ 63erfibudyl Wﬁtdﬂwl p3-fie«amityifiperazin-1-yl)benzoyllamino}-4,6-

@F@?pggéloél ]c ;g)r%lo%a r‘ﬂbg caq ylg{e(%?ﬁ}gqog&%frgn‘]&%as prePargd in l|=_xample

4.- ietdry IDCM (240 ml); prec:|p|tat|on of a white solid occurred almost lmmed|ately The
?és[nﬁ RixReS ved Qﬂrﬁed)dt b@ﬂitéwp)e@mrél @F 24 hBurd dmeel By wvah &0 (100

Bﬂ t@'igjtsg%iu\ﬁﬁ tjlltireé,t Wns%e¥ trvaq-(eé V\fat‘weE u?8r and'_gned uﬁé’er vicuum at 50°C to
giyé P é iz e tilaicompoumd Gisedl iy theoeyt sten wfsr@ummrther purification.  [M+H]"
§ dpyrazol e-1, 5-di car boxyl ate; [M-H + 502. 5-tert-butyl

ethyl 3-[(4-no f
hol i n- 4-yl benzoyl ) am no] - 4, 6- di hydropyrrol o[ 3, 4-c] pyra
7ieINatRL (BMSOide s pacyi. za@t e8H);[ M) 3HWI 88 .(mHAH)ES.§ (riv HYI4.1 (m, 2H); 4.4

); 10. 2H bs, 1H); 11.4 (s, 1H

% ?{-lﬁﬁ&{mt Aérfl 7gl§toy p ragl(br? 1- )y?%%(eﬁzm;] ] an%sno}) 4,6-d

i hydropyrrol o[ 3, 4- (5)c]pyrazo|e 1, 5-di car boxyl at e;
E{)/lbb&rétir@‘léb- above reported and by starting from the suitable intermediate, the following

compounds were analogously prepared:

ethyl 3-{[4-(4-ethylpiperazin-1-yl)benzoyl]lamino}-5,6-dihydropyrrolo[3,4-c]pyrazole-1(4H)-
carboxylate trihydrochloride; [M+H]" 413.

ethyl 3-{[4-(4-isopropylpiperazin-1-yl)benzoyllamino}-5,6-dihydropyrrolo[3,4-c]pyrazole-1(4H)-
carboxylate trihydrochloride; [M+H]" 427.

ethyl 3-{[4-(4-cyclopropylpiperazin-1-yl)benzoyllamino}-5,6-dihydropyrrolo[3,4-c]pyrazole-
1(4H)-carboxylate trihydrochloride; [M+H]" 425.

ethyl 3-{[4-(3,4-dimethylpiperazin-1-yl)benzoyllamino}-5,6-dihydropyrrolo[3,4-c]pyrazole-
1(4H)-carboxylate trihydrochloride; [M+H]" 413.

ethyl  3-[(4-piperidin-1-ylbenzoyl)amino]-5,6-dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate;
[M+H]" 384,
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Exanpl e 3 Preparation of ethyl
3-fr4-(4-nmethyl pi perazi n-1-yl)benzov am no>-5, 6-

waledvsdosapyrr ol or 3, 4- clpyr azol e- 1( 4H) - car boxy| aP@T/EP2004/007515

trihydrochloride A 4N solution of hydrochloric acid in
di oxane (122 m, 488 mmol) was added dropwi se to a
stirred solution of 5-tert-butyl 1-ethyl

3-{[ 4- (4- met hyl pi perazi n-1-yl ) benzoyl ] am no}- 4, 6-

di hydropyrrol o[ 3, 4-c] pyrazol e-1, 5-di car boxyl ate (19.5
g, 39.2 mmol ), as prepared in Exanple 2, in dry DCM

(240 m recipitation of Whi
Sittios: HrBdPaeBPy A R oPRSNAT iR S SRS A By Pae-1(4H)
@drb%?l(@t%%r@memlatder[m+ﬂqir4@4 hours; after dilution with

0
180,100, s ool ety Hhhd At oR FagsMelcot 114
cArhaxyz@. t'ihygm@'ﬂlo'lqﬁ?e['vi*ﬁﬂI%Sscorrpound used in the next
&hep 3W41 Mmfrmséaﬁn pwueﬁzowetm.ﬁm.s d-ditnidlobyBAG 3,4 Ly akRe-1(4H)-

+t 3 2. d, 3 3.2
%"XY *eghtyﬂi&@%d o (H" EDH) 4. 4((q EDH) 4. 6(Enm
4H): 7.1-8.0 (m 4H); 10.3 (bs, 2H): 10.7 (bs, 1H):

11.4 (s, 1H). By operatingeggmphd®ve reported and by
startlng fromthe s

bl _
Bﬁﬂﬁﬁ@l}ﬁﬂls%veerﬂéy'aﬁ&q b% %@Xﬁ?&&i@g hgé&% ‘Hg'("{-me b g azin-1-
Phtendoy(fanirid}yd, @dlbwmnymld[%ﬂ-qmemﬂ (HIrearbdxyiate- di hydr
?QX ¥1I cgllor% 3(’16 1 ‘ik}ﬂy D; }_@f \Msﬂ'éaied fbaaf M&Sﬁ 8 I®.(-)-a-methoxyphenylacetic
aciq [1491(94 k| §(§‘Eﬂ"@)ﬁ9l Vh& )i Bﬁld Pl\/iﬁ (ng ﬂyb@ﬁ?ré}ﬁnﬂ%}hegmgur&at room

RyiherilE foph® hatirsl voibie este bareflifydkhovedanbexgduatdpressure.
trihydrochloride; [MtH + 427. et hyI

3-{[4- (4-cycl opropyl pi perazi n-1-yl ) benzoyl ] am no}-5, 6-

éi dojutieroplythe o¢sv[tiBg K-OipyriaRyPranyieearichietshB BN mi) was added

Efob\mégr OCf&:I 0&' deiutidnMidrl ARD. gy h\leﬁTylb[pérazm -1-yl)benzoyljamino}-5,6-
a e

ég;yqreﬂaygfalg SLfly @F%%PL? ‘@?I—B-ca#ﬁ%% Qré‘ ol:r"f} (h 594,55 81 HYE % pewm

1400 hyljl i=oe A i(HieS nfl,NdeHnmol 1@der st|rr|ng at room temperature. The resufting

solution was stirred for 20 hours at room temperature.

The reaction mixture was then washed with aqueous sodium carbonate (200 ml), brine, (200
ml) and dried over sodium sulfate. Solvent was evaporated, and the residue was friturated
with a mixture of Et,0 (100 ml) and AcOEt (10 ml), filtered, and dried under vacuum at 40°C to
give 3.94 g of the title compound as a white powder used in the following step without further
purification. [M+H]" 547; ‘

1H-NMR (DMSO-d6) & ppm: 1.3 (t, 3H); 2.3 (d, 3H); 2.6 (m, 4H); 3.3 ~ 3.4 (m, 7H); 4.3 (q,
2H); 4.6 —4.9 (m, 4H); 5.1 (d, 1H) 7.0 - 8.0 (m, 9H); 11.1 (d, 1H).

By operating as above reported and by starting from the suitable acyl chloride derivative, the

following compounds were analogously prepared:

ethyl 5-[(2R)-2-methoxy-2-phenylethanoyl]-3-{[4-(4-ethylpiperazin-1-yl)benzoyllamino}-5,6-
dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate; [M+H]" 561.
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ethyl 3- [(4-
pi peri di n-1-yl benzoyl ) am no] - 5, 6- di hydropyrrol o[ 3, 4-c]

wp@eoamaedser 1( 4H) - car boxyl ate; [ MFHf 384. et hyl  PCT/EP2004/007515

3-{[4-(4-fluoropiperidi

p- 1-yl ) benzoyl ] am no} -5, 6-di hydropyrrol o[ 3, 4-c] pyr azol

e-1 (4H)- carboxylate trihydrochloride; [MH + 402.

et hyl

3-{t4-(4-norfolin-4-yl)benzoyl]am no}-5, 6-di hydropyrro

I o[ 3, 4-c] pyr azol e- 1(4H) carboxyl ate tri hydrochl ori de;
g+ 386. eth% 4 ter but‘{ Ber flamino}-

SR By oo e b PP SR B Pz e

ééld)hydr@ayrmm/hamame wdymusdxyiaueqmmu M7 + 441 .

- { -yl)benzoy! -
g{rﬁ?ggk% )- met %25}%5%&%%05?] Sh%zl ﬁi cyc propyliferazélln -1 y% ﬁ;zlogljagmno}
éﬁajzhyp\mmyrrolo [3,4-c]pyrazole-1(4H)-carboxylate; [
¥! l%e{{hzg)aldna&hmberézlmQl)tiéyaﬁidqum(s}@d [@Qra-zzhaano%{lzgmem?tr;a(noyl

nmmo
\?/§§ 'H%BH"{%?% Cg’glaﬁql%lh)ﬁﬁg?a%?x?lg @Rmtt yphenyl acet i ¢
athiyIch-[(2R)@Ameghoxy-2-fHemrhanoyihs- im:mp@w hvlyeraﬁsd)amo] 28 50
p’h%dro@m)fah éé]wr%zlogém (Emecamoar@éé{é qmam] raaem t enper at U(Ir]Ia e
Y
et i pluerckiperiin- vlegent S PR %eé*fﬂ"?'?}?ﬁgny“er‘“ Rby-5.6-
Bingcrdpyerolafst Ay aeoieriHidlemtbpkylattil [MFHE 500 DCM (20 m )
IS blirf4-ve -5,6-
?@@ﬁ%ﬁ% rgt%tﬁé;iWZSﬁgF\)geZﬂ?an%gi éjf(ll %r;ﬁo )l/ %,] g mnﬁg amlno]
din GPY@BW@"OM@[@ZO HfWaétf’éY %te 1A “%4r boxyl at e
tefh gia @Ctbﬂt-ﬁﬂtylﬂ@er(aﬁin5-ygben80ﬂanfmm} -§-1(2R)-Z20Ah ¢4 0phehletbardy (-5
IIHQ” +I at room
50[?&em]ﬁl¥'f%%rleesu )an%Q@étr_-jM L %s stirred for
letmt%[(%ﬁ)-zrmeﬁhyltzeqﬁp@ﬂ%\mampﬁl-3 {Fe-etediRarasin- WBHEDW'JW%O}-f’ 6-
tgm ) Ena rszmu@pp@r&aﬂatammarmmat e (tzoo m),
ri ne S0 5
wé@rra? AR s i AR
mihyumpyerotmts £t] 2@4&%‘“%)}0@@@%@@#*"( 1% ), filtered,
ﬂ‘?l A3 e0h_ MQﬁ:'ﬁ - ﬁﬁ@%ﬁﬁn@?l ﬁ@@-@ &yRloBroM BpiserSin- g-ylmenidwammo}—
title conp ﬁ'\? gg Fgenﬂﬁﬁ'ﬂ/k the foll ow ng
ﬂ%ﬁhwqpm%ﬂ? 34‘*&#%?6?‘86&4 gy é% + 547,
ethyl 3-{[4~(3,4-dimethylpiperazin-1-yl)benzoyllamino}-5- [(2R) 2—methyl-2-phenylethanoyl]-5,6-
dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate; [M+H]" 545.
ethyl 5-/(2R)-2-methyl-2-phenylethanoyl]-3-[(4-piperidin-1-ylbenzoyl)amino}-5,6-
dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate; [M+H]" 516.
ethyl 3-{[4-(4-fluoropiperidin-1 -y)benzoyllamino}-5-[(2R)-2-methyl-2-phenylethanoyl]-5,6-
dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate; [M+H]" 534.
ethyl 5-[(2R)-2-methyl-2-phenylethanoyl]-3-[(4-morpholin-4-ylbenzoyl)amino]-5,6-
dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate; [M+H]" 518.
ethy! 3-{[4-(4-tert-butylpiperazin-1-yl)benzoyllamino}-5-{(2R)-2-methyl-2-phenylethanoyl]-5,6-
dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate; [M+H]" 573.
ethyl 5-[(2R)-2-hydroxy-2-phenylethanoyl]-3-{[4-(4-methylpiperazin-1-yl)benzoyljamino}-5,6-
dihydropyrrolo[3,4-c]pyrazole-1(4H)-carboxylate, [M+H]" 533,
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1H NWVR (DVSO-d6) d ppm 1.3 (t, 3H); 2.3 (d, 3H); 2.6
(m 4H); 3.3 - 3.4 (m 7H); 4.3 (q, 2H); 4.6 - 4.9 (m

wWakos/085427 (d, 1H) 7.0 - 8.0 (m 9H); 11.1 (d, BEH/EPBY4/007515

operating as above reported and by starting fromthe

sui tabl e acyl chloride derivative, the foll ow ng

conpounds wer e anal ogously prepared: ethyl

5-[ (2R) - 2- net hoxy- 2- phenyl et hanoyl ] - 3-{[ 4- (4- et hyl pi pe

razin-1-yl ) benzoyl ] am no}- 5, 6-

di hydropyrrol o[ 3, 4-c] pyrazol e-1(4H) - car boxyl at e;

[ MtH] + 561. et hyl

5-[(2R) - 2- met hoxy- 2- phenyl et hanoyl ] - 3- {[ 4- (4-i sopr opy!

pi perazi n-1-yl ) benzoyl | amBxaimple 5

éﬁﬁﬁ)_ﬂ-]ab_ hAs’ LaP pW{E g(:zﬁi-i” itk LR IBmdindyiiA 2.6 81t DPat bifdp§rolof3,4-

GPY@M&Q}Mm%ymMIﬂ%VV%%ﬁmVP](1)3 {[4- (4-cycl oprop

X! PERRBAZI &- 1ebhl/l) benzey-blnamorpp -phenylethanoyl] -3-{[4-(4-methylpiperazin-1-

ﬁ)?}ﬁﬁ%'p%“dﬂr?%éﬁw? Pok?rfo?o[g ll% g/r%%oe ?(4!11) gaﬂa_gxylgér 8@% a}f 'mmol) in

Bethfrbl (\5CH, thoeh Byd iethdemine GEEN, iR bwewstined ai ey -tgnperagture for

% ﬁc?u ?EBP\@Wec‘?pthﬁbﬁraéhﬁFeh QY% lshiid was se arated and washed W|th Et,0, to
ORYI T Ol Ol &o1SoR a0k Jféd AT ) SR d

thf.g czjérft B{CATPO d Solu was evaporated up to & ers, an a secon

fectigr2 &) solkd pretitudxys 2epatatatly(1ER yaridwl e Bagtipns perpdginadi and nalyzed

A h ificati hort
W RO AP PCas g 230, for evopmegpone puftn (o
fllmaqelkccgg@ pOH 45:5)2.83 g (83%) of the title compound wére obtained as a
whifel sbtid. %Blzawcop?w’rzﬂdj n- 1-yl ) benzoyl ] ani no}-5-[ (2R) - 2

e 0

RO BB AT At T 2 R
589(s, @;Itl)fﬁy$0 -8.00 (m 9H 10.6 (br, 1H); 12. 09 {br, 1H

5-[ (2R) - 2- net hoxy- 2- phenyl et hanoyl ] - 3 [ (4- nmor phol i n-4-
Ibenzo

Y P B T BT8O o o8 Gl Gmfounas of exemle 4,
fhistidtpwing Betnpoghdmvere prepared:
3-{[4-(4-tert- butyl pi perazi n-1-yl)benzoyl Jam no}-5-[(2
R)-2-nmeth th [1-5, 6-
B 1o oM R AR 2R P PRSI T Sty APralols 4-clpyrazol-
BWhH] (4-cBR%ipartdin i -vhbér(zaRjde Mgt hy8S; 2- phe
ok 'n\@frg@ﬂv@d 46)3 bk (4 ShDY B RLR]MAGH)Ns 3 - YL REeABoy b aMN4n);

al1ﬁ‘§ﬁdﬁb§§r§8|(6'[ $11GG Byr HHol%l PL4H)-- car boxyl at e;
H + 545. et hyl

E?)te( 2 ﬁlz{5 %(fﬂg— -;Jlgekh O%SQFH%XAIQ&‘? ﬁg&ﬂ% l 5% tétl;'adhygdbplyﬁ'gﬁféjp Xfpprazol-

iy RydAdsnpreryiRipaazindiybpeneaside; INvH) 583r boxy! at e;
b MRRIR (59%80-d6) 5 ppm: 1.3 — 1.3 (dd, BH); 3.3 — 3.4 (m, 9H); 4.6 — 4.9 (m, 4H); 5.1 (d,
1H); 7.0 - 8.0 (m, 9H); 10.7 (bs, 1H); 12.3 (bs, 1H).

4) N-{5-[(2R)-2-methoxy-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-
3-yl}-4-{4-cyclopropylpiperazin-1-yl)benzamide; [M+H]" 501;

1H-NMR (DMSO-d8) & ppm: 0.3 — 0.5 (m, 4H); 3.2 — 3.4 (m, 7H); 3.2 - 5.0 (m, 4H); 5.1 (d,
1H): 6.8 - 8.2 (m, 9H); 10.5 — 10. 7 (br, 1H); 12.0 — 12.4 (br, 1H).
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et hyl
5-[ (2R) - 2- net hyl - 2- phenyl et hanoyl ] - 3-{[ 4- (4- cycl opr opy

WO piopeea2zi n- 1-yl) benzoyl ] am no} - PCT/EP2004/007515

5, 6-di hydropyrrol o[ 3, 4-c] pyrazol e- 1(4H) - car boxyl at e;

[ MrH + 557. et hyl

3-{[4- (3, 4-di net hyl pi perazi n-1-yl ) benzoyl ] am no}-5-[(2
R) - 2- et hyl - 2- phenyl et hanoyl ] - 5, 6-

di hydr opyrrol o[ 3, 4-c] pyrazol e- 1( 4H) - car boxyl at e;

[ MtH] + 545. et hyl

5-[ (2R) - 2- net hyl - 2- phenyl et hanoyl eridin-1-
(EbEegZ@Zﬁl 4- élmeﬂué/plgergzm-t ¥) -N-{5- [(2R)y2-|1nethoxy-2 pEerR(lethanoyl]-:!l,4¥5,6-

fdirhiy @ 1%didlh %ﬁf z@} iﬂ-yl}airﬂhmrdb(mm-ﬁ ‘cegdhoxyl at e;
[
v T PR
41&9!54@ GH); 6.9 - 8.0 (m, 9H); 106 (bs, 1H); 119-126
di hydr opyrrol o[ 3,4-c] pyrazol e-1(4H) - car boxyl at e;

B) | ( DR HZREEmgtnosY, BrRORDYIE ARy SRRV S PYRIPF  gpyrazel
3 bl?-miﬁp’érbdam-lym}enﬁ,nﬁde [M+H]" 460;
&@ﬁé %)%@m 1% PYF 8% -3 4B afpoxy Lategim, 4H); 5.1 (d,

Bfl){?& BA-(mefh): Bt yIBY §&r HRi n- 1- y1 ) benzoyl ] ani no}-5-[ (2
R) - 2- et hyl - 2- phenyl et hanoyl ] - 5, 6-

f/hm &?@jr rrglgn?;kmfm-ﬁ]l)w PR A S hbehBly-£ BhEYeth&Ho§il-1,4,5,6-

fstqabmpﬂrm{émwrzzoﬁuﬁgﬁymamww34ﬁ4 (4- et hyl pi p

%de dmyb)dlb)e@aﬁwhlﬁm NPYm, 5u—|§ 13(145}_036 (m, b7H) 4I 35t 5.0 (m, 5H): 5.1
o rro C raz e car pox at e,

it p§§ (Bx %F%“ %B’¥élﬁ{aﬂytl on of d

N-{ 5- [(2R) 2- met hoxy- 2- phenyl et hanoyl ] -1

hQlefladofl]-1,4,5,6-tetrahyd lo[3,4-c]pyrazol-3-y}-
T o e a2 ne Y S Toenzam de

eﬂ)orph%r@z'hwawdee%*gﬂ
5HINMVER RIS ORIBND Kym:2- 1ehehy (ret7iiireos/+ B.8 3m{4H)-4. 3= iét(myHpBg (d,

IgN - 1H
yﬁféenzsgoy gﬁ% ;11%? gog(%f, y)dr opyrrol o[ 3, 4-c] pyrazol e- 1(
4H) - carboxylate (3.94 g, 7.2 mol) in methanol (MOH,

163 Q-(digri- amlpwer@tmwm{sq(zaﬁmﬁhdz@ mmnenmmtasfylr -1,68,6at
EiaiL ok §a¥r% RS PP S e P Lo T

Et20, to give 1.6 of the t|tIe conpound. Sol ution
‘f(‘ﬁﬁ NREFRRY- %9@roﬂﬁ-ztﬁhe§jﬁ&hmdylljl-‘i 4.5 8t@&rahgd@dparrsio[3oepyrazol-3-
ra

ction uct e ated (1.62 The

e dmieteong e et I AR S by L one
(1amMRmesamw69@%25¢ AMd2.226 2G/Ym, Nt%@ 3.4 (m, 4H); 4.1-4.9 (m
GIY- GrERY QIR Co Pk gk, cali O A ®hAK; 115 - 12.9 (br, 1H).

(11)  N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-
yl}-4-(4-methylpiperazin-1-yl)benzamide, [M+H]" 459;

1H-NMR (DMSO-d6) & ppm: 1.33 (d, 3H); 2.21 (s, 3H); 3.85 — 5.0 (M, 5H); 4.2 — 4.9 (m, 4H);
5.1 (s, 1H) 6.8 - 8.0 (m, 9H); 10.3 - 10.7 (br, 1H); 11.8 — 12.5 (br, 1H).
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silica gel colum, DCM MeOH 45:5) 2.83 g (83% of the
title conpound were obtained as a white solid. Mp

wWQ3BSoofbtH + 475; 1H NVR (DVSO d6) d ppm 2. ZRCT/BP2004/007515

3H); 2.43 (m 4H); 3.29 (m 7H); 4.20 - 4.90 (m 4H);
5.09 (s, 1H) 6.80-8.00 (m 9H); 10.6 (br, 1H); 12.09

(br, 1H). By operating in an anal ogous way, through

basi ¢ hydrol ysis of the conpounds of exanple 4, the

foll owi ng conpounds were prepared: (2)

N-{5-[(2R)-2-net ho

i cy-2- phenyl et hanoyl L? 5, 6- tetrah drotﬁyrrol og -cl
(9 a2SH5-1(2R)y3-methyt-2paenylathanoul-14SE-Eighydepy pielad-clpyrazol-3-
;[lM“H thfigiperakit-1NMidenkdviae.JoyHE 49pm 1.1 (t, 3H); 2.3 -

%NM%:R)D }_(%-dB)%Sop@ ('1%6%:9%@1 %?d’ %&?4?&1&&%54% ab(% 3H); 3.2 -

ampm 4{-(){)39\4—55(@1(511})62 &@umcﬁw - heriyDet! BantRA | br 1H).
, 4, tet rahydr opyrrol o[ 3, 4-c] pyr azol -

o SRR LB b
y'd}-AL(:( Bbpl%ﬂ}lplpéreﬁlm14l)&n@amld4Hh)/l*l-HB 487(d, 1H); 7.0 - 8.0
(m OH): 10.7 (bs, 1H): 12.3 (bs, 1H). (4)

G;k{)FS)9&&%&%?32-2@%}@8%&%@?&??2%&%t1 h4a5ng ¥etl]ahydropyrrcﬁo[t3 -c]perzoI-3-

%}-&J(& -cytidptoSysiberagia Iy b peiadd; IM-4HTy Upfienzan de; [ MH] +

1H NVR (DVSO-d6) d ppm 03-05(m 4H) 3.2-
3.4 (m 7H); 32-50)&)r - 8
(16 9#)3,4-dieshyipiperazin-ethrN {&E%R) wawvmpznavll-bﬂ’ﬁﬁ-

1 H 3
HniSptrdds by pbacaann L o3
t et rahydropyrrol o[ 3, 4-c] pyrazol - 3-yl } benzam de tI\/H—|]
@isp; BHENRER)-Z- @h@@lpfr@par@yﬂ-ﬁ rﬁ&&te@‘ahydfoawmiﬂ?b@'Hr)lpyr@z%a-yl}-ﬁ’-
é%ﬁrld?lgbiéylgéﬁargld% ﬁl+(—l 4. g - 5.0 (m 4H); 5.1 (d,
QWM@@MS?@'?)BF();:% 1.37 (d 3H916& sci-\ 3150 34](1 RH) 3%@ 905 (m, 1H),

N4 {59 (R BHY, B-onest hiex RHR 1 phenpl7dbhdidoyl ] - 1, 4, 5, 6-t et r ahy
dropyrrolo[3 4-c] pyrazol - 3-yl}-4-piperidin-1-yl ben

am de; i + 460;
(17) 4-( -fluoroplperldm-’i -yI)-N-{5-[(2R)-2-methyl-2-phenylethanoyl]-i,4,5,6~

tetrahydropyrrolo[3,4-c]pyrazol-3-yl}benzamide; [M+H]" 462;

1H-NMR (DMSO-d6) & ppm: 1.37 (d, 3H); 1.65 —2.05 (m, 4H); 3.15-3.6 (m, 7H); 3.2 - 3.4
(m, 4H); 3.85 — 4.07 (m, 1H); 4.1 - 5.05 (m, 5H); 5.1 (d, 1H); 6.9 - 8.0 (m, 9H); 10.4-10.7 (br,
TH).

(18) N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-
yl}-4-morpholin-4-yibenzamide, [M+H]" 446;

1H-NMR (DMSO0-d6) & ppm: 1.37 (d, 3H); 3.2 — 3.4 (m, 4H); 3.7 — 3.85 (m, 4H); 3.9 - 4.1 (m,
1H); 4.1 —4.95 (m, 4H); 6.9 - 8.0 (m, 9H); 10.4 — 10.7 (br, 1H).

(19)  4-(4-tert-butylpiperazin-1-yl)-N-{5-[(2R)-2-phenylpropanoylj-1,4,5,6-
tetrahydropyrrolo[3,4-clpyrazol-3-yl}benzamide, [M+H]" 501.
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1H-NWR (DMSO-d6) d ppm 1.5 - 1.7 (m 6H); 3.2 3.4
- 0 (
P

(m 7H); 4.3 - 4.9 (m 4H; 5.1 (d, 1H); 6.9 8.

m
w@Rr)os/0da274 - 10.7 (br, 1H). (7) 4-(4-f|uoropi preT/@pP1w04007515

-yl)-N-{5-[(2R) - 2- net hoxy- 2- phenyl et hanoyl]-1 ,4,5,6

t et rahydropyrrol o] 3, 4-c] pyrazol - 3-yl } benzam de; [ MtH| +

478; 1HNVR (DMSO-d6) d ppm 1.65 - 2.1 (m 4H); 3.1

- 36 (m 7H; 4.35- 5.0 (m 5H; 51 (d, 1H); 6.9 -

8.0 (m 9H); 10.4 - 10.7 (br, 1H). (8)

N-{5-[ (2R) - 2- met hoxy- 2- phenyl et hanoyl ] -1, 4,5, 6-tetrahy
dropyrrol o[ 3, 4-c] pyrazol - '10%!

4- mor phol i n- 4-yl benzam de; e[/ + 462; 1H NWR

¢ DVSOAd#thadl fppwaatify ddll proliferdiivé disordéds caBsed by aBd/& gsagciated with an

T@rﬁd prot%ﬁ kyw%%%ac(tﬁ‘iy}_)@lch %m]p Zfé% de?Dister@a?%/ a B\%gﬁr}a(a@nﬁ?ﬂhereof an
effjgcyiveneniaing gf 2Rpmpoyndichriuialbheny| et hanoyl -1 , 4, 5, 6-
tetrahydropyrrgl o] 3, 4-c] pyra2 gl -3-yl }be 2am de

[ MFH] + 517. (1 )

N-{5-[(2R) - oxy- 2- phenyl et hanoyl ] -1, 4,5, 6-tetrahy

dr opyrrol of - ¢]lpyr azol -

yl}-4-(4- met p| per azj n- 1 yl ) benzam de; [ M+H] + 461;

1H NVR ( DVMBO- d™y .3 (s, 3H); 2.45 - 2.65 (m

4H); 3.2 - 3.4 (m 4 1H49 m 4H); 5.69 (d,
1H; 6.9 - 8.0 (m 9t N 2 Spr . 1H) }1.5-
12.9 (br, 1H). (11)

N-{5-[ (2R)-2-net hyl - 2- phengl et hajrey\] - 1

, 4,5, 6-tetrahydropyrrol o 3, 4-c] pl - 3-

yl }-4-(4-net hyl pi perazi n-1-yl) beng : e 459;
1H NWVR (DVSO-d6) d ppm 1.33 (d, 3 s, 3H);
3.85 - 5.0 (m 5H); 4.2 - 4.9 ( , s, 1H) 6.8
- 8.0 (m 9H): 10.3 - 10.7 (br,°1H); 12.5 (br,
1H) . (12)

N-{5-[ (2R) - 2- net hyl - 2- phenyl et hanoyl Tl 1,4,5,6-tetrahyd
mgaérnr ol o[ 3, 4-c] pyrazol - 3-

%_é 54 et hg{qgll pera2| n- 1- yI)benzam de; [M-H| + 473;
pm 1.06 (t, 3H); 1.36 (d, 3H);

R, dslh)’(i'@?(y era)stramhmr branszhe@i %fﬁs or alBoxy groug; 4 (m 4H) ;
%i%ahy'éroger(mha@&n a®m® - 8.0 (m 9H); 10.5 (bs, 1H);

X is a divaleni group selectgg from methylene (-CH;-) or fluoromethylene (-CHF-), or it is a
heteroatom or heteroatomic group selected from oxygen (-O-) or nitrogen (-NR'-) wherein R’ is
a hydrogen atom, a straight or branched C4-C, alkyl group or a Cs-Cg cycloalkyl group;

or a pharmaceutically acceptable salt thereof.

2. The method according to claim 1 for treating cell proliferative disorders caused by

and/or associated with an altered Aurora kinases activity.
3. The method according to claim 2 wherein the Aurora kinase is Aurora 2.
4, The method according to claim 1 wherein the cell proliferative disorder is selected

from the group consisting of cancer, Alzheimer's disease, viral infections, auto-immune

diseases and neurodegenerative disorders.
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(13)
N-{5-[(2R) - 2- net hyl - 2- phenyl et hanoyl ] -1, 4,5, 6-tetrahyd
WO e@g0eakp| 3, 4- c] pyrazol - 3- PCT/EP2004/007515
yl }-4-(4-isopropyl pi perazi n-1-yl)benzam de; [ M-H| +
487; (14)
N-{5-[(2R) - 2- net hyl - 2- phenyl et hanoyl ] -1, 4,5, 6-tetrahyd
ropyrrol o[ 3, 4-c] pyrazol - 3-
yl }-4-(4-cycl opropyl pi perazi n-1-yl ) benzam de; [ MtH] +
485; (15) 4-(3, 4-dinethyl pi perazin-1
-yl)-N-{5- (ZR%H_\:Z_ phenyl pr opanogl -1 ,4,5, 6-
et r affyd rCHERY 40 By FaY e A FHICRZ Sntelfsted [ figmyfhe group
4at3)stifdl 6) chicihbmf,( &RpmBugp lsein gampinapanisgnhdtepbietic tumors of myeloid or

B - -2 -4 )
oMb s OHELALO B B st ey encon
EYSRIM mgla@;mq, eminpgna, fergoqeEcinogya) ostgosarcomg, 4ere¢ﬁrmq|.;|)|g,mentosum,
Rer8@xantitbrSthidld fdidular danker; arft Raposis séiddmab. 9 - 8.0 (m
9H); 10.4 - 10.7 (br, 1H). (17)
4-(4-fluoropiperidin-1-yl)-N{5-[ (2R) - 2- net hyl - 2- pheny
Bet hanby Injethbd agc@diag to claim 1 wherein the cell proliferative disorder is selected
b6 " tRE Y RILE RY A loB béhi 58@0lypaplbik PRMiBMERom kb by posis,
e N0 ) i piciar %p( 4 S 1 parege pavposts
(\ﬁqro-ﬂlqumatggliﬁ psoHasis, ( ﬁr]asc%%’ sgv_ogt ) c:?!l 4 p?&;{er%‘ﬁy. agsogia ed with
atheros¢lerpsid, Iduimodary fibro§s, @Bhi(tis) gl&hfrulodepbritischnd bbht:su@icsl stenosis and
Rasnb 9H); 10.4 - 10.7 (br, 1H). (18)

N- S-ﬁ'ZR) - 2- et hyl - 2- phenyl et hanoyl ]-1
,4,5,6-tetrahydropyrrol o[ 3, 4-c] pyrazol - 3-
yl } - 4AThemethol iabeodding toesiirar fdetier cddblsing4dbjgctibiHNdMRammal in need

AL S B rodo R Thertyydr GftpofiRany fodmen i SorfMipulin By fast one

pyicptaticgr eyiqigic &gqpt 10.4 - 10.7 (br, 1H). (19)

4-(4-tert-butyl pi perazin-1-yl)-N{5-[ (2R)-2-phenyl prop
[1:1 .4 6- .. . . . .

Pocy aljaimefion #sing ool vhsse (s TATIR RS Heeo RafyTen

501. CLAIM5S 1. A nethod for treating cell proliferative

di sor deh&n&Pier RNy ARG/0F kiRSROstiAl SthicH doPpAdds bAteRE the said

PRSLSHR AcRans. Sl Ly Ml ch, oLl Ses,adm ni steri ne
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effective anount of a conmpound of fornmula (1) R
owherein R is hydrogen or nethyl; Rl is hydroxy or a

W@ ooaiogiae7 or branched Cl1-C3 al kyl or al koxy grPUPEPRB4/007515
is a hydrogen or hal ogen atom X is a divalent group
sel ected from nethyl ene (-CH2-) or fluoronethyl ene
(-CHF-), or it is a heteroatom or heteroatom c group
sel ected fromoxygen (-O) or nitrogen (-NR -) wherein
R is a hydrogen atom a straight or branched Cl-C4
al kyl group or a C3-C6 cycloal kyl group; or a
phar maceutical » acceptable salt thereof. 2. The nethod
according to claiml1 for treating cell proliferative
1. sor desrapauad stfdria @nd/ or associ ated wth an altered
Aurora kinasesgactivity. 3. The nmethod according to
claim2 whereip the Aurora kinase is Aurora 2. 4. The
nmet hod accor dj to claim1 wherein the cel
proliferative di3order is selected fromthe group
consi sting diugg cer, Alzheimer's disease, vira
infections, a - TR di seases and neur odegenerative
di sorders.5. The ne according to claim4 wherein
the cancer is selec F1NQ € ;.cqﬁ%consisting of
carci noma, squanous cell ¢ mat opoi @t i c
tunors of nyeloid or ' < tunors of
mesenchymal origin, antral and
peri pheral nervous system nela 2
terat ocar ci noma, osteosarcons,
ker at oxant homa, thyroid folliculg 3 and
Kaposi's sarcoma. 6. The met hodoacco
wherein the cell proliferative disor
fromthe group consisting of benign prostate
ngnglasia, fam lial adenonmatosis pol yposis,
neuro-fi bromat osi s, psoriasis, vascular snooth cel
Brivhydrager el Be¥ssoci at ed with
R, is hydroxy or a straight or branched C4-Cs alky! or alkoxy group;

R is a hydrogen or halogen atom;

X is a divalent group selected from methylene (-CHy-) or fluoromethylene (-CHF-), or it is a
heteroatom or heteroatomic group selected from oxygen (-O-) or nitrogen (-NR'-) wherein R' is
a hydrogen atom, a straight or branched C4-C, alkyl group or a C5-Cs cycloalkyl group;

or a pharmaceutically acceptable salt thereof.

11. A compound of formula (I) according to claim 10 wherein R is hydrogen or methyl; Ry
is selected from hydroxy, methyl or methoxy; R; is a hydrogen or fluorine atom; X is selected

from methyene, fluoromethylene, -O- or -NR', wherein R' is as defined in claim 10.

12. A compound of formula (l) according to claim 1, optionally in the form of a
pharmceutically acceptable salt thereof, selected from the group consisting of:
(1) N-{5-[(2R)-2-methoxy-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-
4-(4-methylpiperazin-1-yl)benzamide;
(2) N-{5-[(2R)-2-methoxy-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-
4-(4-ethylpiperazin-1-yl)benzamide;
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atherosclerosis, pulnmonary fibrosis, arthritis,
gl omerul onephritis and post-surgical stenosis and

WO e®bmoagi s. 7. The nmethod accordi ng to cl ai mRBCT/EP10b£007515

conpri sing subjecting the mammal in need thereof to a
radi ation therapy or chenotherapy reginen in
conbination with at |east one cytostatic or cytotoxic
agent. 8. The nethod according to claim1l wherein the
manmal in need thereof is a human. 9. A nethod for
inhibiting Aurora 2 kinase activity which conprises

contacting the said kinase wth agﬁgffegtive ﬁngnt Of o i

a COMpERIER)ZsmelbpiyraRienyisteangy i 4.5 fg SRy RSlok-gpyrazel-3-vi

f or mu.-gi-iédpropRpweetiai1ny))Berizamidgdr ogen or methyl; Rl is

hydr.o S ' I > C ; _3-yi-

ol SRR By iRl aRIER RS R e Rh bt gpyrazoray)

di val &ff-cygopapyleedrazdtEW)ereami¢et hyl ene (- CH2-) or

L | ;(‘QrQ@i—ﬁiﬂeﬁ?@ipémﬁﬁﬁ?})ﬂ-@‘[(%H)-Zirﬁetmxhetpﬁ?f@’gﬂgmbﬁ]F1,4,5,6-
eteroatomc Qr el ected fr xygen (- or

ni t r oGEAY [ORﬁgq‘%fé{&ﬁ@Vrgmibﬁﬂb?nszgﬁdgydr ogen atom a

st (@) YH5-{(2R)-bmethetystiprendethanslyly 4. 5efi-istighveiopyroteis eglpyrazol-3-yit-

cycl ogal i OMBhzaffde@ Pharmaceutical ® acceptabl e salt
there%kﬁX%T?fgﬁggaﬁ 0

ound of fornula cordi.n 0
cl At RO S ARG ETF G Rer T eRef) o
sel ecte@ghydroppirdiy|8la-clpyrazetdtiipénzemideet hoxy; R2 is a
h 0 |e . y - 3-yli-
ey SR 4 ALl Eo Aoy 8 (352 REMAR o RIe ezl 341
as def-mesholimd-ylbenzamide. 12. A conpound of formiula (1)

acqey dinertsdtypipataind,y)op{s-prRivethoxy2hghehydetnanofil-84,5,6-
B Bl Byalridaer cof, selected from
N- {(B0)N¢{2RRRP2-hwstrdrasyphenyiieangyikd ,ﬁ,é,@d?qrqhyq_ropyrrolob,4-c]pyrazol—3-yl}-
, 4, 5, 814 BlefrRiBeiaRM )BérRbRiad- c] pyrazol - 3-yl } -
(11)N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1 ,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-4-
(4-methylpiperazin-1-yl)benzamide;
(12)N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1 4,5 8-tetrahydropyrroio[3,4-c]pyrazol-3-yi}-4-
(4-ethylpiperazin-1-yl)benzamide;
(13)N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1 ,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-4-
(4-isopropylpiperazin-1-yl)benzamide;
(14)N-{5-[(2R)-2-methyl-2-phenylethanoyl]}-1 4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-4-
(4-cyclopropylpiperazin-1-yl)benzamide;
(15)4-(3,4-dimethylpiperazin-1-yl)-N-{5-[(2R)-2-phenylpropanayl]-1 ,4,5,6-
tetrahydropyrrolo[3,4-c]pyrazol-3-yl}benzamide;
(16)N-{5-{(2R)-2-phenylpropanoyl]-1 4,5 B-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-4-
piperidin-1-ylbenzamide;
(17)4-(4-fluoropiperidin-1-yl)-N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1,4,5,6-
tetrahydropyrrolo[3,4-c]pyrazol-3-yl}benzamide;
(18)N~{5-[(2R)-2-methyl-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yi}-4-
morpholin-4-ylbenzamide,
(19)4-(4-tert-butylpiperazin-1-yl)-N-{5-[(2R)-2-phenylpropanoyl]-1,4,5,6-
tetrahydropyrroio[3,4-c]pyrazol-3-yl}benzamide.
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4- (4- et hyl pi perazi n-1-y!)benzam de; (2)
N-{5-[ (2R) - 2- net hoxy- 2- phenyl et hanoyl ] -1, 4, 5, 6-tetrahy

waele@pposet o[ 3, 4-c] pyrazol - 3-yl }- PCT/EP2004/007515

4- (4- et hyl pi perazi n-1-yl ) benzam de; (3) N {5-

[ (2R) - 2- met hoxy- 2- phenyl et hanoyl ] -1, 4, 5, 6-t et rahydr opy
rrol o[ 3, 4-c]pyrazol-3-yl}- 4-(4-isopropyl pi pera

i n-1-yl)benzam de; (4) N {5-

[ (2R) - 2- met hoxy- 2- phenyl et hanoyl ] - 1, 4, 5, 6-t et r ahydr opy
rrol o[ 3, 4-c] pyrazol - 3-yl } -

4- (4-cycl opropyl pi perazi n-1-yl ) benzam de; (5) 4-

(3, 4-di net hyl pi perazin-1-yl)-N{5-[(2R) - 2- net hoxy- 2- ph

B. py| etdrsvasy fdr-pephribg @re compounds of formula (I) and the pharmaceutically

L Eets;{t?abé%galtg méFeto agéo%éndgptg]cﬁﬂ 27 QhicA p?ﬁké&%@%gf@ege (6) N

I et'hano 6-tetrahydr
) psacting @PQSHWU@S] ?quﬁ'ﬁ@'(u i |a}c_ompound of formula (ilt)
4- pi peri di n- 1yl benzam de; (7)
4-(4- flupropl eridin 1-yl)-N-{5-t(2R) - 2- met hoxy- 2- phen
yHf Yl ? R .
/dr pyrr& o[ 3, 4-c] pyrazo! - | } benzam
- 2- met hoxy- 2- phenyl et h oyiN A
dropyrrol 9[ 3, 4-c] pyrazol -3-yl }- X
I n-4-yliBenzani de; (9) \___/
4- (4-terlt - butyl pi perazin-1-yl)-N{5-[(2R) - 2- met hoxy- 2-
phenyl etQ@h®Byl 1-1 , 4,5, 6-
lieg ﬁl_p{y%.ﬁ ?@%é Qhé?héd ﬁli c%\]rﬁ’% @@la Ié}Wéf |aik§1% n‘ﬂ-lﬂﬁrepresents tert-butyl
dr oxy- 2- an%% d of formula (1V)
Isevcfr@eyroaﬁya'iéaew?av@p@[oypz;soasaw%{%P B
4 (4 met hyl pi ger azi n- 1-yl ) benzam de;
(11) N-{5- [(2R) 2- et hyl - 2- pheny! et hanoyl ]-1,4,5,6-tetr

ahydr opyrro 4- c]pyrazol 3-yl}-4-
(4- et hyl pi eraz n- 1-yl ) benzam de;
(12) N-{5-[( - 280t b I-2-pheny|ethanoyl]-1,4,5,6-tetr

ahydropyrrolo - zoI 3-yl}-4- o
N

(4- ethylplpera2|n- benz§n1qu
(13) N-{5-[(2R) - 2- phe /éth@ J)-/’b4,5,6-tetr

()

(V)

COO-tBu

b) reacting the compound of formula (IV) under acidic conditions so as to obtain a compound

of formula (V)
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(4-i sopropyl pi perazin-1-yl)benzam de;
(14)N-{5-[(2R) - 2- net hyl - 2- phenyl et hanoyl ] -1,4,5,6-tetr

wa@bgodioaqagr r ol of 3, 4-c] pyrazol -3-yl }-4- PCT/EP2004/007515

(4-cycl opropyl pi perazi n-1-yl)benzam de;

(15) 4- (3, 4-di net hyl pi perazin-1-yl)-N{5-[ (2R) - 2- phenyl
propanoyl]-1 ,4,5, 6-

t et rahydropyrrol o] 3, 4-c] pyrazol - 3-yl } benzam de;

(16) N-{5-[ (2R) - 2- phenyl propanoyl ] -1, 4, 5, 6-t et r ahydr opy
rrol o[ 3, 4-c] pyrazol - 3-yl }-4- piperidin-1-yl benzam de;
(17)4-(4-fluoropiperidin-1-yl)-N{5-[(2R)-2-net hyl -2-p

henyl et hanoyl R 1 , 4, 5, 6-

t et rahydr opyrrjol o[ 3, 4-c] pyrazol - 3-yl } benzami de;

(18) N-{5-[ (RR) -y net hyl - 2- phenyl et hanoyl ] -1, 4,5, 6-tetr
ahydr opyrrollo[ 3, #-c] pyrazol - 3-yl } - 4-

mor phol i n- 4- Nzaprde;

(19)4-(4-tert-butyl
propanoyl]-1 ,4,5,
tetrahydropyrrol of 3, 4<c] p

azi nHl-yI )-N-{% [ (2R) - 2- phenyl
N

N
azo ’§-y bengarf de. 13. A
process for preparing the £H0NMpo of forrmula (I) and
t he pharnmaceutical® acceptable galt thereof,(v)
according to claim110, which presge conprises:’a)
reacting a conpound of forrmula (IN) with a conpound of
formula (I1l) PT]>1 - " PC") t Bu wherein R and
& Bi&inghe@6hpaRd of Brmiliafwitda céhpdindiof fota () Ky |

group, t-Bu represents tert-putyl and Z is hydroxy or
a suitable |leaving group, s as to obtain a conmpound

of formula (1V) RP (1VR, -

(Vi)

R,

wherein Ry and R, are as defined in claim 10 and Z' represents hydroxy or a suitable leaving

group, so as to obtain a compound of formula (VIl)

R
XJ\
(A
H O
N N\.,/Q\
i __ )
R2
N
O
R1
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CPP-tBu b) reacting the conmpound of formula (IV) under
acidic conditions so as to obtain a conpound of

wo eosba27V)D H H ¢c) reacting the conpound of PGF/RP1084/007515

(VM) with a conpound of formula (M) (V) wherein Rl
and R2 are as defined in claim 10 and Z' represents
hydroxy or a suitable |leaving group, s o as to obtain
a compound of forrmula (VII) RD Q (VIl)d) reacting the
conmpound of forrmula (VII) under basic conditions so as
to obtain the correspondi ng conmpound of formula (I)
and, if desired, converting it into a Eharnaceutical“

! . T ,
&t cepteasties g emppiEdeRisformila NHH@”W dagls songiiops §¢ s| tp gbtain the
eb@éspoddhgMvetpeiuny, ofbriruian()t dne, & depednatsvafingf idintoud aharmaceutically

LEeRL nts a straight or branched G 4 al kyl
%&%%E@g%ﬁﬁe?ﬁéﬁprocess according to claim 14 wherein Q

is nmethyl or ethyl. 16. The process according to claim
%3, whemeipfhcedd 4ddbring e cigidimEOwRssin OkithirothBebpduntid b femslia (1), Q

)/ d Z [ d l'y, hyd
reiresga v ont o Bernel Cts BREER R or i g o claim 16

wherein the hal ogen atomis chlorine. 18. The process

36COr BAihB@rdeBssEedrdihd B MR F 8 WRersih@Pis (ilhyl & @1 i ed out
under acidic conditions in the presence of

hydrochloric, trifluoroacetic or nethansul fonic acid.
16. The process according to claim 13 wherein, within the compounds of formula (i) and

(V!), Z and Z' are, each independently, hydroxy or a halogen atom.
17. The process according to claim 16 wherein the halogen atom is chlorine.

18. The process according to claim 13 wherein step (b) is carried out under acidic

conditions in the presence of hydrochioric, triflucroacetic or methansulfonic acid.

19. The process according fo claim 13 wherein step (d) is carried out under basic
conditions in the presence of sodium, potassium or lithium hydroxide, or of a tertiary amine
such as triethylamine.

20. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of formula (1) or a pharmaceutically acceptable salt thereof, as defined in claim 10,

and at least one pharmaceutically acceptable excipient, carrier and/or diluent.

21. A pharmaceutical composition according fo claim 20 further comprising one or more
chemotherapeutic agents.

22, A product or kit comprising a compound of formula () or a pharmaceutically
acceptable salt thereof, as defined in claim 10, or pharmaceutical compositions thereof as

defined in claim 20, and one or more chemotherapeutic agent, as a combined preparation for

simultaneous, separate or sequential use in anticancer therapy.
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19. The process according to claim 13 wherein step (d)

is carried out under basic conditions in the presence
W@R00so0E4em  pot assi um or |ithi um hydroxi de, orPGI/ER2004/007515

tertiary amne such as triethylamne. 20. A

phar maceuti cal conposition conprising a

therapeutical |y effective anount of a conpound of

formula (1) or a pharmaceutical ™ acceptable salt

t hereof, as defined in claim10, and at |east one

pharnaceutical“ accept abl e exci pient, carrier and/or

di l uent. har maceuti cal conposition according to

EPai mAz@mpaLde)é ”Eﬁﬁﬁ} ¢rg Q{‘@r%u@@llyﬁgp@ptable salt thereof as deﬂned in

chenvd, he uapsid insdiegesat.s. 22. A product or kit

conprising a conmpound of forrmula (I) or a

pharmaceutical * acceptable salt thereof, as defined in

éf-ai muse of agonmpRund el femtiadiapr %W@%ﬁm%%ﬁé@%&ﬁalté@md as
dedrica abidif 16] iRtHRInhufasilft @ BendllcaBritavith BRIBhdIRERRRUL | C
agent, as a conbi ned preparation for sinultaneous,
separate or sequential use in anticancer therapy.23. A
conmpound of formula (1) or a pharnmaceutical”®

acceptable salt thereof, as defined in claim210, for

use as a nedicanment. 24. Use of a conpound of fornula
(I') or a pharmaceutical ™ acceptable salt thereof, as
defined in claim10, in the manufacture of a

medi canment with antitunor activity.
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