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| NVENTION 15 Field of the Invention The present invention relates to
pyrrol o- pyraz Luatives, to a process for their prep ion tQ
pharnaceuticaﬁkﬁgﬂ%@§¥ ions conprising them and to their ﬁé@ﬁgﬁm%mg?ﬁpeutic
agents, particularly in the treatnent of cancer and cell proliferation

di sorders. 20 Discussion of the Background The nal functioning of protein
ki nases (PKs) is the hall mark of nunerous di seases. A large share of the
oncogenes and proto-oncogenes involved in human cancers code for PKs. The
enhanced activities of PKs are also inplicated in many non-mal i gnant

di seases, such as benign prostate hyperplasia, famlial adenonatosis,

pol yposi s, neuro-fibromatosis, psoriasis, 25 vascul ar snooth cel
proliferation associated with atherosclerosis, pulnonary fibrosis, arthritis
gl oner ul onephritis and post-surm(x¥"ﬁgdg¥ﬁgﬁqﬁnﬂohestenosis. PKs are al so
inplicated in inflammtory conditi T tiplication of viruses
and parasites. PKs may also play a nagjor role in the pathogenesis and
devel opnent bf 30 neur odegenerati ve disorders. For a general reference to
PKs mal functioni ng or di sregrdrat t DR-SeeyrAz0LE iDERIGACEESs Gurfgvent  Opinion in
Chem cal Biology 1999, 3, 459 - 463z zkn)¥2 208510608427 PCT/ EP2004/ 007515
Anong the several protein kinases known in the art as being inplicated in
the growmh of cancer cells are Aurora kinases, In particular Aurora-2.
Aurora -2 was found to be over-expressed in a nunber of different tunor
types. Its gene locus 5 maps at 20913, a chronobsomal region frequently
anplified in many cancers, including breast

BACKGROUND OF THE INVENTION

15  Fleld of the Invention
The present invention relates to pyrrolo-pyrazole derivatives, to a process for their
preparation, to pharmaceutical compositions comprising them, and to their use as therapeutic
agents, particularly in the treatment of cancer and cell proliferation disorders.

20  Discussion of the Background
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 PIKs are also implicated in many non-malignant diseases, such as
benign prostate hyperplasia, familial adenomatosis, polyposis, neuro-fibromatosis, psoriasis,

25  vascuiar 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
30  neurodegenerative disorders.

For a general reference to PKs malfunctioning or disregulation see, for instance, Current
Opinicn in Chemical Biology 1999, 3, 459 - 465.



[ Cancer Res. 1999, 59(9), 2041-4] and colon. 20913 anplification correl ates
W th poor prognosis in patients with node-negative breast cancer and
i ncreased Aurora-2 expression is indicative of poor prognosis and decreased

10 survival tiw@adogodsyadder cancer patients [J. Nat]. Canc 02,
94(17), 1320-91. For a general reference to Aurora-2 role ?ET %%ggﬁégwm

centrosone function in cancer see also Mol ecular Cancer Therapeutics, 2003,
2, 589 - 595. SUMMARY OF THE INVENTION 15 It is an object of the invention
to provi de conpounds, which are useful in therapy as agents against a host
of di seases caused by and/or associated to a disregul ated protein kinase
activity and, m)re particularly, Aurora kinases activity. It is another

obj ect to provi oppound % ch ar endowed with protein kinase

i nhibiting 20 \}F%D §evarRl pro '8““]?8? RO A ey AT 2%, PRiney Implicaledel the, growthe §Fng
activity. The mae@enellslamﬁenmkmshamanmmammwer ed that sone

pyrrol o- pyrazol es, and derivatives thereof, are endowed with protein kinase

I nhi bi ting act|V|t rora kinases.in | activity r
Spocitically. (A s TR FrieuPersa md e o Sesr hmen ok d PPt of
a variety ofs aamet 20918, ahtimagomdl uegiandiequentisi armﬂf‘etdon mesy cEncarsyanchudiod) beast

bl adder, breasticas@l R, 19}99(%@4 2044 ¥fhd colddiNg, i ncluding small cell [ung
cancer, esophagus gal | - bl adder, ovary, pancreas, stomach, cervix, thyroid,

prostate, and skin, including squanous cell carcinonma; henmatopoietic tunors
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| eukem a; t unorgoigulafesRBCtnBeutied bai3n 2, 4gaclsgsli ng fibrosarcoma and 2 WO
2005/ 005427 PCT/ EP20041007515 rhabdomyosarcoma; tunors of the central and

peri pheral nervous system including astrocytom, neuroblastoma, glioma and

schwannomas; other tunors, inclu M INVENTION

15 It is an object of the invention to provide compounds, which are useful in therapy as agents
against a host of diseases caused by and/or associated to a disregulated protein kinase
activity and, more particularly, Aurora kinases activity.

It is another object to provide compounds, which are endowed with protein kinase inhibiting
20  activity and, more particularly, Aurora kinases inhibiting activity.

The present inventors have now discovered that some pyrrolo-pyrazoles, and derivatives
thereof, are endowed with protein kinase inhibiting activity, e.9. Aurora kinases inhibiting
acfivity.

25
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 capcer, esophagus, gall-bladder, ovary, pancreas, stornach,
cervix, thyroid, prostate, and skin, including squamous cell carcinoma; hematopoigtic tumors

30 of lymphoid lineage, including leukemia, acute lymphocitic leukemia, acute lyrﬁphoblastic
leukemia, B-cell lymphoma, T-cellymphoma, Hodgkin's lymphoma, non-Hodgkin's
lymphoma, hairy cell lymphoma and Burkett's ymphoma; hematopoietic tumors of myeloid
lineage, including acute and chronic myelogenous leukemias, myelodysplastic syndrome and
promyelocytic leukemia; tumors of mesenchymal origin, including fibrosarcoma and



sem noma, teratocarcinoma, osteosarcoma, xeroderma pignmentosum
ker at oxant homa, thyroid follicular cancer and Kaposi's sarcoma. 5 Due to
the key role of PKs and Aurora kinases in the regulation of cellular

proliferationywd h@seosyy r ol o-pyrazoles are also useful in gﬁf bl trrent of a
variety of cell proliferative disorders such as, for inst &P

prostate hyperplasia, famlial adenomatosis, polyposis, neuro- f| bromat osi s,
psoriasis, vascular snmooth cell proliferation associated with 10

at heroscl erosis, pulnonary fibrosis, arthritis glonerul onephritis and
post-surgical stenosis and restenosis. Accordingly, in a first enbodi nent,
the present Invention provides a nethod for treating cell proliferative

di sorders caused and/ or associated with an altered protein kinase
activity, 15 mmae%we#ﬁmr@ééuwmqﬁ e ctontid) 3 RePhrAk INeVelsn E¥stPM. hiselediig an
ef fecti ve anpunsstetytéma, eeurpsiastsnz) Glidnar and|sehwanponids; athéd timéds,~indRadingChdRinoma,

pherein 20 R 1S A0 Bela @R ook WO heblob g ORbrafllepicAACN e

Cl-C3 al kyl or oXy ' group dgen or gen a
2005/ 005427 PCT}‘WE‘G@'H’FBWPB&?SWWP@S'&SW ent group sel ected from nethyl ene
(-CH2-) or fbuoromethylene (-CHR-), or it is a heteroatom or heteroatomc

group sel ected BLQ{Q}%%E% éfPQé anPAur %ﬁ%m t?(irgﬁlla'h)m mglfu?dr gro%ra
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disorders such as, for instance, benign prostate hyperplasna. familial adenomatosis, polyposis,
neurc-fibromatosis, psoriasis, vascular smooth cell proliferation associated with

10  atherosclerosis, pulmonary fibrosis, arthritis glomerulonephritis and post-surgical stenaosis and
restenosis.

Accordingly, in a first embodiment, the present invention provides a method for treafing cell
proliferative disorders caused by andfor associated with an altered protein kinase activity,

15 which comprises administering to a mammal in need thereof an effective amount of a
compound of formula (1)

R

X

@

wherein

20  Ris hydrogen or methyl;
R, is hydroxy or a straight or branched C4-C, alkyl or alkoxy group;
R, is a hydrogen or halogen atom;



5 The above nethod enables treatnent of cell proliferative disorders caused
by and/or associated with altered Aurora kinases activity. In a preferred
enbodi ment of the nmethod described above, the cell proliferative disorder is

10 cancer. Speg) fdo§odsydres of cancer that may be treated in ona,
squanmous cell carcinoma, hematopoietic tumors of nyel oid ga’@ﬁzoﬁﬂﬁﬁ%@

| i neage, tunors of nmesenchynmal origin, tunors of the central and peri pher al
nervous system nelanoma, sem nonm, teratocarcinom, 15 osteosarcons,

xer oder ma pi gnment osum ker at oxant homa, thyroid follicular cancer, and
Kaposi's sarcoma. The present invention also provides a conpound of formula
(1) RX-1) ~N\ (1) ORZ OR 20 wherein R IS hydrogen or rrethyl R,

is hydroxy or a_strajight or branched Cl-C3 al k or al ko
2005/ 005427 PCT)‘EP%U%?’E@%RS‘E'G‘F‘@ fram mefhy) cﬂf PP&‘PFB‘%j &W‘F‘b@' s g
di val ent group bstdrestdredr ietapratomit trplipeselected TR oyygear (-O) ooritcogert hryﬂzemher@in(BHE ),
or it is a het reu (-0-) or
nitrogen (-NR - z%rgg%tﬁﬁ‘ Q&k%?&%ﬁ%&ﬁ dge-% ﬂ%@%ﬂo@ﬁé&r?& al gﬂ% ?(I%Emgnched

Cl-C4 al kyl gro ﬁpﬁ'ﬁ""}i’cﬁ’?%a?ﬁ%ﬂ%g %foup; 5 or a pharmaceutically

acceptabl e salt thereof. The present invention also includes nmethods of
synt hesi zi ng t hehPYEdve! Math Fle8 StredimenPofMELIR proliferative disorders caused by andior

associated with alfered Aurora kinases activity.

In a preferred embodiment of the method described above, the cell proliferative disorder is
10  cancer.

Specific types of cancer that may be treated include carcinoma, squamous cell carcinoma,
hematopoietic tumors of myeloid or lymphold lineage, tumors of mesenchymal origin, tumors
of the central and peripheral nervous system, melanoma, seminoma, teratocarcinoma,

15 osteosarcoma, xeroderma pigmentosum, keratoxanthoma, thyroid follicular cancer, and
Kapuosi's sarcoma.

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

H
N N
o ~
H M

O —

N Re

0]
R

20 wherein
R is hydrogen or methyl;
R, is hydroxy or a straight or branched C4-Cj alkyl or alkoxy group;



(1) and the pharmaceutically acceptable salts, as well as the pharnaceuti cal
conpositions conprising them 10 A nore conpl ete appreciation of the

i nvention and many of the attendant advantages thereof wll be readily
obtai ned as the same becones better understood by reference to the follow ng
detai | ed desckipioh9snsszt5 DETAI LED DESCRI PTI ON OF THE | NVEI\I;[&%IPZ'gﬁ @r@g

het erocycl i c conpounds are known in the art as protein kinase ors
Anong them 3-carboxam do- pyrazol es and 3-urei do-pyrazol es and derivatives

t hereof, have been disclosed as protein kinase inhibitors in the
international patent applications WO 01/12189, WD 01/12188, WD 02/48114 and
WO 02/ 70515, all in the nane of the applicant 20 itself. Fused bicyclic
conmpounds conprising pyrazol e noieties and possessing ki nase inhibitory
activity have been al so disclosed in WO 00169846, WO 02/12242 as well as WD
03/ 028720 and RS # NYARIPL Y RLORRNPI®ET/ EPO3/ 04862 appl i cation (claim ng
priority from USispadietint gidbp seqrkedcfatri methﬁ@kQ&l—Q—QB: fidordmesthylene WRBIHF-], 7or it2982) |

al'l in the nanme,f.ddieodRR dafoﬁfbt%év.&l:%@lta&ed fjécfri'? ﬂggén (Er@@-ror nﬂroPQ\e( r@@z%ﬁerem R'is .

am nophenyl - pi per azli ne or am no vatrves a ossessi ng

| nhi bi tory act | AYALPIE LRI c?ss“ﬁ'ﬂ%tr?{lpra’f'crhﬁﬁgf Cr AL PHPSY 8 Corke %E‘a‘m'g@%sed in WD
02/ 30927 i n & heoraphemateuially aceftatiy =it Medot anent . 30 The conpounds of the
present invention fall within the scope of the general fornula of the

af orenenti oned WO 02/ 12242, herewi th incarporated by reference, but are not
specifically eVERFePH "B’a"tPHQF%i'"ﬁ’”def W"Sﬁ)gfsﬁyb%ﬁfﬂ‘ﬁ tRRTRIS Y FAY R SBUIa The
conpounds of f of)rand dhe( pharrodcettivallyi aveeptebleosaitd) aas avedi agrthee phanpaceatidab congidsitirers and
may therefore gxhadingdferd Ndi vi dual optical isoners, as racenic mxtures or
as any other mxture ™ conprising a majority of one of the two optical

i somers, wht&h are all to be intended as within the scope of the present

i nventi on. A more complete appreciafion of the invention and many of the attendant advantages thereof

will be readily obtained as the same becomes hetter understood by reference to the foliowing
detailed description.

15 DETAILED DESCRIPTION OF THE INVENTICN
Several heterocyclic compounds are known in the art as protein kinase inhibitors.
Among them, 3-carboxamido-pyrazoles and 3-ureido-pyrazoles and derivatives thereof, have
been disclosed as protein kinase inhibitors in the international patent applications WO
01/12189, WO 01/12188, WO 02/48114 and WO 02/70515, all in the name of the applicant
20 itsel.

Fused bicyclic compaunds 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
25  application 60/381092, filed in May 17, 2002), ali in the name of the appiicant 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,

30
The compounds of the present invention fall within the scope of the general formula of the
aforementioned WO 02/12242, herewith incorporated by reference, but are not specifically
exemplified therein.



5 Li kewi se, the use as an antitunor agent of all the possible isoners and
their adm xtures and of both the netabolites and the pharmaceutically
accept abl e bi o- precursors (otherwise referred to as pro-drugs) of t he
conpounds of fosiz) are also within the scope of the PBW?

i nvention. rodr ugs are any coval ently bonded conpounds, P’t?ﬂ‘"?”é?léase
the active parent drug, according to formula (I), in vivo. In cases when
conmpounds may exist in tautonmeric fornms, each formis contenplated as being
15 included within this invention whether existing in equilibriumor

predom nantly in one form As such, unless otherw se provided, when only one
of the follow ng tautoneric forns of fornmula (la) or (Ib) is indicated, the
remai ni ng one has still to be intended as conprised within the scope of the
i nvention: N N, Thetofripagndd oNfdxmilh ) of Rié ihveRiBn Kavel s6yr@fetii® cdtbon &toms heaed pragsent

descripti or‘l u%&é@re%xaeamna@maa%wal @anerw dsMraldific h@&dﬁé&ﬁ@ mt otﬁkrr k@gched

Cl-C3 or - roups  suc | nst ance,
rothyl et byl GoTERARA Taloms i e S apiey Boriar Sk oo e Plsaisi=s g
sec- butyl . 25 \Whe $popdef thecpresesttitvantight or branched Cl1- C3 al koxy we intend any
of the groups such as, for instance, nethoxy, ethoxy, n- propoxy and

| sopropoxy. 6 05427 PCI/ EP2004/ 007 th the t en atom
we intend a f|vd\3fef”ﬁ8 t{'?:H?eoﬁsﬁqea Rt ASAY © g?" ??%B?Sﬁ e 1818 RRF¢ 'F'?irtaH rﬂ“éﬁs CB
cycl oal kyl we |oit®|ﬂdtP&nyletgb@tm andcthe apharmacewipallp paeteptablec biotpracyisors (oiperwispent y |
or cycl ohexyl . r@fe@é&%rés)’pro-gﬁﬁﬁﬂﬁ‘uﬁ%o%&!hdé Besohmlid 1Fare faish MK 184 Sdépe of AES
sane heterocycl e bej nv% |nked to the

present invention

10
Prodrugs are any covalently bonded compounds, which release the active parent drug,

according to formula (1), in vivo.

In cases when compounds may exist in tautomeric forms, each form is contemplated as being
15  included within this invention whether existing in equillbrium or predominantly in one form.

As such, unless otherwise provided, when only one of the foliowing tautomeric forms of
formuta (la) or (Ib) is indicated, the remaining one has still to be infended as comprised within
the scope of the invention:

H N
k . (1a) EN ( 7N (Ib)

N N

R, R,
20

In the present description, unless otherwise specified, with the term straight or branched C4-C;
or C4-C, alkyl we intend any of the groups such as, for instance, methyl, ethyl, n-propyl,
isopropyi, n-butyl, iscbutyl, tert-buty! and sec-butyl.

25 With the term straight or branched C4-C3 alkoxy we intend any of the groups such as, for
instance, methoxy, ethoxy, n-propoxy and isopropoxy.



phenyl ene noi ety of the conmpounds of fornula (1) may represent a piperdno,
4- fluoropiperidino, piperazino, 4-alkyl-piperazino, 4-cycloal kyl -pi perazi no
or norpholino ring. Pharnaceutically acceptable salts of the conmpounds of

formula (1) i nedrwdeodsipe acid addition 10 salts with inorgapkﬁmgﬁmgﬁﬁgnic
C,

acids such as, for instance, nitric, hydrochloric, hydrobro ric,
perchloric, phosphoric, acetic, trifluoroacetic propionic, glycolic, lactic,
oxalic, malonic, malic, maleic, tartaric, citric, benzoic, cinnamc,
mandel i ¢, met hanesul phonic, isethionic and salicylic acid. 15 A preferred
cl ass of compounds of the invention is represented by the derivatives of
formula (1) wherein Ris hydrogen or nethyl; R is selected from hydroxy,
met hyl or methoxy; R2°'is a hydrogen or fluorine atom X is selected from
met hyene, fl uor\’@%/i\i’ﬂ%?'l“é'mqge” glomyte integrd 2 flugine abjorine, fromiing opigdipgalod. reported. 20
For ar le}‘ er _enCEWithO]tchantyénﬁ agmsfiyﬁloﬂm@umgén@ﬁnﬁogrmﬂ 8uoﬁ|biis eiclcfph@yﬂ, I&ydtlbtlhiypn,
optionally int armaceutically acceptable salt, see the
experi ment al se ?%nggﬁaﬁ%wgwﬁs. As fornerly indicated, a further object of
the present invention is represented by the process for preparing the

conmpounds ofs f @iealy, @lefdnding nport the nqilira bNBE X grdup athik ¥arde F@EbEBle Bebglitkead tdae eof

compound of T oP KDERE | Y o5 e | ERFbiH éi*‘f‘\%}?é’%”zﬁn_?ﬁ FoesBl Bophdlag
2005/ 005427 PCTipepderydine pipstesino. fiidyrinerazingfocysloglfyerigiazingsy 0mEPinAEE Q is a
| ower al kyl group, t-Bu represents tert-butyl and Z is hydroxy or a

sui tca?)l e | eavi %aWaQMcalﬁ gcﬁﬁtaﬁlg sggtofiitr@ c@mﬁ%ﬁg Wrnﬂﬁa (ﬁ)qgtffﬂﬁle%e( éc\@ atﬁitiog( N
Y 10 salts with inorganic or organic acids such as, for instance, nitric, hydrochloric, hydrobromic,

sulfuric, perchloric, phosphoric, acetic, trifluoroacetic propionic, glycolic, lactic, oxalic, malonic,
malic, maleic, tartaric, citric, benzoic, cinnamic, mandelic, methanesulphenic, isethionic and
salicylic acid.

15 A preferred class of compounds of the invention is represented by the derivatives of formula
() 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, fluoromethyiene, -O- or -NR', wherein
R' is as above reported.

20  For a reference to any specific compound of formula (f) 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,
25  which process comprises:

a) reacting a compound of formula {11} with a compound of formula {Ili)
0

o—Q R‘
(I \__/I C o) (1)

O0-4Bu

Q—=



/I NNO-Q O(lV) NI - COOtBu 5 b) reacting the conpound of formula (I1V)
under acidic conditions so as to obtain a conmpound of fornmula (V) R X N
O/ Nj O,Q O(VV NH c¢) reacting the conmpound of formula (V) with a

conpound of f ) RL Z (V) RRZ 8 WD 2005/ 005427 PCT/ EP2004/ 007515
wherein R an‘&B@ds@P%‘\{gs above defined and Z' represents HRfdHEP7SY

suitable leaving group, so as to obtain a conpound of formula (VI1) R

wherein R and X are as above defined, Q is a lower alkyl group, t-Bu represents tert-butyl and
Z is hydroxy or a suitable leaving group, so as to obtain a compound of formula (V)

R
X/S
(A
y 0
N AN ,[(
0 —
(v}
|
COO-Bu

5 b} reacting the compound of formuia (IV) under acidic conditions so as o obtain a compound
of formula (V)

(-

=

X
\Z
/
).
[»}

V)

c) reacting the compound of formula (V) with a compound of formula (V1)

Ry

)



X~-N\V NO-QO (VII) R OR d) reacting the conmpound of formula (VII)
under basic conditions so as to obtain the 5 correspondi ng conpound of
formula (1) and, if desired, converting it into a pharnaceutically

accept abl e salhhd3Reaes - The above process is an anal o9y RcqaaSesoffdi£<n can
be carried out by working according to very well-known operative
conditions. 10 According to step (a) of the process, the reaction between

t he conpounds of forrmula (I1) and (111) can be carried out in a variety of
ways, according to conventional methods for acylating amno derivatives. As
an exanpl e; the conmpound of formula (l11) may be reacted with an acyl
chloride of formula (I111) wherein Z represents, as a suitable |eaving group,
a chlorine atom_ 15 Preferably, this act i is carried out at a ,

t enper at ur e ran&’lhﬁﬁmf'{‘o%%r%oﬁla% %’Pé{eﬁf'eg a{'g éan?&f?"t%b@?c”‘iy iPr & iehislspeng

sol vent such as grobpso pntotokisine compoynd foffdmada(Vdin or di chl oronet hane, and in
the presence of a proton gcavenger such as triethylam ne or

di i sopropyl et hyl am ne. dthin the conpounds of formula (I1) O represents a
| ower al kyl group, for | nce a C1-C4 20 al kyl group, nore preferably

met hyl or ethyl. 9 WD 2005/ (005427 PCT/ EP2004/ 007515 According to step (b)
of the process, the comoun ormula (1V) is easily deprotected at the

pirrolidine nitrogen ato by fci c treatnment. THis reaction can be
conveniently carried out in thg sencH of @ mgeral or organic acid such
hydr ochl ori i

5 as, for instance, “Tr u cu or _gethansul fonic acid, in
a suitabl e solvent such O
0 — Wi
R
N 2
0
R1
d) reacting the compound of formula (VIl) under basic conditions so as fo obtain the

5  cormresponding compound of formula (1) and, if desired, converting & into a pharmaceutically
acceptable salt thereof.

The above process is an analogy process, which can be carried out by working according to
very well-known operative conditions,

10
According to step {a) of the process, the reaction between the compounds of formula {li} and
() can be carried out in a variety of ways, according to conventional methods for acylating
amino derivatives. As an example; the compound of formula {ll) may be reacted with an acyl
chioride of formuia (Il1) wherein Z represents, as a suitable leaving group, a chlorine atom.

15

Preferably, this reaction is carried out at a temperatufe ranging from room temperature to

about 60°C, in a suitable solvent such as, for instance, tetrahydrofuran or dichloremethane,

and in the presence of a proton scavenger such as tristhylamine or dlisopropylethylamine.

Within the compounds of formula {II} Q represents a lower alkyl group, for instance a Cq-C;
20  alkyi group, more preferably methyl or ethyl.



as dichl oronet hane, 1, 4-di oxane, a |ower alcohol (e.g. nethanol or ethanol),
at a tenperature ranging fromroomtenperature to about 40C and for a tine
varying from about 1 hour to about 48 hours. 10 The conpound of forrmula (V)
t hus obt ai ned“?m? Uhdsher reacted, according to step (c) of the ﬁroces

with a conpoun or mula (VI). Fromthe above it is cl eaPCTEPIMRKIINS| | ed
person that also this acylation reaction may be acconplished in a variety
of ways and operative conditions, which are widely known in the art for the
preparation of carboxam des. 15 The reaction between a conpound of formula
(V) and a carboxylic acid of formula (VI) wherein Z' is hydroxy can be
carried out in the presence of a coupling agent such as, for instance,
carbodiimde, i.e. 1,3-dicyclohexylcarbodiim de,

1, 3-di i sopr opy| Acasrbioglicistep s of the pDeesd] theetdmploani oh topmgiV))ie Sasiy duploteateb atthé m de,
N-cycl ohexyl Carﬂﬂ%‘ﬁ&lhﬂﬂ'}’ge%mﬂr@%’d%’fﬂé&%ﬂy| pol ystyrene or

N- cycl ohexyl carbodi I m de- polystyrene, in a suitable solvent such
as, 20 for instance, dICh| ororret hane chl orof orm tetrahydrofuran, diethyl
et her 1, 4- di oxXGoiseeactiaomat be cdanwerianily ¢apied @nten theprebéd&edﬁmhéryldrorgmmmm a

t emper at ur e 5 angi PeindisfREN r@@@&l’ﬁonc ]t%oFchetlé &f r%éiﬁ‘an&@f’bm@aé&“lﬁ 2Bkigpit | lscgfﬁ*nt dick -

from about 30 m nutes t hour s. Be sald reaction Is ptional
carried out in BEgRRE ﬁ’&?e1'6fd‘°éa'?u? {owp) alcopol (&,g- ugtnanel of ew?@g)aqy@éergperature

di et hyl am nopyrangitigrfem oomitempenaturp te st 40°0 fand fdr ar tinfeevandrguisdm aigput €agend such
as N- 25 hydroxyhangasfé azol e. The reaction between a conpound of fornula
(V) and a conmpound of fornmula (VI) can be also <carried out, for exanple,

t hrough a m xed anhydri de nethod, by using an al kyl chloroformate, such as
et hyl, i so-But yThe compausd ohfoopyd (M Hhusrobfaimedrist farther reatted, qecarding bester (chofttbe t i ar-y

base, such as %Poc(eéé whthy Ea?ﬂﬁ’ﬂoﬂr% of%nNmQ '(\hﬁ ﬁi&ﬁ-ﬂﬂé/étﬁ:wi(ls%@aﬂ% tﬁérskﬁlé(cf béﬂéoﬂ%at Ina
sui t abl e sol ven

chl or of orm tet$§h§5r%ﬁé?q§nrea§@8tﬂw S?W@”‘Psﬁ#’é? Y2 é?rﬁ’b’ of wiys4arlf'i BRegtiee o

N, N- di net hyl f oraeaditiode whigh aee Widelyepwn i the artder dierrgeparation clloarboxamBBE t 0 r oom
tenperature. 10 WD 2005/ 005427 PCT/ EP2004/ 007515 The reaction between a
conmpound of _for ic. d tlve wherein

Z is a suitbl e%g%ﬁ%?%’e@’ggﬁ%mg'%gﬁfe%E"QP‘F]? Ca‘rtﬁ’ ‘ﬁ@mgf’gurg‘r‘f'@gy})%heéem
tertiary base Z' is hydroxy can be carried out in the presence of a coupling agent such as, for instance,
carbodiimide, i.e.  1,3-dicyclohexylcarbodiimide, 1,3-diisopropylcarbodiimide,  1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide, N-cyclohexylcarbodiimide-N'-propyloxyrethy!
polystyrene or N-cyclohexylcarbodiimide-N'-methy! polystyrene, in a suitable solvent such as,
20 for instance, dichloromethane, chioroform, tetrahydrofuran, diethyl ether, 1,4-dioxane,
acetonitrile, toluene, or N,N-dimethylformamide at a temperature ranging from about -10°C {o
reflux for a suitable time, i.e. from about 30 minutes to about 96 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-
25  hydroxybenzotriazole.

The reaction between a compound of formula {V) and a compound of formula (V1) can be also -
carried out, for example, through a mixed anhydride method, by using an alky! chicroformate,
such as ethyl, iso-butyl, or iso-propyl chloroformate, in the presence of a tertiary base, such as

30 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.

10



such as triethylam ne, N, N-diisopropylethylamne or pyridine, in a suitable
sol vent, such as toluene, dichloronethane, chloroform diethyl ether,
tetrahydrofuran, acetonitrile, or NNN 5 dinethylformanm de, at a tenperature
rangi ng from gapujosnokds to reflux. The conpounds of fornul

characterised by the presence of an asymretric carbon at o?ncél}eﬁ’)rg)aﬁﬁoﬁﬂléed to
R, and presently noted with an asterisk R Z. NO RZ 10 Hence, the conpounds
of formula (VI) nmay be either in the formof single enantionmers or as

m xtures thereof, also conprehensive of racemic mxtures. Cearly, depending
upon the nature of the conpound of fornmula (VI) being used in the process

of the invention, correspondi ng conpounds of forrmula (VII) having a-
properly defined 15 stereochem stry at this sanme carbon atom coul d be thus
obt ai ned. Accorderigactien ketynen pepmperng ehlbemuefy) ats 2 esreoxylipderivativmof fermels (VR) i s
carried out by wiesii Z'Nga suitaBleildeRing Qroup BEObE chridld JuDINTE Prebevics of AR Batei N a

gi ven enantio ' ' ' em ¢ m xtures e .c nd of
Formi a (V1) aré-eabfiehlanile f (Ra0ppny ASEY nlhd e B bl AP BT
optical pure fdPHENEr é'cé%@iﬂﬁféene- SplerotorT. dietayh| affier. olptraswdrefyen, peatenitile deral -
conpound of sf ordiméteyifériam)deat a terhdeeati@tanyiey fyom abbuit-NECltd édx. conpound of
formula (1) w Il be required, by working according to conventional neans.
Just as an exanple, conventional techni qu,es for racemate resol ution

i ncl ude, for i ndesABROUNGSpfiformulg () areaharapterised by the Rfassiresf 20 PaEtstrisdR®eier i ¢
salt derivati vesonobeiylinlainaR| ane pedsetiy notetPlvith anlabte® 2005/ 005427

PCT/ EP2004/ 007515 Finally, according to ep (d) of the process, the
conmpound of forrmula (VII) is deprotected t he pyrazol e nitrogen atom by
wor ki ng according to conventional netRQd abling, for instance, the

sel ective hydrolysis of the carbamate gr0up.25 As an exanple, this reaction
may be carried out under basic conditiogs, for instance in the presence of

sodi um potassiumor |ithium.hydroxideg, 0% a tei\rélii ary am ne such as
triethylamne, and in a suitable sol ! such N, N- di et hyl f or mam de,
R2

met hanol , et hanol, tetrahydrofuran,

10 Hence, the compounds of formula (VI) may be either in the form of single enantiomers or as
mixtures thereof, also comprehensive of racemic mixturas.

Clearly, depending upon the nature of the compound of formula (V1) being used in the process
of the invention, corresponding compounds of formula (VII) having a. properly defined
15  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.

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

25  crystallization of diasterecisomeric salt derivatives or preparative chiral HPLC.
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wat er and m xtures thereof. Typically, the reaction is carried out at
tenperatures ranging from roomtenperature to about 60C and for a tine
varying from about 30 m nutes to about 96 10 hours. Finally,
pharmaceutically acceptable salts of the conmpounds of formula (1) or,

al ternati vel ywd fwesoosizge conpounds fromtheir salts thereo

obt ai ned according to conventional nethods. 15 The starti %%%ngogﬁoz#lkof t he
process of the invention are known or easily prepared according to knwon
met hods. As an exanple, the preparation of the conpound of forrmula (I11)
wherein Qrepresents ethyl is 20 disclosed in the aforenentioned

I nternational patent application WO 02/12242 (see, in particular, exanple
26 at page 249; this sanme conpound is therein named as 3-am no-4, 6-

di hydr o- pyrrol oF[3 4-c] pyrazol e-1, 5-di carboxylic acid 5-tert-butyl ester
1-ethyl ester). 'rBQUvﬁEﬁ" iNdde AP & obihe PEERSEtaeRFPorsRf fermia (V1B dnirpiatRsied Gt
formula (11) whier gyrazo@ nitgyes Stort Dy avorkliy hoauveing ad kylvegtionatpmethdusreriabling, Rt hyl
can be thus pr%gglﬁg%\g@dvg h%}%@is&?ﬂ?iﬁm@é{oq ormula (I'1l) and (VI), for

i nstance those rein and represent a ap(')gen atom e.g. a chlorine

atom are either known or can be easily obtained fromthe corresponding
known car box¥yl iAs sacixasple,iyis vexctiinngayaecaarridd ngt dnderchasic ettditons [fornistdned &. the30
Li kewi se, Lt T rdbi of i, bladslifs P Bhidfhydblidel 6% toflar B isbor difethyfanhe,
conpound of formul a CI0 . prepare accprél ng to the above process

conpr ehensi ve &% RSl sgienisHe asdY.N-dimetylirmamidey mathanolethangh tetrafydrofyran,

| soners, their vetpandrhixdoresitheresf. (Thgicatly, thgl reactiendsreardedafut Atdemperaturéd fangipfran ed

out according | -y | b Rkf b t he
present i nventi o S4B B S R i B T e B B

conpounds ol f &PHE a (I') are active as protein kinase inhibitors, nore
particularly as Aurora kinases inhibitors and are therefore useful, for

instance, to r@jly, harhi@uttafyarbdpibRaltsd Bl icbRpcdhdsi fothuth B aite@btvaly, the
free compounds from their salts thereof may be all obtained according to conventional
methods.
15
The starting material of the process of the invention are known or easily prepared according o
Knwon methads,

As an example, the preparation of the compound of formula (I} wherein Q represents ethyl is
20 disclosed in the aforementioned international patent application WO 02/12242 (see, in

particular, example 26 at page 249; this same compound is therein named as 3-amino-4,6-

dihydro-pyrolo[3,4-c]pyrazole-1,5-dicarboxylic acid 5-tert-butyl ester 1-ethyl ester).

By working in an analegous way, additional compounds of formula (Il) wherein Q represents a
25  lower alkyl group other than ethyl can be thus prepared as well.

The compounds of formula (i} and (VI), for instance those wherein Z and Z' represent a
halogen atom, e.g. a chlorine atom, are elther known or can be easily obtained from the
corresponding known carbaxylic acids, by working according to conventional methods.
30
Likewise, it is also clear to the person skilled in the art that i 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 formuta (1), carried out
according to conventional technigues, is still within the scope of the present invention.
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5 In therapy, they nmay be used in the treatnent of various tunors, such as
those fornerly reported, as well as in the treatnent of other cell
proliferative disorders such as psoriasis, vascular snooth cell

proliferati onygpse&di8d W th atherosclerosis and post-surgj I enosi s
and restenosis. 10 The inhibiting activity and the potencyggfit@ﬁﬂﬁfg

conpounds is determ ned through a nethod of assay based on the use of the
SPA t echnol ogy (Amersham Pharnacia Bi otech). The assay consists of the
transfer of radioactivity | abelled phosphate noiety by the kinase to a
bi oti nyl ated substrate. The resulting 33P-1abelled biotinylated product is
allowed to bind to 15 streptavidin-coated SPA beads (biotin capacity 130

prol /mg), and light emtted was neasured in a scintillation counter.

| nhi bi tion assaﬁ&q?ﬁ_WZ activity Kinase reaction: 8 pM biotinylated
Reptl d62(4_ rﬁpgﬁk&oﬁbommf_ Glb.ula @l?a@McMFh?f(&etan gﬁfh?e aﬂi?fEHeil'rEsF,)ynSo?eT g&m?an ano
urora 2, inhibjt final volu uf fer .0,
VCL210 M 1 s s, aHE Pl el 8 et o5 eGP PR e P ach

wel | of a 96 Wditsrationpitemercplsate. After 60 minutes at room tenperature
i ncubation, gyeaction was stopped and biotinyl ated peptide captured by

addi ng 100 pl qof nsi Stratification, 100 pi. of CsCl2 5 M
nere Sdded Lo andferas PECREVEs MRaq AAnYEtbbl'f Rorshl el oBin B sk lpety
counted in the rFepetasiveliasdn thentaatmengiootives cell prpiifeietive Misoidarsi SuFh ay Bsofiesise
tested at diff emsditar eROGE BEIN @blifediton fadddgibied with aifiedsdtdds®s drd podiubdidal stenosis
Experi nent al daéngr rngsiﬁanal yzed by the conputer program G aphPad Prizm using
the 30 four paraneter Togistic equation: y =

bot t om+(t oplbotton)/ (1+10A( (1 ogl C50-x)"slope)) where x is the |ogarithm of

the inhibitor coeambithghdiony,any tHeDolehd of SBqeea SampInds iflddtsrmitied Bpdugh Bniéthdd  goes

to top with a siguml fhallgPfie udeor e PRI HmdiibmBralidia ity K

cal cul ati on:
The assay consists of the transfer of radioactivity labelled phosphate moiety by the kinase to a

biotinylated substrate. The resulting 33P-labelied biotinylated product is allowed to bind to
15 streptavidin-coated SPA beads (biotin capacity 130 pmol/mg), and light emitted was measured
in a scintillation counter.

Inhibition assay of Aurora-2 activity
Kinase reaction: 8 pyM biotinylated peptide (4 repeats of LRRWSLG), 10 uM ATP (0.5 uCi

20 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/mi BSA, 3 uM orthovanadate) were added to each weli of a
96 U boitom well plate. After 60 minutes at room temperature incubation, reaction was
stopped and biotinylated peptide captured by adding 100 p! of bead suspension.

25  Stratification: 100 pi of CsCl2 5 M were added io each well and let stand 4 hour befare
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
30  four parameter logistic equation:

y = bottom+(top-bottom)/{1+104({loglC50-x)*slope))

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.
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Experi mental nethod: Reaction was carried out in buffer (10 MM Tris, pH 7.5,
10 MM MgdA 2, 0.2 ng/m BSA, 7.5 nmM DTT) containing 3.7 nMenzyne, histone
and ATP (constant ratio of cold/Iabeled ATP 1/3000). Reaction was stopped
wi th EDTA anc‘”é?@ﬁﬁ@? rate captured on 5 phosphonenbrane (Miltiscreen 96
wel |l plates fr pore). After extensive washing, thePCRKPR(04/0078N

pl ates were read on a top counter. Control (tine zero) for each ATP and

hi stone concentrations was nmeasured. Experinental design: Reaction
velocities are neasured at four ATP, substrate (histone) and 10 i nhibitor
concentrations. An 80-point concentration matrix was designed around the
respective ATP and substrate Km val ues, and the inhibitor 1C50 values (0.3,
1, 3, 9 fold the Kmor 1C50 values). A prelimnary time course experinent
in the absencekpdalduigibii t or and at the differ ent ATP and substrate

Concent At oS HolBial EtnSEREELR UaPlar RSB ATRR s, SLIE foHha ol L "

the |inear rang action I2u“de er | Oh
Ki neti c par anet-8mgsdBShai-8 M Rm@ﬂ@'"lp@ﬁéth@W%F@n%@ﬁm@mswt ratio of

si mul t aneous nedid/iabERRIrATH F3600). RIHADE was SIb 628 WRA EOSA R@d [trtéosut&tra(ectsaamfetrlotﬂ ve

i nhi bitor resp ete data set (80
poi nts): 20?v %nﬂﬁ%ﬁégéhf Eﬁﬂ%]?re g ??3%%?%?{%+aeri@lg ?hﬁﬁﬁgﬁgﬂggﬁ 'tge

Ki 18 where Ampifiscrgen PBEF&?EPS'WC&%@ top|ceqniterHapireldiime zependorrpash Mﬁmﬂemamet y,

Ka, Kb, Ki thecdhcsritaonaiviOmedsarat ants of ATP, substrate and i nhibitor
respectively. a and R the cooperativity fact or bet ween substrate and ATP

bi ndi ng and substrate and inhibitor binding respectivel 25 The conpounds
of the invent i Gxpefigventat dasiane Reackien velpciies aje Meesured ahioueATP, suhstrate (histone) and

anti - prol i figr ainhisieor c@ﬁémﬁonemnosocbalnt cahbdntrition fnatik Gvat Besigneialalidd thdreypeefieect on

h |1 |
E:eFI Cfl necﬁéTe ﬂﬂr Qndvéuﬁt%tegﬂta L/al{i’é' sy cﬁé ‘?ifr {"8?'6%3%"¥352‘§§\,\,é| P@Fblcﬁﬂ% R ogg@sﬁer
(Costar) usi ng¥aues) AdRImReydmsceyrse ansimen it the akgende °I(U%b|ﬁ@8“€ Blihe differaat

Italy) 2 mm L- Apb dibgibsteatsasuticerifaions ot lthendeticlion pif @rsitglerendpusht e (icemningd  at
37C, 5% C2 anﬁte %r@eoé? rra%eaéf 'th\é'?eacﬂrf}t for the Ki determination experiment.

15
Kinetic parameter estimates: Kinetic parameters were estimated by simultaneous nonlinear
least-square regression using [Eq.1] (competitive inhibitor respect to ATP, random
mechanism) using the complete data set (80 points):
Ve AeB
20 v= Xa B [Eq.1]
aeKaoKb+a mKasB+aoKEGA+A@B+ae—EaIe(Kb+E)
i

where A=[ATP], B=[Subsirate], |=[inhibitor], Vm= maximum velocity, Ka, Kb, Ki the
dissociation constants of ATP, substrate and inhibitor respectively. o and B the cooperativity
factor between substrate and ATP binding and substrate and inhibiter binding respectively.

25  The compounds of the invention were further tested jn vitro to assess the anti-proliferafive

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

In vitro ceil proliferation assay
The human colon cancer cell line HCT-116 was seeded at 5000 cells/cm2 In 24 wells plate

30  (Costar) using F12 medium (Gibco) suppiemented with 10% FCS (EuroClone, ftaly) 2 mM L-
glutamine and 1% penicillin/streptomycin and maintained at 37°C, 5% CO, and 96% relative

14



WO 2005/ 005427 PCT/ EP2004/ 007515 hum dity. The foll ow ng day, plates were
treated in duplicates wth 5ul of an appropriate dilution of conpounds
starting froma 10 nMstock in DMSO. Two untreated control wells were
included in each plate. After 72 hours of treatnment, nediumwas w thdrawn
and cells d&YQ2MeS#¥om each wel | using 0.5 ml of 0.05% PGKAEP2004/4GTSESN,
0,02% (W v) EDTA (G bco). 5 Sanples were diluted with 9.5 m of Isoton
(Coulter) and counted using a Multisizer 3 cell counter (Becknman Coul ter).
Data were eval uated as percent of the control wells: %of CIR = (Treated -
Bl ank)/ (Control - Blank). 1C50 values were cal cul ated by LSWData Anal ysis
using Mcrosoft Excel signoidal curve 10 fitting. In vitro cell cycle
anal ysis The human col on cancer cell line HCT-1 16 was seeded at 5000

Ch et 1 expormiéRy FreploRiing, deyopibEh e sl 4B Wi W, G0 2R 1|
di fferent conc iH‘f"f"a‘lficgrﬁg"“B?s ﬁ@ﬂ%%ﬁ?ﬂ .avﬁl T stogk, iy égnjé’fﬂ Yieatas oot WHiE was
col l ected to awsse ihcludstin@bchdgatachied 7apoys ot Featnmnt, metlioti wascwithbswn Bhecelaf t er,
cell's were wasdhRfed'§irh SadiBrliaRfg 88 ACHarbsay (u%)%%siﬁ)’\é.b’i% LAPED TR n%cﬁ?cgﬁf/o

(w'v) EDTA (G bco). Tr in actlvity was, stopped using culture u
Adherent a n%ﬁq%eéﬁ’éef%ﬁﬁ‘?eee‘?'ﬁ %# Q‘Lf’f%/%?{%" (%‘?%) deRYed Kengc Muttisires gets! at
2000 rpm for 1®unter{Beskman Celliles. Dby were evalatep esiparcknt of tHeBSntamhetelB0 count ed usi ng

a Mul tisizer 3yGetiRr <pHEi&l - BRSO -EMnky er) . For fixation, ethanol was
added (70 % v/v) and cells were kept at-20C overnight. One mllion fixed

cells were centrifuged at 2000 rpmfor 5 m nutes and washed with PBS and
subsequent | y siCai vags fwere dalduiated byt SW/Date tAsripsis asing Micrasoft Eecetl aighioilgl cantdi ng
200 DI : 25yf9/fing, 25 propi di umiodide (Sigma) and 15 ug/nm RNAse A (Sigma),
0.001 % (v/v) Nonidet P40 (Sigma) in sodiumcitrate (0.1%w v, pH 7.5).
Sanpl es were anal yzed by flow cytonetry at 488 nm excitation (FACSCali bur,

Beckt on Di cki nagltio aellicygle gudlysisuest 3.0 software (Beckton -Di ckinson).
Typi cal |y 1000fhe@itak Solbrisdnbarakl e 1ONDIe8Rs dksdet b oAt BNdathuh 24 Weld aad

Fecor ded”us) nglCeRrY ebeiEy g reyfeded Eive I FesopSiepld ahe.t o VR of
t he popul ati ontrasted fornl2é uhoarsewittu diffargntaconoefitrélionsl afdepound. Abbd tultlure3medigof t war e
(Verity Sof t wegi@dmated wax BliestsRE aldhi (¥es@PlidtlohePapofidlidbraietidd@lis/ Phadbaidr, cells

were washed using PBS and detached by 0.05% (wh) trypsin, 0.02% (wfv) EDTA (Gibco).

Trypsin activity was stopped using culture medium. Adherent and non-adherent cell fractions

were pooled and centrifuged at 2000 rpm for 10 minutes. Cells were re-suspended in PBS and

20  counted using a Multisizer 3 cell counter (Beckman Coulter). For fixation, ethano! was added
(70 %, viv) and cells were kept at =20°C ovemight.

One million fixed cells were cenirifuged 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 01: 25 Gg/m
25  propidium jodide (Sigma) and 15 ug/m! RNAse A (Sigma), 0.001% (v/v) Nonidet P40 (Sigma)
in sodium citrate (0.1% wfv, pH 7.5). Samples were analyzed by flow cytometry at 488 nm
excitation (FACSCalibur, Beckton Dickinson} using Cell Quest 3.0 software (Beckion
Dickingon). Typically 10000 events (activating doubles discriminate module DDM and gating
only single cells) were collected and cell cycle profiles were recorded using CellQuest (Verity
30  Software). Cell Cycle distribution of the population was calculated using a modified mode! in
Modfit 3.1 software (\Verity Software) and expressed in % G0/G1, 8, 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

15



G ven the above assays, the conpounds of fornmula (1) of the invention
resulted to possess a remarkable protein kinase inhibitory activity, e.g.
Aurora-2 inhibitory activity. See, as an 15 WO 2005/ 005427 PCT/ EP2004/ 007515
exanpl e, the J004 table | reporting the experinenta
representativgﬂié@%%gﬁﬁds of the invention being tested asgégé%ﬁﬁy&ﬂﬁfnase
inhibitors (1Cso nM, for their cell antiproliferative effect (ICbho nM,
and for their capability to exert cell cycle blocking and i nduce polypl oidy
(% of G/ M + polyploidy at 200 nM. 5 Interestingly, these same conpounds
were tested in conparison to a structurally very close prior art conpound,
herewi t h defined as Reference conpound, which is specifically disclosed in
t he af orenmenti oned WD 02/ 12242 - see page 160, lines 5-7 of the sane; the
Ref er ence corrr%@fﬁléie:v\ﬁ%g Tolpwing; eblealrsepoding the experimental data of four representative

N- { 5- pheny| acetginpsunts 6fithey/ieveapon teig tdsted 4s Gl 2RmRdse Brhibltdrs €., hl), for their cell
e 1 SR i e o i 4 B B
O[3, 4-c]pyr azdelypoigy (% of G244 ﬁﬁ?‘b’ﬂ}?ldyrﬁt%@r i no) benzam i de; 15 Compound (1)
(R= R = Hs R = Ove; X = N\)

N' { 5 1(2R) - 2- ”‘iﬁt&@ﬁ%p? tpgé%%Jngtcgrﬂ@ﬁXr{i%w% f]éséd% éo‘?ﬁp%gs!?:}(% 8§¥ rcri@%l@%/%y%l Eépyl’ az

yl}-4-(4-
R, = I\/E} X = ( ngyr agg:ompound herewith deﬁned as Reference compound, whlch is specrrcally disclosed

N-{5-[ (2R) - 2- mai ihglafofermdnasnet Vb ap/0324} - -1sed paged160E lred BY0ST ARy saiel Bk Referdhbyr azo
-yl}-4-(4- compound was therein named as N-{5-phenylacetyl-4,6-dihydropyrrolof3,4-c)pyrazol-3-yl}-4-
10 (4-methylpiperazino)benzamide.

R
X/H
(A

H

N N

7 NH )
o ——
N Re
0
R1

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

15  Compound (1) (R = R; = H; Ry = OMe; X = NMe)
N-{5-[{2R)-2-methoxy-2-phenylethanoyl}-1,4,5,6-tetrahydropyrrolo[3,4-clpyrazol-3-yi}-4-(4-
methylpiperazin-1-yl)benzamide;

Compound {11} (R = R;= H; Ry = Me; X = NMe)

20 N-{5-[(2R)-2-methyl-2-phenyiethanoyl}-1,4,5,6-tetrahydropyrrolo[3,4-clpyrazol-3-yl}-4-(4-
methylpiperazin-1-yl)benzamide,

16



met hyl pi perazi n-1-yl)benzamide; 16 WO 2005/ 005427 PCT/ EP2004/ 007515
Conpound (6) (R=R2 - H R = Ow; X = CH2)

N (5-[ (2R) - 2- net hoxy- 2- phenyl et hanoyqg-1, 4, 5, 6- tetrahydropyrrolo[S 4- c)pyrazo
| -3-yf)-4- pi »y| benzam de; 5 Conpound (5) (R = = H
X = NMVe) 4- (39‘%*03%’@3 yl pi perazin-1-yi) - N-{5-[ (2R) - 2- net hB‘;EE/EQZ“BﬂOO"élS

enyl et hanoyl )-1,4, 5, 6- tetrahydropyrrol o[ 3, 4-c)pyrazol -3-yl}benzam de.
Table | Aurora-2 Cell Antlproliferation Cell Cycle block Conpound
inhibition 1Cso (nM (% &/M + polyploidy at 1Cso (nM 200 nM Reference
conpound 140 220 33 none ---- - 19 (1) 16 31 90 (11) 63 17 90 (6) 37 30
90 (5) 18 50 90 10 Surprisingly, the Aurora-2 inhibitory activity of the
conpounds of the invention resulted to be constantly and markedly superi or
that that of t fermrepat BhtRe= BohioRwTdPMe:; X =& ti on, those sane conpounds

resulted to pOmqaRﬁz-&@{hbxyﬁmﬁHeﬁv{I&hénBﬂ]lﬂ5G’-&trﬁlﬁyﬁ%{rrrdidkﬂﬂ&]ﬁﬁézol—m?ﬁ—ﬁl t he
capability to b&{]%ﬁéi“-i'gfge gm cycle and induce polyploidy, significantly
superior than t f e IIglje Ref erence conpound being tested in the sane
conditions. Fromall of the above, the novel conpounds of forrmula (1) of the

i nventi on appeaonipdui®(5) GROEMEER] BN} R= hipkﬂubpal profile, considered as a

whol e, whi ch |s gwe%&&@g;a%ng%ﬁ _{591 R Qan%)g_g, fthatngzl ‘1 E?est prior art

of WD 02/ 12242 are ageo "M~ 20 therapy,
agai nst prol i fé?t@bywym@@)ﬂﬁbvf?%s}'mm with an altered Aurora-2 kinase
activity. Table |

Aurora-2 Cell Antiproliferation Cell Cycle block
Compound inhibition IG5 (NM) {% G2/M + polyploidy at
1Cg (NM) 200 nM)
Reference ,
compound 140 220 33
none ——— —— 19
(1) 16 31 90
(11) 63 17 80
{6) 37 30 80
(5) 18 50 90

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

In addition, those same compounds resulted to possess a cell antiproliferative effect together
with the capability to block the cell cycle and induce polyploidy, significantly superior than that
15  of the Reference compound being fested 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
20 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

17



The conpounds of the present invention can be adm nistered either as single
agents or, alternatively, in conbination with known anticancer treatnents
such as radiation therapy or 17 WO 20051005427 PCT/ EP2004/ 007515

chenot herapy w@Qyi8dsd2R conbi nation with cytostatic or cyto nts
antibiotic-type agents, alkylating agents, antinetabolite ‘;‘3@#‘%“% or rmnal

agent s, immunol ogi cal agents, interferon-type agents, cycl ooxygenase
inhibitors (e.g. COX-2 inhibitors), matrixnmetall oprotease inhibitors,

tel omerase inhibitors, tyrosine kinase Inhibitors, anti-growh 5 factor
receptor agents, anti-HER agents, anti-EG-R agents, anti-angi ogenesi s agents
(e.g. angiogenesis inhibitors), farnesyl transferase Inhibitors, ras-raf
signal transduction pathway inhibitors, cell cycle inhibitors, other cdks

i nhibitors, tuhemeihesaRydRaEen d sprbinatig Hith siestaiceor cyiqions gentsr gntibiotic-type

t opoi soner ase kjents) h;ll»{?laﬁrfy sgeni entimeeabbiitk @gents) hbrinoha ragents t iechuAclogicafl Bgedd, dose,

such conbi nati (?rﬂerﬂ{@ @HL oy é/ﬂt?ox %ﬁg%unq%lﬂgrst h| ggal Ft\!&p]‘zl Oq-nhYMté %I n the

dosage range descri beI w_and phar maceut'| ctive
within the appreAfés Ws? ahigiors. delepeastdrhiRiprst Hioping 5'“?*)‘“"?‘%‘9"%@“
sequenti al |y wifadtorkempior agmspame agraty antvFGAR agentkDarticambiogembsi® Bgdnyr @4l at i on

i's i nappropri aﬁgmﬁ@sié:ﬂﬁgwdém@;yl irQrst%rQs@ lr(hlib}torgf raE Ea?ngﬁﬁstfaaﬂéduttgﬁepg&lugp

sui tabl e for tration

adni ni steered bynhigtersycsli sycle hiptes, gfher sdke ‘rﬁ@%é”bl“@'\/@'l‘d'"gdﬁ%‘ﬁdgpqﬁﬁﬁ‘ﬁ@%b age,
wei ght, condi t imgtistoreftofdisemprass ieinhibiorsglaraithe likest r at i on route. 20 For exanpl e,
a suitable dosage adopted for oral adm nistration of a conpound of formula
(1) may range fromabout 10 tqQ about 500 per dose, from1l to 5 timnes

dai ly. The Qongbireratedses arked Aemensch Foranative P&HH’?‘%F?P'@)‘@?T FaPPRuRds of &5, of
dosage forns, dnwgntionowithinltye dosage Inegé aesoribddalimiet end thapthel psarmsaeegdnaliyoactife | m

coated tabl etS1ag£ﬁt%nﬁ’th§9ipb}5\}eﬁ'8§sa8éra% pensions; rectally in the 25 form
supposi tories; parenterally, e.g., In ranuscularly, or through intravenous

and/or intrathecal and/or intraspinal injection or infusion. The present
i nvention al so Gampburdef foiveuiarticmey be ased ceqqeotily witn snceorapticapcen ggentcohgnouind  of

formula (1)ys0r cgmglhéfbﬁ‘%ﬁﬁﬁtbﬁ@"{#’p,@%%ot able salt thereof in association
wi th a pharnaceutically
The compounds of formula (1) of the present invention, suitable for administration to a
mammal, e.g., to humans, can be administered by the usual routes and the dosage level
depends upon the age, weight, conditions of the patient and administration route.
20
For example, a suitable dosage adopted for oral administration of a compound of formula (i)
may range from about 10 to about 500 mg per dose, from 1 to 6 times daily. The compounds
of the invention can be administered in a variety of dosage forms, e.q., orally, in the form
tablets, capsules, sugar or film coated tablets, liquid solutions or suspensions; rectally in the
25 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 acceptable salt thereof in association with a pharmaceutically
30  acceptable excipient, which may be a carrier or a diluent.

The pharmaceutical compositions containing the compounds of the invention are usually
prepared following conventionat methods and are administered in a suitable pharmaceutical
form.

18



30 acceptabl e excipient, which may be a carrier or a diluent. The

phar maceuti cal conpositions containing the conpounds of the invention are
usually prepared followi ng conventional nmethods and are adm nistered in a
sui t abl e phar mas sudsgsady form 18 WO 2005/ 005427 PCT/EP200§ %% ?15 Far
exanple, the solid oral forns may contain, together with t SRR y@nsu
conpound, diluents, e.g., lactose, dextrose saccharose, sucrose, cellul ose,
corn starch or potato starch; lubricants, e.g., silica, talc, stearic acid,
magnesi um or cal cium stearate, and/or pol yethylene glycols; binding agents,
e.g., starches, arabic gum gel atine nethyl cellul ose, carboxynethylcellul ose
5 or polyvinyl pyrrolidone; disintegrating agents, e.g., starch, alginic
acid, alginates_or sodium starch glycol ate; efferveSC|n9 m xtures;
dyestuffs; swect®fEple %W‘%@f“‘a’@@ﬂ@aysﬁ%ﬁma@gqﬂﬁé vt fhg ac “ﬁd%%%ﬂa‘i“é%"}s,

| auryl sul phat ese.g.dadose| dexteseaaacharose) suctosy icellutbael opdnatarmncm batgto statchytubrinartd, | ve

substances usedg} nsnﬁ’é%a{aﬁéagt%éﬁé S, Jaﬁﬁ%wna&r' cBldRm s gb‘??ﬁ@ 3R W&b& glﬁ%ols

preparations may b manuf act ur ed own nanner exa ans of
m xi ng, granul 22iM4Ng, 2083H| %4-¢ FRENes. aArabic ey AclEing mﬁbﬂce!s‘f‘ospu FaiRaRRtViRgiulose
processes. The dripglyviny! gyrsflidong] disistedrating aperkts, agyistarcht algibic @tid,nagyindtes, or @ogjum

syrups, enulsi Oéﬁc@ﬂg:ola&u W%§d|r%r}ﬁxtur%§ dﬁ%} S & &&%’r&e wetiuji'beag%XtE WikR 3?%?““*“'

contain, as carrier, saccharose or sacc %cerlne and/or
manni t ol and sotdyserbites TREYISYRNBIERsSnd" SRRERINBONSR SN rRbammesolegialiva active s
exanpl es of carsubstarses nsetl U garngasaytical dgramylatices dThese pHlagnatattieal pepatations may be

met hyl cel | ui Os%f%cQ%MWEWA Elgrllrlel"lf&sﬁ(amﬂé ROt ¥ars Y i@ GRAiating OtaliBing,

suspensi on or uti ons i ntranmuscul ar i njections may contain, togethe
with the act§ vesugérdi?ﬁtﬁ‘@n?iﬂ’“ac"ﬁwgrw&?ﬁ?l cally acceptable carrier, e.g.,

sterile water, olive oil, ethyl cleats, glycols, e.g., propylene glycol

and, if desi redTheahtﬁhH d%pér@iomn&apfadljnhg% nrﬁaymbg"@%hl Vride emuibiRfs and
solutions for Int ravenous 1 nj ections or i nfusions my contaln, as a carrier,

sterile water of“SP$F8%%rably they may be in the form of steri e, aqueous,
i sotonic, saline solutions or they may 25 contain propylene glycol as a

carrier. Thes Suﬂ@%éﬁﬁ’ﬂeeﬁe BRYpsGRAY Bhtin, dsQERkh ShccMirbda dr BEccRsGibde Vit @RBRIAENd, a

phar maceuti cal | &nd/or mannitol and sorbitol.

The suspensions and the emulsions may contain, as examples of carriers, natural gum, agar,
sodium alginate, pectin, methylcellulose, carboxymethylcelluiose, or polyvinyl alcohol.

20  The suspension or solutions for intramuscular injections may contain, together with the active
compound, a pharmaceutically acceptable carrier, e.g., sterile water, olive oil, ethyl oleate,
glycols, e.g., propylene giycol 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 sterlle, agueous, isotonic, saline solutions or they may

25  contain propylene glycol as a carrier.

The suppositoriles 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.

30
With the aim to better illustrate the present invention, without posing any limitation fo it, the
following examples are now given.
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acceptable carrier, e.g., cocoa butter, polyethylene glycol, a

pol yoxyet hyl ene sorbitan fatty acid ester surfactant or lecithin. 30 Wth
the aimto better Illustrate the present invention, wthout posing any
limtation toy foll ow ng exanpl es are now given. 19 WO 2005/ 005427
PCT/ EP2004/ OOySdl?oglaE%ﬁ/PLES General Methods Fl ash chrorrat%ﬁ?ﬁﬁ‘?&’"%&%‘s
performed on silica gel (Merck grade 9385, 60A). HPLC/ M5 was 5 perforned on
a Waters X Terra RP 18 (4.8 x 50 mm 3.5 nm) colum using a Waters 2790 HPLC
system equi pped with a 996 Waters PDA detector and a M cronmass nod. ZQ
single quadrupole mass spectroneter, equipped with an el ectrospray (ESI)

| on source. Mbile phase A was ammoni um acetate 5 nM buffer (pH 5.5 with
acetic acid / acetonitrile 95:5), and Mobile phase B was H2O/ acetonitrile
(5:95). Gadient from10 to 90% B in 8 mnutes, hold 90% B 2 10 min. W
detection at 220 nm and 254 nm Fl ow r ageappugls/ M n. I njection volune 10 pl.
Full scan, nma ik gthf LOom 100 to 800 anu. Capillary voltage was 2.5 IN,;
Source tenp.wa . e was 10 V. Retention Times (HPLC r.t.) are given
in mnutes at FEghahrooatograehy wampenaraed en silicg igeldMersk gratle 9385t FGA). HPLIG/NB/Ras
spect roscopy Wasrigtfkd ef BRrhtaS xarelYs RPUMBY4. Y% 5800, @@Ef'ﬁ&dld?& @ing3O0Ratdra V¥

equi pped with g_ipi_gm %oubl e rgsoﬂan v@rob? 1 {ml)S 315} 1571 D PEG Vari an).
Exanpl e | Prep i SYFierg eauipRe, r\nflt_ &ﬁ%@l %gré R |dete rand a Micromass mot. ZQ single

3am no- 4, 6- di hyyadspnpferroass sEecttorodteyequippédawith a5 elediasprat (H8) et ssuz@ MobBophate on of

ethyl chl or ocardgfainfndnBimacBtate 53 BIR: joH! 876 Wikl dcatiii9 bekicHrié 856), ard ol ) Vas
slowy added t

3o Mo-a. 6 i RYBEIUS P Rt U Crpdient o 1o 80948 A miteR BB GO% 8 1ol
and di i sopr®pylrein.riN deteatien ai120am g 284 nnp FRwate! 1) miimin TiRECtos @Oumerit) phFuld- 5C.
The reaction Wagark@ides Adngé AEmSROR BEITRAG. AE4plISry fvakagh Wiis BOBIKS; $difda Bip.aued to
[ each T oom { SMAghR! Uik B HehorHRELHBE 1 B8 oRBH B Rd lrtht hG 934
nm. Mass are given as m/z ratio. 1H-NMR spectroscopy was performed on a Mercury VX 400
operating at 400.45 MHz equipped with a 5mm double resonance probe (1H {15N-31P}

15  ID_PFG Varian).

Example 1
Preparation of S-tert-buty! 1-sthyl 3-amino-4,6-dihydropyrrolo[3,4-c]pyrazole-1,5-
dicarboxylate
20 A solution of eihyl chlorocarbonate (8.9 mil, 83 mmol) in tetrahydrofuran (THF, 250 ml} was
slowly added to a mixture of teri-butyl 3-amino-4,6-dihydropyrrolo{3,4-clpyrazole-5(1H)-
carboxylate {20 g, 89 mmaol) and diisopropylethylamine (DIEA, 82 ml, 528 mmol) in THF (500
mil) 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
25  dryness under vacuum, and the resuliing 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

30 Example 2
Preparation of §-tert-butyl 1-ethyl 3~{[4-{4-methylpiperazin-1-yl)benzoyllamino}-4,6-
dihydropyrrolo[3,4-c]pyrazole-1,5-dicarboxylate
Oxalyl chloride (23.2 mi, 265 mmol) was added to a suspension of 4-(4-methyl-1-piperazinyl)-
benzoic acid (11.7 g, 53 mmo!) in dichloromethane {DCM, 320 ml} and dimethylformamide

20



25 dryness under vacuum and the resulting residue extracted wth ethyl
acetate (AcOEt) and water. The organic |ayer was separated, dried over
sodi um sul fate and evaporated to dryness. The m xture was purified by

f I ash- chr onat ey apdsnsie! uent: et hyl acet at e/ cycl ohexane 4/ 0 give
19 g of the title conpound as a white solid. [MH "' 297 BOPEt/EPmﬁJé&éﬂE

Preparation of 5-tert-butyl 1-ethyl

3{[ 4- (4-net hyl pi perazi n-1-yl ) benzoyl ] am no} -4, 8- dl hyd

ropyrrol o[ 3, 4-c] pyrazol e- 1, 5-di car boxyl ate Oxalyl chloride (23.2 m, 265

mmol ) was added to a suspension of 4-(4-nethyl-I|-piperazinyl)- benzoic acid
(11.7 g, 53 mol) in dichloronmethane (DCM 320 m) and di nethyl formam de 20
WO 2005/ 005427 PCT/ EP2004/ 007515 DMF, 0.52 m). After refluxing the

m xture for 6.3DMbuP-82 mhopdarirefhxin emigiedpiu®-P yrowrs nisiptilgs waredearelylly dereved
pressure (taki ngdstpedubsi pr&ssird teking Upaiee residiRShridé finkestu@h whizaed). The resul ting

4- met hyl pi perazi no- benzoyl chl oride di-hydrochl ori de was added porti onw se
to 5 a solution of 5-tert-butyl 1-ethyl

3- ani no- 4, 6- di hyaresgjing W[hﬂpme@q'wbeaml ehioridesdichydraghingsls wag added pationwige tcn4 3
mmol) in dr ¥ ThEsc(hﬁiBﬁ) ofrserttiutl] Dleiy é-’iﬂunﬁﬂlﬁ-dlhy%ﬁﬁrolﬁw4)-c]|byi’éi6|é-1$-dld’aﬂ:lo%t@t
room tenperat t L. om
 erper atur 6 angﬁ% Hou% M@}’!EMFS@% ﬁj%hé’ﬂn an'; oa‘i%ﬁﬁnﬁe‘é‘é&rﬁn@% roo‘?n
pressure, the respaRigeEs resyltiagsyspensiop wasgtimet 1? 8Os A rpom damperaiise @’Pdg‘b'm“f:

| ayer washed wigtho @jueous sodi um carbonate (200 m ), brine, (200 m) and
dried over sodiumsul fate. Solvent was evaporated, and the residue was
triturated with a m xture of diethyl ether gEtZO 15 135 rr1?1 and AcOEt

m), filter¥d, Afer %&H’eﬂfﬁﬁf@?"a\/‘ﬁ@ﬁ’ﬁﬁ”&?d RIBUEOing Fepldue wagtakan upi t“F@E‘éﬁoodﬁ‘}rpound
as a white pomdaaa tHeMrddnic 1420 wadByd afie squedburGsotliom aarbemstd (200 ), Wing, (@0 mband

reacting 5-tert 3am no- 4, 6-
di hydr opyrr ol o[%’Q&JB sag;'rug]tz% etel 5-di carboxylate with the approprl ate acyl

chl oride derivative, 20 the follow ng conpounds were prepared: 5-tert-butyl
1- et hyl 3-{[ 4- (Sbivehttwdspivireraat, andlthy reskies was/trijueatddnaih-AmGituct df ibthyipatiiar Q@] 3, 4-

c] pyrazol e- I]S 5'1@5 %f Qﬂxﬁ(c!cﬁt ?1;5 r['dwgréd,%?‘ig’d under vacuum at 40°C to give 20 g of the title

compound as a white powder [M+H]" 499.

By operating in an analogous way and by reacting 5-tert-butyl 1-ethyl 3-amino-4,8-
dihydropyrrolo[3,4-c]pyrazole-1,5-dicarboxylate with the appropriate acyl chloride derivative,
20  the following compounds were prepared:

S-teri-butyl 1-ethyl 3-{[4-(4-ethy!piperazin-1-y!)benzoyllamino}-4,6-dihydropyrrolo]3,4-
clpyrazole-1,5-dicarboxylate; [M+H]" 513.
5-tert-butyl 1-ethyl 3-{[4-(4-isopropylpiperazin-1-yl)benzoyljamino}-4,6-dihydropyrrolo[3,4-
25 (5)]pyrazole-1,5-dicarboxylate; [M+H]" 527.
5-tert-butyl 1-ethyl 3-{j4-{4-cyclopropylpiperazin-1-yl}benzoyllamino}-4,6-dihydropyrrolof3,4-
clpyrazole-1,5-dicarboxylate; [M+H]" 525.
S-tert-butyl 1-ethyt 3-{[4-(3,4-dimethylpiperazin-1-yl)benzoyilamino}-4,6-dihydropyrroio[3,4-
clpyrazole-1,5-dicarboxylate; [M+H]" 513.
30 S-tert-buty! 1-ethyl 3-{(4-piperidin-1-ylbenzoyl)amino}-4,6-dihydropyrrolo[3,4-c]pyrazole-1,5-
dicarboxylate; [M+H]" 484.
B-tert-butyl 1-ethyl 3-{[4-(4-flucropiperidin-1-yl)benzoyljamino}-4,6-dihydropyrrolo[3,4-
clpyrazole-1,5-dicarboxylate; [M+H]" 502.

21



tert-butyl 1-ethyl

{[4-(4-isopropyl pi perazi n-1-yl )benzoyl ] am no} - 4, 6-di hydropyrrol o[ 3, 4- 25
)c] pyrazol e-1, 5-di carboxyl ate; [MH"' 527. 5-tert-butyl 1 et hyl
{[4-(4-cycl erazin- 1y|)benzoy|]amno} 4,6-di hydropyrrol o[ 3

pyr azol e- 1, %@gﬁ(’g%ﬁyl ate: [MrH' 525. 5-tert-butyl 1-ebh VFP%M"”""SI

{[4- (3, 4-di nethyl pi perazi n-1-yl) benzoyl]am no}-4, 6-di hydropyrrol of 3, 4-
pyrazol e- 1, 5-di carboxyl ate; (MH ' 513. 30 5-tert-butyl 1-ethyl

[ (4- pi peridin-1-yl benzoyl)am no] -4, 6-di hydr opyrrol o] 3, 4-c] pyrazol e-1, 5-
carboxyl ate; [MrH ' 484. 5-tert-butyl 1-ethyl
{[4-(4-fluoropiperidin-1-yl)benzoyl]am no}-4, 6-di hydropyrrol o[ 3, 4-

c] pyrazol e- 1, 5-di carboxyl ate; [M+H' 502. 21 WD 2005/ 005427

PCT/ EP2004/ 007 S4ert-biByl t1esthyt 33[04—5nbrpﬂehe{d*yjblenzoyi)ammo]-ll 6-dihydropyrrolo{3 4-c]pyrazole-1,5-

3-[ (4-nor phol i ra—céfbgmggy agg no] - 4, 6 di hydr opyrrol of 3, 4 c] pyr azol e-1, 5-
di car boxyl at e; -tert- but et h
dh{dﬁg} blﬁyl% Wl)géyp}zl]@‘(nklfb«g g—dlhydropyrrolo[3 4-

5
]
]

5-
3
(
3
C
3
C
3
di
3

but yl pi per azi n- 51t ?F%ﬂﬁze&)’l:]

(5) c] pyr azol e- 15)6lpytaarter horigiradgiate] MHH™ 5841. 5 Exanple Preparation of ethyl

3- (f 4- (4- metishyl pi perazi n-1-vl | benzovi | am no} -5, 6-

di hvdropyrrol of 3. 4-cl pvrazol e- 1(4H) - car boxyl ate tri hvdrochl orl de A 4N
5@@9%5’22 m , 488 mol ) was added

sol ution of hydrochlorlc aC|d in dIOX
dropwi se to a PIé

3- ([ 4- (4- et hy| givafdRfbld 3]4 Jaf‘d?z- Wh tetrfdrochioride
o epar ed | n_Excid 3§ao'it§¥ Fﬁvdmni s s (53 %"X)yw% o ﬁm@’&e inaded Fonkit Baol
L et B e e
nperat ure T Ofgingdro of8,4- le 1a0d (18,5 2 ad'prépar [

v he s o S o A e e T BB YL Wl T *°
purification. [riEiihg mnm@waasmmmro@mmmyre gor @8 rhours;, aftej dijutigiith 2.08(10@,
3H); 3.2 (m 4k, e satid Was fithed, ckiehsitel) washBd with B1,0, and dried under vacuum at 50°C to

15 give 20.1 g of the title compound, used in the next step without further purification. [M+H]"

3990.

1H-NMR (DMSO-dB) § ppm: 1.4 {t, 3H); 2.8 (d, 3H); 3.2 (m, 4H); 3.5 {m, 2H); 4.1 (m, 2H); 4.4
{9, 2H); 4.6 (m, 4H); 7.1-8.0 {m, 4H}; 10.3 (bs, 2H); 10.7 (bs, 1H); 11.4 (s, 1H).

20
By operating as above reported and by starting from the suitable intermediate, the following
compounds were analogously prepared:

ethyl 3{[4-(4-ethylpiperazin-1-yh}benzoyllamino}-5 6-dihydropyrrolo[3,4-clpyrazole-1(4H)-
25  carboxylate trihydrochloride; [M+H]" 413.
ethyl 3-{[4-(4-isopropylpiperazin-1-yl)benzoyilamino}-5,6-dihydropyrrolo]3,4-clpyrazole-1(4H)-
carboxylate trihydrochloride; [M+H]" 427.
ethyl 3-{[4-(4-cyclopropylpiperazin-1-yl)benzoyllamino}-5,6-dinydropyrrolo[3,4-clpyrazole-
1{4H)-carboxylate trihydrochloride; {M+H]" 425.
30  ethyl 3-{[4-{3,4-dimethylpiperazin-1-yl)benzoyllamino}-5,6-dihydropyrrolo]3,4-clpyrazole-
1(4H)-carboxylate trihydrochloride; [M+H]" 413.
ethyl  3-{{4-piperidin-1-ylbenzoyl)amino]-5,6-dihydropyrrolo[3,4-c]pyrazole-1{4H)-carboxylate;
IM+H]" 384,
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g, 2H); 4.6 (m 4H); 7.1-8.0 (m 4H); 10.3 (bs, 2H); 10.7 (bs, 1H; 11.4
s, 1H). 20 By operating as above reported and by starting fromthe suitable
nternedi ate, the followi ng conmpounds were anal ogously prepared: ethyl

t

([ 4- (4- et hywo pesésir- 1-yl ) benzoyl ] am no} - 5, 6- di hydr opyr - yrazol
-1(4H)- 25 carboxylate trihydrochloride; [MH "' 413. et hy?84‘/ﬁ{'2"%)041}00(‘;’llg

{

I

3

e

3-{[4-(4-isopropyl pi perazi n-1-yl benzoyl ] an{ no} -5, 6-di hydropyrrol o] 3, 4-c] pyra
zol e-1(4H)- carboxylate trhydrochioride; [MH "' 427. ethyl

3-{[4-(4-cycl opropyl p i perazin-1-yl benzoyl)am no}-5, 6-di hydropyrrol o[ 3,

4-c] pyrazol e- 1(4H)-carboxylate trihydrochloride; [MH "' 425. 30 ethyl
3

r

3

a

3

[ 4- (3, 4-di net hyl pi perazi n-1-yl)benzoyl ] am no) -5, 6-di hydropyrrol o[ 3, 4-c] py

azol e- 1(4H)-carboxylate tri hydrochl oride; 413. eth

{
C
{
z [ ¢ [M*Fg " yl
- [ (4- pi peri di il y| béfdEyTvprerPerigin-yisenrrHiaetnelR -Fibydsparroild fslpyazad- K4t 4H) - ¢
rboxyl ate; [ MaipkylBShydR2hi@e2®BEI 005427 PCT/ EP2004/ 007515 et hyl
{
{
{
VA

-{[4-(4-fluorqpiperidin- ) 0, 1 p i [ 4 yrazo

| e-1(4H) - car bge@y ate tr I%—gﬁé%onﬁ?@%@g@ﬂ%mﬁn?}ﬁ%%h%%m@ﬁﬁ %ip%;ﬁe T(Ell)p
4- ( 4- mor f ol PHRORIAR b BgdealM*Hb)388. 6- di hydr opyrrol of 3, 4- c] pyr azol e- 1( 4H
car boxyl dt e ethyl By #-@eaért-outyigesrazjrviaibenz8Blaminb}-Ré-tiydropyrrolof3,4-clpyrazole-1(4H)-
-{[4-(4-tert- Y s yl ] am no) - 5, 6- di hydr opyrrol of 3, 4-c] py
azol e- 1( 4H) - %ﬁ%@%ﬁ?@“fﬁ?ﬁ?ﬁ%@ﬁ%ﬁi de; [MrH' 441. Exanple 4
Preparati on of ethyl
5-[ (2R) - 2- met hoxy- 2- phenyl et hanoyl ] - 3- [ [Efaradle et hy| pi perazin-1- 10
yl ) benzoyl ] am s ~dihY, PY kBRI - £ xal yl
thioride (10 1@3%@@%&1 ‘““’f’; 128 ﬁ%;fﬁé*{%%éﬁéﬁﬁgg;%#ﬂ%*ME‘hﬂﬁﬂéL@'ﬁ*
R-(-)-a-met Woxyﬁhewyv' e E%WVI'. 3.grelpyepzale-1{4H}-5arboxylatay (90 m ) and DMVF
(0.50 m). Aft edxalytahioridend 01 Renimi1%mumat) ves addediio a Sautioe pleR-(1)-@ methpxypitenplocstis ,
vol atiles were &aiebHh i SfaMEBoMISh) LRANLE AP ﬁﬂér%tirriﬂémé‘mﬁfré%t'r% of
sure.

the resulting R-(-)-a-nethoxyphenyl ace o} IorldelnDCéM 0 was added
g ten(npe?rature for 1Q hmﬁ? volat?(es were r}érefumy removed under re uce(d pres

15 A solution of the resulting R-(-}-a-methoxyphenylacety! chloride in DCM (20 ml) was added
dropwise to a solution of ethyl 3-{[4-(4-methylpiperazin-1-yl)benzoyllamino}-5,6-
dihydropyrrolo| 3 4-c]pyrazole-1(4H)-carboxylate trihydrochloride (4.5 g, 8.9 mmol) in DCM
{400 ml) and DIEA (11.8 mi, 88 mmol) under stiring at room temperature. The resulting
solution was stirred for 20 hours at room temperature.

20
The reaction mixture was then washed with aqueous sodium carbenate (200 ml), brine, (200
ml) and dried over sodium sulfate. Solvent was evaporated, and the residue was friturated
with a mixture of Et0 (100 ml) and AcOEt (10 mi), 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

25  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, TH), 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 chioride derivative, the
30  following compounds were analogously prepared:

ethyl 5-[(2R)-2-methoxy-2-phenylethanoyl]-3-{[4-(4-ethylpiperazin-1-yl)benzoyilaminoc}-5,6-
dihydropyrrolo]3,4-clpyrazole-1(4H)-carboxylate; [M+HI* 581,
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dropwi se to a solution of ethyl

3-{14- (4- net hyl pi perazi n-1-yl ) benzoyl ] am no) - 5, 6-

di hydropyrrol of 3, 4-c] pyrazol e- 1(4H) - car boxyl ate tri hydrochloride (4.5 g, 8.9
mol ) in DCM “((f%gﬂms%ﬂand DIEA (11.8 m, 69 nmol) under stirri ng at_room
tenperature. The resulting solution was stirred for 20 hoblt HEERNU{/ W35S
tenperature. 20 The reaction m xture was then washed wi th aqueous sodi um
carbonate (200 m ), brine, (200 m) and dried over sodium sul fate. Sol vent
was evaporated, and the residue was triturated wth a mxture of Et20 (100
m) and AcOEt (10 m), filtered, and dried under vacuumat 40C to give 3.94
g of the title conpound as a white powder used in the follow ng step w thout
further 25 purificati-on. [MtH"' 547; ITH NVR (DMSO-d6) 6 ppm 1.3 (t, 3H)
2.3 (d, 3H); 2.ahy dri(2R)3-metBoxg-2-phenyibthangyll-aHip:(4-so@oxytpipera2ipyl-y)ergoyllaning}- ( m

4H); 5.1 (d, 1 4B-gidydebpyrriol®4Lipyraddd-1(aloatbokyihite; M- 5By operating as above

ol | ow ng comp LG AR ehr et G dhreipppfinerser Foeoyiefino. "¢ =0
5-[( ZRg - g mé;t hgﬂ;@fdimdmmltﬂﬂmmwgﬂﬂﬂkqam%le pﬁﬁrgr azi ni | - {Mg?ﬁeng% ll]
amn 0)-9, _&i i . - .
A o & tg—zigg%mﬁ ®igpta pwba]zz@fna A3l RNy tpRenyleMshlyi]

P /007515, eth +
5-1(2R) - 2- net ho ﬁ%&g?ﬁﬁﬁw}ﬂ"u@{cﬁ%@@ﬂ% %‘W oﬁ% pi perazi n-1-yl ) benzoyl
] ami no} - 5, 6- di siniF-HPYIrA-roethdx3-24helyisihenyiiddd pipgtigin-tuberarylamine}-5.§-M+H] * 575.

gt F%”ZR) , h dihydropyrrr?lo[3.tll-c]?yr:azole-1|(4H)-§arPox21rlateil [M+H]"I 532, _ _ b

- - 2-met hoxy- 2- et hanoyl ] - 3- - (4 opr.opylpiperazin-1-yl)benzo
S ame noy- 5 AR P RRR thectonernbE B R R BB Rt £ "7
5 et hyl 10 dihydropyrrolo{3,4-c]pyrazole-1(4H)-carboxylate; [M+H]™ 550.

3-{[4-(3,4-di rreétﬂiwb{;ﬁﬂ@@t@amcg#p}ﬁbayMﬁﬁ@wah@rmmbn&&uﬁ&&w)ammtimXy- 2-phenyl e
thanoyl 1= 5. 6- Al ML ARTEL Shitadseh RS Bisk i)~ 4T DoxyT at e JMHH 561
5- 1( 2R) - 2- met hostpy SHiptreiag-betyininerazin-]-yipepzogianinsepi{@R r2-methoyrineielanewi§le- 5, 6-
o Yoo s s oy 1 S S
R e kel e e sl
et hyl dihydropyrolo[3,4-c]pyrazoie-1(4H)-carboxylate; [M+H]" 545.
5- [ (2R) - 2- met hoatiy! By 2Rl elraroy} 84 A ispedyipiberbzii 1B BenRy ARG 5. - 5, 6-
dinydropyrrolo[3,4-cjpyrazole-1(4H)-carboxylate; [M+H]" 559.
ethyl 5-[(2R)-2-methyl-2-phenylethanoyi]-3-{{4-(4-cyclopropylpiperazin-1-yl)benzoyilamino}-
20 5,6-dihydropyrrolo[3,4-clpyrazole-1(4H)-carboxylate; [M+H]" 557.
ethyl 3-{[4-(3,4-dimethylpiperazin-1-yl)benzoyljamino}-5-[(2R)-2-methyl-2-phenylethanoyl]-5,6-
dihydropyrrolo[3 4-clpyrazole-1(4H)-carboxylate; [M+H]" 545.
ethyl 54(2R)-2-methyl-2-phenyiethanoyl}-3-[(4-piperidin-1-ylbenzoyl)aminec]-5,6-
dihydropyrrolo{3,4-clpyrazole-1{4H)-carboxylate; [M+H]" 518.
25  ethy! 3-{[4-(4-fluoropiperidin-1-ylbenzoyllamino}-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)aminocl-5,6-
dinydropyrrolo[3,4-clpyrazole-1(4H)-carboxylate; [M+H]" 518.
gthyl 3-{[4-(4-tert-butylpiperazin-1-yl)benzoyllamino}-5-[(2R)-2-methyl-2-phenylethanoyl]-5,6-
30  dihydropyrrolo[3 4-clpyrazole-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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di hydropyrrol o[ 3, 4-c] pyrazol e-1(4H) - car boxyl ate; [MH' 534. ethyl
3-{[4-(4-te rt-butyl pi perazin-1-yl) benzoyljam no}-5-[(2

R) - 2- met hoxy- 2- phenyl et hanoyl ] -5, 6-

di hydr opyr r ol QloXofs/sekyr azol e- 1(4H) - car boxyl ate; [ MH' IQ - E

5-1( 2R) - 2- net hyl - 2- phenyl et hanoyl ] - 3-{[ 4- (4- et hyl pi per azi n- q ,é%o orﬁ%{}l ]amn
0}-5, 6- di hydropyrrol o[ 3, 4-c] pyrazol e- 1(4H) car boxyl ate; [ MtH =~ 545. et hyl
5-1(2R) - 2- net hyl - 2- phenyl et hanoyl ] - 3-{[ 4- (4-i sopropyl pi perazi n-1-yl)
benzoyl ]am i no}-5, 6- di hydropyrrol o[ 3, 4c] pyrazol e- 1(4H) - car boxyl ate; [ MtH]'
559. et hyl

5-[ (2R) - 2- net hyl - 2- phenyl et hanoyl ] - 3- {[ 4- (4- cycl opropyl pi perazin-1|-yi)
benzoyl ] am no}- 20 5, 6-di hydropyrrol o[ 3, 4-c] pyrazol e- 1(4H) - car boxyl at e;
(MtH " 557. ethyl 3-{[4-(3, 4-dinethyl pi perazin-1-yl)benzoyl]am no}-5-[(2

5) hZdrnet hyl - I2 phenyl et hanoyl ] - 5, 6- Example 5

i ropyrrol o r z

5[ (2R) - 2 et h[ﬁéﬁ 8% : #Eﬁéﬁf‘?"‘gﬁ? PQE*“"& eyt sdetiny o Birolorar 6.
di hydr opyr r ol o[¢¥® athy W@a’rﬂbﬁ'}ﬂﬂaﬁ#(")[ I\/H—I] 516. 25 et hyl

3I }[451 é 4- L | tﬁog @i raemﬁodl Nofl - winyibe 83@R}-3-aEihex2-fhehyief@hoyd:3upt- @ ety ipioREi 1 £1 Ealno
| I et
51 (2R) - 2- netyhyvﬁ%%%fﬁmﬁ*ﬁﬂr% 4 éév%&‘*ﬁl{kﬁ%%@faﬁb@%ﬂ 2 %%‘é%g 5, 6-
d| hydr opyr r ol o™ bﬁﬂ@](fﬁ k33 8l E'Qd4 tbw'%@l\'ai%ml [Nﬂmﬂf'ed stlraoméqnwytature or
3-{[4- (4-tert - bhathplpi{speteatedipitdtion| obdueed)0Yhd suid was sépadetednd 2vasiddhiiih-2:pleny| et

hanoy!] -5, 6- 3Ry b Rbbnd: SHRYK 4Ll b BILNRRMIGRE So L Uekha 573

5-[ ( 2R) - 2- APdr dReHeD ohslit PTodyah WA SAPRAted (1-82 )4 Thechva JREicpeves iiqineﬂﬁpj' PRBRSDY| ] am
|2 88}5/ 80242(;“ Eé%/wm% QZtﬂﬁ?ﬁréhnd]qo%rmdrﬂs‘;ﬂOéM) ARt blﬁr&m!;&agrephic[ pdrifiatiorb@Rort 24 VO
(5 (20 2 el LA Fov BB Bl v e«
c] pyrazol - 3-yl M K‘Ef - 1 yl)benzamni de (1) 5 A sol ution of
elt %Lngo[ I( _ZRZn_ ZIHMRICDMGCQHEDMDW Elﬁ&rﬁwlﬂﬁ?wm{{m (Zﬂ(n‘ﬁgﬂz)lxj)!mpﬁz@(m fH)t (3. 94

- e- car pox at e
y yljam ngy ?1 éﬁ%@’% figbé’gﬁ?)ﬁ%qgﬂy b?zlﬂ:)] y

g, 7.2 mol) in i'ethyl amine (Et3N, 13 m) was
stirred at room terrperature for
By operating in an analogous way, through basic hydrolysis of the compounds of example 4,

the following compounds were prepared:

20 (2) N-{5-](2R}-2-methoxy-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-cjpyrazol-
3-yl}-4-(4-ethylpiperazin-1-yl)benzamide; [M+H]" 489;
1H-NMR {DMSO-d6) & ppm: 1.1 (t, 3H); 2.3 -2.7 (m, 8H); 3.2 - 3.4 (m, 7H); 4.3-6.0 (m, 4H),
5.1 (d, 1H) 6.9 - 8.0 {m, 9HY); 10.6 {bs, 1H); 12.1 (br, 1H).

25 (3) N-{5-[(2R)-2-methoxy-2-phenylethanoyl}-1,4,5,6-tetrahydropyrrolo[3,4-cJpyrazol-
3-yN}-4-(4-Isopropylpiperazin-1-yl)benzamide; [M+H]" 503;
1H-NMR (DMSO-d6) & ppm: 1.3 —~ 1.3 (dd, 6H); 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).

30 (4) N-{5-][(2R)-2-methoxy-2-phenylethanoyl]-1,4,5,6-tetrahydropyrroio[3,4-c]pyrazol-
3-yl}4-{4-cyclopropylpiperazin-1-yl)benzamide; [M+H]" 501;
TH-NMR (DMSOQ-d6)} & 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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16 hours (sone precipitation occurred). The solid was separated and washed

wth Et20 to give 1.6 g of the title conmpound. Sol ution was evaporated up

to fewmlliliters, and a second 10 fraction of solid product was separated

(1.62 g). Thewowoépiaeds ons were joined and anal yzed by ?I?\//ﬁp ur i t)é

around 90% 254 and 220 nM. After chromatographic purifica f 1tk

silica gel colum, DCM MeOH 45:5) 2.83 g (83% of the title conpound were

obtained as a white solid. Mp 289C, [MtH =~ 475; 1 H NVR (DVMSO d6) 6 ppm

2.21 (s, 3H); 2.43 (m 4H); 3.29 (m 7H); 4.20 - 4.90 (m 4H); 15 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 basic hydrolysis of the conpounds of exanple 4, the

foll owi ng conpounds were prepared: 20 (2)

N- {5- [ ( 2R) - 2- mrddhox (24 gineqthripiperaziontv])-NH54(28)-&-methoxy@dphienyisthanoy il 3.56- c] pyr az

gl - 3- yll} 14(541%1&&@\:%:6{3;4&1#&0)&9%% ge; (iHlse; 4897H)1 H NVR (DIVBO d6)
ppm

a5 1 (o, 3R golsO<E dprlt 05%:;11@6“)62?‘59 SHyige T4 0 e 150 by

3 4H); 5.1 (d, 1H); 6.9 - 8.0 (m, 9H); 10.6 (bs, 1H); 11.9 ~12.6 (br, 1H).

N-{5- ((2R) - 3- met hoxy- 2- phenyl et hanoyl ] -1, 4 5, 6- tetrahydropyrrol o[ 3, 4-c] pyraz

- 3y} a(ay 503 1 [ VR
(D160 d5) 6 ppr? 3; S Pl s MARISHD o wlibronyfigers Aty 41
L(d 1H; b p"’”‘“’"'(‘mbem)‘““"’lﬂ"*ﬂ(b@; 1H) 12.3 (bs, 11-11). 30 (4)

5-[(2R)-2- rrenhnwaaanberemj@sdhaww?an 8513.0 =Rl (el o py IRl 4:{)35 14(-dC] pyrazo

1) -4- (4-¢ b de: [MH' 501;
DVBO by 5 pprifi G SR BPRE AL ba) eRzar (B LT PO 6 ek
1(d, 1%¥W: 6.8- 82 (m 9H; 10.5 -10. 7 (br, 1 H: 12.0 -12.4 (br, 1

.( 25 \é\D ZOg5{@05427(4-ﬂﬁfa'l/oﬁﬂﬂﬂﬁl4-flQQWQ(ZR[-E-}nethoxy-z-phenyleﬁhano?rI]-1,;,5,6-

4- di met yle X phenyl et hanoyqg-1,4,5,6
t trahydropyrgtlriq'gg%@lnm% 3?@%%%&@@%@31%% XKﬁ + 489; | H NWR

DVSO- d6) 6 pprﬁH NMIR (DMS@-dEHY prai)! 65 2 2A44m¢ 4)): 131% 3.8( "3571* 43580 (MFH 813 - 5.0
m

54|—|) 5.1 (d,1H5; 6td)-;8.60mD9H), Bo.H-qmy (WHH). 10.6 (bs, 1 H; 11.9 -12.6 (br, 1

;m“—zm

;/-\/-\ 1 _b

15
(8) N-{5-[(2R)-2-methoxy-2-phenyiethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3.yl}-
4-morpholin-4-ylbenzamide; [M+H]" 482;
1H-NMR (DMSO-d6) & ppr; 3.15— 3.5 (m, 7H); 3.7 - 3.8 (m, 4H); 4.3 - 4.9 {m, H}); 5.1 (d,
1H); 6.9 - 8.0 (m, 9H); 10.4 —~ 10.7 (br, 1H).

20
(9) 4-(4-tert-butylpiperazin-1-yl)-N-{5-I(2R})-2-methoxy-2-phenylethanoyi]-1,4,5,6-
tetrahydropyrrolo[3,4-c]pyrazol-3-yl}benzamide; [M+H]" 517.

{10) N-{5-{(2R)-2-hydroxy-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-clpyrazol-3-
25  yl}-4-(4-methylpiperazin-1-yl)benzamide; [M+H]" 461,

1H-NMR (DMSO-d8} & pprm: 2.3 (s, 3H); 2.45 ~ 2.65 (m, 4H); 3.2~ 3.4 (m, 4H); 4.1 - 4.9 (m,

4H); 5.69 (d, 1H); 6.9 - 8.0 {m, 9H); 10.4 - 10.7 (br, 1H); 11.5-12.8 (br, 1H).

{11)  N-{5-[(2R)-2-methyl-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-
30 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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( 2R) - 2- met hoxy- 2- phenyl et hanoyl ] -1, 4, 5,
yl'}- 4p|per|d|n1ylbenzamde [ H]+
( 4.

4
m 6H); \602005;0((%45‘7 m 7H); 4.3 - 4.9 (
h

6- tet rahydr opyrrol o[ 3, 4-c] pyrazo
60; IHNWVR (DVMBO-d6) 6 ppm 1.5
m 4H); 5.1 (d 9 - 8.0

1

/-\I—Z
~N o’

3R

9H); 10.4 -10.7 1 H. 10 (7) rCT/]EPE(?M/oo%'ﬁs

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

ahydropyrrol o[ 3, 4ci pyrazol 3 yl }benzam de; [M-H + 478; 1 H NVR ( DMSO- d6)

1.65 - 2.2 (m 4H); 3.15 - 3.6 (m 7H); 4.35 - 5.0 (m 5H); 5.1 (d,

6.9 - 80 (m 9H); 10.4 -10.7 (br, 1H. 15 (8)

(2R) 2- met hoxy- 2- phenyl et hanoyl ] -1, 4, 5, 6-t et r ahydr opyr ol o[ 3, 4- c] pyr azol
4- mor phol i n- 4-yl benzam de; [ MH] + 462; 1H NVR (DVMSO-d6) 5 ppm

.5 (m 7HI3) 3.NAST(2R)-2methiitp: phdnyjastmnﬁyll-m,slﬂ)tetrﬂydrobgh;rolo[w}q]pﬁaﬁl-a- 8.0

, 10.4 -y 47atr(;}95iper§ilﬂ-1- Blenahhide; e 473

o Bt bt *ﬁb A A SR A g - ©

2R) - 2- hy drakm, 2Hp BemB.Eh aHog.e | 8.0 (m, %i),6056ts; &iflly th. DpY2.8 (or,aHB, 4 c] pyrazol
5 yi}-4- (4-net hyl pi perazin-1-yl)benzam de; [M:H + 461; 1 H NWR

O d6) 6 ppm., 2. H.; . .2.45 - 2. 65 4H);. . 3.2 - 3.4 ( 4H): 4.1 -

(m 4H) %9 ?h@?"iﬁ';'“"é'.‘Vé'é'l’"%’.‘VEF“(WS‘%’?'%ﬁ‘.’%ya%!@'t’ﬁr“,r'glfiyf I3-11.5 -
(br, 1 H).yl“4#isopropylpiperazin-1-yl)benzamide, [M+H]* 487;

(2R) - 2- net hyl - 2- phenyl et hanoyl ] -1, 4,5, 6-tetrahydropyrrol o[ 3, 4-c] pyrazo

- [
5’86)“% T B S SRR A L5 guetiandigpymiioggemess 4 o
4H); 5101 (W-4-(Hdyclop®pyipeazinrh-yiDphzamide; B1+H] 14857 (br, 1 H); 11.8 -12.5
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tetrahydropyrrolo[3 4-c]pyrazol-3-yl}benzamide; [M+H}]* 473;

1
w
1
\< —

15 (16}  NA{5-{2R)-2-phenylpropanoyi]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yi}4-
piperidin-1-ylbenzamide; [M+H]" 444;
1H-NMR (DMSO-d6) & ppm: 1.37 (d, 3H); 1.6 (s, 6H); 3.2 — 3.4 (m, 4H); 3.90 — 4.05 (m, 1H};
4.1-4.9 (m, 4H), 6.9 - 8.0 (m, 9H); 10.4 - 10.7 (br, 1H).

20 (17)  4-(4-fluoropiperidin-1-yl)-N-{5-[(2R}-2-methyl-2-phenylethanoyi]-1,4,5,6-
tetrahydropyrrolo[3,4-c]pyrazol-3-yl}benzamide; [M+H]" 462;
TH-NMR (DMSO-d6) & ppm: 1.37 {d, 3H); 1.65-2.05 {m, 4H); 3.15-3.6 (m, 7TH); 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,

1H).

25
(18)  N-<{5-[(2R}-2-methyl-2-phenylethanoyi]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-
yl}-4-morpholin-4-ylbenzamide; [M+H]" 446;
1H-NMR (DMSO-d6) 8 ppm: 1.37 (d, 3H); 3.2~ 3.4 (m, 4H); 3.7 — 3.85 (m, 4H); 3.9 - 4.1 {m,
1HY; 4.1 — 4.95 (m, 4H); 6.9 - 8.0 (m, 9H); 10.4 — 10.7 (br, 1H).

30

(19)  4-(4-tert-butylpiperazin-1-yl)-N-{5-[(2R)-2-phenylpropanoyl}-1,4,5,6-
tetrahydropyrrolo[3,4-c]pyrazol-3-yi}benzamide; [M+H]" 501.
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MR (DVBO-d6) 5 ppm 1.06 (t, 3H); 1.36 (d, 3H); 2.41 (q, 2H); 2.47 -
4H); 3.2 - 3.4 (m 4H); 3.9 - 5.0 (m 5H; 6.9 - 8.0 (m 9H); 10.5
H; 11.9 - 12.5 (br, I H. 5 (13)

2R) - 2- meednos/dosphenyl et hanoyl ]-1, 4, 5, 6-t et r ahydr opyr ?@?i’;ﬁllﬁﬁo%lgyr azol
}-4- (44sopropyl pl per azi n- 1y|)benzam de; [M+H] "' 487; {,

2R) - 2- met hyl - 2- phenyl et hanoyl | -1, 4, 5, 6-t et rahydropyrrol o[ 3, 4-c] pyrazol
yl}-
- di

Lz R

WS

Coo o
’“Z

a1
OI—|\< ~—

n ——oDN —~—

4- (4-cycl opropyl pi perazl n-1-yl benzam de; (MtHJ® 485; (15)

di met hyl pi perazin-1-yl)- N{5- 1( 2R) - 2- phenyl pr opanoyl 1-1,4,5, 6-
ydropyrrol o[ 3, 4-c] pyrazol - 3-yl } benzam de; [MH "' 473; 15 (16)

2R) - 2- phenyl propanoyl ] -1, 4,5, 6-tetrahydropyrrol of 3, 4-c] pyrazol 3-yl }-4-
di n-1-yl benzam de; [M+H)' 444; 1 H NWVR (DVMBO-d6) b ppm 1.37 (d, 3H);

, 6H); 3.2 - 3.4 (m 4H); 3.90 - 4.05 (m 1 H,; 4.1 - 4.9 (m 4H);
8.0 (m 9H); ZXFOcompedr@.offofrlg()l H). 20 (17)
4-fluoropiperidin-1-yl)-Ng5-[ (2R) - 2- net hyl - 2- phenyl et hanoyl ] -1, 4, 5, 6-

r ahydr opyrrol o[ 3, 4-c] pyrﬁoﬁS yl }benzam de; (MtHI' 462; 1 H NVMR ( DVMSO d6)
p

“WeE

e

RPTZoRRZ

IA—1|—|Q)-

e

m 1.37 (d, 3H); 1.65 05 (m 4H); 3.15 - 3.6 (m 7H); 3.2 - 3.4 (m
3.85 - 4.07 (m 1 H:;14.1}]- 505 (m 5H); 5.1 (d, 1 H; 6.9- 80 (m

10.4 -10.7 (br, 1H).
(2R) 2- met hyl - 2- phenyl €
|) - 4- nor phol i n- 4-yl benzam de

oOhT T hrOR
;\;

<
o

, 4,5, 6-tetrahydropyrrol 0[3,4 c] pyrazol

HJ’ H46 N HNWVR (DVMSO-d6) 5 ppm 1.37
7S - 4lé'm 1 H; 4.1 -

1 H). 30 fho) :

propanoyl]-1, 4,5, 6-

HJ' 501, R%7 WD 2005/ 005427

o o

(

y

, 3H; 3.2 - 3.4 (m 4H,; 3.7 -
.95 (m 4H); 6.9 - 8.0 (m 9H); 10.4 - (
-(4-tart-butyl pi perazin-1-yl)-N5- [(2R)02 ph
t et rahydropyrrol o] 3, 4-c] pyrazol -3 yl benzam de{
PCT/ EP2004/ 007515 | A conpound of formula (1)

LS

o

wherein
5 Ris hydrogen or methyl;
R, is hydroxy or a straight or branched C4-C5 alky! or alkoxy group;
R; is a hydrogen or halogen atom;
X is a divalent group selected from methylene (-CHz-) or fluoromethyiene (-CHF-), or it is a
heteroatom or hetercatomic group selected from oxygen (-O-) or nitrogen (-NR'-) wherein R’ is
10 ahydrogen atom, a straight or branched C,-C4 alkyl araup or a C,-C, cycloalkyl group;
or a pharmaceutically acceptable salt thereof,

2. A compound of formula (1) according to claim | wherein R is hydrogen or methyl; R4
is selected from hydroxy, methy! or methoxy; R, is a hydrogen or fluarine atom; X is selected
15 from methyene, flucromethylens, -O- or -NR’, wherein R' is as defined in claim 10.

3. A compound of formula () 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-tetrahydropyrrolof3,4-clpyrazol-3-y}-
20 4-(4-methylpiperazin-1-yhibenzamide;
(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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R XNV / Nj NH(l) ORZ NOR wherein 5 R Is hydrogen or nethyl; R
I's hydroxy or a straight or branched Cl-C3 al kyl or al koxy group; R2 is a
hydrogen or hal ogen atom X is a divalent group selected from nethyl ene
(-CH2-) or fluoronmethylene (-CHF-), or it is a heteroatomor heteroatomc
group sel ect eWd2005005427gen (-0-) or nitrogen (-NR -) V\heret'@rlﬁ)zobﬁoméw a
hydr ogen atom a straight or branched Cl-C4 al kyl group or

cycl oal kyl group; or a pharnaceutically accept abl e salt thereof. 2. A
conmpound of forrmula (I) according to claiml| wherein R is hydrogen or
methyl; R is selected from hydroxy, nethyl or methoxy; R2 is a hydrogen or
fluorine atom X is selected 15 from nethyene, fluoronethylene, -0- or
-NR, wherein R is as defined in claim110. 3. A conpound of fornula (1)

according to cla [ e I

accept :atblge salt {@L#é{%?(%s F’gti':‘?%c'f’ &hr'ﬁy %Fﬂ%ugmrﬁgu%%gaﬁgmg’fmﬁgat pyrﬁ‘ja'yl}

N-{5 [ (2R) - 2- net hoxyi%wm@viﬁpetaﬁiaﬁdvbanzqmlde 5, 6-t et rahydropyrrol o[ 3, 4-c) pyr az
-3-yl}- 20 4- (4(4W{Bé{(bm-23ﬁéta&){ym-phere\!‘l%ﬁmalm,mietrél'@)iropyrrolo[s 4-c]pyrazol—3-yl}~

N—(5 [ (2R) - 2- et hox%{ ZF}BBE%%S’&J%%@’E&E#’HQ -tetrahydropyrrol o[ 3, 4-¢) pyraz

-3-yi}- 4-(4-eth nzam 28 WO 2005/ 005427
PCT/ EP2004/ 607 515(5 4—(3 4-d|methy!piperazm- -y})-N-{8-](2R)-2-methoxy-2-phenylethanoyil-1,4,5,6-

tetrahydropyrrolo[3,4-cjpyrazol-3-yijbenzamide;
(6) N-{5-{2R)-2-methoxy-2-phenylethanoyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yi}-
4-piperidin-1-yibenzamide;
(7) 4-(4-fluoropiperidin-1-yl}-N-{5-}(2R)-2-methoxy-2-phenylethanoyl}-1,4,5,6-
10 tetrahydropyrrolo]3,4-clpyrazol-3-yl}benzamide;
(8) N-{5-[(2R)-2-methoxy-2-phenylethanoyil-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-yl}-
4-morpholin-4-yibenzamide;
{8) 4-(4-tert-butylpiperazin-1-yl)- N-{5—[(2R)-2-methoxy-z-phenylethanoyil -1,4,5,6-
tetrahydropyrrolo[3,4-clpyrazol-3-yl}benzamide;
15 (10)N-{5-{(2R)-2-hydroxy-2-phenylethanoyl}-1,4,5,6-tetrahydropyrrolo]3,4-clpyrazol-3-yl}-
4-(4-methylpiperazin-1-yl)benzamide;
(11)N-{5-[(2R)}-2-methyl-2-phenylethanoyl}-1,4,5,6-tetrahydropyrrolo{3,4-c]pyrazol-3-yi}~-4-
(4-methylpiperazin-1-yl)benzamide;
{12)N-{5-[(2R)-2-methyl-2-phenylethanoyl}-1,4,5,6-tetrahydropyrrolo[3,4-clpyrazol-3-yi}-4-
20 {(4-ethyipiperazin-1-yl)benzamide;
{13)N-{5-[(2R)-2-methyl-2-phenylethanoyl]}-1,4,5,6-tetrahydropyrrolo[3,4-clpyrazol-3-yl}-4-
(4-isopropylpiperazin-1-yljbenzamide;
(14)N-{5-[(2R)-2-methyl-2-phenylethanoyl}-1,4,5,6-tetrahydropyrrolo[3,4-clpyrazol-3-yl}-4-
(4-cyclopropylpiperazin-1-yl)benzamide;
25 {15)4-(3,4-dimethylpiperazin-1-yl)-N-{5-[(2R}-2-phenylpropancyl}-1,4,5,6-
tetrahydropyrrolo[3,4-c]pyrazol-3-yijbenzamide;
(16)N-{5-{{2R})-2-phenylpropancyl]-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazoi-3-yl}-4-
piperidin-1-ylbenzamide;
(17)4-(4-fluoropiperidin-1-yl)-N-{5-{(2R}-2-methyl-2-phenylethanoyl}-1,4,5,6-
30 tetrahydropyrrolo[3,4-clpyrazol-3-yl}benzamide;
(18)N-{5-{(2R)-2-methyl-2-phenylethanoyi]-1,4,5,6-tetrahydropyrrolo[3,4-clpyrazol-3-yi}-4-
morpholin-4-ylbenzamide;
(19)4~(4-tert-butylpiperazin-1-yl}-N-{5-[(2R)-2-phenylpropanoyl}-1,4,5,6-
tetrahydropyrrolo[3,4-cipyrazoi-3-yl}benzamide.
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(3)

N-{5- ((2R) - 2- net hoxy- 2- phenyl et hanoyl ] -1, 4, 5, 6-t et rahydropyrrol o[ 3, 4-c] pyraz
ol -3-yl}- 4-(4-isopropyl pi perazl n-1-yl)benzam de; (4)

N-{5-[ (2R) - 2- wetdoepaps4ds phenyl et hanoyl | - 1, 4, 5, 6-t et r ahydr opycyd.Glspoki€] PYT az
ol -3-yl}- 4-(4-cycl opropyl pi perazi n-1-yl benzam de; 5 (5)

4- (3, 4-di net hyl pl perazin-1-yl)-N-{5-[(2R) - 2- net hoxy- 2- phenyl et hanoyl ] - 1, 4, 5,
6 tetrahydropyrrol o[ 3, 4-cj pyrazol - 3-yl benzam de; (6)

N (5-[ (2R) - 2- net hoxy- 2- phenyl et hanoyl ] -1, 4, 5, 6-tetrahydropyrrol o] 3, 4-cj pyraz
ol -3-yl}- 4-piperidin-1-yl benzam de; (7) '
4-(4-fluoropiperidin-1-yi)-N{5-[(2R) - 2- net hoxy- 2- phenyl et hanoyl ] -1, 4, 5, 6-
10 tetrahydropyrrol o] 3, 4-cj pyrazol - 3-yl } benzam de; (6)

N-{5-[ (2R) - 2- net hoxy- 2- phenyl et hanoyl ] -1, 4, 5, 6-tetrahydropyrrol o] 3, 4-cj pyraz
ol -3-yl}- 4- rmr‘bhol Arpracesd foe rprepaiingethe -com@yunds of formula (1) and the pharmaceutically
4(4-tert-butyl piBREIRE bdks bredtol, abbofiiy 3d ddmh- A-wilkh pR¥Y¥ss 2omprRBy | et hanoyl -1, 4,5, 6

E %; ﬁl—hgg { (()g?% faﬁg?f{‘}gﬁ %@@Xﬁé%‘ﬁ? ﬁ'&lh@ﬁ?"ﬁ%gﬁ%ﬁ’f é’?"%? Mhydropyrrol 0] 3, 4-cj p

yrazol-3-yl}- 4-(4-net hyIE@er azin-1-yl benzam de; (1
Ip

t)N{S-((ZR)-Z-WhyI N2- phgnyl et hanoyl ] -1, 4,5, 6-tetrahydropyrrol o 3, 4-cj pyra
zol -3-yl}-4- (4-fre paZdn-1-yl) benzami de;
(12) N{5-[(2R) - 2- net 2- phenyl et hanoyi j - 1, % etr ropyrz ol o[ 3, 4-cj py
razol - 3-yi}-4- 20 ( | pi perazi n-1-yl ) benz de;

(13)N-{5-[(2R) - 2- net - phe gl et hanoyl ]-1,wetr opy\r ol o[(lﬁ 4-cj py
razol -3-yl }-4- (4-iso opylpi@razin-l-yl)benz rde; C J

(14) N-{5-] (2R) - 2- met h@yZmphenyl et hanoyl ] -1, 4, 5, 6-t et r ahydr opyrrol o[ 3, 4-cj py
razol -3-yl }24- (4-cyclopropyl pi perazi n- 1-yl')benzam ide; 25

(15) 4- ( 3, 4- di mwhergin Figpd Xare aﬁugﬂryqd)in olpims 1,1Q BR)loveer ik AipLp O seRmEets terthulgl 6-
tetrah ydropyr eg Disydtoxgiopd EdiaBk tedvid grO@NZRdE t6l66tait 4 Bdmpound of formula {IV)

N (5-[ (2R) - 2- phenyl pr opanoy‘:(] -1, 4,
p

5, 6-tetrahydropyrrol o] 3, 4-cjypyrazol - 3-yl ) -4- piperidin-1-yl benzam de;
(17)4-(4-fl uoropi peridin- 1))(% N-{5-[ (2R) - 2- net hyl - 2- phenyl et hanoyl ] -1, 4, 5,
6-

X
s
H
]
\©\H/ Z N O"'Q
o] —
(V)
N
l .

COO-tBu

b) reacting the compound of formula (IV) under acidic conditions so as to obtain a compound
10 of formula (V) '
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30 tetrahydropyrrol of 3, 4-c] pyrazol - 3-yl } benzam de; (16)

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

6-t etrahydropyrrol o[ 3, 4-c] pyrazol-3-yl}-4- norpholin-4-yl benzam de;
(19)4-(4-tert-butyl pi perazin-1-yl)-N{5-1(2R) - 2- phenyl propanoyl ]-1, 4,5, 6-

t et r ahydr opyr Wél 9p800442¢] pyr azol - 3-yl } benzam de. 29 WO 2005pE8pdds007s

PCT/ EP2004/ 007515 A process for preparing the conpounds of forrruI/a (lf) and
t he pharnmaceutically acceptable salts thereof, according to claim1, which
process conprises: a) reacting a conmpound of formula (I1) with a conpound of
formula (111) OHZN/ RN (H /}-"\ O(lll) 5 COOtau wherein R and X are
as defined in claiml, Qis a lower alkyl group, t-Bu represents tert-butyl
and Z Is hydroxy or a suitable | eaving group, so as to obtain a conmpound of
formula (I1V) R X~ NO ~Q (R(IV) N COO-tBu b) reacting the conmpound of
formula (1V) under acidic conditions so as to obtain a conpound 10 of
formula (V) 30 WD 2005/ 00?(;&’PCTI EP2004/ 007515 R X

@

Q
H
N AN ,/<
’d o _Q
o] —
M
N
H

(Vi)

R,

wherein Ry and R; are as defined in claim 1 and Z' represenis hydroxy or a suitable leaving
5  group, so as to obtain a compound of formula (Vil}

8 _— (Vi)
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NO / Nj~O-Q(V) ON H c) reacting the conmpound of formula (V) with a
conpound of forrmula (M) R Z. (VI) R2 wherein R, and R2 are as defined in
claiml and Z' represents hydroxy or a suitable leaving 5 group, so as to

obtain a conwopdsedssiormula (VI1) R X N\ / NN- Q-Q Bct¥brobsnd?es N OR
31 WD 2005/ 005427 PCT/ EP2004/ 007515 d) reacting the conmpound of formula

(VI'l1) under basic conditions so as to obtain the correspondi ng conpound of
formula (1) and, if desired, converting it into a pharnaceutically

d) reacting the compound of formula (VIl) under basic conditions so as o obtain the
correspending compound of formula (I} and, if desired, converting it into a pharmaceutically
acceptable salt thereof. )

5.  The process according to claim Y4 wherein, within the compounds of formula (1l), Q
represents a straight or branched C,-C, alkyl group.

6. The process according to claim 5 wherein Q is methyl or ethyl.

F. The process according to claim 4 wherein, within the compounds of formula (ilf) and
(V1), Z and Z' are, each independently, hydroxy or a haiogen atom.

£. The process according to claim 7 wherein the halogen atom is chlorine.

q. The process according to claim 4 wherein step (b) is carried out under acidic
conditions in the presence of hydrochloric, trifluoroacetic or methansulfonic acid.

i0-  The process according to claim 4 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.

. A pharmaceufical composition comprising a therapeuticaily effective amount of a
compound of formula (1) or a pharmaceutically acceptabie salt thereof, as defined in claim [,
and at least one pharmaceutically acceptable excipient, carrier and/or diluent.

12- A pharmaceutical composition according to claim ! further comprising one or more
chemotherapeutic agents.
13- A product or kit comprising a compound of formula (l) or a pharmaceutically

acceptable salt thereof, as defined in claim 1, or pharmaceutical compositions thereof as
defined in claim 11, and one or more chemotherapeutic agent, as a combined preparation for
simultaneous, separate or sequential use in anticancer therapy.
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acceptable salt thereof. 5. The process according to claim4 wherein, within
the conpounds of fornmula (Il), Q represents a straight or branched Ci1-C4

al kyl group. 6 . The process according to claim5 wherein Qis nethyl or
ethyl. 7. Th ccording to claimIf wherein, wthi gpRuUNds of
formula (111 ;W(g?]dgl%?\slzl-’? Z and Z' are, each independently?e'ﬁ}?grﬁyg)‘gy or a

hal ogen atom 8 . The process according to claim} wherein the hal ogen atom
is chlorine, 9. The process according to claimif wherein'step (b) is
carried out under acidic conditions in the presence of hydrochloric,
trifluoroacetic or nethansulfonic acid. 10. The process according to claim4
wherein step (d) is carried out under basic conditions in the presence of
sodi um potassiumor fithium hydroxide, or of a tertiary amne such as
triethyl am ne.. '#1. AcpRegupdeldeiuiad) ocorhisteaceyticely aerspiab'e palifhereefiasdsfitedin cal | y
ef fective anouekinof|, ruseeepamedidarnéntf ormul a (1) or a pharnmaceutically
acceptable salt thereof, as defined in claiml , and at |east one
pharnaceutical“g accept abl e exciﬁient, carrier and/or diluent. 12. A

phar maceut i cal ¢onpHss ¢fiesAmeRves Pidpiylail oca Rirpmaceutically pereptable pthesh@Sone or
nmore chenot hedamed inickin®d e M the mardifactirg Xt & chedicarment Wit anttompr acivitng a conpound of
formula (1) or a pharmaceutically acceptable salt thereof, as defined in
claiml , or pharmaceutical conpositions thereof as defined in claiml11,
and one or nore chenot herapeutic agent, as a conbi ned preparation for

si mul t aneous, separate or sequential use in anticancer therapy. 32 WO

2005/ 005427 PCT/ EP2004/ 007515 14. A conmpound of fornula (1) or a
pharmaceutically acceptable salt thereof, as defined in claim1 , for use
as a nedi canment. 15. Use of a conpound of fornula (1) or a pharmaceutically
acceptable salt thereof, as defined in claiml, in the manufacture of a
medi canent with antitunor activity. 33
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