WO 2005/121107 PCT/EP2005/005896 Pyrazolo Pyrimidines The
present invention provides novel pyrazolopyrimidines of formula (I): R1

wianios2NN N R2 (1) s The novel pyrazolopyrimidines are capalyl@efies/ 05896
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inhibiting the activity of cyclin-dependent kinases, most particularly
cyclin-dependent kinase 1 (Cdkl), cyclin-dependent kinase 2 (Cdk2), and
cyclin-dependent kinase 4 (Cdk4). These compounds and their
pharmaceutically acceptable salts and esters have to antiproliferative
activity and are useful, inter aiia, in the treatment or control of cancer, in
particular solid tumors. This inventiefalsepramidasgharmaceutical
compositions containing such compounds and to methods of treating or
controlling cancer, most particularly the treatment or control of breast,
lung, colon and prostate tumors. 15 Uncontrolled cell proliferation is the
hallmatkSPEGRERT MERHIGR RQUINGS Rete!pylezRIaRKEuaiesRhismula (1):
damage to the genes that directly or indirectly regulate the cell-division
cycle. 20 The progression of cells through the various phases of the cell
cycle is regulated by a series of mlf_qiienzyme complexes consisting of a
regulatory protein, a cyclin, and a kinase, Thesg kinases are called

cyclin-dependent kinases (Cdks)! Blexpressed throughout the
cell cycle, while the levels of the cyclifé vary degénding on the stage of
0

the cell cycle. WO 20051121107 PCT 05896
R2

()

The novel pyrazolopyrimidines are capable of inhibiting the activity of
cyclin-dependent kinases, most particularly cyclin-dependent kinase 1 (Cdk1),
cyclin-dependent kinase 2 (Cdk2}, and cyclin-dependent kinase 4 (Cdk4). These
compounds and their pharmaceutically acceptable salts and esters have
antiproliferative activity and are useiul, inter alia, in the treatment or control of
cancer, in particular solid tumors. This invention also provides pharmaceutical
compositions containing such compounds and to methods of treating or
controiling cancer, most particularly the treatment or control of breast, lung, colon
and prostate tumors.

Uncontrolled cell proliferation is the halimark of cancer. Cancerous tumor
cells typically have some form of damage 1o the genes that directly or indirectly
regulate the cell-division cycle.

The progression of cells through the various phases of the cell cycle is
regulated by a series of multienzyme complexes consisting of a regulatory
protein, a cyclin, and a kinase. These kinases are called cyclin-dependent
kinases (Cdks). The Cdks are expressed throughout the cell cycle, while the
levels of the cyclins vary depending on the stage of the cell cycle.
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-2 The four primary phases of cell cycle control are generally describes as
G1, S, G2, and M. Some essential enzymes for cell cycle control appear

Wi sesaeycler D/Cdk4, cyclin D/Cdk6, cyclin E/Cdk2, cyclin A/Cdk2r/BPebos/005896

cyclin B/Cdk1 s (also known as Cdc2/cyclin B). Cyclin D/Cdk4, cyclin

D/Cdk6, and cyclin E/Cdk2 control passage through the G7-phase and

the G1- to S-phase transition by phosphorylation of the retinoblastoma
phosphdgret&itr pRmaty phagde ek Zalbguiitcsqiisdagye wreoewrihdescribes as

%‘%bgﬁ%%i ﬂ@;ﬁgﬁ%%@%ﬁgﬁ&@s ?8@&5@%@%%'@@%@ o be

entry Into phase. 10 The cell cycle progression is regulat
RIS el B iy E/Ciken el A sianAndisiin B/Cdk
Rkdnavisy Berefges/diuim iBhibitanialDitsRACYsiis Breiwmetamydrlin E/Cdk2

arrest cell proliferation, but alsg to trigger apoptotic cell death. Once the

cenatrRlRantage tumah ifsdir Bhase e dbinfnda Brahgradeansition by

W@%W@ﬂﬂ@ﬁw @mwht_é@mnf gm@@iﬁ@p{i@té@@ﬁ I'R%ef(ﬁt;tﬂiﬁyﬁé@d k2
rogression. Following completiqp o replicatjpn nter

TR e a5 NG R PR A R4S i S AEBEO e G2

hetsslkenishanwd tegllateg ety pstsshberatasis thrasgh these later

phases of the cell cycle in association with both cyclins A and B. Complete

tion of : el bindi "
hospha S (eSS s XS ackTAIR] VLR e pa.coiee beyond
Jesriya52 Sehena)eiBnare aoatists Clokaytykinesiamplaessiqres shicg tidibition of
e R A e R D e
apppukicwel death.EOTRedba6allsidass i sphestdetianepeiniand are
LHRRFRES %@Fg%l%‘%@%@éﬁ%@ Bk peifasHi b oRARISERI W imuiation for

factor E2F and allowing the’expression of genes required in S so phase
(Riindled RelbeHR PRSI, 424-429; Lavia, P. BioEssays 1999, 21,

Following completion of DNA replication, cells enter the G, phase of the
cell cycle in preparation for M phase and cytokinesis. Cdk1 has been shown to
regulate passage of cells through these later phases of the cell cycle in
association with both cyclins A and B. Complete activation of Cdk1 requires both
cyclin binding and specific phosphorytation (Morgan, D. O., De Bondt, H. L.,
Curr. Opin. Cell. Biol. 1994, 6, 239-246). Once activated, Cdk1/cyclin complexes
prepare the cell for division during M phase.

The transition from G4 phase into S phase as stated above is regulated by
the complex of Cdk4 with cyclin D and Cdk2.with cyciin E. These compiexes
phosphorylate the tumor suppressor protein Retinoblastoma (pRb), releasing the
transcription factor E2F and allowing the expression of genes required in S
phase (Nevins, J. R. Science 1992, 258, 424-429; Lavia, P. BioEssays 1999, 21,
221-230). Blocking the activity of the Cdk4/cyclin D and Cdk2/cyclin E complexes
arrests the cell cycle in Gy phase. For example, the proteins of the INK4 family,
including p16™2, which block the kinase activity of the Cdkd/cyclin D complex,
cause arrest in G¢ (Sherr, C. J. Science 1996, 274, 1672-1677). The specific
block has been reviewed (Vidal, A. Gene 2000, 247, 1-15).



221-230). Blocking the activity of the Cdk4/cyclin D and Cdk2/cyclin E
complexes arrests the cell cycle in G1 phase. For example, the proteins

Worxs/INKafamily, including p16™K41which block the kinase activity2065/605896
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the Cdk4/cyclin D complex, cause arrest-ip G. (Sherr, C. J. Science 1996,
274, 1672-1677). The specific 35 block has been reviewed (Vidal, A.
Gene 2000, 247, 1-15). WO 2005/121107 PCT/EP2005/005896 -3
Recent experiments show that the complex of Cdk4 with cyclin D3 also

plays a Reeantanpsiegssgrhewdhat e frapisr LECalorith oxind3 also
Compex rofd e By e;é@bv@%ag@@ﬂmangnqggbm&ﬂ KANBRIAES R thls complex,

arrest in G2 phase in s ceII that do not e Rb brielli B. G eta
N6 BRI S558mSH CoTNRnt TSRS A A UL LS e b2 Phase In

p@éh@/ﬁwhammgmmmamw(mrevmwmmw@n 1998, 274,
X xpression of Cdk4 has been observed in to cases of
R REL

noma (Webster, K. R. Exp. Opin. Invest. Drugs 1998, 7,
865-887); cyclin D is overexpressed in many human cancers (Sherr, C. J.
Science 1996, 274, 1672-1677); p16 is mutated or deleted in many tumors
(Websté\lumﬁﬂoaﬁeﬁﬁﬁ imﬂ@%ﬁ@%@%thm W%Q%V?Wpé@e involved in

'éa!f&ér@%%iam é’%@é%?@éhiﬁméw}?&%&?@osewed in
(Weln erg, R. A. Cell 15 1995, 81, 323-330 efects |n this athwa have

HHEPLO HaB/HRGLERMEEMERS IS ShdSisERBr SRl gs 1998, 7,
Pd65peoylotam Wi BoRrdpaRRia i @mmﬁﬁlbbﬁ@e@(@n@ma& J.
(NSCLC) and malignant melanpész f%sglhllas t al, Anpu, Rev. M g-'
1566256 199534 IalR6ATianos BY 6 SIS EARbCEIaled iRk Bimors
qmdéns@éprﬁswmed)ﬁma’ms&rmmgemgaaﬁ %E@-Bﬁaﬁ@mspﬂﬁmnction is
on aII c I Iu cancer s mmens indica that cyclin and/or
bR R RO NS FARF e ARTE . A oot
J'! %anwr 32383376 W&éﬁﬁ)ﬂﬂ%mﬂﬂ@hmm%@eammm have an
the Rb/ thwa I
AR BERETR G erieni ey B o e o DY pgog prognosis in
Gmm—err%ﬁscaigmmgﬂamm@na (NSCL.C) and malignhant melanoma (Tsihlias, J. et
al. Annu. Rev. Med. 1989, 50, 401-423). Abnormalities of cyclin D1 and/or pRb
at the gene and/or expression level were present in more than 90% of a series of
non-small cell lung cancer specimens, indicating that cyclin D1 and/or pRb
represent an important step in lung tumorigenesis (Marchetti, A. et al. Int. J.
Cancer 1998, 75, 573-582). In 49 out of 50 pancreatic carcinomas (28%), the
pRb/p16 pathway was abrogated exclusively through inactivation of the p16
gene and cyclin D connected (Schutte, M. et al. Cancer Res. 1998, 57, 3126-
3134). For a review on the relation between expression of pRb and the
cyclin/cyclin dependent kinases in a number of tissues, see Teicher, B.A..
Cancer Chemother. Pharmacol. 2000, 46, 293-304.

Because of the involvement of the Cdk4/cyclin D/pRb pathway in human
cancer through its role in regulating progression of the cell cycle from Gy to S
phase, and the potential therapeutic benefit from modulating this pathway, there
has been considerable interest in agents that inhibit or promote elements of this
pathway. For example, effects on cancer cells have been shown using
antibodies, antisense cligonucleotides and overexpression or addition of proteins



25 3134). For a review on the relation between expression of pRb and the
cyclin/cyclin dependent kinases in a number of tissues, see Teicher, B.A..

waapgéerzonémother. Pharmacol. 2000, 46, 293-304. Because BfHEP2605/605896
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involvement of the Cdk4/cyclin D/pRb pathway in human 30 cancer
thro h its role in reﬁulatin%progressmn of the cell cycle from G1 to
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Carcinogenesis 1998, 23, 25-35; Tam, S. W. et at. Oncogene 1994, 9,
2663- 2674, Driscoll, B. at at. Am. J. Physiol. 1997, 273 (Lung Cell. Mol.
Physiot)T 5¢ oale-0bsakara bargaylation Gealidar molifawsdoruis thus well

S&3tah1hdae FAe ekartidNd8e rRaAIe! BedHRIAIBIBHIRSHBHY of

well established. For example, as shown above, there is an extensive

bbigrarReaidAlingiaiusRE cRRpP iSRRI RHBIeR iR dhe Giie, Cdk2
Cakd c@ﬁk%émm@@gglmﬂw@mm@@mw@ﬁ@tﬁwg@%@pmﬁss.tors of cellular

hi b f cellul ti t sibl tostati
el DAt Ao SR o Al ASe Bl BeL ol i fhe
fﬁmabﬂommm@'ﬁ*’m%s stdbhefeatansedsraorthalhsslicddr growth, such as

prollferatlve IS derS| or exam elnﬂa atloqg‘
B S Eh A T s R R BRS e e hfammation

ful(mynbmwgnaxmtﬂelhwmptaﬂmpﬁmwabmmmmslaommls neuro-
B T R R
vinﬂ@mmﬁmmrbamﬂwsasee(et@naplmtaﬁ:@urme;emtamnm@qbgms:).snsral infections
’LW@? NhURNE AR HAHEMRIE S RUME Sl e dRIm (G HIIRg Put
autoimmune disease (e.g. lupus, rheumatoid arthritis, psoriasis, inflammatory
bowel disease), neurodegenerative disorders (including but not limited to
Alzheimer's disease), and neurodegenerative diseases (e.g. Parkinson’s

disease, amyofrophic lateral sclerosis, retinitis pigmentosa, spinal muscular
atrophy, and cerebral degeneration).

Several distinct classes of small molecules have been identified as
inhibitors of Cdks: olomoucine and other purine analogs, flavopiridol,
staurosporine, UCN-01 and other indolocarbazoles, 8-hydroxyellipticine,
indirubin, paullones, diaryl ureas, quinazolines, indopyrazoles, [2,3-d]
pyridopyrimidines, fascaplysin, aminothiazoles, diaminothiazoles, pteridinones,
and pyrazoles or example (Carlson et. al., Cancer Res.. 1996, 56, 2973-2978:
De Azevedo et al., Eur, J. Biochem., 1997, 243, 518-528; Bridges, A.J., Exp. |
Opin. Ther. Pafents. 1995, 5, 12451257; Reinhold et al., J. Biol. Chem. 1998,
278, 3803-3807; Kakeya, H. et. al., Cancer Res.. 1998, 58, 704-710; Harper,
JW., Cancer Surveys 1997, 29, 91-107; Harrington, E.A., et al.,, Proc. Natl.
Acad. Sci, USA 1988, 95, 11945-11950; Meijer, L., et al., Eur. J. Biochem.. 2000,



20 Alzheimer's disease), and neurodegenerative diseases (e.g.
Parkinson's disease, amyotrophic lateral sclerosis, retinitis pigmentosa,

WG MU ular atrophy, and cerebral degeneration). SeveralRfidiFR005/005896
classes of small molecules have been idenfified as 25 inhibitors of Cdks:

| [ d ot [ | , fl irid t ine, UCN-01
o S B M B e 3Re C i D a8, b, 104-
didiyl;uvigi myéha Z0li R siratloBaazeleBekR, 3t6R Ry FAOHYDIRIINGs Hoessel et al.,

S e B B Res 1999, 50,
3@ BRELRRRIdeR, Fured aBiMNateem /4G Soleathey. BROBES Medi, 136;
E in=-Th 7: Reiphold ok
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764 B @l Hdrpded 0ot ad@R Butde§ 3998 38, oy, 10 7WH &tilgten Biol. Chem.

E2b6 € 276 Pres1ialb 5038 oaei US4 é?gﬁi&%ejrﬁ?%éﬁi%p% 18%hmun.
et al,, Eur.é Bigchem.. 2000, WO 2005/121107 PCT/EP2005/005896 -5
26999187 % B it Mt Colt ot BuiARGpiied chbie. bl 490 ), gt61;
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SSe al., re e | , 4, -0/, Zanhereviiz et al,, |

to. Bk ehali, Ate S AR 1 Ehng W oFisChoss Guadonia ArBrug
Mestog. ..WDMedjﬂ.SﬁDQ’Siélm-EM,Wml O@Q%@M?Q‘o@b@ﬁ?i. P.,

L 57-1160Q; i al.,.J. M 1,44,
1oniiess, Taogpad b Wit s s WO 9o cberer,

Sobi GRR6etaPBiochem. Biophys. Res. Commun. 2000, 275, 877; Ryu,
C-K. et al., Bioorg. Med. Chem. Leff., 2000, 10, 461; Jeong, H-W., et al.,
Bioorg. Med. Chem. Lett.. 2000, 10, 1819; Toogood et al., J. 10 Med.

Chem., 20@0c14ds 4FQfARHO GRS K 'é;l%%]%' 5dritdhs BP b
i5 ] nes i
Discov. and Develop., 2001, 2?@;73_634’ WO0O0 09921845%00@§%f of formuia

W00119825, Toogood P., W00138315, Reich S.H., W00179198, Webster,

K. US 6,262,096. R1 \N,Qz

1

_ stated to inhibit Cdk4 and FAK3. See W(00012485 (Astra Zeneca).
20
WQ09118887 (Smith Kline Beecham) relates to diaminopyrimidines of
formuia

AF\NR1
Rd Sy
A

RE™ N” “NRR,

25 that are stated to inhibit gastric secretion.
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1s The class of diaminopyridimines is represented by compounds of
formula R1 N~4z N Qi stated to inhibit Cdk4 and FAKS3. See W00012485

WONPE ZaNEca). 20 W09118887 (Smith Kline Beecham) relateRGH/EP2005/005896

diaminopyrimidines of formula Ar.NR R4R-R5 1 N~NRZR3 25 that are

stated to inhibit gastric secretion. WO 2005/121107 PCT/EP2005/005896

-6 WOOYEGPEBIAR 4 AR &8 veri el B At RFIEVIRD CORRAMNER AT igrmula
Q2N_R11 Q~N H N 5 stated to act as anti-cancer agents. W00164653

(Astra Zeneca) relates to pyrimidine compaunds FQT the formula P, HNN

~'\N G QZ R1 io described to act as Cdk mhigitors and FAK inhibitors.
WO00164654 (Astra Zeneca) relates to pyrimi \? empounds of formula

Q1 N
Q;—uﬁ)\N/

stated to act as anti-cancer agents.

WO00164653 (Astra Zeneca) relates to pyrimidine compounds of the
formula

described to act as Cdk inhibitors and FAK inhibitors.

WO00164654 (Astra Zeneca) relates to pyrimidine compounds of formula

/Q1
HN

A

R1
described to act as Cdk inhibitors and FAK inhibitors.

Additionally, WO0164656 (Asira Zeneca) relates to pyrimidine

compounds of formula
/Q1
HN

N™ SN

R1
also described as Cdk inhibitors and FAK inhibitors.



HNN N" "N G QZ R1 is described to act as Cdk inhibitors and FAK
inhibitors. Additionally, W00164656 (Astra Zeneca) relates to pyrimidine

WELHIBHIIAHY of formula Pi HNN N"\ N ki~ G QZ R1 20 also RISERPENEE05896

Cdk inhibitors and FAK inhibitors. WO 20657121107 PCT/EP2005/005896
-7 For reviews of compounds inhibiting the Cdk4/cyclin D pathway see:

Harris, and Wilkinson, S., Emer Drugs.. 200 287-297; Dumas,
e B CREWRES BLRORECHE HTIECY e GRkraind) atovay see:
I\/Iddr@é’bh arfl 200Rig3n] 83 ArherplegaDiigee rmmmrﬁvmmebumas J.,

oFRE T AR e RS 2B ROk el e, cem.

5 sdledtbaffointBe group consisting of:

10

15

20

25

The present invention provides novel pyrazolopyrimidines having the
formula (1):

or the pharmaceutically acceptable salts or esters thereof, wherein

R’ is selected from the group consisting of:

(a) heterocycle which may be substituted by up to four substituents
independently selected from the group consisting of:

(i) lower alkyl which may be substituted by OH, CO,R®, COR*, CONRR®,
NR°R®, OR’, or S(O)nR®, and

(i) CO-R®, COR?, CONR®R®, NR°R®, OR” or S{O)nRS:

(b) aryl which may be substituted by up to four substituents independently
selected from the group consisting of:

(i) S(O)R®, NR°R®, lower alkyl, OR’, halogen or lower alkyl which may be
substituted by OH, CO;R3, COR*, CONR®R®, NR5R® or OR";

(i) COOH; and

carbonyl substituted by lower alkyl, OR?, or NR°R®:



15 (a) heterocycle which may be substituted by up to four substituents
independently selected from the group consisting of (i) lower alkyl which

WihagPpd2ddbstituted by OH, CO2R3, COR4, CONR5R6, NR5RBS THEP20¢Y005896
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S(0)nR8; and (ii) CO2R3, COR4, CONR5R6; NR5R6, OR' or S(O)nRS;
20 (b) aryl which may be substituted by up to four substituents
independently selected from the group consisting of: (1) S(O)nR, NR5R6,

I r W9 1 é’éﬂhﬂa‘i h ' )
ggfz?R'?‘,]EcmgF% Feilistas ,br\k?;eggég#g{om, (ﬁ@b@ﬁ?%@%& ?”d
substituted by lower alkyl, OR7, or NR5R6; WO 2005/121107
PCT/EP2005/005896 -8 (c) cycloalkyl which may be substituted by OR?7,
N 6, or nR§8; and lower alkyl which may be substituted by: s
(]@ %@Wﬁé&@@r@%@%ﬁ%@% (¥02R3; (i) heterocycle which
may be‘subst;tutedsb lower all%yl, CO02R3, or, S(O)nRS; (iii) heteroaryl
which flyAR s DRI BB BRIDIOBRE GPERA)NRS; and 10 (iv)
aryl which may be substituted by lower alkyl, CO2R3, halogen, COR4or
NR5RGjiRRdscreleatrovitsion theagospcostisting I9f Idvét AIRiNAOYRP, or
?%/é riqwer alkyl which may be substituted by OH, C02R3, COR4,

8, NR5R6, ORY (iii) aryl which may be substituted with halogen,

NO2, CN, NR5R6, lower alkyl, lower alkoxy, and lower alkyl substituted
by hald@nhetorariiwhichenaybevaidstitaietdoy batromiayby Tu&, or S(ONRE,

alkyl, CO2R3, COR4,

(iv) aryl which may be substituted by lower alkyl, CO2R?, halogen, COR*or
NR°R®;

R? is selected from the group consisting of:
(i) H;

(i) fower alkyl orlower alkyl which may be substituted by OH, CO;R?,
COR*, CONR®R®, NR°R®, OR?

(ili) aryl which may be substituted with halogen, NO,, CN, NRSRS®, lower
alkyl, lower alkoxy, and lower alkyl substituted by halogen or OR”;

(iv) heteroaryl which may be substituted by lower alkyl, CO2R®, COR*,
CONR®R®, NR°RE, halogen and lower alkyl which may be substituted by CO,R?,
COR*, CONR®RE, NR®R®, OR’;

R? is selected from the group consisting of:
() H;

(i) lower alkyl which may be substituted by OR’, COR* NR°R® or
CONR’RS,



20 CONR5R6, NR5R6, halogen and lower alkyl which may be substituted
by CO2R3, COR4, CONR5R6, NR5R6 OR7; R3 is selected from the

WErekiiy/ edr8isting of: (i) H; 25 (i) lower alkyl which may be subB€ii/ER}15/005896
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OR7, COR4, NR5R6 or CONR5R6; WO 2805/121107 _
PCT/PP2005/005896 -9 (iii) aryl which may be substituted by up to three
substit(iiBnasylndbjsénaentBeseldmbi fashPHengio dipresriibmigLée daver

ajkie PaiRES e A ARRRGo RN E'\revp ealylsHRis b meY stiMisskn and
by OH or NH27 5 R4 is selected from the group consisting of: (i) H; and

(il RWer a1 which may be substituted by OR7 or NR5R6; 10 R5 and R6
are each independently selected from the group consisting of. (i) H; (ii)
lower glky! syrilciatogyiectuivsipdieds bipsiitd;OAROHCOMRIEOR 11,
SO2R3, OR7, NR10R91, heterocycle, or heteroaryl; (iii) cycloalkyl which
may be substituted by C02R3, CONR1DR11, SO02R4, 15 OR7, or
NR10R11. (iv) aryl which may be substituted by CO2R3, CONRtOR11,

SRR 3Bikd B Elglorip aemsienes aliyl, and lower alkyl substituted
by halogen, CO2R3, CONR10R11, OR7, NR10OR11, or OH; (v) SO2R3; 20

(vi) CO R%aﬂ (vii) CORS; or alternatively, NR5R6 can form a ring
having'a to for3-7 ring atoms, said ring

(i) lower alkyl which may be substituted by OR’ or NR°R?,

RS and R® are each independently selected from the group consisting of:
iy H;

(ii) lower alkyl which may be substituted by OH, CO.R®, CONR™R™,
SO,R3, OR’, NR''R" heterocycle, or heteroary!;

(iii) cycloalkyl which may be substituted by CO,R?, CONR'R", SO.R?,
OR’, or NR"R';

(iv) aryl which may be substituted by CO,R®, CONR"R", SO,R®, OR’,
NR'R", halogen, lower alkyl, and lower alkyl substituted by halogen, CO2R3,
g
CONR'R", OR”, NR"R", or OH;

(v) SO.R?
(vi) CO.R?, and
(vii) COR?; or

alternatively, NR°R® can form a ring having a total of 3-7 ring atoms, said ring
atoms comprising in addition to the nitrogen to which R® and R® are bonded,
carbon ring atoms, said carbon ring atoms optionally being replaced by one or
more additional N or O ring atoms or the group SO», and said ring atoms



atoms comprising in addition to the nitrogen to which R5 and R6 are
bonded, carbon ring atoms, said carbon ring atoms optionally being

Wi RIEddImY7 one or 25 more additional N or O ring atoms or the®§ifdEp2005/005896
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S0O2, and said ring atoms WO 2005/12110? PCT/EP2005/005896 -10
optionally being substituted by OH, oxo, NR5R, éower alkyl, and lower
alkghionatistineieg isyiostitmieerhy SibQxa. M the igvapalkvbisndgerer alkyl
%ng{éﬂlyyq-“;ﬁ'qnally 5 substituted by NR5R6 or OR9; R8 is selected
from the group consisting of (i) aryl which may be substituted by C02R3,
CONR5R6, SO2R3, OR', NR5R6, halogen, lower alkyl, or lower alkyl
substituted by halogen, CO2R3, 1o CONR5R, OR', NR5R6, and OH; (i)

hgteroaryl whi Vi fi : NB&%@]‘; '
I\&5'!3g%%%%&%ﬁﬁggg%o%ﬁﬁﬁﬁﬁgiﬁgas'tgi%ﬁed by ha\)ﬁ)%%e)ﬁ,gngi3
cobREUEORRER BRY, BiR5R6, or OH:; (iii) NR5RS: is (iv) lower alkyl
which may be substituted by halogen, C02R3, CONR5R6, OR', NR5R, or
OH; and (v) heterocycle which may be substituted by CO2R3, COR3,
S02R3, CONR5R6, OR', or NR5R6; 20 R9 is selected from the group
cRfidistinipofad, fowetaigtoapdmwsistiaigydfsubstituted by OH or halogen;
R10 and R11 are each independently selected from the group consisting

of: (1)@ égﬁgﬂmqtewﬁé%%wﬁwim%wwﬁﬂr@m@w,@é%, OR,

CONR O2R3, ', NR5R6, heterocCycle, or heteroaryl; WO 3
NEBR2 hategenTiewonatdosslrver alky! substiuted by halogen, CO-R’,

CONR®R® OR’, NR®R®, and OH;

(ii) heteroaryl which may be substituted by CO.R®, CONR’R®, SO2R®, OR’,
NRCRS, halogen, lower alkyl, or lower alkyl substituted by halogen, CO2R®,
CONR®RS, OR’, NR°R®, or OH;

(iif) NR°RE;

(iv) lower alkyl which may be substituted by halogen, CO,R®, CONR®R®,
OR’, NR°R®, or OH; and

(v) heterocycle which may be substituted by CO2R®, COR®, SO.R3,
CONR®R?, OR, or NR°R®;

R? is selected from the group consisting of H, lower alkyl, and lower alkyl
substituted by OH or halogen;

R'® and R are each independently selected from the group consisting of:
(i) H;

(ii) lower alkyl which may be substituted by OH, CO2R®, CONR’R®, SO:R®,
OR’, NR°RE, heterocycle, or heteroaryl;



(iii) cycloalkyl which may be substituted by C02R3, CONR5R6, SO02R3,
ORY7, or NR5RG; (iv) aryl which may be substituted by CO2R3,

WORNKRBERB7S02R3, OR', NR5R6, halogen, lower alkyl, or lowBE&IR§RO0S/0058%6
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substituted by halogen, C02R3, s CONR5KR6; OR7, NR5R6, or OH; (V)

S02R3; (Vi) CO2R3; and (vii) CORS3; or alternatively, NR10R11 can form . 7
a ring Kiirgyelealkybraisiimpuibemeubaliuing By S6kR e rNRIR iPOR’, OR’,
agditigePtethe nitrogen to which R10 and R11 are bonded, carbon ring

atoms, said carbon ring atoms optionally being replaced by one or more

additional N or. 0 ring atoms or t 0 0 sajd L Q 3 7
cption Al bEL GRS, e N ER S avor A et By OR'
alR°Riphatotpehbio@B7atkyl aodloviet alk®l Shbsttutedioy hdoighihiC O.R?,
Cych n ' ,@Qﬁgparticularly cyclin-dependent kinase |

( ), cyclin-degendent kinase 2 (Cdk2), and cyclin- dependent kinase 4
(Cdk4). These cgmpounds and their pharmaceutically 20 acceptable salts
and est¥ls$&eRantiproliferative activity and are useful in the treatment or
control of cancer, in particular solid tumors. The present invention also
relates(tﬂ)pm@n?t;@,nu:al compositions comprising one or more

compounds of the invention, or a pharmaceutically 25 acceptable salt or

ester ti@@ir .8, pharmaceutically acceptable carrier or excipient. The
presen

i'ventlon further relates to a method for treating or controlling
cancer, more particularly the treatment or control of a solid tumor, most 30 .
palseortively thr Binfan Brevarnsherag 2 iigei:fioR%AtPms, said ring
PEISHALCAMAPHRNRGLIA AT R TOHRBAMREYEBES whAkh R and R are bonded,
carbon ring atoms, said carbon ring atoms optionally being replaced by one or
more additional N or O ring atoms or the group SO, and said ring atoms
optionally being substituted by OH, oxo, NR®R®, lower alkyl and lower alkyl

substituted by OR/;

andnis 1 or 2.

These compounds inhibit cyclin-dependent kinases, most particularly
cyclin-dependent kinase 1 (Cdk1), cyclin-dependent kinase 2 (Cdk2), and cyclin-
dependent kinase 4 (Cdk4). These compounds and their pharmaceutically
accepiable salts and esters have antiproliferative activity and are useful in the
treatment or control of cancer, in particular solid tumors.

The present invention also relates to pharmaceutical compositions
comprising one or more compounds of the invention, or a pharmaceutically
acceptable salt or ester thereof, and a pharmaceutically acceptable carrier or

excipient.

The present invention further relates to a method for treating or controlling
cancer, more particularly the freatment or control of a solid tumor, most
particularly to the {freatment or control of breast, lung and colon and prostate



tumors by administering to a patient in need of such therapy a
therapeutically effective amount of a compound of formula 1, or a

WERrAPAMEd&tically salt or ester thereof. s Finally, this inventionP4I$GFaKfge)5896
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to novel intermediate compounds useful il 2he preparation of a compound
of formula I. As used herein, the following terms shall have the following

d&4imaenBy admiGigtariaade a RafiritdieResdRicyeldhpBiRy@icherapeutically
akFreaticearhenyelt Mydiopaibad speieduRl ¢fekpaprddoBaohnyashit or ester

aromatic ring system. Preferred aryl groups include, but are not limited to,
pH#RAChaphthyl, tolyl and xylyl. 15 "Carbonyl" means the radical C=O.
"Cycloalkyl" means a non-aromatic, partially or completely saturated

monovalepiaflycinBYatesaiboakadieticsniaining BittdirataiRgeomanpiaads useful
of cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl and
c;%Igﬁ%Qﬁg%%ggﬁe%ﬂ@ecgmgéw‘iﬁ&@ﬁaaﬁ]ount that is effective to
prevent, alleviate or ameliorate symptoms of disease or prolong the

survival gEe s el Relnd AIRRIAAL B HOORBRAERTS 1uPlng cinitons

chlorine, bromine or iodine, pre uorine or chlorine, more
preferably fluorine. "Hetero atom" means an atom selected from N, 0 and
S. 30 "Heteroaryl" means an aromatic heterocyclic ring s?{stem containin

up to twé'RlgEIeRBRA SRR RIY T DBV ineatmMpifeRiBocyclic
thigaYbcHRIniRaikvhI PEFEIba Bl WiBYl OnvidaitRsrour arimhtax angdystem.

oA L CRHAEh SIS e o and

meayis a saturated or partially unsaturated, non-aromatic cyclic radical of
3 to 8 ring atoms in which from one to 3 ring atoms

"Carbonyl" means the radical C=0.

"Cycloalkyl" means a non-aromatic, partially or completely saturated
monovalent cyclic hydrocarbon radical containing 3 fo 8 atoms. Examples of
cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

"Effective amount™ means an amount that is effective to prevent, alleviate
or ameliorate symptoms of disease or prolong the survival of the subject being

freated.

“Halogen” means fluorine, chiorine, bromine or iodine, preferably fluotine

or chlorine, more preferably fluorine.
“Hetero atom” means an atom selected from N, O and S.

"Heteroaryl” means an aromatic heterocyclic ring system containing up to
two rings. Preferred heteroaryl groups include, but are not limited to, thienyt,
furyl, indolyl, pyrrolyl, pyridinyl, pyridine, pyrazinyl, oxazolyl, thiaxolyl, quinolinyl,
pyrimidinyl, imidazole, benzofuran and tetrazoliyl.



are hetero atoms selected from nitrogen, oxygen, S(O)n (where n is an
integer 5 from O to 2), or a combination thereof, the remaining ring atoms

Woeerly/€11EXamples of preferred heterocycles are piperidine, JiE&BRAG85/005896
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pyrrolidine, morpholine, indoline, tetrahydtépyranyl, thiomorpholino,
pentamethylene sulfide, and pentamethylene sulfone. 10 "IC50" refers to
the concentration of a particular compound according to the invention
required to inhibit 50% of a specific measured activity. IC50 can be

measuredSHHSaIECaoTs BRGIRRaIVY teane A sRUMIRY. okRarialypsgiurated,
npRasHrerabthedhgignediisanic iodingel dheds iganiinhibitootid &b 8,ring atoms

d ding to the | ti to the t t tei i o] .
AR RRIO A ARSI TMH o e X Thes P PAWHEOR ) Byaginteger
afroma Oritn 2 ouactmnbinthiianotherdefnthe @ reaireinglkylg lrétenacyeleg C.
dgnotesia str,‘ai ht-chaip,or,branched saturated. ali haﬂcezrgzr? drocar{,gﬁgme
HEHIRIS & prerere NP ouies Al RS PlbsTe i, Py stne. N
imchrpéoliadh yhdatink petoshyidoppypmybutyio toupiiolinoutyerdampitityésge sulfide,
a&thib é%&ﬂﬁgh@gﬁﬁgh@pne or in conjunction with another term, e.g.

a

lower oxy-heterocycle, denotes a straight-chain or branched
saturated aliphatic alkanol having 1 to 6, preferably 1 to 4, carbon atoms.
Typical lower alkoxy groups include methaxy, eth,oxgé propox

sopropolSEbHRISS DG SPICBIAIR LR PR eGP AN I fi@sagsding to
"Poinnaih g waReibiR deetepiaieifsieddeieitactivity. 1Cso can be
conventionally esterified compound of, formyla | haying a garboxyl group,
ARASHER S PR A5 TR ﬂbé@%ﬁﬁ‘%@ﬁé’@zoomose%

-14 effectiveness and properties of the compounds of formula 1 and are

cleaved in vivo (in the organism) to the corresponding active carboxylic
acid. Fuftherefafsitnaioneasucerairifeihenpred\otanis tiadisg of deers

fREHHurARRYSthat is, a compound according to the invention) to the target
protein. K| can be measured, inter alia, as is described in the Examples, infra.

“Lower alkyl” alone or in conjunction with another term, e.g. lower alkyl-
heterocycle, denotes a straightf-chain or branched saturated aliphatic
hydrocarbon having 1 fo 6, preferably 1 to 4, carbon atoms. Typical lower alkyl
groups include methyl, ethyl, propyl, isopropyl, butyi, t-butyl, 2-butyl, pentyl, hexyl
and the like.

“Lower alkoxy” alone or in conjunction with another term, e.g. lower
alkoxy-heterocycle, denotes a straight-chain or branched saturated aliphatic
alkanol having 1 to 8, preferably 1 to 4, carbon atoms. Typical lower alkoxy
groups include methoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy, 2-butoxy,
pentoxy, hexoxy and the like.

"Oxo" means =0.

“Pharmaceutically acceptable ester” refers to a conventionally esterified
compound of formula | having a carboxyl group, which esters retain the biological



pharmaceutical compounds is available in Design of Prodrugs. Bundgaard
H ed. s (Elsevier, 1985). See also, H. Ansel et. al., Pharmaceutical

WP 384y H8Yms and Drug Delivery Systems (6th Ed. 1995) at BpTHIBDODIS896
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Krogsgaard-Larsen, et. al., Textbook of Bidg-Design and Development

(2d Ed. 1996) at pp. 152-191. "Pharmaceutically acceptable salt" refers to )
cEHRSHEREPERIARIRRRT oS Skdhsr Wﬂ@ﬁﬁ:ﬁ%ﬁr@%ﬁ rétdrangecleaved in

biglporiREeIbeNes) RthBIeRREGHIIIIP 48RS BfifoERIda Fafther

are formed from suitaple non-toxic organic or inorganic acids or organic

oMiFgaHR RRRE SRR Rt afRRCRR Hsa Yiesisssddhcaeliyaty of

iwgmﬁmaef@mﬁwf | @?Wﬁlé@rﬂé,ih)@é%@ﬂrgicl?@idru_bﬁdmal?@gaardHed.

a sulturi , amic a , 0 or|c 1Id and nitric acld, and |

S e, R T B B aeuNe A S Ems and

abidjgrikiinerysBifstemaciBitokalicl 86 atippinitl8eidiSitkiroasigaardicarsen, et. al.,
e ) At

B B o R B B W E o TeR Bt BB P85 101

guaternary ammonium hydroxides, such as for example,
tetrame'ghé/lammonium hydroxide. The chemical modification of a 20

pharmacEifERIERHbSaNY acscafablanalia siieis ioieenMriional agidwedition
taAHAMBscsticRlidoRnaisks ablainiMRENRIdYS G aaEReREGRAd properties
ste%baléy, Q%grosgﬁlcﬁ/, flogqazmt and squbH%y of compounds. See, e.g., .
HOTAREHATPRHNER AH{QERMR ARG PERGE GRISHItPBIGIDeR toxic organic or
Smﬁifﬁﬂ(sﬁéﬁlz%ﬁmcm-f%@?@lﬁ%@éﬁ@é@{élmﬂﬁﬁ%bﬂw include
agceptable," s as.pharmaceutica ceptable carrier, excipient, etc., . .
T R i AP AF SR QIR AR g acid
shpiirciadio/bici tiselpaitcadad, cutipminddidagmosptesdd. 80d and nitric acid, and
"Substit " as.in s ituted alkyl, means. that the substitution can occur .
TR e TR B o BT R ORIl ol St
soisttiaressifonéaskidubstlicianiditeunsiniciapish dinity=sitt crealiracidhiactic acid,
RIS 2RB0BRANR 4RAS/ E2HNL BSILERAAIMUNRR cilde those derived from
ammonium, potassium, sodium and, quaternary ammonium hydroxides, such as
for example, tetramethylammonium hydroxide. The chemical modification of a
pharmaceutical compound (i.e. drug) into a sait is a technique well known to
pharmaceutical chemists to obtain improved physical and chemical stability,
hygroscopicity, flowability and solubility of compounds. Ses, e.g., H. Ansel et.
al., Pharmaceutical Dosage Forms and Drug Delivery Systems (6th Ed. 1995) at

pp. 196 and 1456-1457.

“Pharmaceutically acceptable,” such as pharmaceutically acceptable
carrier, excipient, etc., means pharmacologically acceptable and substantially
non-toxic to the subject to which the particular compound is administered.

“Substituted,” as in substituted alkyl, means that the substitution can occur
at one or more positions and, unless otherwise indicated, that the substituents at
each substitution site are independently selected from the specified options.



"Therapeutically effective amount” means an amount of at least one
compound of Formula I, or a pharmaceutically acceptable salt or ester

WiBapsbfi2 thit significantly inhibits proliferation and/or prevents PCT/EP2605/005896
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differentiation of a human tumor cell, incluring human tumor cell lines. 5

In accordance with the present invention, compounds of formula (1) are
provided TRerapantiaally effecie anoun mephduenamaisapf at least one
A6 *alﬁasa#%%fn%&fsfﬁ &%W%m%éém;ﬁ%ﬁ%%@&éﬂlg%ﬂﬁ? 85RY4Rhereof,

consi tlng of: (a) heterocycle may be substituted by up to four

stimtisienifican ép@h@@ﬁs@rgéf@e@@@mraﬁﬁmé@r@w&ﬁé@mw@me@v@mumaﬂ
aliyhwihien Wm@hWQW@HQQQQBB COR4, CONR5R6, 1s

NR5R6, OR7, or S(O)nR8; and (i) CO2R3, COR4, CONR5R6, NR5R6,

OR7or S(O)nR8; (b) aryl which may be substituted by up to four
substltugnts inde endengﬁ< elected fr mthet%oug conS|stlah fg m
S(O)nR ﬁ&%‘ﬁ afbc(‘/v gjecfﬁ%%% Veer{.I wer dik may
2previchtitited by OH, CO2R3, COR4, CONR5R6, NR5R6, OR7; (ii)
COOH; and (iii) carbonyl substitute% y lower alkyl, OR7, or NR5R6; (c)
cycloalkyls which may be substltute y OR7, NR5R6, or S(O)nR8; and
WO 2005/121107 PCT/EP2005/06H8 913/ N

/

R2

%Ia (D) are

A3

N

0

or the pharmaceutically acceptable salts or esters thereof, wherein
R' is selected from the group consisting of:

(a) heterocycle which may be substituted by up to four substituents
independently selected from the group consisting of:

(i) lower alkyl which may be substituted by OH, CO,R% COR*, CONR’R?,
NR®R®, OR’, or S(O)nR? and

(i) CO2R®, COR*, CONR®RE, NR®R®, OR"or S(O)nR?;

(b) aryl which may be substituted by up to four substituents independently
selected from the group consisting of:

(i) S(ONRE, NR°RS, lower alkyl, OR’, halogen or lower alkyl which may be
substituted by OH, CO.R?, COR*, CONR®R®, NR°R®, OR’;

(i) COOH; and

(iii) carbonyl substituted by lower alkyl, OR?, or NR°R?;

(c) cycloalkyls which may be substituted by OR?, NR°R®, or S(O)nR?, and



(d) lower alkyls which may be substituted by: (i) OR7, NR5R6, S(O)nRS,
HNS(O)nR8 or CO2R3; (ii) heterocycles which may be substituted by

WIBRRISEKIVTO2R3, or 5 S(O)nRS; (iii) heteroaryls which may BET/EP2005/005896
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substituted by lower alkyl, CO2R3, or S(G)HRS8; and (iv) aryls which may

be substituted by lower alkyl, CO2R3, COR4, halogen, or NR5R6. 10
Preferably, R1 is a heterocycle selected from the group consisting of

pipgridine, pi raZ| e, or I|d|n n selected from the group
ﬂi E?WS Iof '@N&% %ﬁ)lz'l %%Eg%gﬁ? %’ alkyl selected from the
group conS|st|ng of cgclopropyl cyclobutyl, ¢ clopentyl and cyclohexyl;

or  lowdr GIR)| NRCR RNt GG BEnor BBl methy, ethy!,
propyl, isopropyl, butyl, t- butyl, 2-butyl, pentyl, and hexyl. More

preferagly, Hedelgo @é&ﬁﬁi@!ﬁﬂlﬁ/%@%b@@%&ﬂ%&%ﬁ!@?@% or
unsub |tlgted plperdlne phenyl, and C2-C5 alkyl groups. More

'Rl is substituted by SO2CH3, CH3, COOCH2CH3, SO2NH2,
F OCH3 OH, NH2, or N(CH3)2. 20 R2 is selected from the group

consst(mj dfeterdawiawmmmwbemtpbmmdmaymwkyw&@dﬁf or
%}62 % (aOR4 CONRS5RG; zs aryl which may be substituted with
5 CN, NR5R6, lower alkyl, lower alkoxy, and lower alkyl

substltuted by halogen or OR7. heteroaryl which may be substityted b
lower i), &P AIchEREY, ReSNRSIFCA REABVARRISKh Qﬁ&%w@é%ﬁymabgen
Wi be substituted by CO2R3, 4, CONR5R6, NR5R6, OR7 COR.

Preferably, R'is a heterocycle selected from the group consisting of
piperidine, piperazine, or pyrrolidine; or an aryl selected from the group
consisting of phenyl, tolyl, and xylyl; or a cycloalkyl selected from the group
consisting of cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl; or a lower alkyl
selected from the group consisting of methyl, ethyl, propyl, isopropyl, butyl, t-
butyl, 2-butyl, pentyl, and hexyl. More preferably, R'is selected from the group
consisting of substituted and unsubstituted piperdine, phenyl, and C»-Cs alky!
groups. More preferably, R'is substituted by SO.CH3, CHs, COOCH,CH3,
SO,NH;, F, OCH3, OH, NH,, or N(CHa)s.

R?is selected from the group consisting of:

H;

lower alkyl or lower alkyl which may be substituted by OH, CO.R?, COR?,
CONR°R®;

aryl which may be substituted with halogen, NO,, CN, NR°R®, lower alkyl,
fower alkoxy, and lower alkyl substituted by halogen or OR’.

heteroaryl which may be substituted by lower alkyl, CO.R®, COR*,
CONR®R?, NR°RE, halogen and lower alkyl which may be substituted by COzR?®,
COR* CONR®R®, NR°R®, OR’.



WO 2005/121107 PCT/EP2005/005896 -17 Preferably, R2 is H; or a

lower alkyl selected from the group consisting of methyl, ethyl, propyl,
Waptdpylitutyl, t-butyl, 2-butyl, pentyl, and hexyl; or an aryl SBAECEREHSHPS896

the group consisting of phenyl, tolyl, and xy#t. More preferably, R2 5 is

selected from the group consisting of H, methyl, and phenyl which may be

substituted with fluorine or methoxy. R3 is selected from the group

consisting of. H; 1QJower alkyl which be substituted, by OR7, COR4 .

NRSRO B BISRIERO® B P HeIbe SHRHI el ) (5 @ B EonSisting of

Sﬁwﬁeﬂwmfﬁﬁfﬁmﬁmﬁww @@upytqnsiﬁ;ihtgfnﬁlhgowl; or an aryl

a en.a . and ¢yclo whij y [ 2

R e RO e MR A S BV AR B e Breterably, R
5 ginselestasisfmgndhengibyh edngisting gt opretiv|, mngl pheoyl vwdhishtyhay be

p . . f 3 is H, methyl, ethyl, propyl, or

is%%%légg‘ﬁ%%e e%[@ﬁégrﬁ{ ﬁfpe%xrgup consisting of: 20 H; and lower

alkyl which may be substituted by OR7 or NR5R6. Preferably, R4 is H or a
lower alkyl selected from the group consisting of methyl, ethyl, propyl,
isopro@l,'Eﬁl?ﬁﬁﬁi&f?ﬁlﬂnﬁ/ﬁ‘E’é‘rﬁ’[ﬁ?ﬂﬁﬁ@ﬁmore preferably, R4 is
H, methyl, ethyl, propyl, or isopropyl. 25 R5 and R6 are each
independently selected from the group consisting of: H; lower alkyl which

0 Rion T e B o S B 1 RRPR° or cONRR®

PCT/EP2005/005896 -18 _ _
aryl which may be substituted by up to three substitutents independently

selected from the group consisting of lower alkyl, halogen and NR®RS; and

cycloalkyl which may be substituted by OH or NHa,

15 Preferably, R®is H or a lower alkyl selected from the group consisting of
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl, and hexyl. More
preferably, R%is H, methyl, ethyl, propyi, or isopropyl.

R* is selected from the group consisting of:
20 H; and

lower alkyl which may be substituted by OR” or NR°R®,

Preferably, R*is H or a lower alkyl selected from the group consisting of
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl, and hexyl. More
preferably, R*is H, methyl, ethyl, propyl, or isopropyl.

25
R® and R® are each independently selected from the group consisting of:

H;

lower alky! which may be substituted by OH, CO2R?, CONR'"R™, SO,R®,
OR’, NR'R" heterocycle, or heteroaryl;



cycloalkyl which may be substituted by CO2R3, CONR10R11, SO02R4,
OR', or NR10R11,; aryl which may be substituted by CO2R3,

WOONRIRIRT1, SO2R3, OR', NR10R11 halogen, lower alkyl, aR§ TdaR365/005896
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alkyl substituted by halogen, CO2R3, 5 GO&R10R11 OR'NR10OR11, or

OH; SO2R3; CO02R3, and CORS. 10 Alternatively, I}JRSRG cap f%rm a . 7
ring hawyalpalkyiavbich maygarseistilsiedipy &@eit ceRpEING in SOR", OR', or
aggjtignito the nitrogen to which R5 and R6 are bonded, carbon ring

atoms, said carbon ring atoms optionally being replaced by one or more

additional N or O ring atoms or up SO2..a %&/’ﬁgﬂg' Is 3 7
optionéWlwmmﬂ?ﬁeWWt@Ee%%J 6,?? r algyl,’%%ég%weqt% ’
alyR' 28 $yhativgien, @R 2IRyEfarablyweb aikgl R stitelmchbydepegeen®D:R3,
S drom orgupocaensisting, of H or a lower alkyl selected from the
g%ﬁé@% istigjqﬁof r@lghy, éé?ykl?%fopyl, isopropyl, butyl, t-butyl, 2-butyl,
pentyl, and hexyl. More preferably, 20 R5 and R6 are H, methyl, ethyl,
propyl,&@i?épropyl. R7 is selected from the group consisting of H and
lower alkyl optionally substituted by NR5R6 or OR9. 25 Preferably, R' is H
or a lowes. ARybgriected from the group consisting of methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl, and hexyl. More

preferaﬁ? R7 is H, methyl, ethyl, propyl, or isopropyl. R8 is selected from
the group consisting of: WO 2005/121107 PCT/EP2005/005896 -19 aryl
which-may be substituted by CO2R3, CONR5R6, SO2R3, OR7, NR5R6,

halogen, lower alkyl, or lower alkyl substituted by halogen, CO2R3,

CONRS5RS6, ) . . , \
Alterngtli?fély’\,l ﬁﬂ%Rﬁr{‘%{? \%Irm a ring having a total of 3-7 ring atoms, said

ring atoms comprising in addition to the nitrogen to which R® and R® are bonded,
carbon ring atoms, said carbon ring atoms optionally being replaced by one or
more additional N or O ring atoms or the group SO, and said ring atoms
optionally being substituted by OH, oxo, NRR®, lower alkyl, and lower alkyl
substituted by OR’.

Preferably, R® and R® are each independently selected from the group
consisting of H or a lower alkyl selected from the group consisting of methyl,
ethy!, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl, and hexyl. More preferably,
R5 and R® are H, methyl, ethyl, propyl, or isopropyl.

R’ is selected from the group consisting of H and lower alkyl optionally
substituted by NR°R® or OR®,

Preferably, R”is H or a lower alkyl selected from the group consisting of
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl, and hexyl. More
preferably, R is H, methyl, ethyl, propyl, or isopropyi.

R® is selected from the group consisting of:



heteroaryl which may be substituted by CO2R3, CONR5R6, S02R3, OR7,
s NR5R6, halogen, lower alkyl, or lower alkyl substituted by halogen,

WEOPRAE21CONRS5R6, OR7, NR5R6, or OH; NR5R6 lower alkyPWRIER2A98405896
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be substituted by halogen, CO2R3, CONRBR6, OR7, NR5R6, or OH; and

10 heterocycle which may be substituted by CO2R3, COR3, SO2R3,

CONRSH| VO orayReRebetitdeddy, ROIRY GONBIRE.HOLEIILRY NRRE,
fr, I ist] , ; i l, 1- 56

T Y s B R ARG MR
kBl R IE0pIYIORY is selected from the group consisting of H, lower

alkyl, and lower alkyl substituted by OH or halogen. 20 Preferably, R9 is

H or aﬂ@mbauylylmml tméﬁgl@zé%ggrlmm@cpblysmaﬁbfcimmla%,tmgizea, OR’,
prapyLdsopro utyl, t-butyl, 2-but ntyl. and.hexyl. Mor

R Bl Joeraodu s o eBROsy R by Brpran. S0:R°.
eGONRIE e RN tYR¥ECmdddm the group consisting of: 25 H; lower

alkyl which may be substituted by OH, CO2R3, CONR5R, SO2R3, OR?7,

NRSR§dgterocycles, or heteroaryls; cycloalkyl which may be substituted
by CO2R3, CONR5R6, S02R3, OR', or NR5R6 WO 2005/121107

PCT/EP2005/005896 -20 aryl which ma sybstituted Qy CO2R3, . . & 7
CONR T SIS SR TR BLLSHEES, R DBICHER: RS GRIRRS, OR,
sipstitited b-halagen, CO2R3, CONR5R6, OR7, NR5R6, or OH; S02R3;

5 CO2R3; or

heterocycle which may be substituted by CO2R®, COR3, SO,R?, CONR®RS,
OR’, or NR°RS.

Preferably, R%is H or a lower alkyl selected from the group consisting of
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl, and hexyl. More
preferably, R%is H, methyl, ethyl, propyl, or isopropyl.

R® is selected from the group consisting of H, lower alkyl, and lower alkyl
substituted by OH or halogen.

Preferably, R%is H or a lower alkyl selected from the group consisting of
methyl, ethyl, propyl, isopropyl, butyl, -butyl, 2-butyl, pentyl, and hexyl. More
preferably, R%is H, methyl, ethyl, propyl, or isopropyl.

R and R" are each independently selected from the group consisting of:
H;

lower alkyt which may be substituted by OH, CO.R®, CONR’R?, SO,R?,
OR’, NR®°R®, heterocycles, or heteroaryls;

cycloalkyl which may be substituted by CO,R%, CONR®R®, SO;R?, OR’, or
NRORE;



CORS3. Alternatively, NR10R11 can form a ring having a total of 3-7 ring
atoms, said ring atoms comprising in addition to the nitrogen to which R10

WanRAI214$@ io bonded, carbon ring atoms, said carbon ring a®@TEEP2005/005896
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optionally being replaced by one or more additional N or O ring atoms or

the group SO2, and said ring atoms optionally being substituted b %’

oxo, NRERB/Hishenalkylesdistitetedity GORIBGANRIRG7STER’, OR, NROR®,
P 30 56
il L@é‘q@s?ﬂag T e L S CORRR,
iR N&HY ﬂb@ﬂusopropyl butyl, t-butyl, 2-butyl, pentyl, and hexy!.

More preferably, R10 and R11 are H, methyl, ethyl, propyl, or isopropyl.

20 Exagplgs’of compounds of formula (D) include:
[3-(2,3-Difluoro-6-methoxy-phenyl)-1 H-pyrazolo[3,4-d]pyrimidin-6-

yi]- (1-nzfz sulfonyl-piperidin-4-yl)-amine (Example 16)

Methanésa h)c/)lrplperldln 4-yl)-(1 H-pyrazolo[3,4-d]pyrimidin-6-yi)- amine
(Example 19) 25 Methyl-piperidin-4-yl)-(3-methyl-1

H- pyra%ﬂﬁ 14-d]pyrimidin-6-yl)- amine (Example 23)
[3-(5-Fluoro-2-methoxy-phenyl)-1 H-pyrazolo[3,4-d]pyrimidin-6-yl]-
(1-methanesulfonyl-piperidin-4-yl)-amine (Example 25)

[3-(5-Fluoro-2-methoxy enyI) -1 H-pyrazolo[3,4-d]pyrimidin-6-yi] 30
(1-methdissaativaly; p&\ﬁé@iﬂih san)farmrer{ggdaplogs)total of 3-7 ring atoms, said

e R Ot

plapn ac;gﬁqmr,gm aiqms said carbon ring atcms optionally being replaced by
(Jch@mﬂeﬁé"&aaﬂnamw&byﬂbb?é%ﬁ@mpd}%w)@ M@@th atoms

4- d]{)yrlmldm -6-yl]-amine; compound with trlflgoreo Zcefic acid (Example
2gptionally being substituted by OH, oxo, NR°R®, lower alkyl and iower alkyl

substituted by OR’.

Preferably, R™ and R are each independently selected from the group
consisting of H or a lower alkyl selected from the group consisting of methyi,
ethyl, propyl, isopropyi, butyl, {-butyl, 2-butyl, pentyl, and hexyl. More preferably,
R and R'"" are H, methyl, ethyl, propyl, or isopropyl.

Examples of compounds of formula (1) include:
[3-(2,3-Difluoro-8-methoxy-phenyi)-1H-pyrazolo[3,4-d]pyrimidin-6-
yil-(1-methanesulfonyl-piperidin-4-yl)}-amine (Example 16)
Methanesulfonyl-piperidin-4-yl)-(1H-pyrazolo[3,4-d]pyrimidin-8-yi}-
amine (Example 19)
Methyl-piperidin-4-yl)-(3-methyl-1H-pyrazolo]3,4-d]pyrimidin-6-y1)-
amine (Example 23)
[3-(5-Fluoro-2-methoxy-phenyl)-1H-pyrazolo]3,4-d]pyrimidin-6-yi]-
(1-methanesulfonyl-piperidin-4-yi)-amine (Example 25)
[3-(5-Fluoro-2-methoxy-phenyl}-1H-pyrazolo[3,4-d]pyrimidin-6-yi}-
(1-methanesulfonyl-piperidin-4-yl}-amine (Exampie 26)
[3-(B-Fluoro-2-methoxy-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yi}-
(1-methanesulfonyl-piperidin-4-yl}-amine (Example 27)



[3-(2,6-Difluoro-phenyl)-1 H-pyrazolo[3,4-d]pyrimidin-6-yl]-(1- 5
methanesulfonyl-piperidin-4-yl)-amine (Example 29)
Wethafiasiifonyl-piperidin-4-yl)-(3-phenyl-1 H-pyrazolo[3,4-  PCT/EP2005/605896
d]pyrimidin-6-yl)-amine (Example 30) [3-(3-Hluoro-phenyl)-1
H-pyrazolo[3,4-d]pyrimidin-6-yl]-(1- methanesulfonyl-piperidin-4-yl)-amine
(Example 31) 1¢1aMBiimnrantbaoybiipsiidin-4-yl)-[3-(2-methoxy-phenyl)-1H-

H-pyrazolo[3,4- imictin-o- i anzer . ] )
with trifIuoro-acgé%égglﬁt(gggi?gﬂemsﬁ%rfgg{%_Difwj%)’rm E’ﬁtﬁwwaﬁluom acetic
H-pyrazolo[3,4-8RirirtsareRi8£&Xluoro- phenyi)-amine (Example 33) 15

2-[3-(2-Methoxypire iy Difi e e IR -0y A SRy ARIuR L (1-
(Example 34) [3-(2-Methoxy-phenyl)-1 .
5 H-pyrazolo[3,4-mﬁy?ﬁ‘ﬁ‘i%%’-%gwiﬁéﬂ?&ﬂéﬂ'ﬁ#ﬁﬁmiﬁé E6HAIBRIRIZTN

trifluoro-acetic adistitarasiutiordipideliiR-MeIp@yRbARYYH-pyrazolof3,4-
e B SR ey agpene . lamre
H-pyrazolo[3,4-{8x(pHRidinoepiipmin- dipptayloheGtdrdldyridmiGeyl]-(1-
compoun SR D e

10 (4-M(_eth_oxy-phM@{Z—Ma&i@cﬁmﬂwlﬂmwpqu@oﬁﬂpyﬁmidin-G-yIamino]-
13-(2.6-Difluore e T et o it
methoxy-pheny{FXaTiels pound with trifluoro-acetic acid (Example 40)
4-(3-Methyl-1 HpysaganiR4rHIpHERINIAG-YABURMI3, 4-d]pyrimidin-6-yi]-(4-fluoro-

phenyl)}-amine (Example 33)

15 2-[3-(2-Methoxy-phenyl)-1H-pyrazolo[3,4-dlpyrimidin-6-ylamino]-
ethanol (Example 34)
[3-(2-Methoxy-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}-pentane- |
1,5-diamine; compound with trifluoro-acetic acid  (Example 35)
N'-[3-(2-Methoxy-phenyl}-1H-pyrazolo[3,4-dlpyrimidin-6-y{]-N,N-

20 dimethyl-propane-1,3-diamine (Example 36)
N-[3-(2-Methoxy-phenyl)-1H-pyrazolo[3,4-0]pyrimidin-6-yl}-N,N-
dimethyi-pentane-1,5-diamine; compound with triflucro-acetic acid
(Example 37)
[3~(2-Methoxy-phenyl)-1H-pyrazolo[3,4-dlpyrimidin-6-yl}-phenyl-

25 amine (Example 38)
{(4-Methoxy-phenyl}-[3-(2-methoxy-phenvi)-1 H-pyrazolo[3,4-
d]pyrimidin-6-yl]-amine; compound with trifluoro-acetic acid
(Exampie 39)
[3-(2,6-Diftuoro-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yi]-(2-

30 methoxy-phenyl}-amine; compound with trifluoro-acetic acid
(Example 40}
4-(3-Methyi-1H-pyrazolo[3 4-d]pyrimidin-6-ylamino)-
benzenesuifonamide; compound with trifluoro-acetic acid
(Exampie 41)



benzenesulfonamide; compound with trifluoro-acetic acid (Example 41)
WO 2005/121107 PCT/EP2005/005896 -22 2-(3-Methyl-1

WH-PWEEZAINB,4-d]pyrimidin-6-ylamino)-ethanol; compound witRCT/EP2005/005896
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trifluoro-acetic acid (Example 42) 4-[3-(3-Btuoro-phenyl)-1
H-pyrazolo[3,4-d]pyrimidin-6-ylamino]- piperidine-1-carboxylic acid ethyl
ester; compourd(Withedimirdrio-Byseesio Boftt diinpdinggyylamino)-ethanol;

Vithy!-pipercighhaei i RyAgalel s Bk o) amine

(Example 44) Preferred examples of compounds of formula (1) include: 10

[3-(2,3- Duﬂuor&éﬁr@ﬁ?&%ﬁ?fsrﬁh?nyﬂﬁ%ﬁﬁfﬂﬁetgiﬁ ApiRR e S-ylamino]-

yll-(1- methaneﬁ@ﬂ%h@neﬂgm&ryikaéem%{ﬁgp&%e : E®mpound with trifiuoro-
Methanesulfonyl-piperidin-4-yl)-(1 H-pyrazolo[3,4-d]py(midin-6-yl)- amine
(Example 19) [3SEHERGID- (m Genyl)-1

H-pyrazolo[3, 4mﬁmlﬂi@rﬁfh‘i}41ﬁ) ~(3-methyl-1H-pyrazolo[3,4-dJpyrimidin-6-yl)-
(1-methanesulfon ridin-4- mine (Example 25)

[3-(5-Fluoro-2- ﬁ{gﬁﬁ? @Eﬁﬁ‘ 1%% pyrazolo[3,4-d]pyrimidin-6-yl]-
(1-methanesulfonyl-piperidin-4-yl)-amine (Example 27)

(1-Methanesulfonyl-piperidin-4-yi)-[3-(2-methoxy-phenyl)-1 H-
pyrazold{sciedipg ey pheampaiap siferwitianususestic 20

acid (Example 230 & @il PEReERRANDY-pheny)-1 H pyrazolo 3,4-d]pyrimidin-6-
H-pyrazolo[3, 4 d]p¥rlm|d|n -6-yl]-(1- methanesultonyl-piperidin- -yl)-amine

(Example 31) Wi eexypiperidin-4-yl)-amine (Example 16)
H-pyrazolof3, Wﬁ%éMﬁ&W]dMﬂﬁH@?@ﬂ&é 4 idin-6-yl)-

with trifluoro-acetic aC| 25 Exam le 32) The compounds dlsclose
herein and coV¥TaB% dBbve may
[3-(5-Fluoro-2- methoxy»phenyl)-1H~pyrazoio[3,4-d]pyrimidin-6~yl]—

{1-methanesulfonyl-piperidin-4-yl)-amine (Example 25}
[3-(5-Fluoro-2-methoxy-phenyl}-1H-pyrazolo[3,4-d}pyrimidin-6-yi]-
(1-methanesulfonyl-piperidin-4-yl)-amine (Example 27)
(1-Methanesulfonyl-piperidin-4-yl)-[3-(2-methoxy-phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl]-amine; compound with trifluoro-acetic
acid (Exampie 28)
[3-(3-Fluoro-phenyl)-1H-pyrazolo[3,4-djpyrimidin-6-yi]-(1-
methanesulfonyl-piperidin-4-yl)-amine (Example 31)
4-[3-(2-Methoxy-phenyi)-1H-pyrazolo[3,4-d]pyrimidin-6-ylamino}-
benzenesulfonamide; compound with triflucro-acetic acid
(Example 32)

The compounds disclosed herein and covered by formula | above may
exhibit tautomerism or structural isomerism. [t is intended that the invention
encompasses any tautomeric or structural isomeric form of these compounds, or
mixtures of such forms, and is not limited to any one tautomeric or structural
isomeric form depicted in the formula above.

The compounds of the present invention can be prepared by any
conventional means. Suitable processes for synthesizing these compounds are
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exhibit tautomerism or structural isomerism. It is intended that the
invention encompasses any tautomeric or structural isomeric form of

Whaaesdahpounds, or 30 mixtures of such forms, and is not linMEHEG28AF 005896

one tautomeric or structural isomeric fora28epicted in the formula above.

The compounds of the present invention can be prepared by any

cbrvgdeonal e xenirsblGpreralye sTBIRS MRS flertheisel can be prepared
CORMRRHRRSBTE Y Or 2RO B Q4R AT LERE RRAREHRes23 Provided in

the examples. Generally, compounds of formula | can be prepared

according to one of the below described synthetic routes. alN.,a rW 1, an

CI /NN a Sodium Hypod-ilarite a\ /N a 2, DfvF NNE OH N a aYN a aft Br
2.Rzr-1®Hydraanea N NJRINH2ZHH RINN\N iti,X?/ NR2F~2 5

Gener Iy,\ hese compounds may be prepared according to the synthetic
schenﬂsq;lid&' d above. Suitable pracesses for the preparation of these
compounds are given in the examples.¥he optional separation of
isomeric#structures of formula | can be carried io out according to k Wy g
methods|su¢cBiigiffor example resolGti Riral highiupregeghisigui \|( X
chromatagraphy (also known as chiral HPLIC). assolru%ieﬂ%emads arml(o
well kno n?»:E?ﬁ‘é/:are summarized in "Enafitionters, Racemates, and

Resolutions" (Jacques, J. et al. John Wiley apg Sons, NY, 1981). Methods R2

for chiral HPLC are also well known, agd are summarized in "Separation
of i§! ] ioMers by Liquia@ﬁ%%hato raphic Methods" (Pirkle, W. H. and
Finn, {in,
Br 2,RLCHO
Hyckazine RN, Ho
C'{\’/N\ N‘ ]{l N 1\3
— l N RIS
rt N A i N
N A
R R2

Generally, these compounds may be prepared according to the synthetic
schemes provided above. Suitable processes for the preparation of these
compounds are given in the examples.

The optional separation of isomeric structures of formula | can be carried
out according to known methods such as for example resolution or chiral high
pressure liquid chromatography (also known as chiral HPLC). Resolution
methods are well known, and are summarized in “Enantiomers, Racemates, and
Resolutions” (Jacques, J. et al. John Wiley and Sons, NY, 1981). Methods for
chiral HPLC are also well known, and are summarized in “Separation of
Enantiomers by Liquid Chromatographic Methods” (Pirkle, W. H. and Finn, J. in
“Asymmetric Synthesis”, Vol. 1, Morrison, J. D., Ed., Academic Press, inc., NY
1983, pp. 87-124).



"Asymmetric Synthesis", Vol. 1, Morrison, J. D., Ed., Academic Press,
Inc., NY 1983, pp. 87-124). WO 2005/121107 PCT/EP2005/005896 -24

wWPReSHRdNEl conversion of a compound of formula | that bearP @ HABRI05/605896
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nitrogen into a pharmaceutically acceptablg4acid addition salt can be

effected by conventional means. For example, the compound can be

treated Witle aptinoegaoivaciicsuchasdormsiamond forarohidhetiorirs a basic
BT i I AL DR R R Y AU Aot
aﬁ%&%@%ﬁg& (g?g%a?rjnc aci %%el?ﬁ‘f élqu ac%? aci(f citrlc%ag?gt, tartaaﬁtéc‘é%hﬁ effected by
nienypetionshroeans. f-eslesamblaidhr eRIPBMACHRG THelerbwih an

CRURISHO0 g saBtPaYTerd iampran R adcaRmiierfidacid, sulfuric

group into_a pharmaceutically acceptable alkali metal salf can be effected

bpEEn DGR RARPIIICRGIhRE WHE ESHARRIRETERIS SECRRIERCId/RHCh as
apJBOEIANIE, RaFR Sl asriihit ey drtitkn Sogifnib vdiaxideoRRIfs HUNIc acid,

hydroxi(!i , or the like. 15 The optional conversion of a compound of
iR Rat bears a carboxylic acid group into a pharmaceutically
acceptable ester can be effected by conventional means. The conditions
for the formation of the ester will depend on the stability of the other

funptipni}@@@ﬁ@ﬂﬁll@ﬁ@l@i@@%&h@mod qquxﬂmuiasi thaxicoesrsra
”@%@)&/if&@&@@*@ﬁﬂ'%%ea%ﬂ%'ﬁl@c%ﬂgﬁ%ﬁg%H@Bﬁal?lg he _Fﬁé@gé’ait can be

be conveniently prepared by heating in a solution of a mineral acid

saffertedchy) FerYLalOR3l ITRAEE MeBi GBI R RRMPIRBQUIE CAM RS treated
MAHPE-CRRYGAIBIShE dneteal RtRUIR Rkt S AANKIHPERIHRC BB s sium
treating the compound with an alcohol in the presence of a coupling agent
aRvdrpiste optidilisResence of additional agents that may accelerate the
reaction. 25 Many such coupling agents are known to one skilled in the art

of organic chemistry. Two examples are dicyclohexylcarbodiimide and
triphenyfie spiiceal dietvrainydafammipeenid tidaaselavhirat bears a

dci:C rf>|8>r<]ﬁ)f%/ '&8‘.8’893&3‘%&%? é’%%%ﬂﬁaceutically acceptable ester can be effected
by conventional means. The conditions for the formation of the ester will depend
on the stability of the other functional groups in the molecule to the reaction
conditions. If the other moieties in the molecule are stable to acidic conditions,
the ester may be conveniently prepared by heating in a solution of a mineral acid
(e.g., sulfuric acid) in an alcohol. Other methods of preparing the ester, which
may be convenient if the molecule is not stable to acidic conditions include
treating the compound with an alcohol in the presence of a coupling agent and in
the optional presence of additional agents that may accelerate the reaction.
Many such coupling agents are known to one skilled in the art of organic
chemistry. Two examples are dicyclohexylcarbodiimide and triphenylphosphine
{diethyl azodicarboxylate. in the case where dicyclohexylicarbodiimide is used as
the coupling agent, the reaction is conveniently carried out by treating the acid
with the alcohol, dicyclohexylcarbodiimide, and the optional presence of a
catalytic amount (0-10 mole%) of N,N-dimethylaminopyridine, in an inert solvent
such as a halogenated hydrocarbon (e.g., dichioromethane) at a temperature
between about 0°C. and about room temperature, preferably at about room
temperature. In the case where triphenylphosphine/diethyl azodicarboxylate is
used as the coupling agent, the reaction is conveniently carried out by treating



the coupling agent, the reaction is conveniently carried out by treating the
acid with the alcohol, dicyclohexylcarbodiimide, and the optional

WOrgénee16f a 30 catalytic amount (0-10 mole%) of PCT/EP2005/005896
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N,N-dimethylaminopyridine, in an inert sel¥®nt such as a halogenated
hydrocarbon (e.g., dichloromethane) at a temperature between about OC.

dhe alotrlwitio thecaipmhatuitdy pestdplingrhiabanrdsbatihd Apedizaroxylate, in an
tk}‘?e%ﬁllx‘f@?ﬁ SRS WIPEPRRNR ¢/ iRy areitRARYOralS é?oH%ané\//cgocarbon

the coupling agent, the reaction’is conveniently carried out by treating

A508/1DenaerRE I BHLOUS IYES S el albaRM LR CiRNA @t room
tHaheRARbRSPhiBR:ARshAiatyRg @Hcarboxylate, in an inert solvent such

as an ether (e.g., tetrahydrofuran) or an aromatic hydrocarbon (e.g.,
benzene) at a temperature between tabtﬁgt 0C. and about room
5

temperdit A BREEIAHYS SaBoditents IeRreRerh NRNEAR RRHERS the
PsasenidaeattancosipasRicpRacaageisitgltdnmnsiiensorpurisingf frmula (1), or

least one compound of formula (1),,or a pharmaceutically acgeptable salt

o7 LR TR AR I DA B B g cally
cacsentid|d weipphdraralienteaticompositions can be administered

orally, for example in the form of tablets, coated tablets, dragees, hard or
soft gelatin capsules, solutions, emulsions or suspensions. They can also

be admifitmerephasmanyuficabcanipesitiane @@W@dﬁ}éﬁﬁt@f@%pﬁaﬁm for
p%@ﬂ’igf@'hﬁzﬂ?% BRATHEaHdE e fEn ldecion gellions dTBesoft gelatin
pnharm ceutica pomposmor]s of the present_ Invention comprisin ..
cerppolrrisefutonsI M USIHOs PeSHReDsBsErs theyeern m@p%@ administered

W@Mﬁﬁ%?@i&w@mﬁ%%ﬁ W1NpIBSheHs, @OpRYeRRRamOTor example, in

conventional mixing, encapsulating, Qissolving, granulating, emulsifyin%,
em@afgﬁmgefd%@é@mwmw-w“sﬁﬁ.ﬁaﬁweéaggéép@ﬁ&%smons of the present
RRYENAGAWSARAR IR BaRBENSRALITB PR laterniHtiesans Wiceders thereof,
Irr]ﬁ%} |gg r%%?}ﬁfgcr:t%rr%%nilg a manner that is known in the art, e.g. by means of
conventional mixing, encapsulating, dissolving, granulating, emulsifying,
entrapping, dragee-making, or lyophilizing processes. These pharmaceutical
preparations can be formulated with therapeutically inert, inorganic or organic
carriers. Lactose, corn starch or derivatives thereof, {alc, steric acid or its salts
can be used as such carriers for tablets, coated tablets, dragees and hard gelatin
capsules. Suitable carriers for soft gelatin capsules include vegetable oils,
waxes and fats. Depending on the nature of the active substance, no carriers
are generally required in the case of soft gelatin capsules. Suitable carriers for
the manufacture of solutions and syrups are water, polyols, saccharose, invert
sugar and glucose. Suitable carriers for injection are water, alcohols, polyols,
glycerine, vegetable oils, phospholipids and surfactants. Suitable carriers for

suppositories are natural or hardened oils, waxes, fats and semi-liquid polyols.

The pharmaceutical preparations can aiso contain preserving agents,
solubilizing agents, stabilizing agents, wetting agents, emulsifying agents,
sweetening agents, coloring agents, flavoring agents, salts for varying the
osmotic pressure, buffers, coating agents or antioxidants. They can also contain



carriers. Lactose, corn starch or derivatives thereof, talc, steric acid or its
salts can be used as such carriers for tablets, coated tablets, dragees

WenHartl glatin  capsules. Suitable carriers for soft gelatin capsule$2005/005896
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include vegetable oils, waxes and fats. Dejgending on the nature of the
active substance, no carriers 25 are generally required in the case of soft

gethen trepesticalliasriliohiecst istannemanciidingesarginuabastivalingredients
SYEHRS ﬂ@n‘,"fﬁ%e‘ﬁﬁlygﬂﬁmﬁﬁ 1arose, invert sugar and glucose. Suitable

carriers for injection are water, ‘alcohols, polyols, glycerine, vegetable oils,
phospholipids and surfactants. Suitable carriers for suppositories are

natural oy hardeped ojls, waxes, fats and semi-liguid polyols, .30 The . di
pharmas RS BRS SRSHE cHIF S PSHIAS St Mg aaLigention, including
smebﬁéximgoagﬁiumfs‘mhimmg)agmlssafatt_ingmmtstmmmIeifxdngta_cg@iteell _
Sé’r% ﬁ?&@%&%%‘é?a&%?fﬁ‘c% r%%é'%‘@%%eﬁ%%}%%fsﬁét f9r V@Hé?ﬁ&§?eventfon
oSmotiC pressure, bu ers, coatl agents or antioxidants. ey can als
cMﬁmmeﬁmmegmm@mMSmmec@h@ryapéth&céjlpcking the
e AL B e PP afinant cels

inhehiaysmin syffieecchatpibieHitobinbiRiting (Yraes lansen theese
TR ICoRYT BbRh GRS ESFRENR Y SURPES HISIURRS are particularly useful

chemoprevention of cancer. Chemoprevention is defined as inhibiting the
deRIgdreetnshoasratl sy S BIGHGAAHORIRIAGITRERRSfccolon,

exgrf ardyphirekiaihforsogression of pre-malignant cells that have
already suffered an insult of inhibiting tumor relapse. These 10

compounds and formulations containing said compounds are particularly

useful i e treatment,or ¢ontrol of solid fumor s, for | . .
breast, Coe R R R AR P8 2oRb0 Y I§/aBE AR e with this
aimaemiat seanp@mamouctofdnmpaitidttist 15 effectiverioaveni alleviate or

ADUIRL S URBHBM I BE FRIRENP SPRRYHHe VAR Of the subject being
treated. Determination of a therapeutically effective amount is within the skill in
the art.

The therapeutically effective amount or dosage of a compound according
fo this invention can vary within wide limits and may be determined in a manner
known in the art. Such dosage will be adjusted {o the individual requirements in
each particular case inciuding the specific compound(s) being administered, the
route of administration, the condition being treated, as well as the patient being
treated. In general, in the case of oral or parenteral administration to adult
humans weighing 'approximateiy 70 Kg, a daily dosage of about 10 mg to about
10,000 mg, preferably from about 200 mg to about 1,000 mg, should be
appropriate, although the upper limit may be exceeded when indicated. The
daily dosage can be administered as a single dose or in divided doses, or for
parenteral administration, it may be given as continuous infusion.

The compounds of this invention may be used in combination
(administered in combination or sequentially} with known anti-cancer freatments
such as radiation therapy or with cytostatic or cytotoxic agents, such as for



ameliorate symptoms of disease or prolong the survival of the subject
being treated. Determination of a therapeutically effective amount is

WA/ IRELSKIll in the art. 20 The therapeutically effective amoBGT@iP2005/005896
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dosage of a compound according to this-iB¥ention can vary within wide
limits and may be determined in a manner known in the art. Such dosage

vaka@plgiuetd el tireiteditod Al fetilinenbyRsageatprsgahiaslloahein or
InRuAiRG IR, BRRS RURRANIHibESNS sderisietsHodige R Rbmerase |

administration, the condition being treated, as well as the patient being 25
tieBIBHOTA gerr@P friheldRblepeiaranpiiier RIGERGHSAEBAE Bt as

hgm&w? gbiaaRpExEpaiRored acrmenaasans eliehal idhaditen:
about 10,000 mg, preferab%/?}rom atgé)ut ZOT? Hrfgjg to ahout 1,000 mg

siwimidiate syrpastIthiRIgh SHEBReH MR BRdarfiariahelites such
indicatgtofragatinilCapsagererndidordininisiered sls @ iséngiflose esbination
divided dosgs, or fqr arenteral administration, it may be given as
cHrtinTA ﬁqé'Fﬁ%ﬂE%o?? p%ﬁer@&%%%ﬁ' ©8f this invention may be used in
combindfifornfathtediste re dxe o dadd) dtie mabo e glestrtiyd wimbkiration products
i t radiati ' t ' :
B 5 AR VRS LGSR oo
_ahrovexantbibgmihao pivaitedcoptivalyimelisctiogenjanteaioreat witpmibs
5 i t000ISO nhibitor e _
B oo o D Y RS T RIS plomucine has been
inesiadiapaswiergirticaly padikel kaowaswetards agnatels ickniiel
aéy&&o%r&hﬁgsm%f%@mm@,ﬂmwﬂme 0B ET Rffmula | may

5-tfluorouracll; and anti-metabalites such as methotrexate. Compounds of

@lRuRe @ﬁ‘&?ﬁfﬁ%f&g FeauentizbmpithEBRWRANTHERRESHRE 6Yiexic agents when
teisaativaliant HdaimidritRaordixerhanssidng AR ERSTERENT his invention is

com Jnati?%,é)r ducts include th com[ﬁ) nds of this invention within the

fRbyRIg EROUENGSRE A THYRHE R COMARINAR fEM may be
ageministesatndtiarigrlontd or after administration of the known anticancer or

cytotoxic agent. For example, the cytotoxic activity of the Cdk inhibitor

flavopiridol is affected by the sequence of administration with anticancer agents.
(Cancer Research, 1997, 57, 3375).

- Examples

The following examples illustrate preferred methaods for synthesizing and
using the compounds and formulations of the present invention. These examples
and preparations are illustrative and are not intended to be limiting. It should be
understood that there may be other embodiments which fall within the spirit and
scope of the invention as defined by the claims appended hereto.



approved dose range. For example, an early Cdk1 inhibitor olomucine has
been found to act synergistically with well known cytotoxic agents in
Wihausngiigpoptosis. (J. Cell Sci., 1995, 108, 2897-2904). ConfstiuRB¢f/005896
formula | may also be administered sequergtially with known anticancer or
cytoxic agents when 15 concommitant administration or a combination is
inappropriate. This invention is not limited in the sequence of
administration: compounds of formula | may be administered either prior
tdExamalestiministration of the known anticancer or cytotoxic agent. For
example, the cytotoxic activity of the Cdk inhibitor flavopiridol is affected
byzlaeDieaiers ofingininigralion \sidiflnticarc anagieois/-ZRdedANAEthanol
Research, 1997, 57, 3375). Examples The following examples illustrate
preferred methods for synthesizing and 25 using the compounds and
formulations of the present invention. These egxamples and prefhtgtidns Cl
are illustrgtive and are not intended to beFi' ftshould be ung OH

that ther @agrbe other Iments whic ithin the spirit and
scope gf the invention as/defined by the ¢laim$§ appended hereto. WE O
20 7 PCT/EP26065/685896 -28- Example.l (2,4-D ichloro-pyri

idin-5-yl)-(2,3-difl uoro-6-methoxv-phenyl)-methanol CIVN CI ICI F €
OH N/~/BrMgClI~JFFO~ CINF MW 227.88 MW 321.11

C4H5W%%8012H8C12F2N202 5 To a stirred solution of MW 321.11
5-br% 2 gichloropyrimidine (Aldrich, 3.02g, C . HCLFN,0,
5 To a stirred solution of 5-bromo-2,4-dichloropyrimidine (Aldrich, 3.02g,

13.25 mmol) in 20 mi. of THF at -30°C, isopropyl magnesium chloride (Aldrich,
2M solution in THF, 7.12 mL., 13.25 mmol) was added dropwise and the mixture
was stirred for 20 minutes. Then 2,3-difluoro-6-methoxy-benzaldehyde (Matrix,
2.28¢, 13.25 mmol) was added and the mixture was warmed to 0°C and stirred
10 for40 rhinutes. The reaction was quenched with saturated ammonium chloride
solution and the resulting mixture was extracted with EtOAc. The extract was
dried with sodium sulfate. The solvent was removed oln a rotary evaporator and
the solid was treated with hexane (8 mL). The solid was filtered and dried to give
an off-white solid. 3.42 g; Yield, 80.5%. MS (M+H) +, 322.

15

Example 2

{2.4-Dichloro-pyrimidin-5-yl}~(2,3-difiuoro-6-methoxy-phenyl}-methanone

Ch _N._C
CEYN Cl | Sodium Hypochlorite Y |
| Na 0
Na OH >
F
N NaHCO,, TEMPO O~
Bu,NCl
F
F
MW 319
MW 321.11 CaHgClFoN,0,

C o HCLF.NO,



13.25 mmol) in 20 mL of THE at -30C, isopropyl magnesium chloride
(Aldrich, 2M solution in THF, 7.12 mL, 13.25 mmol) was added dropwise

wanth iie2atistture was stirred for 20 minutes. Then PCT/EP2005/605896

10
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2,3-difluoro-6-methoxy-benzaldehyde (Matrix, 2.28g, 13.25 mmol) was

added and the mixture was warmed to OC and stirred to for 40 minutes.

The reaclion aleshpldAdR:d VGRS mmatpy zsniissolvadc hiondthydehgichloride (20
a [ ixt t it

dﬁ;@.&“ﬁﬁi@% SR PR AR, WRE ML%Q@S&EB%?S@&&E WINaHCO3 (235

ium sul nt was‘removed on a ro
evagoPafomanal ) thetradiid viemmoaidaneittonideatidgenL fOrmg sBiitBwagnol) and
f"ﬁﬁﬂﬂ‘{gﬂ&ﬁ@ﬂoﬂjﬁ%ﬁﬂﬁﬁﬂvﬁifﬁoﬁ ligfd 42i6Ydeleh Sther c¥bted to 0°C and
(M+H) +,322.15 Examplé 2 (2,4-Dick loro-pyrim id i n-5-yl)-(2,3-d iflu
oRSeiLAR hRQohiiig rdtisin asdive GR. & 8 N EBIBHILNAR Rsstadsiawly and

) teQedliig fe® Mot RabER& fdP 30\ Binthsl e MWMSAAWMMY poured
321.11 C12HB6C12F2N202 C12H8C12F2N202 WO _2005/121107

piinME3e0aRshsEEECtod Wik HeIRPrEdRiss Mtopirastn@oried with
irbﬁtﬁﬂ]twlmﬁé:.j@.oM&Qagﬁ(ﬁbﬂWdhegfié&rﬂa@C}i)@iﬁmrmb | &S mlpaegeliow solid.
a 0 mg, 2.8 mmol), tetrabutylammonium

cﬁlfﬁ%jo%’ (é%d@égwggi’Sﬁéml) and TEMPO (Aldrich, 10 mg, 0.062

mmol). The mixture was then cooled to OC and s sodium hypochlorite

(Aldrich, active C12, 5.8%, 8.78 ml-) was added slowly and the resulting
nExanmpaledwas stirred for 30 minutes. The mixture was poured

6-Chioro-3-(2,3-diflucro-6-methoxy-phenvi)-1H-pyrazolof[3.4-d]pvrimidine

Ch _N._Cl
G l H,NNH,
N 0

L

F O

F

MW 319 MW 207
C12HsClaFaN,0, C,,H,CIFN,O

To a stirred solution of ketone (638 mg, 2 mmol) in THF, hydrazine
(Aldrich, 80 mg, 2.5 mmol) was added and the mixture was stirred for 30 minutes
at room temperature and then at 50°C for 1 hour. The solvent was removed and
the solid was washed with water and dried to give a yeliow solid. 580 mg, 97%.
MS (M+H) +, 297,



into water and extracted with methylene chloride. The extract was dried
with sodium sulfate. Removal of solvent gave the right product as a pale

wyelaw solith 1.84 g, 92%. MS (M+H) +, 319. 10 Example 3  PCT/EP2005/005896

5
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6-Chloro-3-(2.3-difluoro-6-methoxy-pheny34l-H-pyrazolor3,4-dlpyrimidine
CKVN HCN/N CIHZNNH2fN NN~O O1 FOl1FFF MW319 MW297
C12H6CI2F2N202 C12H7CIF2N40 To a stirred solution of ketone (638
mg, 2 mmol) in THF, hydrazine is (Aldrich, 80 mg, 2.5 mmol) was added
aé_ﬁﬁﬂm&&ure was stirred for 30 minutes at room temperature and then
at 50C for 1 hour. The solvent was removed and the solid was washed
with4aspiehasebaigdritdinsayplipvwnetlid:8p g AT e tandl+H) +,
297. WO 2005/121107 PCT/EP2005/005896 -30- Example 4 (2,4-D
ich(oro-pvrimidin-5-yl)-(2-methoxv-p henyl)-methggol CHO CIVN~ i C!
CI'/N~Y1 Cl>--MgCIN/OH N. 'Br THE O MWV 227.88 CIHH.?!
~ E
N

MW 283,13 IQEZ%}0012N§2—MQCI

Y\I L
N ~pr THF

MW 227.88
C4HBrCI2N2Z MW 285,13
C12H10CI2ZN202

The compound was prepared from 5-bromo-2,4-dichloropyrimidine
(Aldrich) and 2-methoxybenzaldehyde (Aldrich) in 77% yield in an analogous
manner as described in Example 1. 1H NMR (300 MHz, CDCI3) § 8.75 (s, 1H),
7.34 (d.t. 1H, J=2 Hz, 8 Hz), 7.16 (d d, 1H, J=1.8 Hz, 7.3 Hz ), 6.96 (d, 1H, J=7.3
Hz), 6.95 ( d, 1H, J= 8 Hz), 6.21(s, 1H), 3.85 (s, 3H), 3.148 (br. s, 1H).

Example 5

(2.4-Dichloro-pyrimidin-5-yh-(2-methoxy-phenyl}-methanone

Ci N.__Cl
CIYN\ Cl _ . \[E/ X
N OH Sodium Hypochlorite _ N = (0]
N TEMPO, NaHCO;, (t-Bu),NBr O N
MW 285.13 MW 283.12
C12H10CI2N202 C12HBCI2N202

The compound was prepared from (2,4-dichloro-pyrimidin-5-yf)-(2-
methoxy-phenyl)-methanol (Example 4) in 96% yield in an analogous manner as
described in Example 2. 1H NMR (300 MHz, CDCI3) & 8.60 (s, 1H), 7.84 (d, d,
1H, J =2 Hz, 8 Hz), 7.60 (dd, 1H, d =2 Hz, 7.3 Hz), 7.12 (d, 1H, d = 7.3 Hz),
6.95 (d, 1H, J = 8 Hz), 3.67 (s, 3H)



5

10

5 The compound was prepared from 5-bromo-2,4-dichloropyrimidine

(Aldrich) and 2-methoxybenzaldehyde (Aldrich) in 77% yield in an
wahzlegjouisomanner as described in Example 1. 1 H NMR (300PHEP2605/005896

CDCI3) S8.75(s, 1 H), 7.34 (d.t. 1 H, J=%Hz, 8 Hz), 7.16 (d,d, 1 H,

J=1.8 Hz, 7.3 Hz), 6.96 (d, 1 H, J=7.3 Hz), 6.95 (d, 1 H, J= 8 Hz), 6.21(s,

1ERahipBie(8, 3H), 3.148 (br. s, 1 H). 10 Example 5

(2,4- chhloro pvr|m|d|n -5-vi)-(2- methoxv phenyl) methanone CIVN Cl

methoxy-phenyh;
manner as descriped |n Example 2. 1 H NMR (300 M
(s, 1 H), 7.84 (d, d,9
7.12(d,1H,J= 7.3 H
2005/121107 PCT/EPZ

) nyI) 1 H- pyrazolo(3 4-dlpyrimidine
CIVNNNN/O NH%\W%& MOl MW 283.12 MW 260.68 G 2H80CA2N202

C12H9CIN4AO The campqund was prepared from C12HOCINAD
(2,4-dichloro-pyrimidin-5-yl)-(2 s methoxy-phenyl)-methanone (Example 5)

in 35% yield in an analogous manner
The compound was prepared from (2,4-dichloro-pyrimidin-5-yl)-(2-

methoxy-phenyl)-methanone (Example 5) in 35% yield in an analogous manner
as described in Example 3. MS (M+H) +,261.11.

Example 7

{2.4-Dichloro-pyrimidin-5-y1)-{3-fluoro-phenvi}-methanol

CHO

CEYN\ Ci
Neo_C] >——MgCl N._z~_-OH

c e
T S e
NZ~pr THF

MW 227.88 F
C4HBICI2N2 MW 273.10
C11H7CI2EN20

The compound was prepared from 5-bromo-2,4-dichioropyrimidine
(Aldrich) and 3-fluorobenzaldehyde (Aldrich) in 78% yield in an analogous
manner as described in Example 1. 1H NMR (300 MHz, CDCI3} § 8.85 (s, 1H),
7.35 (m, 1H), 7.14 (m, 3H), 7.14 (m, 3H), 6.077 (s, 1H).
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as described in Example 3. MS (M+H) +,261.11. Example 7
(2,4-Dichloro-pyrimid in-5-yl)-(3-fluoro-phenyl)-methanol CHO clYN cl CI\

WIOF22MGTI F N OH NBr THE | \ F MW 227.88 C4HBrcl2NeWWP2005/605896

273.10 C11 H7CI2FN20O 10 The compousel-was prepared from
5-bromo-2,4-d ichloropyrimidine (Aldrich) and 3-fluorobenzaldehyde
(Aldrich) in 79% vyield in an analogous manner as described in Example
1. 1H NMR (300 MHz, CDCI3) 5 8.85 (s, 1H), 7.35 (m, 1 H), 7.14 (m, 3H),
7%&& 6.077 (s, 1 H). WO 2005/121107 PCT/EP2005/005896 -32-
Example 8 (2, 4-D i ch t o ro-pyrim i d i n-5-yl)-(3-fl uo ro-phenyl)-m eth an
of® LDt BIdeop int it 8-GndB+fiudrrophieritd Phfeti e,
NaHCO3, (t-Bu)4NBr F F MW 273.10 MW 271.08 C11 H7CI2FN20 C11
H5CI2ZEN20p Th compound was prepared from

Cl N._
g%(;)(il/llcefll?ﬁ) r|m|d|n OSU);I) m(znfi]uec;éo gﬁheﬁyg% églg}t_ggnol fExame?} n °
TEMPO, NaHCO,, (t-Bu),NBr
F F
MW 273.10 MW 271.08
CTIHTCI2FN20 C11HSCIZFN20

The compound was prepared from (2,4-dichloro-pyrimidin-5-yi)-(3-fluoro-

phenyl)}-methanol (Example 7} in 99% yield in an analogous manner as

described in Example 2. 1H NMR (300 MMz, CDCI3) & 8.632 (s, 1H), 7.52 (m,

4H), 7.43 (m, 1H), 5.303 (s, 1H).

Example 9

6-Chloro-3-(3-flucro-phenyl)-1H-pyrazolo[3.4-dlpyrimidine

H
CE\]/N\ Ci c;YN\ N
' o | N
\NPZ NH,NH, N Y
F.‘
F
MW?271.08 MW 248.65
CA1HBCI2FN2C C11HBCIFN4

The compound was prepared from (2,4-dichloro-pyrimidin-5-yl)-(3-fluoro-
phenyl)-methanone (Example 8) in 75% yield in an analogous manner as
described in Example 3. MS (M+H) +, 249,

H



described in Example 2. 1 H NMR (300 MHz, CDCI3) 6 8.632 (s, 1 H),
7.52 (m, 4H), 7.43 (m, 1 H), 5.303 (s, 1 H). 10 Example 9

We-Bhra-B3-fluoro-phenyl)-1 H-pyrazolol3,4-dlpyrimidine CIYNIGIFSHSN05896

5

10

15

N O NH2NH2 NT N F F MW271.08 MW-248.65 C11 H5CI2FN20 C11
H6CIFN4 The compound was prepared from
(2,4-dichloro-pyrimidin-5-yl)-(3-fluoro- 15 phenyl)-methanone (Example 8)
in 75% yield in an analogous manner as described in Example 3. MS
(@Qﬁlﬂ'ﬁ'ﬂ-@ WO 2005/121107 PCT/EP2005/005896 -33- Example 10
(2 4-Dichloro-pyrimidiin-5- yl) 2, 6 difluoro- phenyl) -methanol CHO CIN F
\(2. 4D ichlbroigiAMiliies AL BE phwIpaTegRameiliBrCI2N2
MW 291.09 C11 H6CI2F2N20 5 The compound was prepared from
5-bromo-2,4-dichloropyrimidine (Aldrich) and 2,gggfluorobenzaldehyde
(Aldrich) in 88% yield in an analogous mapner as descrlbe%f

1.1 H NMMR (300 EZCD %99(S|H 5(m,1H, 7 By
6.35(s, 1 r.s, 1 1 mple 1

4-Dichloro%y%m-5-yl)42,G-Q‘iﬂporo-phenyl)-methanone

MW 227.88
C4HBrCI2N2 MW 291.08
C11HBCI2ZF2N20

The compound was prepared from 5-bromo-2 4-dichloropyrimidine
(Aldrich) and 2,6-difluorobenzaldehyde (Aldrich) in 88% vield in an analogous
manner as described in Example 1. 1H NMR (300 MHz, CDCI3) & 9.09 (s, 1H),
7.35 (m, 1H, 7.92 (m, 2H), 6.35 (s, 1H), 2.67 (br. s, TH).

Example 11

CIYN\ Cl CiYN\ Cl
N! o Sodium Hypochlorite N. 0
F F TEMPO, NaHCO,, (t-Bu),NBr F F
MW 291.0861 MW 289.07
C11HBCI2F2N20 CiiH4CIZF2N20

The compound was prepared from (2,4-dichioro-pyrimidin-5-y1)-(2,6-
difluoro-phenyl)-methanol (Example 10) in 88% yield in an analogous manner as
described in Example 2. 1H NMR (300 MHz, CDCI3) 88.79 (s, 1H), 7.56 (m,

1H), 7.04 (m, 2H).



Cl CIN CI CIYNtFF N OH Sodium Hypochlorite N F | F TEMPO,
NaHCO3, (t-Bu)4NBr MW 291.0861 MW 289.07 C1 1 H6CI2F2N20
WO LACHLAF2N20 The compound was prepared from PCT/EP2005/005896
(2,4-dichloro-pyrimidin-5-yl)-(2,6- difluoro-phenyl)-methanol (Example 10)
in 98% yield in an analogous manner as 1s described in Example 2. 1H
NMR (300 MHz, CDCI3) 58.79 (s, 1H), 7.56 (m, 1 H), 7.04 (m, 2H). WO
05/12?.1 PCT/EP2005/005896 -34- Example 12
?éﬁfg%%gé- 6-difluoro-phenyl)-1 H-pyrazolo(3,4-dIpyrimidine CI N CI CI

N HY Y __ N N OH2NH2 N NiF F / F F F MW 289 07 MW 266 64

(2 4- dICh|OI’O py(mldln -5- y|) (2 6 difluoro- phenyl) methanone (Example 11)
in 71 % yield m@n analoggus manner as describechn E)f@mp 3. MS
(M+H) +,267.08" E}( fle13 10 (2 ; ﬁ
4-Dichloro-pyrimidih:5 % nyI metWHg:HO CIN YCI
>-MgCIN OH TNT"Br THE F

MW 289.07 MW 266.64
C11H4CIZF2N20 C11HECIF2N4

5 The compound was prepared from (2,4-dichloro-pyrimidin-5-yi}-(2,6-
diffuoro-phenyl)-methanone (Example 11) in 71% yield in an analogous manner
as described in Example 3. MS (M+H) +,267.08.

Example 13

10 {2,4-Dichloro-pyrimidin-5-yl}-phenyl-methanol

CHO
Ci f N\ Cl
C!\“/\N;\[Ci >—MgCl - OH
e L e . o
N F By THF O
MW 227.88
C4HBrCI2N2 MW 255.11

C11H8CIZN20O

The compound was prepared from 5-bromo-2,4-dichloropyrimidine
(Aldrich) and benzaldehyde (Aldrich} in 79% yield in an analogous manner as
described in Example 1. 1H NMR (300 MHz, CDCI3) § 8.91 (s, 1H), 7.36 (m
15 5H), 6.06 (d, 1H, J = 3.0 Hz), 2.48 (br m, 1H).



MW 227.88 C4HBrC12N2 MW 255.11 C11 H8CI2N20 The compound

was prepared from 5-bromo-2,4-dichloropyrimidine (Aldrich) and
waripaithehyte (Aldrich) in 79% yield in an analogous manner @8 T/EP2005/605896

described in Example 1. 1 H NMR (300 Mkig,.CDCI3) b 8.91 (s, | H), 7.36

(m, 15 5H), 6.06 (d, 1 H, J = 3.0 Hz), 2.48 (br m, 1 H). WO 2005/121107

PCT/EP2005/005896 -35- Example 14 (2,4-D ich loco-pyrim idi

n-5-yl)-phenyl-methanone CI N CI CI~IN~ CI N Y OH Sodium

j / O TEMPO, NaHCO3, (t-Bu)4NBr / MW 255.11 MW

253.09 C11 H8C12N20 C11 H6C12N20 s The compound was prepared

frigna(Bieisic i AvwilniaES iy bReen niaetanahé—xample 13) in 98%

yield in an analogous manner as described in Example 2. 1 H NMR (300

MHz, CDCI3) 08.62 (s, 1 H), 7.79 (m, 2H), 7.70 (m, 1 H), 7.54\(m, 2H). ieE

Exampl -3-phenyl-1 H-pyrazolo13,4-dtpyrimldine CIYN\"§

CIYN\N NpO N MW 253 W@ﬁf@gr‘éll—@ClZN

C11H7CIN4 The dompound was prepared from -

(2,4-dichloro-pyrigfidin-5-yl)-phe iMABt S rfes (B 14) in 99% v

in an analogous er as described in is Example 3. MS (M+H)+,

231.08.

MW 253.09
MW 255,11
C11H8CI2N20 C11HBCIZN20
5 The compound was prepared from (2,4-dichloro-pyrimidin-5-yl}-phenyl-

methano! (Example 13) in 98% yield in an analogous manner as described in
Example 2. 1H NMR (300 MHz, CDCI3) £8.62 (s, 1H), 7.79 (m, 2H), 7.70 (m,
1H), 7.54 (m, 2H).

10 Example 15

6-Chloro-3-phenvi-iH-pyrazolo[3.4-dlpyrimidine

H
Ch_N,_Cl ChN._H
\Il/ P o \“/ = \N
N~ NH,NH, Ny
MW 253.08 MW 230.66
CHHBCIZNZO CHH7CING

The compound was prepared from (2,4-dichioro-pyrimidin-5-yl)-phenyi-
methanone (Example 14) in 99% vield in an analogous manner as described in
15 Example 3. MS (M+H)+, 231.08.



WO 2005/121107 PCT/EP2005/005896 -36- Example 16
13-(2,3-Difluoro-6-methoxy-phenyl)-1 H-pyrazolor3,4-dlpyrimidin-6-yl1d1-

Wit Zdamies u Ifo nyl -piperidin-4-vl)-amine CINHH N iRNN@IMEZ005896

10

15

20

O,, SNNNNINNFO.O001 OF FFMWg97 MW 438.46
C12H7CIF2N40 C13H20F2N603S 5 To a stirred solution of
6-chloro-3-(2,3-difluoro-6-methoxy-phenyl)-1 H- pyrazolo[3,4-d]pyrimidine
(Example 3, 148 mg, 0.50 mmol) in DMF (2.5 mL), sodium bicarbonate
(Exempleds 1-methanesulfonyl-piperidin-4-ylamine, 125 mg, 0.70 mmol)
were added and the mixture was stirred at 100C for 4 hours. io The

sfuen BUBITI (RINE \BavidnHeN e dtert/ e EhuRrand I d1S Meeiliverimaiiieaiad] -(1-

: ,|ter d d dried. Recrystallization from 2%
P . 42%. MS (M+H) +, 439.

Example 17is 2, 4 chhloro pyr|m|d|ne -5-carbaldehyde CI N CI CI N CI

176 N4H rQhZNZ CH28rC12N2, ° tl“‘ d solutlon of Y
5-bromd<2,4cdichioropyrimidings(A 4 mg, 2 ONS N
(I:t)
F
MW 207 MW 438.46
CoH/CIFNO CighlgFaNgO,8

To a stirred solution of 6-chloro-3-(2,3-diflucro-6-methoxy-phenyl)}-1H-
pyrazolo[3,4-d]pyrimidine (Example 3, 148 mg, 0.50 mmol) in DMF (2.5 mL),
sodium bicarbonate (100 mg) and 1-methanesulfonyl-piperidin-4-ylamine, 125
mg, 0.70 mmol) were added and the mixture was stirred at 100°C for 4 hours.
The solvent was remaoved under reduced pressure and the residue was treated
with water. The solid was fillered and dried. Recrystallization from 2%
MeQOH/CH2CI2 gave 92 mg off-white solid, 42%. MS (M+H} +, 439.

Exampie 17

2. 4-Dichloro-pyrimidine-5-carbaldehyde

C N cl Cl N Cl
Y T 1. (CH,),CHMgCI mo
N§/I\Br 3> Nx 4
2. DMF
MW 176
MW 227.88 CsHBICLN,

C,HBrCLN,

To a stirred solution of 5-bromo-2,4-dichloropyrimidine (Aldrich, 454 mg, 2
mmol) in THF at -78°C, diisopropyl magnesium chloride (2M solution in THF, 2.1
mmol, 1.05 mL) was added and the mixture was stirred for 30 minutes at -35°C.



mmol) in THE at -78C, diisopropyl magnesium chloride (2M solution in
THF, 2.1 20 mmol, 1.05 ml-) was added and the mixture was stirred for

we2mFiLEagat -35C. WO 2005/121107 PCT/EP2005/005896 BT iiers896
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solution was cooled to -78C and | mL of dryyQMF was added. The mixture
was stirred for 120 minutes at -78C and the reaction was quenched with 1
NNt theesoiitiore \wa@ exdiactéd WBRGEHNAC and dfiddywidvi Sodasmadded. The

sulf f\(&g 3&@% 9\8,%‘\34%% H%V@%e% ﬁhﬁﬁ/ﬁ é@@%s ?ﬁﬁﬂ?@% %@%Hched with

H) mcm:(s Tmmampmm@nmmh-@m@ mmmﬁmwuomuzfate

CHHRUN A et A A 0GR e v

insOlitk (H0R g ﬂ%cﬁtb?blwmw&ééﬂmﬂeﬁy@éqﬂ%pw ﬂ?{ﬂﬁd‘l)

mg, | mmol) was added and the mixture was stirred at room temperature

for 30 min.. The mixture was poured into water and extracted with EtOAc.

Tm@ﬁ@gtms dried with sodium sulfate and the solvent was removed

to glve an orange SO|Id 128 mg, 15 82%. MS (M+H) +, 155. Example 19
lethanesulionyl-piperidinsdsyldl H-oyea 0lol3,4- dlpyrlmldln -6-yl)-amine

CINZ DN > d-™MvWT5456 MW 178.25 MW 296.35

H
CIYNI cl HANH, C'YN H

CHBON, M 10450
To a stirred solution of hydrazine (Aldrich, 64 mg, 2 mmot) in THF (5 mL),
2.,4-Dichloro-pyrimidine-5-carbaldehyde (Example 17, 176 mg, 1 mmol) was
added and the mixture was stirred at room temperature for 30 min.. The mixture
was poured info water and extracted with EtOAc. The extract was dried with
sodium sulfate and the solvent was removed to give an orange solid. 128 mg,
82%. MS (M+H) +, 155.

Example 19

Methanesulfonyl-piperidin-4-yl)-(1H-pyrazolo[3.4-dipyrimidin-6-yl}-amine

ch NN NF, Ho w8
DMF N
N N + - N
- O~ ,N N\ Y,
N /‘?}
o"?‘“o
MW 154.56 MW 178.25 MW 296.35

CgHyCIN, C6H14N2028 CiHeN;O,8



C5H3CIN4 C6H14N202S C11H16N602S 20 WO 2005/121107

PCT/EP2005/005896 -38 To a stirred solution of (1
wanethaneslfonyl-piperidin-4-yl)-(1H- pyrazolo[3,4-d]pyrimidin iy FRImine0s896

(Example 18, 61 mg, 0.40 mmol) in DMF- §8.5 mL), sodium bicarbonate

(60 mg) and 1-methanesulfonyl-piperidin-4- ylamine(85 mg, 0.48 mmol)
were adﬂeda stioreldesoiitior ofdd stetwaes b shpipsiidiord-Tiid Hdivent

digg
RN T A e, T W g it fin O
V\iﬁkﬁs@mwﬁ%m@wtm@@r@&émb%déa@@tmﬁmﬁﬁkampﬁr@m ~4-
bwafﬁwé%nh@sg HEHnigig e RNRfENhER SOHE M S %%é’sM%MT"!‘@)O“C for

297. io Example 20 1-(2,4-Dichloro-pvrimidin-5-vl)-ethanol CIY-- N C
5 cﬁmgﬁr Brew(eﬂtweé TesRPVed endpTeAUEed PIRosLss aad the reSIdue was

g%@&gﬁ%&ﬁ@%&%&%@w}%ﬁm@@m&%@ ]G_);[thl EOthAc 7The elxtract was
IC rimidin car e € mol) In |
e SR ST AR B ATALEEAC I 419014 T uried by

mavels2 bhais)aM&e@Mewly off-waie SbdniQragyy20%rke (hrah) +, 297,
additional 2 hours at -78C and the reaction was quenched with 1 N HCI
(10 mL). The resulting mixture was extracted with EtOAc and the extract

10 %W@ g ¥(ith sodium sulfate. Removal of solvent gave a brown solid.
070, 0. MS (M+H) +, 193. 20 Example 21

1-{2.4-Dichloro-pyrimidin-5-yli-ethanol

Cl
\E\/\E/ CH,MgBr _ CIY N
Na

-78°C, THF

gsﬂz}?’.{'&zg\lz ' gﬁ:@i:ﬁfo
To a stirred solution of 2,4-dichloro-pyrimidine-5-carbaldehyde (Example
17, 1.01g, 5.7 mmol) in THF (10 mL), methyl magnesium bromide (Aldrich, 3 M
15 in ether, 6.27 mmol, 2.1 mL) was added slowly at -78°C. The mixture was stirred
for an additional 2 hours at -78°C and the reaction was quenched with 1N HCI
(10 mL). The resulting mixture was extracted with EtOAc and the extract was
dried with sodium sulfate. Removal of solvent gave a brown solid. 1.07 g, 97%.
MS (M+H) +, 193,
20

Exampie 21

1-(2.4-Dichloro-pyrimidin-5-yl}-ethanone

C'\laﬁ Cl Sodiurn Hypochiorite Ch N._Cl
|l ow D [
Na N 0

MW193.03 MW 191,02
C,H,CI,N,O CEHACI2N20

Y



1-(2,4-Dichloro-pvrimidin-5-yl)-ethanone CIVN CI Sodium Hypochlorite ClI
N CIlIN\~ OH O MW193.03 MW 191.02 C6H6CI2N20 C6H4C12N20

WVD20051421107 PCT/EP2005/005896 -39 To a stirred suspeasign2065/005896

1-(2,4-dichloro-pyrimidin-5-yi)-ethanol (Ex@mple 20, 1.00 g, 5.2 mmol) in
a mixture of methylene chloride (30 mL), THE (8 ml-) and water (2 mL),
tetrabutyiararatiirgreuRs o Rkt 25b ¢hehorospyrimidinai=ppeshanol

rﬁéi{ vg%'@@ 0.88 a“'ﬁ@:ﬁ%m%'?nmﬁﬂf@%‘?%ﬁ%ﬁéﬂ%rﬁ&:&é (30 mL), THF

ere added and the mixtdre was cooled to 0C. To the stirred

i, FbNBLRA Erieth:) alaiialdiylaromenim 28iefid evdddiide Parnd, 0.15
tAGIBIXTERS SAIERRACIZMEUOSOE RimAlyaiRe Eoumi wiRadeiedai®bhs mg,

the organic layer was separated and dried over sodium sulfate. Removal

o?é’(ﬁxi@ﬁﬂoﬁa}(‘/@’"%fﬁ%m% B?Jﬁﬁér& XAS; ﬁ‘&?&‘éﬂ E%Q)rﬁatg&gb‘hﬂf%d
Eﬁﬁ%fgr%%eéﬁ | Aq:iy%@’qd M??E§§1@L13%3@Q§ﬁ% %@s(%dé):!*lagc?/ﬂhe

X e oro (0] 1d1

RIS ok ISR B ORGP Wits asilgg and the
Qﬁg@ﬁw\léyéﬁvﬁsesswmi@mhlndrdaébwhazwﬂldrﬁhfalw Remyodal of solvent
%@ﬁg%@% Im%w ag&rs fid gbhlor Yo N o2y, e”rl‘:r;'%‘ g§‘8§1“?ﬁmc8'i?|/CHzcaz)

IX ure was

10 témyekdtaredlorizdsool, B2 mantRel. MS (M+H) +, 191.

15

20

Example 22

6-Chioro-3-methvi-iH-pyrazolol3.4-dlpvrimidine

Ch _N._Cl
Ch N
T N
o o Nao
MW 191.02 |
CBHACIZN20 MW 168.59
CoHsCIN,

To a stirred solution of hydrazine (Aldrich, 102.4 mg, 3.2 mmol} in THF (5
mL), 1-(2,4-dichioro-pyrimidin-5-yl}-ethanone (Example 21, 191 mg, 1 mmol) was
added and the mixture was stirred at room temperature for 1 hour, The reaction
was quenched with water (5 mL) and the mixture was extracted with
E{OAC/THF(3 x 5 mL, 1:1 mixture of EtOAc:THF ). The extract was dried with
sodium sulfate and concentrated to give a solid. 126 mg, 75%. MS (M+H) +,
169.



was quenched with water (5 mL) and the mixture was extracted with 20

EtOAC/fHF(3 x 5 mL, 1:1 mixture of EtOAc:THF ). The extract was dried
wwithosozium sulfate and concentrated to give a solid. 126 mg,PASEPMBs/005896

(M+H) +, 169. WO 2005/121107 PCT/ER2005/005896 -40- Example 23

Methyl-piperidin-4-yll-(3-methyl-1 H-pyrazolo[3,4-dlpyrimidin-6-yl)-amine

HNHzCN/NNNNN T +N~1/N-~(C~i6NiNN\IIN MW168.59

MW114.19 C6H5CIN4 C6H14N2 MW 246.32 C12H18N6 5 To a stirred

sEantte @3hloro-3-methyl-IH-pyrazolo[3,4-d]pyrimidine (Example 22,

56 mg, 0.3mmol) in DMF (1.5 mL), 1-methyl-piperidin-4-ylamine (Aldrich,

4 atond-giheriiib Wad etk ang Bl pixtare WS, Stdk ahiidde-6oyl Ramine

hours. The solvent was removed and the residue was chromatographed

(5% 7N ammonia in MeOH/CH2CI2 ),tp give a white solid. 45 mg, 61 %.

MS (M+H0}N§ZN 1 Example 24 z 0N H
6-Chloro-3-(3-fludro-2methexy-ph 1 H-pyrazolgl3,4-dlpyrimidin Cﬁ// I N
N CI CINH '~ H2NNH2 N N ~ N Ny~

‘ Vs
MW 168.59 MW114.19
C.H..N MW 246.32
CSH5CIN4 6 14 "2 C12H1BN6
5 To a stirred solution of 6-chloro-3-methyl-1H-pyrazolo[3,4-djpyrimidine

(Example 22, 56 mg, 0.3mmol) in DMF (1.5 mL), 1-methyl-piperidin-4-ylamine

(Aldrich, 46 mg, 0.40 mmol) was added and the mixture was stirred at 100°C for

2 hours. The solvent was removed and the residue was chromatographed (5%

7N ammonia in MeOH/CH2CI2 ) to give a white solid. 45 mg, 61%. MS (M+H)
10+, 247.

Example 24

6-Chloro-3-(5-fluoro-2-methoxy-phenyi}-1 H¥pvra}olof3 A-dlpyrimidine

H,NNH,
———— et R
MW 301.11 MW 278.68
CyH,CLFNLO, C,HCIFN,O
15 To a stirred solution of (2,4-dichloro-pyrimidin-5-yl)-(5-fluoro-2-methoxy-

phenyl)-methanone (602 mg, 2 mmol} in THF (8m}), hydrazine (Aldrich, 98%, 64
mg, 2 mmol) was added and the mixture was stirred for 20 minutes followed by a
second portion of hydrazine (0.1 mL). The reaction finished in 5 minutes. The



FFMW 301.11 MW 278.68 Ct2H7C12FN202 C12H8CIFN40 is To a

stirred solution of (2,4-dichloro-pyrimidin-5-yl)-(5-fluoro-2-methoxy
wphail)2ntéthanone (602 mg, 2 mmol) in THE (8m), hydrazine K&Idrein0s/405896

98%, 64 mg, 2 mmol) was added and the fhixture was stirred for 20

minutes followed by a second portion of hydrazine (0.1 mL). The reaction

finfMeativgmignauedasdVice 2005 v vasTE mihovaiersge®nile (3:1) to
gwgrg W@%W@&Yc?d A0l the salid Wm/\(ﬁ@t}q? with-ygater/acetonitrile
1) to “give a yellow solid. 256 mg, 82%. MS (M+H) +, 278. Example 25
5 f3-(5-Fluoro-2-methoxy-phenyl)-1 H-pyrazolof3.4- devrlmldln -6-yll41-
mgthanegulégnyl-piperidin-4-v||-amine Ck% NHNH2ZNNHN~NYAN
1 OH'OO FF MW 278.68 MW 178.25 MW 420.47
C72HQCIFN4O C6H14N2028 C18H21FN6038 Toa stlrred solutlon of

(B@mgﬁe%ﬁ[&]nw ' ngﬁ o H‘ Iw DI ;!4 L) | odlum blcarbonate |

(60 mMgJ and I-metnanesuifony= prpe amn-2-ylamine (93 mg, 0.52 mmol)
were added and the mixture was stirred at 100C for 4 hours. The reaction
wab.codle ﬁand the mixture was red into water (60 mL). The %Ild l\}NaSH
filtergg 1a id chlied to give a yell lid, which was purlfled

phase tocglive 52 mg pa llow sofid—¥eld, 35% HY

)
';S-: / “

TR R
To a stirred solution of 6-chloro-3-(5-fluoro-2-methoxy-phenyl)-1H-
pyrazolo[3,4-d]pyrimidine {Example 24, 97 mg, 0.35 mmol) in DMF (4 mL),

10 sodium bicarbonate (60 mg) and 1-methanesuifonyl-piperidin-4-ylamine (93 mg,
0.52 mmol) were added and the mixture was stirred at 100°C for 4 hours. The
reaction was cooled and the mixture was poured into water (60 ml.). The solid
was filtered and dried to give a yellow solid, which was purified by reverse phase
HPLC fo give 52 mg pale yellow solid. Yield, 35%. MS (M+H) +, 421.

15

Example 26

13-{5-Fluoro-2-methoxy-phenvl-iH-oyrazolol3.4-dlpyrimidin-6-yl]-(1-

methanesulfonyi-piperidin-4-yl}-amine
H NH
Ci N X0y H
Y, ] N‘N : /N N
N 0 N Q > Q Ny
oy
N~gz©
S 0
F o\ F
MW 278.68 MW 192.28 MW 434.4960

C12HsCIFN,O CHN,0,8 CioHpaFNO,S



15 Example 26 13-(S-Fluoro-2-methoxy-phenyl)-1
H-pyrazolof3,4-dlpvrimidin-6-yll-(1- methanesulfonvl-piperid i n-4-yi)-am i
WOONNIHPNH2 HH I'N N N~ N N~ N N-S~O N ,S=0 F 0 OHETNIVA2005/605896
278.68 MW 192.28 MW 434.4960 C12H8€AFN4O C7H18N202S
C19H23FN603S WO 2005/121107 PCT/PP2005/005896 -42 The same
proceduféasdewt fieetiiurxamgrsgshessindowsupltnddivas used starting from
650@96‘?033(?5‘ 'HB&&%&RW?HB@I&M}S@%&@&%@WWHI%e Example

Example 24, (97 mg, 0.35 mmol

N2 -Hims cPeRhmpniinanhNedoniasrakciaiiynetbanssidipngmide, (101

98, 20YsHMnged foWSoli 8 rhot 389 RHY+, 435.
Fg‘i Sa?zluoro 2- me%go%\%ﬁéﬁyl) 1 H-pyrazolo 3 4- é?p?ﬁrsnm If;?)yll (1-35
5 methanesu Ifonyl-pi peri di n-4-yl)-am ine HH Ck? NNHzN NN N\IN
% N ~-> gﬁm/ 'OHNO FF MW 278.68 MW 194.25 MW 436.47
C6H14N203S C18H21FN604S

[3-{5-Fluoro-2-methoxy-phenyl)-1H-pyrazolof3.4-d]pyrimidin-6-y1}-{1=
methanesulfonyl-piperidin-4-yl}-amine

H
NH, N
A _OH \l/ N
—e olfs
+ O“S
N
28
o"T0
F
MW 278.68 MW 194.25 MW 436.47
C,,H,CIFN,O CgH,N,0,8 CgHFN;O,S
10 The same procedure as described in Example 25 was used starting from

8-chloro-3-(5-fluoro-2-methoxy-phenyl}-1H-pyrazolo[3,4-d]pyrimidine, Example
24, (103 mg, 0.37 mmol), and (3S,48)-4-amino-1-methanesulfonyl-piperidin-3-of,
(115 mg, 0.59 mmol), to give a yellow solid. 70 mg, 46%. MS (M+H)+, 437.

15 Exampie 28

Methanesulfonyl-piperidin-4-yl)-[3-(2-methoxy-phenyl)-1H-pyrazolo[3.4-
dlpvrimidin-6-vil-amine: compound with trifluoro-acetic acid

H H H
Ci N N NH N N N
\“/ g N 2 \"/ X \
N 5 O“S’N N~
——rrerr

O~ + A1 O~
N
] 0o F
-, S\
o' e > ] F
! HO F
MWV 248.65
MW178.2547 -
C,HCIFN, CaHigN,0,5 MW 516.50=402.48+114.02

CaMoaNgO5S . CHE,O,



10 The same procedure as described in Example 25 was used starting
from 6-chloro-3-(5-fluoro-2-methoxy-phenyl)-1
wWH-ppsazelof3,4-d]pyrimidine, Example 24, (103 mg, 0.37 mmaly; Bnek2005/005896
(3S,4S)-4-amino-1-methanesulfonyl-piperigin-3-ol, (115 mg, 0.59 mmol),
to give a yellow solid. 70 mg, 46%. MS (M+H)+, 437. 15 Example 28

Methanﬁ&dfoomnnﬁmmﬁ\ivaé yfbp%(édmoﬁmhmmmaﬁﬁwwﬁeﬁyl -1H-

rimidip; 6rylk-amine..compoun trlfl ro a c aci
R S8 TR ) B SR S e et
adarawmm ‘&tﬂH thENrNMEEﬁG mzinm&nalagmmmarmer as

SRR i Bnibiey gﬁf:%%%%ﬁﬁwﬂyﬁﬁggééﬁ%ﬁn a TFA salt (36%
5 eyigiroM AviidthoxyiPhadyl)-1 H- pyrazolo[3,4-d Ipyrimidine (Example

6) and 1-methanesulfonyl-piperidin-4- ylamine, compound with
trifluoro-acetic acid in an analogous manner as described in Example 4
FEgamasiggdied by HPLC to obtain a TFA salt (36% 5 yield). MS (M+H)+,
403.24. Example 29 f3 (2 6-Difluoro- phenyl) 1

methanesu!fonvlwnmer:dln-4—\il)-am|ne

H y y
N N, N NN,
A Y
N # O{\ pN N s 4
ot — X
F N 5 .
fS\
o770
MW 266.64
C..H.CIEF.N MW178.2547 MW 408.43
141544 5IN, CgH N0, 8 C7H,5FN0,8

10

The compound was prepared from 6-¢hl0ro-3—(2,6-diﬂuoro~pheny£)—1H-
pyrazolo[3,4-djpyrimidine (Exampie 8) and 1 -methanesulfbnyi—piperidin—4~
ylamine; compound with triffuoro-acetic acid in an analogous manner as
described in Example 4 and was purified by HPLC (Gilson) to give a free base

15 (34.5% vield). MS (M+H)+, 409.22.



N/F+6()O*SNN/iN/JuF FNOF/0110 MW 266.64 MW 408.43
C11H5CIF2N4 MW178.2547 CHF N O S 10 C8H14N202S 171szsz

wohsearngpound was prepared from 6-chloro-3-(2,6-difluoro-phexaghebbhos/oos896

10

15

pyrazolo[3,4-d]pyrimidine (Example 8) andii-methanesulfonyl-piperidin-4-
ylamine; compound with trifluoro-acetic acid in an analogous manner as
described in Example 4 and was purified by HPLC (Gilson) to give a free
base is (34.5% yield). MS (M+H)+, 409.22. WO 2005/121107

PEXarRHe®0005896 -44- Example 30
Methanesulfonyl plperldln -4-vl)-(3- phenyl 1

O"'SNaNN J7U/NTD Otto 110 W17. 45 MW 2 0.665
GAIM®) S C71H7CIN4 C6H14N202S 17 zs s z The compound was
prepared from 6-chloro-3-phenyl-IH-pyrazolo[3,4 d]pyrimidine (Example
143 anle-mathanesulfonyl-piper;\cljin-4-ylamine;

H H
l\r 2N H2 NYN\ N,
l N ! N
N~ e Oso-N N ~¢
= A
O

N
i
¢Se
010
MW 230.66 MW 178.2547 MW 372.45
CgHN;0,8 CarHeNgO,8

CH,CIN,

The compound was prepared from 6-chloro-3-phenyl-1H-pyrazolof3,4-
dlpyrimidine (Example 14} and 1-methanesulfonyl-piperidin-4-ylamine;
compound with trifluoro-acetic acid in an analogous manner as described in
Example 4 and was purified by HPLC (Gilson) to give a free base (21% yield).
MS (M+H) +, 373.24.

Example 31

[3-(3-Fluoro-phenyl)-1H-pyrazolo{3,4-dipyrimidin-6-yii-{1-methanesulfonyi-

piperidin-4-vi}-amine

H
c;\rm\ ¥ N, Y N
|\J o / N e O\\S/N /
+ AN
N 0
F 0*%0 F
MWV 248.65 MW178.2547 MW 390.44
CyqHCIFN, G NO,S CiHeFNO,S

The compound was prepared from 6-chloro-3-(3-fluoro-phenyi)-1H-
pyrazolo[3,4-dlpyrimidine (Example 9) and 1-methanesuifonyl-piperidin-4-
ylamine; compound with trifluoro-acetic acid in an analogous manner as



compound with trifluoro-acetic acid in an analogous manner as described

in Example 4 and was purified by HPLC (Gilson) to give a free base (21%
wylelals/ito S (M+H) +, 373.24. Example 31 {3-(3-Fluoro-pheng4yEr2005/005896

H-pyrazolol3,4-dipyrimidin-6-y1141-methaggsulfonyl- piperidin-4-yl)-amine

HH CAN/NHNH2ANNNTN+6()o0,,S.N N/u NOFOS,F 110 MW

248 85IHBY 1T &Exhp MW B9 Wés T fistHCHINACB134NPRGive a free base

C1/H19FENG6 T om was prepared from
6@(&)}’6@5”}38%6@3“1%@% razolo[3,4-d]pyrimidine (Example 9) and
1-methanesulfonyl-piperidin-4- ylamine; compound with trifluoro-acetic
acid in an analogous manner as WO 2005/121107 PCT/EP2005/005896
-ABxdenplddd in Example 4 and was purified by HPLC (Gilson) to give a
free base (6% vyield). MS (M+H) +, 391.25. Example 32 5

5 A4pd2MaEraeKplvNVIH PSSR SIRMITR it diivBi9fmino] -

benzenesulfonamide; compound with trflugro-acetic aci(%‘H NYNN HN
jBenzenesulfonamide; compound with trifluoro-acetic acid

e bear et

SN H
N
N N
cl Nﬂﬁ O\/©/WN[///N
Y‘ | -3

o F

N. 27 N + e HzN’('s O~
O—
—F
PN
O N © F
MW172.21 MW 396.4306+114.0243
MW 260.68
CeHgNO,S CieHeNO,S . CHF,O,

C,HCIN,O

6-Chloro-3-(2-methoxy-phenyl)-1 H-pyrazolo[3,4-d]pyrimidine (Example 6,
10 50 mg, 0.192 mmol) and sulfanilamide (Aldrich, 47.6 mg. 0.276 mmol, Aldrich)
were combined with 2-propanol (1 ml) in a microwave fube and was heated at
170°C for 10 minutes in a Microwave Oven (SmithSynthesizer, Personal
Chemistry), cooled and the suspension was fillered and the solid collected and
washed with cold 2-propanol. HPLC purification gave 40.1 mg (41%) as a TFA
15 salt. MS (M+H) +, 397.1.

Example 33

[3-{2 6-Difluoroe-

amine
H . on_ N
N
DA L /© ?\II/; N
Y/ + JE———
N._= c O F =
E F
F
MW 266.64 MW 111.12 MW 341.30
CyH:CIF,N, CoHgFN CortlighsNs

20



CINHN,OSN/N+HZN-OO~ OOFIs,F O-NHOO F 2 MW172.21
MW 396.4306+114.0243 Mcl1lW 260 260.68 .68 C6H8N202S
WolhbkLGNGO3S . C2HF302 6-Chloro-3-(2-methoxy-phenyl)-1 pCr/Er2005/005896

H-pyrazolo[3,4-d]pyrimidine (Example 6, 150 mg, 0.192 mmol) and
sulfanilamide (Aldrich, 47.6 mg. 0.276 mmol, Aldrich) were combined with

2- propanwmm;jmmmsm@wbe fohgasHieas (@, 6LaRGTms-pheny)-1 H-
minutes | rowav Sml thesi r Person )
CBYlER A A TR O OSBRI oRy n an
msﬂlen@w&mahum}rmepmf&drebmm ﬁmﬁmat&aﬁawﬁmml rAdt{dticyd easl avashing

T 2R I B SRR AR SR

5 NMRN YNFI/N N+FF FF F MW 266.64 MW 111.12 MW 341.30
20 C11H5CIF2N4 C6H6FN C17H1DF3N6 WO 2005/121107
PCT/EP2005/005896

Example 34

2-[3-{2-Methoxy-phenyl}-1H-pyrazolof3.4-dlpyrimidin-6-ylamino]-ethanol

H H
H Ao NUNS N
CiYN\ N HO i N
l\} P /N NH U N7
o * HOTY O~

NV 260,68 MW 61.08 MW 285.31

C,,HCIN,O CH,NO CiaHisN:O,
10 The compound was prepared from 6-chloro-3-(2-methoxy-phenyl)-1H-

pyrazolo[3,4-dlpyrimidine (Example 6) and ethanoamine {AnaLaR) in an
analogous manner as described in Example 32. HPLC purification gave the fitle
compound (24 mg, 37% vield). MS (M+H) +, 286.2

15 Example 35

[3-(2-Methoxy-phenyl}-1H-pyrazolof3.4-djpyrimidin-6-yll-pentane~1.5-
diamine; compound with frifluoro-acetic acid

H H
HzN\/\/\/NYN\ N
C N H [\E N
N o
?\ll/ IN AN Ny o F O~
4+
ot HN N, L r
O F
MWV 326.4045+114.0243
MW 248,65 MW 102.18 CHuNO . CHF,0,

CHCIFN, CothiaN,



-46 The compound was prepared from

6-chloro-3-(2,6-difluoro-phenyl)-1H- pyrazolo[3,4-d]pyrimidine (Example
wiRoamal4+fluoroaniline (Aldrich) in an analogous manner as destritredooossgs

Example 32 (160C). Filtration and washingywith 2-propanol after the

reaction gave the title product (59%). MS (M+H) +, s 342.1 Example 34

2-(34L2etcoxnpoiuetlyds mpmdr&nmpwmm(a-wmmow-gmm h-1H-

R AP AR S e nbedriEds) inan

c&hﬂi@gﬁd%@@ﬂ@p@@déﬁﬂﬂﬂ:@@m&mmﬁwéﬂwmcmaya atH20°C).
P i WHXW‘E?%&%%%‘%@W 8%33518 &ﬁ;ﬂﬁ‘#ﬁ 1in36 3
C purificati

analogous manner as cribed in Example 32° H ave
5 the title compound (24 mg, 37% yield). MS (M+H) +, 286.2 15 Example
35 f342-Methoxv-phenyl)-1 H-pyrazolof3,4-dIpvrimidin-6-yi|-pentane-1.5-
. ound with trifluoro-acetic acid HH H2N~ NV NN N "IN 'N
OFO01 O,H2N NH2 +FO F
N'-[3-(2-Methoxy-phenyl}-1H-pyrazolol3.4-d]pyrimidin-6-yi]-N,N-dimethyl-

propane-1.3~-diamine

H I H H
CI\KN\ N‘N /N\/\/NYN\ N
o— 1 AN AN O
MWV 248.65 MWW 102.1807 MW 326.40
CHCIFN, Cotlu, CrH N0

10
The compound was prepared from 6-chloro-3-(2-methoxy-phenyi)-1H-
pyrazolo[3,4-d]pyrimidine (Example 6) and 3-dimethylamino propylamine
(Aldrich) in an analogous manner as described in Example 32 (120°C) and 8.2
mg (12% yield) free base was obtained. Purification of the mother liquor with
15 HPLC gave a TFA sait (50 mg, 48% yield)} MS (M+H) +, 327.2,



MW 326.4045+114.0243 MW 248.65 MW 102.18 C17HZ2V . C2HF302

C'11' 5aFN4 C5H14"2 WO 2005/121107 PCT/EP2005/005896 -47 The
woampoumohwas prepared from 6-chloro-3-(2-methoxy-phenyl)#aT/EP2005/005896

pyrazolo[3,4-d]pyrimidine (Example 6) andid ,5-diaminopentane (ACROS)

in an analogous manner as described in Example 32 (microwave at

120C). Purification with HPLC gave a TFA salt (68% yield). MS (M+H) +,

327.3. 5 Example 36 N-[3-(2-Methoxy-phenyl)-1

A-dIpyrimidin-6-yll-N,N-dimethyl- propane-1,3-diamine H H
CIVN\NNN/NN N//0,, +,N,,,NHZ 01 MW 248.65 MW 102.1807 MW
sﬂqsazm&uf@wﬁ&wrmwrwamm-aw rBiWP-N N-dimethyl-
n

e

, 1 2 cH 25 L '_--.-- paieabite c3lpl "a py|am|ne
(AIdrlch) |n an analogous manner as described in Example 32 (120C) and
9.2 mg (12% yield) free base was obtained. Purification of the mgther

liquor with js HPLC gave a TFA salt (50 mg, 49% yjs‘}bL),MS,M,HiYN\ Q\
3?7\.@ N005/121107 PCT/EP2005/005896 -48- Example 37 P AN
N43 XV- phenyl) 1”4\9@%3“,4 dlpvriidin-6-yil- N,f[_\l dlmet I- O
pentane-1, -dlzm-une coﬁ}pound WithtriflGioro-acetic acid® \S i
MW 354.46+114.0243
MW 260.68 MWV 130.23
CHCIND CHiN, CighgNO . CHFO,

The compound was prepared from 6-chloro-3-(2-methoxy-phenyt)-1H-
pyrazolo[3,4-d]pyrimidine (Example 6) and 5-(dimethylamino) amylamine (Matrix)
in an analogous manner as described in Example 32(120°C). Purification with
HPLC gave a TFA salt (59% yield). MS (M+H) +, 355.25,

10

Example 38

[3-{2-Methoxy-phenyl}-1H-pyrazolo[3.4-dlpyrimidin-6-vi]-phenyl-amine

H
CNUNs N H H
\f N, N Ny N
N~ N + NH, . @ T b N
O N~ o
2 -
MW 260.68 MW 93.13 MW 317.35
CpHCIN,O CeHhN CralygN;O

The compound was prepared from 6-chloro-3-(2-methoxy-phenyl)-1H-
15 pyrazolof3,4-d]pyrimidine (Example 6) and aniline (Aldrich) in an analogous
manner as described in Example 32 (175°C) and the title compound was
obtained in 69% yield. MS (M+H) +, 318.2.



HH H_~NNNN Y~NN/N+ ,N~/~--NH2-()OF op~+F HO F MW
354.46+114.0243 MW 260.68 MW 130.23 5 C12NaN4O C7H16N2

w0 28H36N6D. C2HF302 The compound was prepared from PCT/EP2005/605896
6-chloro-3-(2-methoxy-phenyl)-1H- pyrazojo[3,4-d]pyrimidine (Example 6)
and 5-(dimethylamino) amylamine (Matrix) in an analogous manner as
described in Example 32(120C). Purification with HPLC gave a TFA salt
(59% vyield). MS (M+H) +, 355.25. 10 Example 38 f342-Methoxv-phenyl)-1
HEpgrardoB34-dlpvrimidin-6-vll-phenyl-amine G N\NON H NI N NH2 (\ Il
NN Cr 01 01 14; MW 260.68 MW 93.13 MW 317.35 C12NCIN4O C6H7N

At NS -J SR AT RN AR R BAVIRTH -pyrazolof3.4-d1pyrimidin-6-

6-Chloro-3-(Z-methoxy-phenyl)-TH-"15 pyrazolo[3,4-d]pyrimidine (Example
sy raiRgn e QB th rigoro-aeetle acld joscribed in Example
32 (175C) and the title compound was obtained in 69% yield. MS (M+H)
+, 318.2. WO 2005/121107 PCT/EP2005/005896 -49- Example 3

(ﬂMiem\ phenyl)43-(2-methoxy-phenyl)-1 H-pyrazoloi3,4-d{pV mﬁhé*
i N NH,
N. A ~o N. 7

i /©/
O—
\O

0O F
-+
HO F
MN260.6§ mﬁ\%ﬁ@ MW 347.38+114.0243
CiHyCIN, CigHNeO, . CHFL0,

The compound was prepared from 6-chloro-3-(2-methoxy-phenyl)-1H-
pyrazolo[3,4-d]pyrimidine (Example 8) and p-Anisidine (Aldrich) in an analogous
manner as described in Example 32 (175°C). Purification with HPLC gave the

10 title compound as the TFA salt (48% yield). MS (M+H) +, 348.2.

Example 40

MW 266.64 MW 12316
NO
C11H5CIF2N4 Gt NIV 353.33+114.0243

C18H13F2N50 . C2HF302

15

The compound was prepared from 6-chloro-3-(2,6-difluoro-phenyl)-1H-
pyrazolo[3,4-d)pyrimidine (Example 12) and o-anisidine (Aldrich) in an analogous



yll-amine; compound with trifluoro-aceticacid HH N G NN N H oNyy Y,
N O0-"oF \F HO F MW 260.68 MW 123.16 MW 347.38+114.0243

WO 2248aN4® CANO 5 C19H17N502 . C2HF302 The compounelowas2005/0065896
prepared from 6-chloro-3-(2-methoxy-phemgl)-1H-
pyrazolo[3,4-d]pyrimidine (Example 6) and p-Anisidine (Aldrich) in an
amaagevasxmnceibad desocdreplenBXABPIEC IR A tiGubittatiitl Qitave a TFA

PN ST Tl 010 (1

H-pyrazolo13,4-dlpvrimidin-6-yl1-(2-methoxy- phenyi)-amine; compound
with trifluoro-acetic acid "OHH CISNHNVNN N'NO6irN/~NF +
FIF

5 4={3-Methyl-1H-pyrazolo[3,4-dlpyrimidin-6-ylamino}-benzenesulfchamide;

compound with frifluoro-acetic acid

0

NN
N
H B R
CIYN\ N, NH, oN h N
l -~ N /
N + N S
N A~ 0 — I
S o F

F
O F

MW 168.59 MW 172.21 MW 304.33+114,0243

CHCIN, CoHeN,0,S C,HNeO,S . CHF,0,

The compound was prepared from 6-chloro-3-methyl-1H-pyrazolo[3,4-
d]pyrimidine (Example 22) and sulfanilamide (Aldrich) in an analogous manner
10 as described in Example 32 (175°C). Purification with HPLC gave the title
compound as a TFA salt (13%). MS (M+H) +, 305.0.

Example 42
2-{3-Methyl-1H-pyrazolof3.4-dipyrimidin-6-ylamino}-ethanol; compound

15 with triflucro-acetic acid

H H

Ch NN N
h N + Ho N — NP
N. o ~7
o F
l F
HO F
0
MW 168.59 g:iii;o 8 MW 193.21+114.0243
CeHsCIN, CeHiN:O . CHF,0,

The compound was prepared from 8-chloro-3-methyl-1H-pyrazolo[3,4-
Ipyrimidine (Example 22) and ethanoamine (AnaL.aR) in an analogous manner



W 123.16 HO MW 266.64 M VV 123 C11H5CIF2N4 MW
353.33+114.0243 15 C18H13F2N50.C2HF302 The compound was

wpre@earer fsom 6-chloro-3-(2,6-difluoro-phenyl)-1H- PCT/EP2005/005896
pyrazolo[3,4-d]pyrimidine (Example 12) anrg o-anisidine (Aldrich) in an
analogous WO 2005/121107 PCT/EP2005/005896 -50 manner as
dgseieabedimrianld H0ARPo)firetific aihHI-TavE gahefa THA salt in

4%{}?\}(@?#%}1 Q@Mﬁ%@ﬂb[@g 1ylrE|r>§1a|<rJIr|]rF1) Ig ?/tlr?"nno)-benzenesulfonamide.

compound with trifluoro-aceticacid HNH N CK(NN XYNHZ+O SN N
ON(/on0O F OF MW 168.59 MW 172.21 MW 304.33+114.0243 2
St 436H8N202S C12H12N602S .C2HF30 The compound was
prepared from 6 chloro 3- methyl -1H- pyrazolo[3 4- d]pyrimidine (Example

5 AN BN, F‘ﬁﬂﬂﬁ'i- IROHRAURREridine 1 -
.ur| |ca IoN Wi % € title compound as
egiar: comppund wit trsfluoro-acetlc acid
H NN
CIWN\‘ N‘N N, O/ \H/ N
y O.__N — = O N N~
e Y Y
& g oL
F F F
HO F
MW 248.65 MW 172.23 MW 384.42+114.0243
C,H,CIFN, CyH N0,

The compound was prepared from 6-chloro-3-(3-fluoro-phenyl)-1H-pyrazolof3,4~
dlpyrimidine (Example 9) and ethyl 4-amino-1-piperidine carboxylate (Aldrich) in

10 an analogous manner as described in Example 32 (160°C). Purification with
HPLC gave a TFA salt in 18% yield. MS (M+H)+, 385.1.

Example 44

Methv!-biperidin-4-vl)-(3-methvl~1H-pvrazolo 3, 4-dipyrimidin-6-yl)-amine

H N n H
C_-Ns N NH, ‘/\/ N N
\Tl/ A \ i N
| J\,@ S A NVI‘
MW 168.59 MW114.19 MW 246.32
CoHCIN, CoHyeN, CyoHisNg
15 The compound was prepared from 6-Chlore-3-methyl-1H-pyrazolo[3,4-~

d]pyrimidine (Example 22) and 4-amino-N-methyipiperidine (Aldrich) in an
analogous manner as described in Example 32. MS (M+H)+, 247,



Example 42 2-(3-Methyl-1 H-pyrazolor3,4-dtpyrimidin-6-vlamino)-ethanol;
compound 15 with trifluoro-acetic acid H H HO~~NYN~ N CIVN) NN +

wHAABEAINI O F F HO F MW 168.59 MW 61.08 CANO MWPCT/EP2005/605896
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193.21+114.0243 C6H5CIN4 C8H11N50432HF302 The compound was

prepared from 6-chloro-3-methyl-1H-pyrazolo[3,4 Jpyrimidine (Example

2Bxanupdthdioamine (AnaLaR) in an analogous manner WO

2005/121107 PCT/EP2005/005896 -51 as described in Example 32

(120C). Purification with HPLC gave a TFA salt in 56% yield. MS

(M+H)+,193.9. Example 43 5

411-13-(5-fhf§>mr@ﬁﬁ_d agalré@c@y@w@rae%d@mgéggmgﬁmmi@@H@j@ﬁ%ﬁﬁon may
- carboxylic acid ethyl ester, compound with trifluoro-aceic aci .

BT N NILIIORT S RPARTSRARIISS ARR R o DS Premplfio

Fpirenkabiid di48| Gis $4Vs I BIMIBRAVEZRA A Cad A ddiadi-Né compounds

C8H15N%8%0"ghQI—121FN602. CgtF?uOZ

accordi e Invention and their salts. The compounds of the invention
exhibited Cdk4/cyclin D activity with IC50 values and Ki values of less than 1.0
uM. Additionally, the antiproliferative potency of some compounds of the
invention was tested in the human colon tumor celi line HCT116 with 1C20 values

reported from an MTT assay of less than 30 pM, preferably less than 5 uM.

Kinase Assavys

To determine inhibition of Cdk4, Cdk2 and Cdk1 activity, kinase assays
were conducted using FlashPlate™ assays (NEN™-Life Science Products).
FlashPlate assays were performed using recombinant human cyclin B-Cdk1,
human cyclin E-Cdk2 or human cyclin D1-Cdk4 complexes. GST-cyclinE (GST-
cycE), Cdk2, GST-cyclinB (GST-cycB), Cdk1, GST-Cdk4 and cyclin D1 {cycD1)
cDNA clones in baculovirus vectors were provided by Dr. W. Harper at the Baylor
College of Medicine, Houston, TX. Proteins were co-expressed in High Five™
insect cells and the complex was purified on glutathione Sepharose resin
(Pharmacia, Piscataway, NJ) as previously described (Harper, J. W. et al. Cell
1993, 75, 805-816). A Bx-Histidine tagged truncated form of retinoblastoma (Rb)
protein (amino acid 386-928) was used as the substrate for the cycD1-Cdk4,
cycB-Cdk1 and the cycE-Cdk2 assays (the expression plasmid was provided by
Dr. Veronica Sullivan, Department of Molecular Virology, Roche Research
Centre, Welwyn Garden City, United Kingdom). The Rb protein is a natural
substrate for phosphorylation by Cdk4, Cdk2 and Cdk1 (see Herwig and Strauss
Eur. J. Biochem. Vol. 246 (1897) pp. 581-601 and the references cited therein).

The expression of the 62Kd protein was under the control of an IPTG
inducible promoter in an M15 E. coli strain. Cells were lysed by sonication and
purification was carried out by binding lysates at pH 8.0 {o a Ni-chelated agarose
column prefreated with 1 mM imidazole. The resin was then washed several



10

15

20

25

30

The compound was prepared from
6-chloro-3-(3-fluoro-phenyl)-1H-pyrazolo[3,4- d]pyrimidine (Example 9)

wanzhethyl amino-I-piperidine carboxylate (Aldrich) in 0 an aralogmsss/005896

manner as described in Example 32 (16QG) Purification with HPLC gave
a TFA salt in 18% yield. MS (M+H)+, 385.1. Example 44

Meting- wwrwmewm?mgmamngbw% thyFnaidinaoy Iptateevith 500

N~ H NHz 2 Il/,+Na ‘I N MW 9 .
RS B pistein e dabedd e detar I ER RS pH 7.5, 30%
pobypeee, fﬁmﬁ ﬁaﬂﬁﬂa@iSandthth—lEﬂVFanan’bd Riﬂn&rmdlpmmasmdms were

A R P SRS SR AR A A =

PCT/EP20051005596 -52- Example 45 The pharmacological properties
of the compounds of this invention may be confirmed by a number of .

pharma¢Qlegifshass Risadd 8 R PdHsASPRarBIACo DR PRt B ere
follow have been carried out with the compounds accordln to the

iR EARY AR IGE SO JdpmbURIBSD B Hhpaval eﬁ%ﬁiﬁéd"’er@ incubated
(Bil@‘?(z}’él&@#ﬂ|§ﬁtlwﬂeWtﬁblﬁ5@n‘v{p&ﬁﬁﬁ@ﬁiﬁ@/ﬁb{ﬁ% ofnessiBrarl. Forddntrol for

A PR AR R EOTGARLF SR REARAMEEE A g
veb:ﬂmg)baffert@[)fmm HEMES,d5249y Nd@l; tiRintd86 Watephednrabiyheddwice with
B B TR T IR A MAR PLE R 0 s o b
aesied (Nemmmmeﬁwmmm .td#hehﬁ%temmw@mcentraﬁon.
PRHESIHEHFAL BB B AHIBARGY st 40 pl reaction mix (25 mM
HEPES, 20 mM MgCli2, 0.002% Tween 20, 2mM DTT, 1 uM ATP, 4 nM 33P-
ATP) and a sufficient amount of enzyme to give counts that were at least 10-fold
above background. Plates were incubated at room temperature on a shaker for
30 minutes. Plates were washed four times with the wash buffer, sealed, and
counted on the TopCount scintillation counter (Packard Instrument Co.,
Downers Grove, IL]. The percent inhibition of Rb phosphorylation, which is a
measure of the inhibition of Cdk activity, was determined according to the
following formula:
100 x1 - fest compound - nonspecific

total - nonspecific

where “test compound” refers t6 the average counts per minute of the test
duplicates, "nonspecific” refers to the average counts per minute when no
CyclinD/Cdk4, etc., was added, and “total” refers to the average counts per
minute when no compound was added. The IC50 value is the concentration of
test compound that reduces by 50% the protein-kinase induced incorporation of
the radiolabel under the test conditions described.

The results of the foregoing in vifro experiments are set forth in Table 1
below. The IC50 values are summarized in the Table 1 below.



human cyclin E-Cdk2 or human cyclin D1-Cdk4 complexes. GST-cyclinE
(GST- cycE), Cdk2, GST-cyclinB (GST-cycB), Cdk1, GST-Cdk4 and cyclin
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Harper at the Baylor 20 College of Medicing, Houston, TX. Proteins were
co-expressed in High Five TM insect cells and the complex was purified
on glutathione Sepharose resin (Pharmacia, Piscataway, NJ) as
previously described (H; . Cell 1993 {5, 805-816). A

6X- Hwt@mﬁ%@%éﬁg e et : FHU ABRAY
acid 386-928) was used as the substrate for the cchl -Cdk4, 25
cycB-Cdribhfatatiercyets- @@Mﬁamw (ttmtemmam Mesasdayasccording to the

prowd b eronica | t olec irolo
eége%?rc r&%c#trge 47\‘1"J w@ %iﬁ ty é ?erbgK‘% \g ‘ﬁlél Mgthods
pﬁ@l&ﬁh @a&ﬁiuﬁﬂ?tuﬁwmmﬂn@hesdh&mdﬂﬁ b?&;d@ol@cﬁﬁd%rcmoma cell
I . ;
S e ARl e SR e cobcddn N g, Ryotite
phizdin WhasagHaevere geminfelierssmaeinpamptemardadwithe! 0% FCS
C&Hﬂi@ﬂhfé?ﬁﬁté{ere lysed by sonication and purification was carried out

by binding lysates at pH 8.0 to a Ni-chelated agarose column pretreated
with 1 mM imidazole, The resin was then washed several WO

2005/12984% were/piasen sohscorrianriaiessmting denrtiminyive logarithmic
d?&!ﬁ%'ﬁgéﬂ"ﬂt@é@ﬁs@ @HtﬁaQa@%@ ﬁtttﬁ%ﬂﬂt@tﬁﬂgsﬁé'\&umﬁé%ﬂge Plates were

ed protein was dial ain HEPES pH 7.5, cer
TS T e D R A T OP R Choabe G The next
%@ﬁtw%¢MMm Wﬁ?&d hlb_,ndmhmapted’oaﬂ@l@@fﬁd@ﬁ@@oﬁd@étration in
|| three kinase assays report erein,, 96 Pla oate
R AP TR BT oG o R P O P e fosvaf e g me of
abdch mﬂbthnghmseaddedt:te@mﬁmteédcbhé plates aeortsidkg cdlis cdiiteosame
SRR R RS OGRS w0k o 40 SE R e suoh
that the final concentration of DMSO in each well was 0.3%. Welis to which no
cells were added served as the "blank." Wells to which no inhibitor was added

served as "no inhibitor control." The plates were) returned to the incubator, and
at set time points {(determined by their growth curves) plates were analyzed as
described below.

3-(4,5-dimethylthiazole-2-yt)-2,5-diphenyl-2H-tetrazolium bromide
(thiazolyl blue; MTT; Sigma) was added to each well to yield a final concentration
of 1 mg/mi. Plates were returned to the incubator for 2.5-3 hours at 37°C, The
MTT-containing medium was removed and the resulting formazan metabolite
was solubilized in 100% ethanol with shaking for 15 minutes at room
temperature. Absorbance readings were taken in a microtiter plate reader
(Dynatech and Molecular Devices plate readers were used interchangeably) at a
wavelength of 570 nm with a 650 nm reference. Percent inhibition (% INH) is
calculated by subtracting the absorbance of the blank well from all wells, then
subtracting the ratio of the average absorbance of each test duplicate (SAVE) by
the average of the controls (CAVE) from 1.00. The final number is then
mutltiplied by 100 (% INH = (1.00 - SAVE/CAVE) x 100). The concentration at
which 50% inhibition of cell proliferation is obtained (the [C50) is determined from



to coating buffer (20 mM HEPES, 0.2 M NaCl). Plates were then washed

twice with wash buffer (0.01 % Tween 20 in phosphate-buffered saline).
woarpaanos to be tested ("test compounds") were added to thecwaliarts/005896

5x final concentration. Reactions were initigted by immediate addition of

40 pl reaction mix (25 mM HEPES, 20 mM MgC12, 0.002% Tween 20,
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Plates were washed four times with the wash buffer, sealed, and counted
on the TopCount scintillation counter (Pabkaudl Instrument Co., Downers
Grove, IL]. The percent inhibition of Rb phosphorylation, which is a 20

following formula: 100 x 1 - test compound - nonspecific total -
nbiisednd SlinERasR asssvDoRmd elefetiRadims d0dhg edlbbrsgéssays
npipArterof dagdest duplicates, "nonspecific” refers to the average counts

per minute when no CyclinD/Cdk4, etc., was added, and "total" refers to

the average counts per minute when no compound was added. The IC50

measurerpfdheRNINENE 9hE .56 B Mo MBS HRISIBT RS iRSEARENAIM IS in Cdkd,

e tho ranpomtatiamatt
\pl)?(l)ligir:s- g;éggﬁgéggé%é:moratlon of S(mma tes?
conditiops dTeAskclribleg. The Leslm?'@rj\we foréepolnd/in wti@seﬁp‘dr)m e@olélﬁél/l)
pelow. WOTBHEL I8 107 POTEEA005/000008 54 (el based Abaads
(TetrazqlioxannpeptSliferatio 1&3”57@) ProI'f@raﬁaln Waslal\v%i&_iat?d 2 the
A A R o L i iy
cell line [Usranple BETI 16, a @8léRectal galcihbna cdlinine obtainéd from
the Am 'E%h?ﬁlté”zg“” Cuit ,ltf.,ffgg'ieuiu C Lﬁaiiie, nd
Example 27 0.004 0.275 nd 1.7
Example 28 0.014 0.018 0.107 1.2
Example 22 0.278 0.278 0.867 32
Example 30 0.128 0.179 0.262 3.93
Example 31 0.0185 0.23 1.136 30
Example 32 0.036 0.009 nd nd
Example 33 125 2.5 nd nd
Example 34 0.344 0.594 nd nd
Example 35 1.119 1.852 nd nd
Example 36 0.278 0.278 nd nd
Example 37 0.278 0.278 nd nd
Example 38 0.278 0.278 nd nd
Example 39 0.278 0.278 nd nd
Example 40 0.278 0.278 nd nd
Example 41 0.278 0.024 nd nd
Example 42 0.278 0.278 nd nd
Example 43 0.278 0.278 nd nd
Example 44 0.278 0.278 nd nd




MD). The cells were grown in McCoy's 5A medium supplemented with

10% FCS and L-glutamine. 10 Cells were plated at the appropriate
weegmigdansity to give logarithmic growth over the course of theragssaysnessos

a 96-well tissue culture plate. Plates were dgcubated overnight at 37C in a

humidified incubator with 5% C02. The next day, test compounds were

serially dilgtatbtnionbtidestingntigit] concentration in is the appropriate

medium containing 1.2% DMSO. One-fourth final volume of each dilution

was added in duplicate to the plates containing cells. The same volume of

1%0#&}%@@'@ medium was added to a row of "control wells" such that

t ntration of DMSO in each well was 0.3%. Wells to which no

ceIIs were added served as the "blank." Wells to which no inhibitor was

] _ as=tho inhibitor control." The plates were) returned to the
mcubator and at set time points (determined by their growth curves)
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ju’btraclirﬁ’g)ﬁi@o&&mnce of the piank W from [ wells!2hen | 24 36

ubtracting the ratio of the averagd absorpance of each test duplicate
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*Compound A represents a compound of the invention.

Manufacturing Procedure:

Mix ltems 1, 2 and 3 in a suitable mixer for 15 minutes.

Granulate the powder mix from Step 1 with 20% Povidone K30 Solution
(item 4).

Dry the granulation from Step 2 at 50°C.

Pass the granulation from Step 3 through a suitable milling equipment.

Add the ltem 5 to the milled granulation Step 4 and mix for 3 minutes.

Compress the granuiation from Step 5 on a suitable press.




-55 the linear regression of a plot of the logarithm of the concentration

versus percent inhibition. The IC50 values are also shown in Table 1
wbelew/12iadde 1 5 This table shows the IC50s of compounds oftherpsiesntossos

Examples in Cdk4, Cdk2, and Cdk1 kinasgyassays, and also the IC50s in

the cell-based assays ("MTT") assay. Cdk4 Cdk2 Cdkl MIT Example

Number ICSO(NM) IC50(pM) IC50(PM) IC50(pM) Example 16 0.041

0.244 nd 4.5 Example 19 0.278 0.033 0.231 9.16 Example 23 0.278

OBE2Z8ripdé Ad Example 25 0.042 0.077 nd nd Example 26 0.199 0.114

nd nd Example 27 0.004 0.275 nd 1.7 Example 28 0.014 0.018 0.107 1.2

Egg@lﬁezp&gq,ﬁ&%}p 0.867 32 Example 30 0.128 0.179 0.262 3.93
Xample . 1.136 30 Example 32 0.036 0.009 nd nd

332525ndnd Example..34-0.-344-0.594.-xd-1nd alble-35.
e dIDTReRE Eample 36 0, 9/63F8IRI nd Example 37 0.278
.278 ndind Example 38 0.278 0.278 nd nd Example 39 0.278 0.278 nd

rjoq Exan R AHBUEE A 278 nd nds Examps 41 0.2480.02428dnd | 500

2 Anhydrous Lactose 159 123 148 | -- -
3 Corn Starch 25 35 40 35 70
4 Talc 10 15 10 12 24
5 Magnesium Stearate | 1 2 2 3 6

Total Fill Weight 200 | 200 300 | 300 600

Compound A represents a compound of the invention.

Manufacturing Procedure:

Mix ltems 1, 2 and 3 in a suitable mixer for 15 minutes.
Add ltems 4 & 5 and mix for 3 minutes.

Fill into a suitable capsuie.

10



Example 42 0.278 0.278 nd nd Example 43 0.278 0.278 nd nd Example
44 0.278 0.278 nd nd WO 2005/121107 PCT/EP2005/005896 -56- Nd
woneens'nevdetermined”. Example 46 Tablet Formulation Item pagred@osaessoe

Mg/Tablet 1 Compound A * 5 25 100 25Q 00 750 2 Anhydrous Lactose
103 83 3519 38 57 3 Croscarmellose Sodium 6 6 8 16 32 48 4 Povidone
%%24 36 5 Magnesium Stearate 111 3 6 9 Total Weight 120
1 600 900 5 *Compound A represents a compound of the

ing EoceBUée MI%C Itsms 1, 2 and 3 in a suitable

ipleirs e-poweer-mix from Step 1 with 20%

Formulgtion Item Ingredients mq/CaosuIe
2 PEG 400 10-50 mg
3 Lecithin 20-50 mg
4 Soy Of 15 mg
5 Glycerol 8-12mg
6 Water g.s. 1mL

Compound A represents a compound of the invention.

5 Manufacturing Procedure:
Dissolve item 1 in item 2.
Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.
Add the solution from step 1 to the mixture from step 2 and homogenize
until the dispersion is translucent.
10 Sterile filter through a 0.2 pm filter and fill into vials.



| Compound A *5 25 100 250 500 2 Anhydrous Lactose 159 123 148 -- -

3 Corn Starch 25 3540 35 70 4 Talc 10 1510 12 24 5 Magnesium
WotHmtz1 102 2 3 6 Total Fill Weight 200 200 300 300 600 CornBamvdass/ 005896

represents a compound of the invention. 5sManufacturing Procedure: Mix

Items 1, 2 and 3 in a suitable mixer for 15 minutes. Add Items 4 & 5 and

nEx&mplendfites. Fill into a suitable capsule. 10 WO 2005/121107

PCT/EP2005/005896 -58- Example 48 Injection Solution/Emulsion

Pt %@aﬂrsmammwm/mle a@-&ﬂmund A*1mg 2 PEG 400

mg ecithin mg oy mg 5 Glycerol 8-12 mg 6
Water o 1 Ml _Camnound A. renresents a2 comnaound.of the invention
Manufag##Rg Proced lagrsdigiNe item 1 in item 2. ABE¥AS 3, 4 and 3
to item $ and mix until|dispersed, then homogenize. |JAdd the solution froj
step 1 tp {he mixture ToRLpieR A Romogenize 1 mg

2 Glycofurol 10-50 mg
3 lLecithin 20-50 mg
4 Soy Qil 1-5 mg

5 Glycerol 8-12 mg
6 Water g.s. Tmb

Compound A represents a compound of the invention.

5 Manufacturing Procedure:
Dissolve item 1 in item 2.
Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.
Add the solution from step 1 to the mixture from step 2 and homogenize
until the dispersion is franslucent.
10 Sterile filter through a 0.2 pm filter and fill into vials.

While the invention has been illustrated by reference to specific and
preferred embodiments, those skilled in the art will understand that variations
and modifications may be made through routine experimentation and practice of
15 the invention. Thus, the invention is intended not fo be limited by the foregoing
description, but to be defined by the appended claims and their equivalents.



until the dispersion is translucent. 10 Sterile filter through a 0.2 pm filter
and fill into vials. WO 2005/121107 PCT/EP2005/005896 -59- Example

wap2tnfectieer Solution/Emulsion Preparation Item Ingredient mg#at/eP2005/005896

10

15

20

Compound A " I mg 2 Glycofurol 10-50 mgg3 Lecithin 20-50 mg 4 Soy Oil
1-5 mg 5 Glycerol 8-12 mg 6 Water g.s. 1 mL Compound A represents a
cgmap@ignd of the invention. 5 Manufacturing Procedure: Dissolve item 1
in item 2. Add items 3, 4 and 5 to item 6 and mix until dispersed, then
homogenize. Add the solution from step | to the mixture from step 2 and
homogenize until the dispersion is translucent. 10 Sterile filter through a
042 pmyfiisrayahild BiteortaldiaVifile the invention has been illustrated by
reference to specific and preferred embodiments, those skilled in the art
will understand that variations and iodifications may be made through
routine experimentation and practicjg]'of is the ipyention. Thus, the
invention is intended not to be limkt fegoing description, but to
be defined by the appended claims and thei eq/uN/aIents. WO
2005/121107 PCT/EP2005/005896 - 1. A compound of
formula (1) R2

0
or the pharmaceutically acceptable salts or esters thereof, wherein

R' is selected from the group consisting of:

(a) heterocycle which may be substituted by up to four substituents
independently selected from the group consisting of:

(i) lower alkyl which may be substituted by OH, CO2R®, COR*, CONR®R®,
NRPR®, OR’, or S{O)nR?, and

(ii) CO,R?, COR?, CONR®R?, NR°R®, OR’, or S(O)nR®,

(b) aryl which may be substituted by up to four substituents independently
selected from the group consisting of:

(i) S(O)NR?, NR®R?, lower alkyl, OR” halogen or lower alkyl which may be
substituted by OH, CO;R%, COR?*, CONR®R®, NR°R®, OR’;

(ii) COOH; and

(iii) carbonyl substituted by lower alkyl, OR’, or NR°R®;

(c) cycloalkyl which may be substituted by OR”, NR°R, or S(O)nR?; and



R1H HNyN\ N N,” R2 5 (I) or the pharmaceutically acceptable salts or

esters thereof, wherein RI is selected from the group consisting of: (a)
wheteosaygeiewhich may be substituted by up to four substituentBCIOEP2005/005896

independently selected from the group congisting of: (i) lower alkyl which

may be substituted by OH, CO2R3, COR4, CONR5R6, NR5R6, OR7, or

S(O)nR8; and (ii) CO2R3, COR4, CONR5R6, NR5R6, OR7, or S(O)nRS;

15 (b) aryl which may be substituted by up to four substituents

i h isting of. (i) S(O)nR8, NR5RS,
o B e e austhuted by O,

COZRS_COR,4, CQNBSRG, N%5R6 ORY7; (i) COOH; aand 20 (iii) carbonyl
substitdﬂé@ﬁy'lﬁﬁe&b@ﬂ@ﬁ,dﬁNﬁ@B, c)@y/elBhalfyl which may be

substituted by OR7, NR5R6, or S(O)nR8; and WO 2005/121107

PCT/ERDISOAMFeE viiidh newasabobstitithdriay loast ity tedbRe (ibr

Ogddl%BG S(0O)nR8, HNS(O)nR8 or CO2R3; (ii) heterocycle which may
gu Ahtdted by lower alkyl, CO2R3, or s S(O)nRS8; (iii) heteroaryl which

may be substituted by lower alkyl, CO2R3, or S(O)nR8; and (iv) aryl which

may beli§)befaraardywbivhraay be sirtiuier fsrowerdkys CO-R?, or S(O)NRE;

and

(iv) aryl which may be substituted by lower alkyl, CO2R?, halogen, COR*, or
NRR?;

10
R? is selected from the group consisting of:
(i) H;

(if) lower aikyl or lower atkyl which may be substituted by OH, CO2R?,
COR*, CONR®R®, NR°R®, OR’;

15 (iif) aryl which may be substituted with halogen, NC,, CN, NR°R®, lower
alkyl, lower alkoxy, and lower alkyl substituted by halogen or OR”;

(iv) heteroaryl which may be substituted by lower alkyl, CO;R?, COR?,
CONR®R®, NR°R?, halogen and lower aikyl which may be substituted by CO,R?,
COR*, CONR®RE, NR°R®, OR";

20 R3is selected from the group consisting of:
(i) H;

(ii) lower alkyl which may be substituted by OR’, COR*, NR°R® or
CONR®RS,

(iii) aryl which may be substituted by up to three substitutents independently
25 selected from the group consisting of lower alkyl, halogen and NR°R® and

(iv) cycloalkyl which may be substituted by OH or NHa;



NR5R6; 10 R2 is selected from the group consisting of: (i) H; (ii) lower
alkyl or lower alkyl which may be substituted by OH, C02R3, COR4,

WOQNRERENR5R6 OR'; 15 (iii) aryl which may be substituted mgthrp2005/005896
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halogen, NO2, ON, NR5R6, lower alkyl, logyer alkoxy, and lower alkyl
substituted by halogen or OR7; (iv) heteroaryl which may be substituted
by lower alkyl, CO2R3, COR4, CONR5R6, NR5R6, halogen and lower
alkyl which may be substituted by CO2R3, COR4, CONR5R6, NR5R6,

Vovﬁz.. 2O.R: ﬂéaﬁﬁlﬂﬂ@ﬁi&@@%&ﬁ%&é‘%i@ﬁiﬂmg of: (i) H; (ii) lower alkyl

may be substitut R7, CORZ, NR5R6 or CONR5RG; (iii) aryl
which may be substituted by up to three substitutents independently 25
selectd® fbAMe group consisting of lower alkyl, halogen and NR5R6:
and (iv) cycloalkyl which may be substituted by OH or NH2; WO
2005/1¢i} 107 Gl RATOB/0GEEB6 sEisRfiscele ORI ioRIRGroup
consisting of: (i) H; and (ii) lower alkyl which may be substituted by OR7
or NR5R6; 5 R5 and R6 are each independently selected from the group
consisting of- (i) H; (H) lower alkyl which may be substituted by OH,

OR2BAd FOMRISARKLNIEIRYARY sBIB3RR Hohetargysls ebhsising yt:
10 (iii) cycloalkyl which may be substituted by CO2R3, CONR10R91,

S02 R4(i) H:

(ii) lower alkyl which may be substituted by OH, CO,R®, CONR"R"",
SO,R? OR’, NR'"R", heterocycle, or heteroaryl;

(iit) cycloalkyl which may be substituted by COsR?, CONR'R", SO.R?,
OR’, or NR"™R";

(iv) aryl which may be substituted by CO,R®, CONR'R", SO,R?, OR’,
NR'R™, halogen, lower alkyl, and lower alkyl substituted by halogen, CO.R3,
CONR™R', OR, NR"°R", or OH;

(v) SOR;
(vi) COR?, and
(vii) COR?; or

alternatively, NR°R® can form a ring having a total of 3-7 ring atoms, said ring
atoms comprising in addition to the nitrogen to which R® and R® are bonded,
carbon ring atoms, said carbon ring atoms optionally being repiaced by one or
more additional N or O ring atoms or the group SO, and said ring atoms
optionally being substituted by OH, oxo, NR®R®, lower alkyl, and lower alkyi
substituted by OR”;

R’ is selected from the group consisting of H and fower alkyl optionally
substituted by NR°R® or OR®,
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OR 7, or WOW/; (iv) aryl which may be substituted by CO2R3,

CONRI10R11, SO02R3, OR7, NRtOR11, halogen, lower alkyl, and lower
walkghsubistituted by halogen, C02R3, CONRtOR11, OR7, NR¥IR1ER2005/005896

OH; 15 (V) S02R3; (vi) CO2R3, and (vii}:G®OR3; or alternatively, NR5R6

can form a ring having a total of 3-7 ring atoms, said ring atoms

comprising in addition to the nitrogen to which R5 and R6 are bonded, 20

carbon ring atoms, said carbon ring atoms optionally being replaced by

dR® isrsaieretadiffitiondid\yasbrirghstonng @fthe group SO2, and said ring
atoms optionally being substituted by OH, oxo, NR5R6, lower alkyl, and

Cr SR S R 0
W8 o halpgeny ipearaikybs/6n8806! ks RBsktstEd dbgchimgdhe QRS

@WWO@@?WQ@CQ,{B%HQ substituted by CO2R3, CONR5RG,
S02R3, OR7, NR5RS6, halogen, lower alkyl, or lower alkyl substituted by

halogen, CO2R3, 5 CONR5R, OR7, NR5R6, and OH; (ii) heteroaryl which

ey OGRS BRI BORSRBISEBRS DRY, GARERE, SOJ, OR,
INRIER) halugen) Rulver tikyey atipbastoatiiited Bataieg ey, , COR?,

% 56, @7,,.\%%&56 o% H; (iii) NR5R6; 10 (iv) lower alkyl which

may be substituted by ’a?cfg yC02R3, CONR5R8, OR7, NR5R6, or OH;

and (v) heterocycle which may be substituted by CO2R3, COR3, SO2R3,

CON h@R%igv, or NR5R6;

(iv) lower alkyl which may be substituted by halogen, CO-R? CONR®R®,
OR’, NR®°R®, or OH; and

{v) heterocycle which may be substituted by CO,R®, COR?, SO,R®, CONR®R,
OR’, or NR°R?®:

R® is selected from the group consisting of H, lower alkyl, and lower alkyl
substituted by OH or halogen;

R' and R'" are each independently selected from the group consisting of:
(iY H;

(if) lower alkyl which may be substituted by OH, CO;R?, CONR®R®, SO.R®,
OR’, NR°R®, heterocycle, or heteroaryl:

(iif) cycloalkyl which may be substituted by CO,R®, CONR®R®, SO,R®, OR’,
or NR°RE;

(iv) aryl which may be substituted by CO,R®, CONR®R®, SO,R?, OR’,
NR°R®, halogen, lower alkyl, or lower alkyl substituted by halogen, CO,R?,
CONR’R®, OR’, NR°RS, or OH:;



is R9 is selected from the group consisting of H, lower alkyl, and lower
alkyl substituted by OH or halogen; R10 and R11 are each independently

weeteatadfrom the group consisting of: (i) H; 20 (ii) lower alkyl mtactronay 605896
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be substituted by OH, CO2R3, CONR5R6g$502R3, OR7, NR5R6,
heterocycle, or heteroaryl; (iii) cycloalkyl which may be substituted by
COZRQVPQDJRSRG, S02R3, OR7, or NR5RE6; (iv) aryl which may be
substituted by CO2R3, CONR5R, SO2R3, OR7, 25 NR5R6, halogen,

lower %@/kﬁ{%rzw\ﬁflkyl substituted by halogen, C02R3, CONR5RE6,
OR7, NR5R6; or OH; WO 2005/121107 PCT/EP2005/005896 -64- (V)
S02R3; (vi) COZR3 and (vii) CORS3; or alternatively, NR10R11 can form a
ring hdWiHd=XBtal%t 3-7 ring atoms, said ring 5 atoms comprising in

addition to the nitrogen to which R90 and R11 are bonded, carbon ring
adtternatnidly AN R Haatofosnoatidng| iyavinigoar éplakbeti®y dng etomsresaid ring

additional N or 0 ring at r r [0 s
R B R A e R R R e bonaed,
ateybeuisgataiis, SRy caskonling aterms. optitradyrpinentepfaganiby, one or

WhSFEIn RS IRAF IR e SoupFRnsieingsel PiRrIdaR: ring atoms
piperazine, pyrrolidine, phenyl, tolyl, xylyl, mqolh\u(l, ethyl, propyl, isopropy

I
mepfionaliypeinguaybsiiutor BYONbOKaNR e orapalind andiiawes alkyl

vghﬁ%@digﬁggned from the group consisting of piperidine, phenyl,
ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, and pentyl.

and nis 1 or2.

2. The compound of claim 1, wherein R'is selected from the group consisting
of piperidine, piperazine, pyrrolidine, phenyl, tolyl, xylyl, methyl, ethyl, propyl,
isopropyl, butyl, t-butyl, 2-butyl, pentyi, and hexyl.

3. The compound of claim 2, wherein R'is selected from the group consisting
of piperidine, phenyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, and pentyl.

4. The compound of claim 2, wherein R' is substituted by SO2CHs, CHs,
COOCHQCH3, SOzNHz, F, OCHs, OH, NHQ, or N(CH3)2

5.  The compound of claim 1, wherein R?is selected from the group consisting
of H, methyl, ethyl, propyl, isopropy!, butyl, t-butyl, 2-butyl, pentyl, hexyl, phenyl,
tolyl, and xylyl.

6. The compound of claim 1, wherein R2is H, methyl, or phenyl which may be
substituted with fluorine or methoxy.



4. The compound of claim 2, wherein R1 is substituted by SO2CH3, CHS3,

20 COOCH2CH3, SO2NH2, F, OCH3, OH, NH2, or N(CH3)2. 5. The
wepmpgoindoof claim 1, wherein R2 is selected from the group ceosistimgnafossos

H, methyl, ethyl, propyl, isopropyl, butyl, t-lggtyl, 2-butyl, pentyl, hexyl,

phenyl, tolyl, and xylyl. 25 6. The compound of claim 1, wherein R2 is H,

methyl, or phenyl which may be substituted with fluorine or methoxy. WO

2005/121107 PCT/EP2005/005896 -65 7. The compound of claim 1,

whereiq A&H%&ﬁfg%f Bra%enyde@fsmwxsb@b?gg@gmsﬁMﬁ%ﬁﬂrz,% may be

and methoxy. s compound of claim 1, se m the gro
cenbislitgast idhdiganeerdenaiesky-phenyl)-1
H-pyrazolo[3,4-d]pyrimidin-6-yl]-(1- methanesulfonyl-piperidin-4-yl)-amine
(1-Methanesulfonyl-piperidin-4-yl)-(1
H-pyrazolo[3,4-d]pyrimidin-6-yl)-amine

5 ( FIJ\;I/ ?; ﬂ%" o%ﬂ%%%%%ﬁlépﬁsqg:sn%k%ct% from the group consisting of
[3-(5-Fluoro-2-methoxy-phen I)-lH-pyrazolot_[ﬁ,4-d]pyrimidin-6-yl1—(1-_
methahddidriyitpei§ wRhR b tERYRZolk dhesllpyHBidin-8-yil-(1-

HopyteriRldibndnpi 'lcmn64ygr)<%nm%hanesulfonyl-piperidin-4-yl)-amine
[3-(5-FIuoro-2-metk¥g§€-pheny -1 H-pyrazolo[3,4-d]pyrimidin-6-yl]-(1- 15

th [fonyl-piperidin-4-yl)-ami .
Ve B oM A TR HoRy BReiRfa 4 clpyrimidin-6-yiyamine.
H-pyrazolo[3,4- d]pyrimidin-6-yl]-amine; compound with trifluoro-acetic
acid [{1MethbpivepkimgyiHByethyiol siouTpvaiaid-eiayinidin-6-y)-amine

methanesulfonyl-piperidin-4-yl)-amine 20

10 (1-|Mettmsqtm‘@aalﬂﬁ@dH&Mm%(ﬁzghﬁmﬂy%ﬁz@w?g,mwﬁmwﬂm@nuﬁ-
_ r%a)ét?wrglr?e?sulfcnyl—piperidin-4-yi)~amine

[3-(5-Fluoro-2-methoxy-phenyi)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}-(1-
methanesuifonyl-piperidin-4-yl)-amine

[3-(5-Fluoro-2-methoxy-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}-(1-
15 methanesulfonyl-piperidin-4-yl)-amine

(1-Methanesulfonyl-piperidin-4-yl)-[3-(2-methoxy-phenyl)-1H-pyrazolo[3.4-
dlpyrimidin-6-yi]-amine; compound with trifluocrc-acetic acid

[3-(2,6-Difluoro-phenyl)-1H-pyrazoio[3,4-dlpyrimidin-6-yi]-(1-
methanesulfonyl-piperidin-4-yl}-amine

20 (1-Methanesulfonyl-piperidin-4-yi)-(3-phenyl-1H-pyrazoio[3,4-djpyrimidin-6-
yl}-amine

[3-(3-Fluoro-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yi]-(1-methanesulfonyl-
piperidin-4-yl}-amine

25 9. The compound of claim 1, selected from the group consisting of



[3-(3-Fluoro-phenyl)-1
H-pyrazolo[3,4-d]pyrimidin-6-yl]-(1-methanesulfonyl- p iperid

wio2bof)rarmine 25 9. The compound of claim 1, selected from tipe pacra00s/005896
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consisting of WO 2005/121107 PCT/EP20£5/005896 -66
4-[3-(2-Methoxy-phenyl)-1 H-pyrazolo[3,4-d]pyrimidin-6-ylamino]-
benzeaeguipnastiasycorouid Mupyisitoiold;deehmyeamitlin-G-ylamino]-
[3-(2,6-Diflugro-phenyl-1 e g . .

B oA B RS W ATy oglis ar
2-[3-(2-Methoxy-phenyl)-1 H-pyrazolo[3,4-d]pyrimidin-6-ylamino]-ethanol
[3-(2-Nidt(ibyLiftearorahany dddppsazeiplydrdpyrsnifipitdhidt flgoro-phenyl)-
diamine; compound with trifluoro-acetic acid W-[3-(2-Methoxy-phenyl)-1
H-pyrazolo[3,4-d]pyrimidin-6-yl]-N,N-dimethyl- propane-I,3-diamine 10

N-[3-(2-Methoxy-phenyl)-1 H-pyrazolo[3,4-d]pyrimidin:6-y]]-N,N-dimethyl-
pentar e ARG e R e Y5 Ve ethano
[3-(2-Methoxy-phenyl)-1 H-pyrazolo[3,4-d]pyrimidin-6-yl]-phenyl-amine
(4-MetfSo{@-MethgRyvipiiznybtidkpyaenin 3 Hdyyairoid s a-vibpanirmned ,.5-

yil-amine: e acei 4 15
[g—@ﬂﬁgﬁ%%&oggHggy%{m@ﬁ%i%%?%?L%(?]%@rimidin-6-y|]-(2-methoxy-
phenyl)-amine; compound with triflyoro-acetic_acid 4-(3-Methy|-1 .
H-pyra&a[aré,?d\afﬁveﬁmhe%ﬁ?Haﬁsfs@ﬁ%fés%ﬁaﬂéﬂﬁmgfn*ﬁsmwu@{ad'm@fhvf-
V\ﬁﬂa,ﬁgﬁg)qqmgfﬁia@d 20 10. The compound of claim 1, selected from

the group consisting of

2-(3-M l-1H- - Hmidin-6- ing)- . @O [oh -
with TR R B eI IR ety
Hoppitaneld[ 54 dmne)idowpglanindlpipudiaeacetiar@oidylic acid ethyl

ester; compound with trifluoro-acetic acid 25

(1-Meth\-PIRRIABRG-YhymatiMsrazolo[3,4-d]pyrimidin-6-yl]-phenyl-amine
H-pyrazolo[3,4-d]pyrimidin-6-yl)-amine

(4-Methoxy-phenyl)-[3-(2-methoxy-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yiJ-amine; compound with trifluoro-acetic acid

[3-(2,6-Difluoro-phenyi)-1H-pyrazolo[3,4-d]pyrimidin-6-yi]-(2-methoxy-
phenyi}-amine; compound with trifluoro-acetic acid

4-(3-Methyl-1 H-pyrazolo[3,4-d]pyrimidin-8-ylamino)-benzenesulfonamide;

compound with frifluorc-acetic acid

10. The compound of claim 1, selected from the group consisting of

2-(3-Methyl-1H-pyrazolof3,4-dlpyrimidin-6-ylamino)-ethanol; compound with

{rifluoro-acetic acid

4-[3-(3-Fluoro-phenyl)-1H-pyrazolo[3,4-d]pyrimidin-6-ylamino]-piperidine-1-
carboxytic acid ethyl ester; compound with trifluoro-acetic acid

(1-Methyl-piperidin-4-y!)-(3-methyl-1H-pyrazolo[3,4-d]pyrimidin-6-yl)-amine



WO 2005/121107 PCT/EP2005/005896 -67 11. The compound of claim
1, which is [3-(2,3-Difluoro-6-methoxy-phenyl)-1H-

wpyrasolo] 8)4-d]pyrimidin-6-yl]-(1-methanesulfonyl-piperidin-4-yEamnness/ 005896
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12. The compound of claim 1, whichis _ g7 .
(1-Methanesulfonyl-piperidin-4-yl)-(1 H- 5

PYe aZOT(P{? éoﬁlﬁw@mﬁbf-&aﬁr?wam)ﬂ@ﬁioh?as'[ﬁﬁ(z,@iiﬂiﬁuocbeﬁa‘r@ﬁmdxyvbmwy1 H-
IS [3-(5-Fluoro-2-methoxy-phenyl)-1 H- N .
B Ec aSioPResHERDE SRR e hAmES o

14. The compound of claim 1, which is [3-(5-Fluoro-2-methoxy-phenyl)-1

H pyrazolo[3,4-d]pyrimidin-6-yl]-(1-methanesulfonyl-piperidin-4-yl)-amine.

15. The compound of claim 1, which is

(1 dethBp cQMBRYDSISE Haim A Mgk is (1-Methanesutfonyl-piperidin-4-yl)-(1H-
rpetaesYcph ey riiayEBe)BfEleyrimidin-6-yl]-amine; compound with

15 trifluoro-acetic acid . 16. The compound of claim 1, which is
[3-(3-Fluoro-phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]-(1-methanesulfonyl-piperidin-4-yl)-amine . 20 17. The
compound of claim 1, which is 4-[3-(2-Methoxy-phenyl)-1H-

a2 IR QOTIBPHAF- S s isdisdReb kAR e SRR~ H-
talinoraraeeticAs i RiA sogined AbiRMIGRRRIEIS BAYIRcIA ARARRRe.
which comprises 25 administering to said patient an anticancer amount of

a compound of formula (1) WO 2005/121107 PCT/EP2005/005896 -68- RI
HNYN~N N/~N R2 (I) or the pharmaceutically acceptable salts or

esters thereof, wherein RL1 is selected from the group consisting of:
14. The compound of ¢claim 1, which is [3-(5-Fluoro-2-methoxy-phenyl)-1H-

pyrazolo[3,4-d]pyrimidin-6-yl]-( 1-methanesulfonyl-piperidin-4-yi)-amine.

15. The compound of claim 1, which is (1-Methanesulfenyl-piperidin-4-yi)}-[3-(2-
methoxy-phenyl)-1H-pyrazolo[3,4-dlpyrimidin-6-ylj-amine; compound with
trifluoro-acetic acid .

16. The compound of claim 1, which is [3-(3-Fluoro-phenyl}-1H-pyrazolo[3,4-
dipyrimidin-6-ylj-(1-methanesulfonyl-piperidin-4-yl)-amine .

17. The compound of claim 1, which is 4-[3-(2-Methoxy-phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-ylamino]-benzenesulfonamide; compound with

trifluoro-acetic acid.

18. A method of treating a patient having a cancer which comprises
administering to said patient an anticancer amount of a compound of formula (1)



5 (a) heterocycle which may be substituted by up to four substituents
independently selected from the group consisting of: (i) lower alkyl which

wnagohesulrstituted by OH, CO2R3, COR4, CONR5R6, NR5R&;DEE)E/605856
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or S(O)nR; and (ii) C02R3, COR4, CONRgR6, NRSR6, OR7, or S(O)nR8;
(b) aryl which may be substituted by up to four substituents independently
selected from the group consistinggfis (i) S(O)nR8, NR5R6, lower alkyl,
ORY7,halogen or lower alkyl Whicl-l_Lm;ay bg subltituted by OH, CO2R3,
COR4, CONR5R6, NR5R6, OR7, (iI . g (i) carbonyl substituted
by lower alkyl, OR7, or NR5R6; 20 (chgycloalkyy'Which may be substituted
by OR7, NR5R6, or S(O)nR8; and (d) lower alkyl which may be
substituted by: WO 2005/121107 PCT/EP2005/B@5896 -69 (I) OR7,
NR5R6, S(O)nR8, HNS(O)nR8 or CO02R3; (ii) heterocycle which may be
substituted by lower alkyl, CO2R3, or S(QMR8; (iii) heteroaryl which may
be substituted by lower alkyl, CO2R3, or S{(O)nR8; 5 and (iv) aryls which
may be substituted by lower alkyl, CO2R3, halogen, COR4, or NR5R6; R2
@Sﬂ%@ffﬁ%%’é‘@ﬁ%ﬂﬁmﬁ{?@ﬁ&l@'@sg?rﬁﬁ RS NP Hwer
alkyl which may be substituted by OH, C02R3, COR4, CONR5R6,

MﬂﬁB@e@&eeﬂlIf)cﬂfythmgmma@dm;suhgmmed with halogen, NO2, CN,
NR5R6, lower

(a) heterocycle which may be substituted by up to four substituents
independently selected from the group consisting of:

(i) lower alkyl which may be substituted by OH, COzR®, COR*, CONR°R®,
NR°R®, OR,

or S(O)nR%; and

(ii) COzR3, COR*, CONR®R®, NR°R®, OR’, or S(O)nR%;

{b) aryl which may be substituted by up to four substituents independently
selected from the group consisting of:

(i) S(O)NRE, NR°R®, lower alkyl, OR’,halogen or lower alkyl which may be
substituted by OH, CO-R®, COR?*, CONR®R®, NR°R®, OR';

(if) COOH; and

(ifi) carbony! substituted by lower alkyl, OR’, or NR°R®;
(c) cycloalkyl which may be substituted by OR”, NR°R®, or S(O)nR®; and

(d) lower alkyl which may be substituted by:



alkyl, lower alkoxy, and lower alkyl substituted by halogen or OR7; 15 (iv)
heteroaryl which may be substituted by lower alkyl, CO2R3, COR4,

WOQNRBRBNRS5R6, halogen and lower alkyl which may be substitgtedosyossss
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CO2R3, COR4, CONRS5R6, NR5R6, OR7.R3 is selected from the group
consisting of: (I)-H; 20 (ii) lower alkyl whic?w may be substituted by OR7,

COR4NBRR&WMSRON RPRE? (lihasybyreh sraydsrSubstituted by up to

three substitutents independently selected from the group consisting of

lower glkyl, halogen and NR5R6: and (iv loalkyl whi 3
cubat N BRHGTOR BN S04 SOy Jet AR 0y o
VEEORAES[121107 PCT/EP2005/005896 -70- (i) H; and (ii) lower alkyl
which-may be substituted by OR' or NR5R6; R5 and R6 are each

indepe; %@éﬁ%i%f@ﬁﬁ@%ﬂé%@ﬂﬂﬁ@&r%%w@ HISIB O, or S(O)NR®;

alkyl which may be”substituted’by OH, CO2R3, CONR10R11 SO02R3,
GRIGNR10R11, heterocycle, or heteroaryl; (iii) cycloalkyl which may be
substituted by C02R3, CONR10R11, SO2R4, OR7, or NR10R11; (iv) aryl

which [ayapfs Wt tRg P CORRBUGANR 10RA1 aBRIRRD SR Thalmgen, COR®,
NR _halogen, lower alkyl, and lower alkyl substituted by halogen,

Y23, "CONR10R11, OR7, NR10R11, or OH; (v) SO2R3 (vi) CO2R3,

and (vii) COR3; or :

R? is selected from the group consisting of:
(i) H;

(i) lower alkyl or lower alkyl which may be substituted by OH, CO.R3,
COR*, CONR®R®, NR°R®, OR’;

(iii) aryl which may be substituted with halogen, NOy, CN, NRR?, lower
alkyl, lower alkoxy, and lower alkyl substituted by haiogen or OR;

(iv) heteroaryl which may be substituted by lower alkyl, CO2R®, COR?,
CONRPR?, NR°R®, halogen and lower alkyl which may be substituted by COzR®,
COR*, CONR®R®, NR°R®, OR;

R? is selected from the group consisting of:
(iyH;

(ii) fower alkyl which may be substituted by OR, COR*, NR°R® or
CONR®RY;

(iii} aryl which may be substituted by up to three substitutents independently
selected from the group consisting of lower alkyl, halogen and NR°R®; and

(iv) cycloalkyl which may be substituted by OH or NHz;

R* is selected from the group consisting of:
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15 alternatively, NR5R6 can form a ring having a total of 3-7 ring atoms,
said ring atoms comprising in addition to the nitrogen to which R5 and R6

warath®hiatl] carbon ring atoms, said carbon ring atoms optiorraiip/ketogs/ 005896

replaced by one or more additional N or Oxing atoms or the group 502,
and said ring atoms optionally being substituted by OH, oxo, NR5R6,
lower dlkyl; amd lower alkyl 20 substituted by OR7; R7 is selected from the
group consisting of H and lower alkyl optionally substituted by NR-R6 or

OR9; | tohfEaibe isting, o 1107
PCT/E@%%%@%%%@&G%;%(D ary%%%ﬂ@%%%%&%%ﬁ% 2R3,

NR S02R3, QR!, NR5R6, halogen, lower alkyl, or lower alkyl
AR R DSRAS AP ISR SR IR GRBLB Farsistng o
heteroaryl which may be substituted by CO2R3, CONR5R6, S02R3, OR?7,

s NR5&BHhalogen, lower alkyl, or lower alkyl substituted by halogen,
C02R3, CONR5R6, OR7, NR5R6, or OH; (iii) NR5R6; (iv) lower alkyl

which mipsoRe sHRIIWIREIPINBYIeaES KRS BPVRORE RR COIRRRR,
%H'aa%i 10 (v) f3etgrocycle which ma% be substituted by CO2R3,
B EBRNFEANRERETORE B NIRGEECORY s selected from the

group consisting of H, lower alkyl, and lower alkyl substituted by OH or
halogefiil)isyRkiateytiveiittaraaable sulsgidutenby SlefeddOMRMIMo8D,R?,
c%%srisagpgg\m@ﬁ; (i) lower alkyl which may be substituted by OH,
CO2R3, R6, S02R3, OR', NR5R6, heterocycle, or heteroaryl; (iii)
cycloalkyl which may be substituted by CO2R3, C(:?NRSRG11 _SO%R& OF%?,

(iv) aryl which' may be substituted by CO,R®, CONR''R", SO,R®, OR’,
NR'R", halogen, lower alkyl, and lower alky! substituted by halogen, CO2R3,

CONR™R", OR?, NR'°R", or OH;
(v) SOR%;
(vi) CO2R?, and
(vii) COR?; or

alternatively, NR°R® can form a ring having a total of 3-7 ring atoms, said ring
atoms comprising in addition to the nitrogen to which R® and R® are bonded,
carbon ring atoms, said carbon ring atoms optionally being replaced by one or
more additional N or O ring atoms or the group SO, and said ring atoms
optionally being substituted by OH, oxo, NR°R®, lower alkyl, and lower alkyl
substituted by OR’;

R’ is selected from the group consisting of H and lower alkyl optionally
substituted by NR°R® or OR®,

R® is selected from the group consisting of:
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20 or NR5R6; (iv) aryl which may be substituted by C02R3, CONR5R6,

S02R3, OR7, NR5R6, halogen, lower alkyl, or lower alkyl substituted by
Wit 1802R3, CONRSR, OR7, NR5R6, or OH; (V) S02R3P23/ER}065/605896

CO2R3 and (vii) COR3; or WO 2005/121%37 PCT/EP2005/005896 -72

alternatively, NR10R11 can form a ring having a total of 3-7 ring atoms,

said rirfp) atgmsmoimprwrt@mwmimdadd);h@@ﬂbag@QNRﬁk% SOORHOR’,

Tkase hondeds TAMRANLING BRIRer Uk ABRINGABIRABKAANO,R?,

belng r %{2 y one or r|n ato s or tHe group
AR GURARTs 3rsh@tially being substltuted by OH, oxo,
NR5R6 lower aIkyI and lower alkyl substituted by OR7 and nis | or 2. 19.

Aphar Eﬁ@t&i%! rw@tlﬁw*wé@gammw ORUNIONRPRYBEIR?, OR,

VN\ N th t bl t
NECR s PRREBn AR A i L2 e%l#{)ﬁ'ﬂ S R Reter
(DORRPESy RN IR REYobesibstituted by up to four substituents

independently selected from the group consisting of:
(iti) NRORS;

(iv) lower aikyl which may be substituted by halogen, COsR®, CONR®R®,
OR’, NR°R®, or OH; and

(v) heterocycle which may be substituted by CO2R?, COR®, SO,R?,
CONR®R®, OR’, or NR°R;

R® is selected from the group consisting of H, lower alkyl, and lower alkyl
substituted by OH or halogen;

R'™ and R are each independently selected from the group consisting of:

(i) H;

(i) ower alky! which may be substituted by OH, CO;R®, CONR®R®, SO:R?,
OR7, NR®R®, heterocycle, or heteroaryl;

(iii) cycloalkyl which may be substituted by CO2R?, CONR’R?, SO,R®, OR,
or NR°R?;

(iv) aryl which may be substituted by CO2R®, CONR®R®, SO,R?, OR’,
NRSRE, halogen, lower alkyl, or lower alkyl substituted by halogen, CO2R®,
CONR®R®, OR’, NR°R®, or OH; :

(v) SOR%;
(vi) COzR® and

(vii) COR®; or



() lower alkyl which may be substituted by OH, C02R3, COR4,
CONR5R6, NR5R6, OR7, 20 or S(O)nR8; and (ii)) CO2R3, COR4,

WOQNRBRB'NRS5R6, OR7, or S(O)nR8; (b) aryl which may be satraitated 005896
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13
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by up to four substituents independently -sgtected from the group
consisting of., WO 2005/121107 PCT/EP2005/005896 -73 (1) S(O)nR8,
NEERE YRS AR/ Rﬂhaaﬁdwammg\hewm@wmmﬁybmgsammd ring

géﬁm nyl su sglil)stltu{t% d@)ﬁ/a??v?va(?ﬁ@ ﬁ OR?E%%FI\%%QE‘E% (c) cycloalky (EFRE bonded,

WHIERQRAJNSeatamstitaaid ¢ IR TiNgRERmSP ieAlEh eing r@glaﬁeér by one or

o B I RO e i A lome

coionadly !3?@9@1 ﬁgbﬁwJF@iéwz%meh M%ﬁeigwﬂmwmmr alkyl
aQ%S@@@B@bgr@(@)nRS and (iv) aryl which may be substituted by lower
alkyl, CO2R3, halogen, COR4, or 15 NR5R6; R2 is selected from the

%léo c%nj g)s,lrg of: (i) H; (ii) lower alkyl or lower alkyl which may be

Stitute H, CO2R3, 20 COR4, CONR5R6 NR5R6 OR7; (iii) ary!

WhICh may be substituted with halogen, NO2, CN, NR5R6, lower alkyl,
lower alkoxy, and lower alkyl substituted by halogen or OR7; (iv)
heteroaryl which may be substituted by lower alkyl, CO02R3, COR4,

19. A pharmaceutical formulation which comprises a compound of formula (1)

R1 "
HN\“/N\ N,
N'\/j:/{'N

)
or the pharmaceutically acceptable salts or esters thereof, wherein

R'is selected from the group consisting of:

(a) heterocycle which may be substituted by up to four substituents
independently selected from the group consisting of:

(i) lower alkyl which may be substituted by OH, CO»R3, COR* CONR®R?,
NR°RE, OR’,

or S(O)nR? and

(if) COzR3, COR*, CONR®R®, NR°R®, ORY, or S(O)nR?,

(b) aryl which may be substituted by up fo four substituents independently
selected from the group consisting of:



CONRS5R6, NR5R6, halogen and lower alkyl which may be substituted by
CO2R3, , CONR5R6 NR5R6, OR; 25 COR4 7 WO 2005/121107

WP CIDEREBO5/005896 -74 R3 is selected from the group consistingedfoo§iposs9e
H; (ii) lower alkyl which may be substitute¢ghy OR7, COR4, NR5R6 or
CONRS5RG6; 5 (iii) aryl which may be substituted by up to three
substit(i}éd©)InREp iR Joseleatied fORthalggrp aolosistiraliyf lohieh may be

gékﬁgosr ﬁl{?%f%@é&%ﬁa%@ﬂ‘d) EX519abb Whistmay e substituted by

ed'from tHe group cohsisting of: 10 (i) H; and (H)
lower alkyl which may be substituted by OR7 or NR5R6; R5 and R6 are
each iﬁ'@e@%@ﬁ@ﬂ elected from the group consisting of: (i) H; (ii) lower
alkyl which may be substituted by OH, CO2R3, CONR10R11, 15 SO2R3,
OR?7, NiRteRtbriyé tenbsyitited biydteveartkyli)RE| aattyRRRich may be
substituted by CO2R3, CONR10R11, SO2R4, OR 7, or WOW/; (iv) aryl
which may be substituted by C02R3, CONR10R11, S02R3, OR7,
NR10R11, halogen, lower alkyl, and lower alkyl substituted by halogen,

GER BRI ARGINMHRIHIMAY, KR IDNRILR 16y O RHNKPRORS (UINAOHRS,
and (vii) COR3; or alternatively, NR5R6 can form a ring having a total of
3-7 ring atoms, said ring 25 atoms comprising in addition to the nitrogen

to which R5 and R6 are bonded,

(d) lower alkyl which may be substituted by:
(i) OR?, NR°R®, S(O)nR®, HNS(O)NR® or COsR?;

10 (if) heterocycle which may be substituted by lower afkyl, CO.R®, or
S(O)NRE;

(iily heteroaryl which may be substituted by lower alkyl, COzR3, or S(O)nR%;
and

(iv) aryl which may be substituted by lower alkyl, CO4R?, halogen, COR?, or
15 NR°R%

R? is selected from the group consisting of:
() H;

(it lower alkyl or lower alkyl which may be substituted by OH, CO2R?,
20 COR*, CONR°R®, NR°R®, OR;

(iii) aryl which may be substituted with halogen, NO,, CN, NR°R®, iower
alkyl, lower alkoxy, and lower alkyl substituted by halogen or CR’;

(iv) heteroaryl which may be substituted by lower alky!, CO;R®, COR?,
CONR®R®, NR5RE, halogen and lower alkyl which may be substituted by CO3R?,
25 COR* CONRSRE, NR°R®, OR';



WO 2005/121107 PCT/EP20051005896 -75- carbon ring atoms, said
carbon ring atoms optionally being replaced by one or more additional N

WOr 003rng1aeéms or the group S02, and said ring atoms  optionatiyiseigns/005896
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substituted by OH, oxo, NR5R6, lower alkyk and lower alkyl substituted
by OR7; 5 R7 is selected from the group consisting of H and lower alkyl
offlda stjceisskiiom dhey (MRBREOSISIRG &6 is selected from the group
consisting of: 10 (i) aryl which may be substituted by CO2R3, CONR5RE,
SOZRE@R7, NRSRS, halogen, lower alkyl, or lower alkyl substituted by
halogen, CO2R3, CONR5R6 OW, NR5R6, and OH; (ii) heteroaryl which

hmjllggbeﬁﬂjbsgruél k)y P%ﬁ ky?sﬁ% é}%{?&%ﬂy Cﬁ‘%;%?l}%or

; OR7, NR5RG, or OH (Hi) NR5RG; (iv) Iower alkyl which may
be substituted by halogen, CO2R3, CONR5R6, OR7, NR5R, or OH; and

(v) het QerglSN AR E AL B8R e ATBs NERE n?&’ependently

CONR 6, OR7, or NRS5R6; R9 is selected from the group consistin
kﬁeflﬁ%%daﬁ@f“éh@ Wﬂ@PﬁR?ﬁ'§HB§tﬁﬁl@W%ﬁﬂW’oP %t@&@rﬁftdlb‘ r?& Rand
are each independently selected from the group consisting of. 25 (i) H; (ii)
lower @iyt wdlocikykbyy biels nisyi thitestiby t@ide € GIRBHEONRSR6, SO2R3,
OR7, NR5R6, heterocycle, or heteroaryl; WO 2005/121107
PCT/EP2005/005896 -76

R* is selected from the group consisting of:
(i) H; and
(if) lower alkyl which may be substituted by OR” or NR°R®;

R® and R® are each independently selected from the group consisting of:
(i H;

(ii) lower alkyl which may be substituted by OH, CO.R®, CONR™R",
SO.R3, OR?, NR'™R", heterocycle, or heteroaryl;

(iii) cycloalkyt which may be substituted by CO,R®, CONR'R", SO,R?,
OR?, or NR1R":

(iv) aryl which may be substituted by CO.R3, CONR'R"", SO,R®, OR’,
NR'™R", halogen, lower alkyl, and lower alky! substituted by halogen, CO,R3,
CONR™RM, OR?, NR'°R", or OH;

(v) SO2R?;
{vi) CO3R?, and
(vii) CORY; or

alternatively, NR®R® can form a ring having a total of 3-7 ring atoms, said ring
atoms comprising in addition to the nitrogen to which R® and R® are bonded,



10

15

20

25

(iii) cycloalkyl which may be substituted by C02R3, CONR5R6, SO02R3,
ORY7, or NR5RG; (iv) aryl which may be substituted by CO2R3,

WOAMRERB)7S02R3, OR', NR5R6, halogen, lower alkyl, or lowrCalkyko05/005896

substituted by halogen, CO2R3, 5 CONRBR6, OR7, NR5R6, or OH; (v)
S02R3; (Vi) CO2R3 and (vii) COR3; or alternatively, NR10R11 can form a
ricgy bawniriggaataipd sf gt rhaghato misgsatichnim g plioradynsaio o peglingeit by one or

" ‘ ) ¢ . ] nded. ;
A B S A SR T SRR Sl
aapitrRiyNveing snistibiridryHetdrons. B Rintpyerd afylatniddower alkyl
o@ggm@x&eﬁ;gg@gituted by OH, oxo, NR5R6, lower alkyl and lower

alkyl substituted by OR7 15 and nis 1 or 2 and a pharmaceutically
acceptable excipient. 20. The pharmaceutical composition according to

claim 19 for the treatment of cancer. 20 21. The pharmaceutical

CamMpOsiti rding to. claj t oli .
TR A SIS A bt S AT bl BBngty o
25.bsststethy NI ergaiiate tumors. -77- 23. The use of a compound
according to claim 1 for the manufacture of medicaments for the
treatment of cancer. 24. The use of a compound according to claim 1 for
the manufacture of medicaments for the treatment of solid tumors. 25.

TReigseiebteddnmodhd groopdiamétstitainfl for the manufacture of

(i) aryl which may be substituted by CO.R?, CONR®R®, SO;R?, OR’,
NR°R®, halogen, lower alkyl, or lower alkyl substituted by halogen, CO;R?,
CONR®R®, OR’, NR°R®, and OH;

(ii) heteroaryl which may be substituted by CO;R®, CONR®R®, SO,R?, OR?,
NRRS, halogen, fower alkyl, or lower alkyl substituted by halogen, CO,R?,
CONR®R®, OR’, NR°R®, or OH;

(iii) NR°RS;

(iv) lower alkyl which may be substituted by halogen, CO2R?, CONR®R®,
OR’, NR°R?, or OH; and

(v) heterocycle which may be substituted by CO,R?, COR?, SO.R?,
CONR®R®, OR’, or NR°R?,

R is selected from the group consisting of H, lower alkyl, and lower alkyi
substituted by OH or halogen;

R and R'" are each independently selected from the group consisting of:
(i H;

(ii) lower alky! which may be substituted by OH, CO2R?, CONR’R®, SO,R?,
OR", NR®R?®, heterocycle, or heteroaryl;



medicaments for the treatment of breast, lung, colon or prostate tumors.

WO 2005/121107 PCT/EP2085/005856

10

15

20

25

- 76 -
(iii) cycloalkyl which may be substituted by CO,R?, CONR®R®, SO;R?, OR’,
or NR°RS;

(iv) aryl which may be substituted by CO,R%, CONR®R®, SO,R®, OR’,
NR°R®, halogen, lower alkyl, or lower alkyl substituted by halogen, CO,R?,
CONR®R®, CR7, NR°R®, or OH;

(v) SOR?,
(vi) COsR® and
(vii) COR?; or

alternatively, NR'°R' can form a ring having a total of 3-7 ring atoms, said ring
atoms comprising in addition to the nitrogen to which R and R'" are bonded,
carbon ring atoms, said carbon ring atoms optionally being replaced by one or
more additional N or O ring atoms or the group SO», and said ring atoms
optionally being substituted by OH, oxo, NR°R®, lower alkyl and lower alky!
substituted by OR’

andnistor2

and a phamaceutically acceptable excipient.

20. The pharmaceutical composition according to claim 19 for the treatment of

cancer.

21. The pharmaceutical composition according fo claim 19 for the freatment of

solid tumors.

22. The pharmaceutical composition according to claim 19 for the ireatment of

breast, lung, colon or prostate tumors.



ST -

23. The use of a compound according to claim 1 for the manufacture of
medicaments for the treatment of cancer.

24. The use of a compound according to claim 1 for the manufacture of

medicaments for the treatment of solid tumors.

25. The use of a compound according fo claim 1 for the manufacture of

medicaments for the treatment of breast, lung, colon or prostate fumors.

Ferkkwek



