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Novel 2, 6-Di am nopyri di ne-3-one Derivatives The
present invention relates to novel 2,6-diam nopyridine

wdeonioxasi4ges that inhibit cyclin-dependent ki nBEE&P2005/007432

These conpounds and their pharnmaceutically acceptable
salts and esters have antiproliferative activity and
are useful, inter alia, in the treatnent or control of
cancer, in particular solid tunors. This invention

al so relates to pharnmaceuti cal conpositions containing
such conmpounds and to nethods of treating or
controlling cancer, nost particularly the treatnent or
control of breast, lung, colon and prostate tunors.
Finally, this invention is also directed to novel

i nt ermedi ate conpounds useful in the preparation of

t he novel diam ngopyridi nes herebn .di scl osed.
Unconﬂ@ﬂé@ﬁ@ﬂﬂrlﬁalﬂﬂﬂbﬁ:&%—m%al | mar k of
cancer. Cancerous tunor cells typically have sone form
of damage to the genes that directly or indirectly

ﬂ'é@lpra'smttl meentioh Irelates toirmyet &+ ammmoyﬁdw@r@yﬁahe%ﬂﬂat

th h
e e R L L A ey
accepié‘brésséltsl i odted hmﬁmlﬁemloe @lchvltyaamyarte mseflaln thter alia,
ki nase. These ki nases are

i the frepaast of GaREY oF PRBCRRLPa G S ELETTE IR RGO he
also réé&ﬂeg tS%Sﬁéﬁnad’é?J'tlbgl 6dﬁ$pés¢thﬁ{§chﬁalhi’h@ wﬁlm@may and to

ng on the stage of the cell ){ hefour
methoﬂs|oﬁﬁﬁyt|wgswt@|lnge¢anc@ydﬂ@3fdlﬁw¢%¢r wihe traterenf Py

contro?lo'rs lgzrrelalscs)\{3 ?u c&oh 'and prostate tumors. Finally, this invention is also

directed to novel intermediate compounds useful in the preparation of the novel

diaminopyridines herein disclosed.

Uncontrolled cell proliferation is the hallmark of cancer. Cancerous tumor
cells typically have some form of damage to 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.

The four primary phases of cell cycle control are generally describes as Gy,
S, G,, and M. Some essential enzymes for cell cycle control appear to be cyclin
D/Cdk4, cyclin D/Cdk8, cyclin E/Cdk2, cyclin A/Cdk2, and cyclin B/Cdk1 (also
known as Cdc2/cyclin B). Cyclin D/Cdk4, cyclin D/Cdk6, and cyclin E/Cdk2
control passage through the Gs-phase and the Gs- to S-phase transition by
phosphorylation of the retinoblastoma phosphoprotein, pRb. Cyclin A/Cdk2
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S, &, and M Sone essential enzynmes for cell cycle

control appear to be cyclin D/ Cdk4, cyclin D/ Cdké,
woyadsionsEs Cdk2, cyclin A/ Cdk2, and cyclin B/ CdRACTERR®S/007432

known as Cdc2/cyclin B). Cyclin D Cdk4, cyclin D/ Cdké,

and cyclin E/ Cdk2 control passage through the G phase

and the Gto S-phase transition by phosphoryl ati on of

the retinobl astoma phosphoprotein, pRb. Cyclin

Al Cdk2r egul at es passage through the S-phase, and

regulat@é’?éés!hg%/ 1Rl heBBtS-phasd, ke d Gy cli BiGgiol conteolslthee@ul at es
into M(mtag Sld{" phase. The cell cycle
checkppmbQﬂé§§gléiﬁteisse'}“é’dﬂ‘|° dRNt§ISLARAsg.cdc2) and Cdk2
beyond early G when cells are conmitted to

cytoki nesis. Therefore, drug inhibition of these Cdks
Tise bekeyole poegression :soregulaé@é by ldk1dede2)fandeedichbeynnd

early Gg&@%r{q(@t éli 8?{"?'&8? {;]ytéklﬁ %Isaﬁgﬁ%g%’fgrecogﬁﬁ HP\?%‘ﬁ&{ be
these GUK@Si8 likél et baraomriesties eprdiéiferatidn, pudetso tb doggar

stimul at fo t d
apoptoRoLbeA. (NG BEIHS BRSHIIE PeprattedabROTERT B%ont or

e
commx%%@goé% éﬂ%@é t &bte%m‘é%%ﬁ(élfﬂeﬂt bNgiAR FAb SfindiatioMor

. cyt oki nesi s has béen shown to regul ate
continysalssAlgey clef progréssiarr ough t hese | ater phases of the
cell cycle in association with both cyclins A and B.
Conpl ete activation of Cdkl requires both cyclin

gténkthMngtomn@blémtoff DRApbplationytellsi emiey terGaphase, ofthe
on

cell cyclgdn Qmarat@n:f@r MPW&% %rg) c%apg,a%l%'(f%%mgegé&%hdwn to
regulaf FR256e 0P BeiStholdH thesd It Ophdbids! dTahdlcaiagete in

association with both cyclins A and B. Complete activation of Cdk1 requires both
cyclin binding and specific phosphorylation (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 cyclin E. These complexes
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 G, phase. For example, the proteins of the INK4 family,
including p16'NK4a, which block the kinase activity of the Cdk4/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).

Recent experiments show that the complex of Cdk4 with cyclin D3 also
plays a role in cell cycle progression through G phase. Inhibition of this complex,

either by p16 or using a dominant negative Cdk4, results in arrest in G, phase in
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The transition fromG phase into S phase as stated

above is regul ated by the conplex of Cdk4 with cyclin
wO2e0eth03dk2. with cyclin E. These conpl exes PCT/EP2005/007432

phosphoryl ate the tunor suppressor protein

Reti nobl astoma (pRb), releasing the transcription

factor E2F and all owi ng the expression of genes

required in S phase (Nevins, J. R Science 1992, 258,

424-429; Lavia, P. BioEssays 1999, 21, 221-230).

cells th%k 8 |ﬁ'oﬂsx;§r'é§s BRI (Gabyiel B tBestGIkA/Bivk GrenD 1996, 274,
2/ cyclin E conplexes arrests the cell cycle in G
1396116!38@%) For exanple, the proteins of the 1NK4 fanmily,
including pl6 I NKda , which block the kinase activity
of the Cdk4/cyclin D conplex, cause arrest in G
(\ﬁhm‘rbus Gefetts iBdhe p&b [dHBGay have bee7 2hewn 1p beTineolved in

various fcers Tt Samel o BRSBTS e beef e BRI,

cases 6f h&dlday rh&lapy@ki (Vbktar, KORp ExpsOpint. dhest.rDiegs1908¢7 e
progression through G phase. |nhibiti ona(gi1 thiis

865-8&7n@Ickin D isi aVREPPESSSREaN sRanshyigan caBrR s drteHeGari ve
Science hos U4 é"FQRbGV &B?@?S r‘n[]ta@’d BP@é@téd"i‘ﬁ%éﬁgJﬂﬁérsdo

EXpr ess Chem
(Websﬂé?QH R2E#p. @memsemygs m%rblwsm?éca@d PRbtfHeCtoRgS

ost RS Rt BE8 e DL R SHRBIE R 0 o,
1995, ebssézxazs@b Pr?m;lwm mEs ;bmhwdythagg glmul lserernsh Wik shaare, ark.
effect g PEOBSPSIORBF BSBRIE, }PSﬁ&zgﬁﬁLﬁrﬁW ekt 887@&"9}/‘&3'%”
non—srﬁglil-gglggj g;%,%?rcgﬂér%ﬁ U(#D]\S‘rf’.)}% G malighht hfelahdrah §Usiflias, J. et
al. Annu. Rev. Med. 1999, 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 (98%), 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 kinaseé 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 G, 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 oligonucleotides and overexpression or addition of proteins involved in
the pathway. See, e.g., Lukas, J. et al. Nature 1995, 79, 573-582; Nevins, J.R.
Science 1992, 258, 424-429; Lim, |. K. et al. Molecular Carcinogenesis 1998, 23,
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(Webster, K R Exp. Opin. Invest. Drugs 1998, 7,
865-887); and pRb function is lost through nutation or

wdebwstoossasi n many human cancers (Wi nberg, R ACTEeR105/007432

1995, 81, 323-330). Defects in this pathway have al so
been shown to have an effect on prognosis. For -
exanpl e, |oss of pl6 is correlated with poor prognosis
in non-small-cell lung carcinoma (NSCLC) and nmal i gnant
mel anoma (Tsihlias, J. et al. Annu. Rev. Med. 1999,

25.35; E'f%m 4§lN4813:3| oﬁ’eagéﬁ@ksm a5 28632674t Drikdll, Bt ar. Ap;Rh/

gene and/ expression | evel were present

Physmfm??@?t ada (90 Gel d\/lgleﬁhafglow LGh-LEKE Ane Sang) dngf al. Chin.
Sci. B‘ﬂ%ﬂggé ?f%ﬁafrge ;o indicating that cyclin D1 and/or
A/ a - .

prese I mport ant step in lung tunorigenesis
(Marchetti, A et al. Int. J. Cancer 1998, 75,

573-58 n.49 out of pa reatl car ci npnas 980,

S Skt U%é‘?“é’éFSE@?%&”@ O 5Af I Belongh
estabh?ﬂé&t Ftsaéké?ﬁp@f a$ Bﬁomn%bgea ethardis@rcéitendive eoagof ed
Schutte, et al. Cancer Res. 1998, 57, 3126-3134

literatufee wabdatmtbwum of sempeLads Ehiingiasects i e cAkh . &K3Ro

and C?kn‘g Bét@@l §¥ %ls.FWt %S'Iﬁe%éﬂ%ﬁﬁé‘%gﬁféyf‘hgﬁﬁ@?’lnﬁfblt%ré‘%!ﬂt@lhle{?f

prolifeFtnritagohct a@n@a@f erhscllﬁe caﬂﬁteﬁmﬂagmm arefusefid in the

i nvo] yenent of t 4/
treatmeR} oL ISE TR GRS WHIEH TSt ST O bkl e
canceFé“@nd:Sﬂhler éélpgl%llférQWeCiilste& MeRkkng, dovestdneplp drftmhination

herapeuti c benefit from nodul ating. thls pat hwa
(e.g. bten@ﬂeprﬁatgt%bmr@@ﬁ@ driniip| adenpnaauasis, ipR! Yé’&éﬁt §e¥ft?at

fibromatili stntbs AL IR Bufth &G Fibrddis, Hihfitis, psoriasis, inflammatory

bowel disease, transplantation rejections infections), viral infections (including,
but not limited to herpervirus, poxvirus, Epstein-Barr virus), 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, amyotrophic 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, 9-hydroxyellipticine, indirubin,
paullones, diaryl ureas, quinazolines, indopyrazoles, [2,3-d] pyridopyrimidines,
fascaplysin, aminothiazoles, diaminothiazoles, p-teridinones, and pyrazoles or
example (Carlson et. al., Cancer Res.. 1996, 56, 2973-2978: De Azevedo et al,
Eur. J. Biochem., 1997, 243, 518-526; Bridges, A.J., Exp. Opin. Ther. Patents.
1995, 5, 12451257; Reinhold et al., J. Biol. Chem. 1998, 278, 3803-3807;
Kakeya, H. et. al., Cancer Res.. 1998, 58, 704-710; Harper, J.W., Cancer
Surveys 1997, 29, 91-107; Harrington, E.A., et al., Proc. Natl. Acad. Sci. USA
1998, 95, 11945-11950; Meijer, L., et al., Eur. J. Biochem.. 2000, 267, 1-13;
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pat hway. For exanple, effects on cancer cells have
been shown using anti bodi es, antisense
wobhkp@mastas eot i des and over expressi on or additi 8aTmP2005/007432
proteins involved in the pathway. See, e.g., Lukas, J.
et al. Nature 1995, 79, 573-582; Nevins, J. R Science
1992, 258, 424-429; Lim | . K et al. Mlecular
Car ci nogenesi s 1998, 23,25-35; Tam S.W et al.
Oncogene 1994, 9, 2663-2674; Driscoll, B. et al. Am

GarrettJM IBhé(tS'aP! Cu#819t70p/37@ehbﬁé@D@9élbp 1\&99 9Ph§a441q|1 ),

gbon)ﬂe‘hl @4E Sﬁﬂl) Cam‘@r ?"@lse 1&996éRS1 9% ﬂ%@ ﬁ'@(ﬁ? l‘?to"H
Nature%eéé} Bllp%rgypﬁgé%fﬁ%@tdbﬂ'?ahér% ot Wel bapsdabdd stesh 5§or

ere i s an extensive body of
2566- 2569emammaewat auazzﬁ@Nammafs%@mamgo@eaé M$Idl b3esi ng
s in _the

5 S‘e'eCkéaf ?Aep‘?to"‘flvfgéqoif’%dt ﬁg?@piﬁ?ﬁ §°§Sk?§1 p1a‘ | {01 'elo?

A., et a¢eJ| Mear cRes!, Iﬁwﬁt4zpn38hu333c1=rya® rvevarau UJ Biol. Chem.
ytostatic agents that are useful at ment of

2001, %W@zéﬁ@é?ﬁﬁéa s3ew), Rnietrl s Biaciear. yﬁa eée

I I
I Ajgjj‘g
I

H-W., @t@m @Blogryobleal @hlamoéem 20080, 1d‘?a‘lﬂ1I91 apoamgmluo/s

o cromPHURSE JopBaHB; ERBRIR. O5bder L BRFLH BRlPDiscoy,
and Detvév&il @b({?lea-ts623I63an‘$\!Ilb@0£m1845r'éq)@gnddoﬁ’s Wﬁfoadesaa,s)
ToogonbreaNAty a3 & itk KH ShEBe7 e Woubers Taberenie

di sease (e.g. lupus, rheumatoid arthritis, psoriasis,

i nflanmat ory bowel di sease), neurodegenerative
&os exvdews of Corapadidsgnbibitingothel Gaiid/axslin & pathway e’ s

15  Harris, (U\lsang ?/Q/ﬂkmson S, Emerglng Drugs.. 2000, 5, 287-297; Dumas, J., Exp.
Opin. Ther. Patents. 2001, 11, 405- 429 Sielecki T., et. al., J. Med. Chem.. 2000,
43, 1-18.
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and neur odegenerative diseases (e.g. Parkinson's
di sease, anyotrophic lateral sclerosis, retinitis

woigsmasasa, spinal muscul ar atrophy, and cer eBCalEP2005/007432

degeneration). Several distinct classes of snall

nol ecul es have been identified as inhibitors of Cdks:
ol onouci ne and ot her purine anal ogs, flavopiridol,

st aurosporine, UCN-01 and ot her indol ocarbazol es,

9- hydroxyel I'i pticine, indirubin, paullones, diaryl
ThE Brascht iM@Atdh Patesitd ﬁ@%’lrcﬁimlrmynﬂlaeg ofithe

pyri dopyri m di nes, fascaplysin, am nothiazol es,
Wirmkianot hi azol es, p-teridi nones, and pyr azol es or
exanple (Carlson gt. al., Cancer Res 1996, 56,

2973-2978: De Azeﬁledo Nt aNH. Eur . Biochem, 1997,
243, 518-526; BT , =) an Ther. Patents.
1995, 5, 12451257; i nhol d ?5 al., J. Biol. Chem

1998, 278, 3803-3807, H. et al ., Cancer Res.
1998, 58, 704-710; Har per, J W, Cancer Surveys 1997,
29, 91-107; Harrington, RZ t al., Proc. Natl.
Acad. Sci . USA 1998, 95, 11945 11950 Meijer, L., et
whereinl ., Eur. J. Biochem . 2000, 267, 1-13;Garrett, MD.
1 et. al. n ics Devel op. 1999, 9,
R Wlﬁdﬂf%&‘%émgﬁcgggﬁga%?t al ., Cancer Res.. 1999,
ﬁaterd&flﬂ?e éﬂdﬂjwémmaletabcydle,,wmemmeCel | Biol ogy.
1999 60- 6 Zaherevitz 1999,
neterogisle iy 3BBoM insages optina giey bs SRR up “ace
Sts’ﬂtﬂgnts iR@8enddadly séRBtedSrethar&igroup ddnsistingalf: ,
t°f°”r§% : .Qae LSt 11 a157- 1 160. Nugi el ,
[#:)) N,, et al . J. Med. Chem, 2001, 44, 1334-1336;
fAp)y Jovizern\alkydt aI J. Biol
(c) lower alkyl substituted by oxo, OF?1|3 CO,R'2NR°R®, S(0),R", aryl
or C(O)NR®R®,
(d) COZR7
(e) COR™
(f) C(O)NR13R14
(@) S(O)R™,
(h) oxo,
(i) OR12
() NR°R®,

R? is selected from the group consisting of

aryl, heteroaryl, cycloalkyl and heterocycle, wherein each
may be substituted by up to four substituents independently
selected from the group consisting of:

(a) lower alkyl,

(b) lower alkyl substituted by halogen or OR™,
(c) halogen

(d) OR'

(e) NOz,

(f) CN,

(g) NR°R®

(h) S(O).- R, and

(i) SO2x-N NR'®R:
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2001 , 276, 1661 7-15523; Soni, R, et al., Biochem
Bi ophys. Res. Commun. 2000, 275, 877; Ryu, G K et

waloq6/0B57@®r g. Med. Chem Lett, 2000, 10, 461; Peomg2005/007432

HW, et al., Bioorg. Med. Chem Lett. 2000, 10, 1819;
Toogood et al., J. Med. Chem, 2000, 43, 4606-4616;
Chong, W, Fischer, Curr. Opin. in Drug D scov. and
Devel op., 2001, 4, 623-634, W0009921845, Toogood. P.,
W0O01 19825, Toogood P., WX0138315, Reich S. H,

R5 andME04réEHR8. indhsideintly Keleddarath 2h@gfoupFeonsistingefs of
conpounds inhibiting the Cdk4/cyclin D pathway see:
glngi,s, W and W1 kinson, S., Enmerging Drugs.. 2000,

, 287-297; Dumas, J., Exp. Opin. Ther. Patents. 2001
(b)1lpwes@lvho9: Sielecki T., et. al., J. Med. Chem.

0 desti es@NtJ,RIEIDR BN NRPRIES t |
i Bycvftf%k*@' @gf‘é%’%@zgg? ZReéom:Y%f??\é\{zo%cifﬁorgerg\éte ed
f{%tég‘é gé%HBSﬁ%[&fm 8¢, of heterocycle and | ower
g F cycle, e

- rocyc rer'n the heterocycle noiety in
QhﬁVQ%é @hces optionally may be substituted by up to

{@ueydodiRylisubetituted byl eRIGORY, NR'®R'f ed from the
gr Q)R ISR $tdrrgsR'°, by oxo, OR12 , CO2R12, NR5RS,
%qrw%l_a aryl R2 is selected fromthe group

3 f | | | d
et anbsybstiitedl NREFAGR™, LOR™ COINRIRA!

SO,R™, halogen, lower alkyl, or lower alkyl substituted by
halogen, OR'2, oxo, CO,R™, C(O)NR™R™ or NR™R™,
(h) SOR",
(i) COR™,
() COR', and
(k)
OR12

1
R O\ IL/O

or alternatively, the group -NR°R® can form a ring having a total of
from 3 to 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 SOy, 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
(a) H,

(b) lower alkyl,

(c) lower alkyl substituted by OR'?, CO,R™, NR°R®, or
C(O)NR°R®,
(d) halogen,
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may be substituted by up to four substituents
i ndependently selected fromthe group consisting of:

woadosloosdas al kyl , (b) |ower al kyl substituted BgT/EP2005/007432

hal ogen or OR10, (c) halogen, (d) ORL (e) N2, (f) C
(g) NNR55R66, (h) S(O n-R9, and (i) SO2-NR 16R17 ; R5
and R6 are each independently selected fromthe group
consisting of (a) H (b) lower alkyl, (c) I|ower alkyl
substituted by oxo, CO2R12, OR12, NR13R14 ,
@@M;‘elsm4 , SO2R15 , NSO2R12 , heteroaryl,
eterocycle, or heterocycle substituted by oxo, (d)
@yerval kyl , (e) cycloal kyl substituted by CO2RI12,

Wyl QRS by Gh® MittdRlbsRueiARdependentyar y! ,

selected from lower alkyl, halogen and NR°R®,
(h) cycloalkyl,
(i) cycloalkyl substituted by OH, oxo, or NHz,
() SO.R™, and
(k) COR";

R® is selected from the group consisting of

(@) H, and
(b) lower alkyl;

R is selected from the group consisting of

(@) lower alkyl,
(b) aryl, and
(c) aryl substituted by halogen or NR°R®;

R is selected from the group consisting of

(a) H,
(b) lower alkyl, and
(c) lower alkyl substituted by oxo and halogen;

R'?is selected from the group consisting of

(a) H,
(b) lower alkyl, and
(c) lower alkyl substituted by NR°R® or OR™;
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(g) aryl substituted by NR13R14 , OR12 , CO2R12 ,
C(ONR 13R14 , SQ2R15 , hal ogen, |ower al kyl, or |ower
wabkbosloosubsti t ut ed by hal ogen, OR12 , oxo, CO2RLEB/EP2005/007432
C(O NR13R14 or NR13R14 , (h) SQ2R15, (i) C®2R12, (j)
COR12 , and (k) OR12 P or alternatively, the group
-NR5R6 can forma ring having a total of from3 to 7
ring atonms, said ring atons conprising in addition to
the nitrogen to which R5 and R6 are bonded, carbon
ring atons, said carbon ring atons optionally being
repl aced by one or nore additional N or O ring gtons
R" andbR'"t tre epahipdergndeatiy sslgcted frorg the SFRUREANIHAXIS) bei ng
ﬁsag tituted by OH oxo, NR13R14 , |ower al kyl and
I al kyl substituted by OR12; R7 is selected from
fﬂ)emglfeoulkyconsisti ng of (a) H, (b) lower alkyl, (O
(c())vﬁ\r/ve?lah&l sdcbusl‘tll?l}téctl %§/ %QWZ,CB&ZZ, ’ N&%B]&O)NHB&R,G’ or
SO,R™®, NSO,R', heteroaryl, heterocycle, or heterocycle
substituted by oxo,

(d) cycloalkyl,

(e) cycloalkyl substituted by CO,R', OR"?, NR°R®, CONR°R® or
SO;R™,
(f) aryl,

(g) aryl substituted by NR°R®, OR"?, CO,R"?, CONR°R®, sozFa115?i
halogen, lower alkyl, and lower alkg/l substituted by halogen, OR'%,
oxo, CO,R ", C(O)NR®R® or NR°R®;

(h) SO.R™,

(i) COR™,
() COR™, and
(K)

OR12

R“o\ I

0]
L

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

(a) aryl,

(b) aryl substituted by the group halogen, COzR"?, SOzR"™, -
COR'2 lower alkyl and lower alkyl substituted by halogen, OR™,
ox0, COsR™, C(O)NR®R® or NR°R®,

(c) heteroaryl,
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C(O NRSR6, (d) hal ogen, (e) OXO, (f) aryl, (g) aryl
substituted by up to three substituents independently

weoeebwmoedsf rom | ower al kyl, hal ogen and NR5R6, PCI)EP2005/007432

cycloal kyl, (i) cycloal kyl substituted by OH oxo, or
NH2, (D SO2R15, and (k) COR12 ; RO is selected from
the group consisting of (a) H and (b) |ower alkyl;
(a) lower alkyl, (b) aryl, and (c) aryl substituted by
hal ogen or NRSR6; R11l is selected fromthe group
(h?’r}%téltdaﬂﬂ spbsfiled by {He)grbapmaicleky |COzRId, SOHRI°pwer
al kglorsabigiviet dikgamy |G Myl stisdtR@ed;by halogen,

OR™, oxo, CO-R'™?, C(O)NR®R® or NR°R®,
(e) NR°R®,

(f) lower alkyl,

(g) lower alkyl substituted by halogen, OR", oxo, CO,R™,
C(O)NR®R® or NR°R®,
(h) heterocycle, and

(i) heterocycle substituted by the group CO;R", COR",
SO,R™, lower alkyl, C(O)NR°R® or NR°R®;

R'6 and R'” are each independently selected from the group consisting of
(a) H, and
(b) lower alkyl,

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

optionally being substituted by lower alkyl, OH, oxo and NH.; and
nis 0, 1or2;
or the pharmaceutically acceptable salts or esters thereof.

These compounds inhibit cyclin-dependent kinases. These compounds
and their pharmaceutically acceptable salts and esters have antiproliferative
activity and are useful in the treatment or control of cancer, in particular solid

fumors.

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.

10
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R12 is selected fromthe group consisting of (a) H,

(b) lower alkyl, and (c) |lower al kyl substituted by
WwORBRAESORL 1 ; R13 and R14 are each i ndependedr/Ep2005/007432

sel ected fromthe group consisting of (a) H (b) | ower

al kyl, (c) lower alkyl substituted by CO2R12 , OR12

NR5R6, C(O NR5R6, SO2R15, NSO2R12 , heteroaryl,

het erocycl e, or heterocycle substituted by oxo, (d)

cycl oal kyl, (e) cycloal kyl substituted by CO2R12 ,

OR12, NR5R6, CONRS5R6 or SO2R15 , (f) aryl, (g) aryl

substituted b¥_ NRS5R6, OR12, CO2R12, CONRSR6 , SC2R15,

hhe pgesent inveaton furiher relates toviemetad for §aalRg puERHrAiNg

cancerg%ggﬁic%ﬁ@%%gfmmggga%@mnﬁn MNgaR6: (h)

particularly to the treatment 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 |, or a pharmaceutically acceptable

salt or ester thereof.

Finally, this invention also relates to novel intermediate compounds useful

in the preparation of a compound of formuia I.
As used herein, the following terms shall have the following definitions.

"Aryl" means a monovalent, monocyclic or bicyclic, aromatic carbocyclic
hydrocarbon radical, preferably a 6-10 membered aromatic aromatic ring system .
Preferred aryl groups include, but are not limited to, phenyl, naphthyl, iblyl and >~<ylyl.-

"Carbony!l" means the radical C=0.

"Cycloalkyl" means a non-aromatic, partially or completely saturated monovalent

cyclic hydrocarbon radical containing 3 to 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 treated.

“Halogen” means fluorine, chlorine, bromine or iodine, preferably fluorine or

chlorine.

“Hetero atom” means an atom selected from N, O and S.

11
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(k) OR12 or alternatively, the group -NRL3R14 can form
a ring having a total of from3 to 7 ring atonms, said
woizng/assass conprising in addition to the nitregempPem®s/007432

whi ch R13 and R14 are bonded, carbon ring atons, said
carbon ring atons optionally being replaced by one or

nore additional N or Oring atons, and said ring atons
optionally being substituted by OH oxo, NR5R6, |ower

al kyl and | ower al kyl substituted by OR12; R15 is

Fedt8RJaPyl" AicaRs tahQar@fr@HQ h‘é%‘réb%h'cﬁmg@‘ys{eﬁ*h caRtining bp to two

aryl substituted by roup hal o
rings. Prmmhetar@awm@mammcéwge |h§\?@fe Bp i%@lﬂ@sth'%wlef&?éwdoly'

oo AR gy i TSR, TSy i vt

imidazdig| bgefur@bzRtiZetra®I@R10 , COR 12, |ower al kyl and
| ower al kyl substituted by hal ogen, O R12 , 0X0, C 2R
12, C(ONRS5R6 or NRS5R6 , (e) NRSR6 , (f ) |ower

aleYdroc{d1890p "hetFe¥YEAT meank lkdatitdied bbpartially edsdtusated, non-
hal ogen, O R 12 , oxo, CO2R12
aromatic cyclic radical of 3 to 8 ring atoms in which from one to 3 ring atoms are hetero
atoms selected from nitrogen, oxygen, S(O)n (where n is an integer from 0 to 2), or a
combination thereof, the remaining ring atoms being C. Examples of preferred
heterocycles are piperidine, piperazine, pyrrolidine, morpholine, indoline,

tetrahydropyranyl, thiomorpholino, pentamethylene sulfide, and pentamethylene sulfone.

K" refers to a measure of the thermodynamic binding of the ligand/inhibitor (that
is, a compound according to the invention) to the target protein. K; can be measured,

inter alia, as is described in Example 53, infra.

“Lower alkyl” alone or in conjunction with another term, e.g. lower alkyl-
heterocycle, denotes a straight-chain or branched saturated aliphatic hydrocarbon
having 1 to 6, preferably 1 to 4, carbon atoms. Typical lower alkyl groups include

methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl, hexyl 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
effectiveness and properties of the compounds of formula | and are cleaved in vivo (in
the organism) to the corresponding active carboxylic acid. Examples of ester groups
which are cleaved (in this case hydrolyzed) in vivo to the corresponding carboxylic acids
(R*C(=0)OH) are lower alkyl esters which may be substituted with NR*'R*? where R*'
and R* are lower alkyl, or where NR*'R*? taken together form a monocyclic aliphatic
heterocycle, such as pyrrolidine, piperidine, morpholine, N-methylpiperazine, etc.;
acyloxyalky! esters of the formula R*°C(=0)OCHR**0C(=0)R* where R* is hydrogen

12
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CO((OO)))NNRR5 R 6 o r NRSR6 , (h) heterocycle, and
(i) heterocycle substituted b y the group C 2R 12 ,
WQE6eHB55348 SCO2R12 , | ower al kyl, C(O NR 5R6 o r PRIRBR®5/007432

R 16 and R17 are each independently selected fromthe
group consisting of (a) H and (b) |lower alkyl, or,
alternatively, the group -NR 16R17 can forma ring

having a total of from3 to 7 ring atons, said ring

atons conprising in addition to the nitrogen to which

or metrﬁﬂ,%r%;fl‘*ﬁé?%\g%rf%m{tﬁ%«}glggmw@art{drﬁg% é%t@F@Sof waiferneadabon
ng re
RYC(=)AHRHAIC(ROIOR OVhEregRA( s Ml aged aramethyl, Aga L s fslower alkyl
opti.on ' i I k
or oy S RBEAEE A AHRRV SR e Lo 21 101 O oxe
R4OC(?RWQU)NNS1MZ aﬂ@?:%bamd Ré? gse knyc:jrogem Er bweiallybfor where
onmpounds i nhi bi .n- ' .
R RIS ERAa P Sl SRR ey e pupiine
piperidifd, hSorBRGIiRS NehfethAyiBerZined el | ASUskd neres R Vinag tandame
. are useful in the treatment o r control of cancer, in

o 1 .
definitipa@siRul ar solid tunors. The present invention al so
rel ates to pharmaceutical conpositions

Examples of lower alkyl esters are the methyl, ethyl, and n-propyl esters, and the
like. Examples of lower alkyl esters substituted with NR*'R* are the diethylaminoethyl,
2-(4-morpholinyl)ethyl, 2-(4-methylpiperazin-1-yl)ethyl esters, and the like. Examples of
acyloxyalkyl esters are the pivaloxymethyl, 1-acetoxyethyl, and acetoxymethyl esters.
Examples of carbonate esters are the 1-(ethoxycarbonyloxy)ethyl and 1-
(cyclohexyloxycarbonyloxy)ethy! esters. Examples of aminocarbohylmethyl esters are

the N,N-dimethylcarbamoylmethyl and carbamoylmethyl esters.

Further informatioh concerning examples of and the use of esters for the delivery
of pharmaceutical compounds is available in Design of Prodrugs. Bundgaard H ed.
(Elsevier, 1985). See also, H. Ansel et. al., Pharmaceutical Dosage Forms and Drug
Delivery Systems (6th Ed. 1995) at pp. 108-109; Krogsgaard-Larsen, et. al., Textbook of
Drug Design and Development (2d Ed. 1996) at pp. 152-191.

“Pharmaceutically acceptable salt” refers to conventional acid-addition salts or
base-addition salts that retain the biological effectiveness and properties of the
compounds of formula | and are formed from suitable non-toxic organic or inorganic
acids or organic or inorganic bases. Sample acid-addition salts include those derived
from inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, sulfamic acid, phosphoric acid and nitric acid, and those derived from
organic acids such as p-toluene sulfonic acid, salicylic acid, methanesulfonic acid,
oxalic acid, succinic acid, citric acid, malic acid, lactic acid, fumaric acid, and the like.
Sample base-addition salts include those derived from ammonium, potassium, sodium

and, quaternary ammonium hydroxides, such as for example, tetramethylammonium

13
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conprising one o r nore conpounds of the invention, o
r a pharmaceutically acceptable salt o r ester

wohetemofs4s and a pharmaceutically accept abl e caPCTEP2®5/007432
exci pi ent. The present invention further relates to a
method for treating or controlling cancer, nore
particularly the treatnent or control of a solid
tunor, nost particularly to the treatnent or contro
of breast, lung and colon and prostate tunors by

hydroﬁﬁé‘”'[rl‘ieséh%rrmeﬂ rh8dificRfIn Mk dh@rrﬁﬁ@hﬂéﬁl éé’rﬁbo&r'itﬁ(@o)dr@) into a

rapeutically effective anmount of a conpound
salt is dechrigue well knownpjn ahatvecrutical ghenaistsdptobtaia lr@arqveérphyswal

and ci}%@g{al st%t? ltgoﬁgqf FQ&& Ly, £l Blll'ﬁ/; @%blﬂﬂll@h&occfn%&hﬁﬁ (06, .9,

g 'conmpoun pr epar at’i on
H. Ang#i et at.pPhammaceftichoDosdge Formsands BdudBetivery Systems (6th Ed.

have the followi ng definitions.
1995)'3N9I%Q1%%41§4gg3322val ent, nmonocyclic or bicyclic,

aromati c carbocyclic hydrocar bon radi cal, preferabl y a
6- 10 nenbered aromatic aromatic ring system.

PPeaenacaitisaly agpeptaiie suclugs phatmagaulically aceantakia cagier,
excipi?ﬂi@%&éw%@rﬁ@%ﬁapé\;ﬂaﬁ'éoa\g?%gf:éé%we ano%ﬂ%‘?é%éil}{m'ﬁ?f\g’éxic to the

neans a non-aro

subjedbad Whidh tiie articutar congdounsias adatimetenehoval ent cyclic
hydr ocarbon radi cal containing 3 to 8 atons. Exanpl es
of cycl oal kyl- groups include cycl opropyl, cyclobutyl,

c'vabeRattdy! asintsubalLeRe Ayl mdantarit tie sabBiitation B@0B8cur at one
an amount that is effective toCPrevent al | eviate or
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 |, or a pharmaceutically acceptable salt or ester thereof, that significantly
inhibits proliferation and/or prevents differentiation of a human tumor cell, including

human tumor cell lines.

In one embodiment, the present invention relates to compounds of

formula |

or the pharmaceutically acceptable salts or esters thereof, wherein R' and

R? are as defined above.

In a preferred embodiment of the compounds of formula |, R? is phenyl,
preferably phenyl substituted by halogen, most preferably F, OR' wherein R is

lower alkyl or lower alkyl. In a most preferred embodiment, R? is phenyl

14



anel i orate synptons of disease or prolong the survival
of the subject being treated. "Hal ogen" neans

wohowroossas chl ori ne, brom ne or iodine, prefera0TgEP2005/007432

fluorine or chlorine. "Hetero atonf neans an atom
selected fromN O and S."Heteroaryl" nmeans an aromatic
heterocyclic ring systemcontaining up to two rings.
Preferred heteroaryl groups include, but are not
limted to, thienyl, furyl, indolyl, pyrrolyl,

substitit¥d byiohel or tR¥IH Boleeuldeyamromy OR'®xeaup whereithRaXis|igwver

qgui nolinyl, pyrimdinyl, imdazole, benzofuran and

alkyl, preferabomethyl." Het er ocycl " or "heterocyclyl " neans a

saturated or partially unsaturated, nonaromatic cyclic
radical of 3 to 8 ring atons in which fromone tp 3
i angptheoprefesres ¢rabediment ofthesenrarewdisiafdeinla d J3els, as

5 dened AR e, lrodddPi Bh KR ABukai n'ng ring atoms. bei ng

10

15

20

25

C. Exanples of preferred heterocycles are piperidine,
pi perazi ne, pyrrolidine, norpholine, indoline,
t et rahydr opyranyl , thi onor pghol i no, pent amet hyl ene
sl fide, and pentanethyle ul fone. Ki" xefers to a
meagurg of fhe 4 modyam ¢ bi ndi ng ﬁj th

i gand/ i nhi kit that 1Is; Nogpound ‘aceexdi ng to the
i Nention) toXthe target protein. Kj can be}gmasured,

i rger alia, as is described in Exanple 53, infra.
"L r al kyl" gl one or in junction w anot her
te?%f e.g o( r aIktheteSggycle, denoégg a

straight-chain or branched saturated aliphatic
hydr ocarbon having 1 to 6, preferably 1 to 4 , carbon

whereigt ons. Typi cal | ower al kyl groups include

R® is selected from the group

H,

lower alkyl,

lower alkyl substituted by oxo, OR'2, CO,R™, NR°R®, SO.R™, aryl or
C(O)NR°R?, .

COzR’,

COR™",

C(O)NR®R®, and

SO,R';

R* is selected from the group
H,
OR'"
lower alkyl,
NR°R?,
NOg,
0X0
CN, and

15
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nmet hyl , ethyl, propyl, isopropyl, butyl, t-butyl,
2-butyl, pentyl, hexyl and the |ike. "Oxo" neans =0.

wORhwroossagut i cal |y acceptabl e ester” refers toP@I/EP2005/007432

conventionally esterified conmpound of forrmula I having
a carboxyl group, which esters retain the biologica

ef fectiveness and properties of the conpounds of
formula | and are cleaved in vivo (in the organism to
t he correspondi ng active carboxylic acid. Exanples of
ester greuRgewhi ch are cleaved (in this case

hydrol yzed) “in vivo to the correspondi ng carboxylic
acids (RAOC(=O) OH) are | ower al kyl esters which nay be

o1 Ry Pt ach SR e Rt ROt T over

rmnocycl i, aliphatic heterocycle, such as pyrrol i di ne,

pi peri di ne, qhol i ne, N-nethyl piperazine, etc.;

acyl oxyal'®Y ?%EYers of the fornula R4OC(=0) OCHR

4300( =0 FdfemiIRy IesuBéﬁtuté‘d wdﬁ@geogk“r@m% NRATRI*R44 s
ﬁh@”%@kﬂff ? paehsigl ReRSb&/CRe, @fF the

for QC%A}Q%EQEQ]%I% kS =O) OR 45 where R43 is

h drogen or R45 is lower alkyl or

cycl oal ky]| m nocar bonyl net hyl esters of the

formul a F%B%‘%focmq =0 NR 4 1R42 V\,here R4 1 and R42

are hydr agelatiy hmnutadlbylcom 2WOR's MRZRIR42 t aken
RR'Iprorsoamideyclic aliphatic heterocycle, such

: as pyrrolidine, piperidine, norpholine,

N-net hyl piperazi ne, etc. As used herei n, R40 has the
sane definifion as Rl. V\@r alk%84sters
n

are the rmvlr@ubstlbttwr)yl\ﬁ% an ,
| | KBORE angibgen deweallsyl, andjawe: Ig ga%}gtth ed with

NRhaldryksh, DRt boeo, @@im%@meﬁe \or NR
SO.R™,
CO,R'?,
COR'?, and

OR12

R“O\ l/O

or alternatively, the group -NR®R® can form a ring having a total of
from 3 to 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, N'*R"*, lower alkyl and
lower alkyl substituted by OR'%;

R’ is selected from the group

16
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2- (4-nor phol i nyl ) et hyl,
2- (4-net hyl pi perazin-1-yl)ethyl esters, and the |ike.
waxerspogss of acyl oxyal kyl esters are the PCT/EP2005/007432
pi val oxynmet hyl , 1-acetoxyethyl, and acet oxynet hyl
esters. Exanpl es of carbonate esters are the
1- (et hoxycar bonyl oxy) et hyl and 1-
(cycl ohexyl oxycar bonyl oxy) et hyl esters. Exanpl es of
am nocar bonyl met hyl esters are the
- N, Ny di met hyl car banoyl net hyl and car banoyl net hyl
esters. Further information concerning exanples of and
t hdoweralsyl, esters for the delivery of pharnaceutica

conpoun | A 1 on \@fs5er odr ugs.

Buﬂg‘ﬁg%g%yll-@é%?{'a{t@g \%/)l%r', 8?3%5) _l\ﬁtglé‘g, g'?so, H Ansel
CONR®RE al ., Pharnaceutical Dosage Forns and Drug Delivery

Systens (6th Ed. 1995) at pp. 108-109;

Kr JdeRR{hd- Larsen, et. al., Textbook of Drug Design

andyldevel opnent (2d Ed. 1996) at pp. 152-191 .

"Pharmaceutical ly acceptable salt" refers to

corarghti onal acid-addition salts or base-addition

sal . i,n.t j b '

o o Bt El By T Bt B RNCHUBEE AT Stitich

from Idwasrraticy| frradogenyidradR¥R®non- t oxi ¢ organic or inorganic
aci ds or ?rganic or inorganic bases. Sanple :
aci RN on salts include those derived from

inoigﬁm | 30bSiBtutdchy e8!, BxdraraHgri ¢ acid, hydrobrom c
acié, héﬁ%oiodic acid, sulfuric gcid, sul fam c acid,
phoSPbRBr’ 8néci d and nitric acid, and those derived
frogb 1gani ¢ aci ds such as p-toluene sulfonic acid
salrcyli ¢ acid, nethanesulfonic acid, oxalic acid,
succinic acid, citric acid, malic acid, lactic acid,

o fumaric afci d,hand the |like. Sanple base-addition salts
R” s seleated R dNe8IUPad fr om anmoni um pot assi um sodi um

lower alkyl,
aryl, and
aryl substituted by halogen or NR°R®;

R™ s selected from the group
H,
lower alkyl, and
lower alkyl substituted by oxo and halogen;

R'™? s selected from the group
H
lower alkyl, and
lower alkyl substituted by halogen, oxo, NR°R® or OR"";

R'™ and R' are independently selected from
H,
lower alkyl,

17



and, quaternary ammoni um hydr oxi des, such as for

exanpl e, tetranethyl ammoni umhydr oxi de. The chem cal
waondisfoosasi on of a pharnaceutical conpound (i . @CTAP2AYF/007432

into a salt is a technique well known to

‘pharmaceutical chem sts to obtain inproved physical

and chem cal stability, hygroscopicity, flowability

and solubility of conpounds. See, e.g., H Ansel et.

al ., Pharmaceutical Dosage Forns and Drug Delivery

Sy 9bREFalkfitubEautdPBP L BR'DIORE) MRARY, CAOINRAET.
SO,R™ RSO IRE ERdtbERIrY 1Y h@EPSHIcRD of heteses/tieas

substit r tically acceptiable carrier, excipient, etc.,
nmeans phar macol ogi cal |y acceptabl e and substantially
non-tf)?xh& to the subject to which the particul ar
conP§T f’s adm ni stered. "Substituted," as_in
s uhsjcldaiitye sulssticyted bye@@sR Phar 't INR R Y OINRPRhot an
0CcCSD,RB, one or nore positions and, unless otherw se
i ndi cated, that the substituents at each substitution
sitgypre independently selected fromthe specified
options. "Therapeutjcally effective a t" means an
10 anoant suistitited BaNR a%eo%a&g@&o@(cmﬁa%%spza@a
halogaph soweaediol,i anal lowes alieypsehisitiuted by halogesy BR T .HB1%of |
CO,REhatOMNRIR fancadw®PR;i nhi bits proliferation and/ or
prevents differentiation of a human tunor cell,
I ncgggRPg human tunor cell lines. In one enbodi nent,
thep%;eﬁent invention relates to conpounds of fornula
Il o

15 Re!phar maceutically acceptable salts or esters
thegepdz aMerein RL and R2 are as defined above.
OR12
RO |
O\ P/O
20 or alternatively, the group -NR'™R" can form a ring having a total of

from 3 to 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, and said ring atoms optionally being

25 substituted by OH, oxo, NR®R®, lower alky! and lower alkyl
substituted by OR'%;

R' s selected from the group
aryl,

30 aryl substituted by the group halogen, CO,R"?, SO.R", .
COR' | lower alkyl and lower alkyl substituted by halogen, OR™,
oxo, CO,;R'2, C(O)NR®R® or NR°R?,

heteroaryl,

18
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COR12t %e%%%%é%&%?kﬁ

In a preferred enbodi nent of the conpounds of fornula
I, R2 is phenyl, preferably phenyl substituted by
woabwgeses nost preferably F, OR12 wherein R12 PETIEG2®5/007432

al kyl or lower alkyl. In a nost preferred enbodi nent,

R2 is phenyl substituted by one or two F nol ecul es and

one OR12 group wherein R12 is |l ower alkyl, preferably

nmet hyl . I n another preferred enbodi nent of the

compounds of fornula I, R2 is as defined above and Rl

e?o%lrﬁ%@%uﬂméa‘rby bt grro%!ma‘{é’g%rrﬁ' ®ORR'2 sosRI'ect ed from

YtituteQWR haAAbdeH, GrRIBSbkd,ut ed by
g dﬁéﬂaryl or (O NR5R6,
'O NR5R6, "and S()2R15 ; R4 is selected

Hgﬂgthe group H ORL 1 ,

lower alkyl,
lower alkyl substituted by the group halogen, OR", o

CO,R'™, C(O)NR®R® or NR°R®,

heterocycle, and
heterocycle substituted by the group CO.R"?, COR™,

SO,R', lower alkyl, C(O)NR®R® or NR°R’;

X

is selected from the group
S,

SO,

SO,

0; and

nis0, 1 or2,

or the pharmaceutically acceptable salts or esters thereof.

In another embodiment R' is a heterocycle that is substituted with H, lower

alkyl, S(O).R"®, COzR”, COR™, C(O)NR™R™.

In another embodiment R' is a heterocycle that is substituted by lower

alky! that is substituted by aryl.

In another preferred embodiment, the invention relates to

compounds of formula

19



| ower al kyl, NR5R6, NO2, 0X0 CN, andhal ogen; R5 and R6

are each i ndependently selected fromthe group H,
woOavesroosd4kyl , | ower al kyl substituted by oxo, €ECRRP2005/007432

OR12, NR13R14 , C(ONR 13R14 , SO2R15, NSO2R12,

het eroaryl, heterocycle, or heterocycle substituted by

oxo, cycloal kyl, cycloal kyl substituted by CO2R12 ,

OR12, NR13R14, C(O NR 13R14 or SO2R15, aryl, aryl

substituted by NR1I3R14 , OR12, CO2R12, CONR 13R14,

SO2R15 , hal ogen, NHJZV\@r al ki I1, and | ower al kyl

substituted by halloden, , 0x0, CO2R12, CONR 13R14
or NR13R14; SO2R15,
[reef IR
HNTS
R19
e
N
| I(a),
R3

wherein R® and R? are as defined above and R*®, R'®, R® and R* are
each independently selected from lower alkyl, halogen and OR'™. The

preferred halogens are F and Cl.

Preferébly, R? is selected from the group CO,R7, COR"?, SO,R"®,
C(O)NR®R®, lower alkyl and lower alkyl substituted by aryl, preferably
phenyl. Most preferably, R®is SO;R". Preferably, R is lower alky! or
NR°R®.

Preferred R* groups include H, OR' and lower alkyl.

Preferred R® and R® groups are those wherein each is idependently
selected from H and Iower alkyl, or the group -NR°R® can form a ring
having a total of from 3to 7 ring atoms, said ring atoms comprising in
addition to the nitrogen to which R5 and R® are bonded, carbon ring atoms,
said carbon ring atoms optionally being replaced by one or more
additional N or O ring atoms and said ring atoms optionally being
substituted by OH, oxo and NHa, lower alkyl or lower alkyl substituted by
OR™,

The preferred R'? is lower alkyl.

In still another preferred embodiment there are provided the

compounds of formula I(a), wherein
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CO2R12 , COR 12 , and OR12 R110 O pp - or
alternatively, the group -NR5R6 can forma ring having

wa 20tass49f from 3 to 7 ring atons, said ring BCOMR2005/007432

conprising in addition to the nitrogen to which R5 and
R6 are bonded, carbon ring atons, said carbon ring
atons optionally being replaced by one or nore
additional Nor Oring atonms or the group SO2, and
said ring atons optionally being substituted by OH,
oxo, N13R14 , |ower alkyl and |ower alkyl substituted
b% OR12 ; R7 is selected fromthe groupH, |ower alkyl,
Rovepresgriky| subwdredansd by OR12 , COR2R12 , NR5R6, or
CONR5R6, hal 00§8n O aryl,

(C+-Ce)alkyl;

-8(0)2-(C1-Co)alkyl;

-C(0)~(C4-Cg)alkyl;

-C(0)2-(C+4-Cg)alkyl; and

_C(O)NH-(C+-Ce)alkyl;
R* represents hydrogen; and

R'® R R% and R?' independently from each other represent
(C4-Ce)alkyl;
-O-(C4-Cg)alkyl; and

halogen.

Examples of compounds of formula I(a) include:

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(2-methoxy-

phenyl)-methanone (Example 6);

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(2-fluoro-

phenyl)-methanone (Example 10);

4—[6-Amino—5-(2-fluoro-benzoyl)—pyridin-2-y|amino]—piperidine—1 -carboxylic acid

ethyl ester (Example 11);

[2-Amino-6-(1 -ethanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(2-fluoro-phenyl)-

methanone (Example 12);

1-{4-[6-Amino-5-(2-fluoro-be nzoyl)-pyridin-2-ylamino]-piperidin-1-yl}-ethanone
(Example 13);
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aryl substituted by up to three substituents
i ndependently selected from | ower al kyl, hal ogen, or

wOlRBRAV5348 cycl oal kyl , cycl oal kyl substituted bpCOHEP2005/007432

oxo, or NH2, SO2R15 , and COR12 ; R10 is selected from
the group lower alkyl, aryl, and aryl substituted by
hal ogen or NR5R6; RL 1 is selected fromthe group H

| ower al kyl, and | ower al kyl substituted by oxo and

hal ogen; R12 is selected fromthe group H | ower al kyl,

a0d15 QR od- [ usrebisdrizo Ao pipsAdinXRGI -
Oglf; Rll oank( Rli4 gﬁ .zgﬁgﬁ%ﬁeﬁ?ﬁgﬂ gg?edln#‘drl?gﬁ@%pan1
one (Example 14); 4

4-[6-Amino-5-(2-fluoro-benzoyl)-pyridin-2-ylamino]-piperidine-1-carboxylic acid
ethylamide (Example 15);

4-[6-Amino-5-(2-fluoro-benzoyl)-pyridin-2-ylamino]-piperidine-1 -carboxylic acid
methylamide (Example 16);

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(3-methoxy-
phenyl)-methanone (Example 18);

4-[6-Amino-5—(5-f|uoro-2-methoxy-benzoyl)—pyridin-2—ylamino]-piperidine—1 -

carboxylic acid ethyl ester (Example 20);

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-

methoxy-phenyl)-methanone (Example 23);

[2-Amino-6-(1 -ethanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl}-(5-fluoro-2-
methoxy-phenyl)-methanone (Example 24);

{2-Amino-6-[1-(propane-1 -sulfonyl)-piperidin-4-ylamino]-pyridin-3-yl}-(5-fluoro-2-

methoxy-phenyl)-methanone (Example 25);

{2-Amino-6-[1 -(propane-2-sulfonyl)-piperidin-4-ylamino]-pyridin-3-yl}-(5-fluoro-2-
methoxy-phenyl)-methanone (Example 26);

4-[6-Amino—5—(5—fluoro-2-methoxy-benzoyl)—pyridin-2-ylamino]—piperidine—1 -

carboxylic acid methyl ester (Example 27);

4-[6—Amino—5-(5—f|uoro—2—methoxy-benzoyl)-pyridin-2-ylamino]-piperidine—1 -

carboxylic acid propyl ester (Example 28);
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H, lower alkyl,|ower alkyl substituted by CO2R12 ,
OR12, NR5R6, C(O NR 5R6 , SC2R15, NSO 2R12 ,

woaebwroosiuyl , heterocycle, or heterocycl e subst PCUEE2005407432

oxo, cycloal kyl, cycl oal kyl substituted by CO2R12 ,
OR12, NRS5R6, C(ONR 5R6 or SO2R15, aryl, aryl
substituted by NRSR6, OR12, CO2R12 , C(O NR 5R6,
S2R15, hal ogen, |ower al kyl, and | ower al kyl
substituted by hal ogen, OR12 , oxo, CO2R12 , C(O NR
5R6 and NR5R6; SO2R15, CCO2R12 , C(P 12 , and OR12 R110
O or alternatively, the girou -NR13R14 can forma rin
Y

[Rafming-6- (ﬂtheazyldcflpwcbm% @mlrvo)rnwglrawﬂﬁ TIIQrQr2rNRKIOXY-
%ﬁ{@ ﬁg@jﬁ‘bgé 5 R )tl on to the nitrogen to which
ar éonge carbon ring atons, said

1-{4-[6-Amino-5-(5-fluoro-2-methoxy-benzoyl)-pyridin-2-ylamino]-piperidin-1-y1}-

ethanone (Example 30);

1-{4-[6-Amino-5-(5-fluoro-2-methoxy-benzoyl)-pyridin-2-ylamino]-piperidin-1-yl}-

propan-1-one (Example 31);

4-[6-Amino-5-(5-fluoro-2-methoxy-benzoyl)-pyridin-2-ylamino]-piperidine-1-

carboxylic acid methylamide (Example 32);

4—[6—Amino-5—(5-fluoro-2-methoxy-benzoyl)—pyridin-2-ylamino]-piperidine-1 -
carboxylic acid ethylamide (Example 33);

[2-Amino-6-(1 -methyl-piperidin-4-ylamino)-pyridin-3-yl}-(5-flucro-2-methoxy-
phenyl)-methanone (Example 34);

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(4-methoxy-
phenyl)-methanone (Example 36);

[2-Amino-6-(1-methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(4-fluoro-
phenyl)-methanone (Example 38);

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(2,3-difluoro-6-

methoxy-phenyl)-methanone (Example 40);

4-[6-Amino—5-(2,3—dif|uoro-6—methoxy-benzoyl)-pyridin—2-ylamino]-piperidine—1 -

carboxylic acid ethyl ester (Example 41),
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carbon ring atoms optionally being replaced by one or
nmore additional Nor Oring atons, and said ring atons
wopbiemnsd4By bei ng substituted by OH oxo, NRSRBCTIEG2®5/007432

al kyl and | ower al kyl substituted by OR12; R15 is
selected fromthe group aryl, aryl substituted by the
group hal ogen, CO2R12 , SO2R10 , COR12 , | ower alkyl

and | ower al kyl substituted by hal ogen, OR12, oxo,

CO2R12 , C(O NR5R6 or NR5R6, heteroaryl, heteroaryl

%ﬁ@%ﬁﬁh61!5-(2,’3-6“&1oﬂd-@%eﬂh@k%@hzommnﬁ—ﬁ@ﬁﬂcﬂ—piperidin-1-
2, lower alkyl and | ower al kyl substituted by
yirethpaenecRxamplx$2); CO2R12 , C(O) NRSR6 or NR5R6,

NR5R6, | ower al kyl, lower alkyl substituted by the

group hal ogen, OR12 , oxo, CO2R12, C(O) NRSR6 or NRSRG,
h¢4-¢6-doyinbes-(Rfidotoe-aatiogpat4-maibythenzowpyjidink yignuogl-

p%%%%ﬂ—%éénosnoez%%mplé SMﬁr al kyl', (O NRSR6 or

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-
methoxy-4-methyl-phenyl)-methanone (Example 45);

4-[6—Amino-5—(5-fluoro-2-methoxy-4-methyl-benzoyl)-pyridin-2-ylamino]-

piperidine-1-carboxylic acid ethyl ester (Example 46);

1-{4—[6-Amino—5-(4-chIoro-5-ﬂuoro-2-methoxy-benzoyl)—pyridin-2—ylamino]-
piperidin-1-yl}-ethanone (Example 48);

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl}-(4-chloro-5-

fluoro-2-methoxy-phenyl)-methanone (Example 49),

4-[6-Amino—5-(5-ﬂuoro—2-methoxy-4-chloro-benzoyl)-pyridin-2-ylamino]—

piperidine-1-carboxylic acid ethyl ester (Example 50); and

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(2,6-difluoro-
phenyl)-methanone (Example 52).

The compounds disclosed herein and covered by formula‘l above may exhibit
tautomerism or structural isomerism. It 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,

known to the skilled artisan. Suitable processes for synthesizing these compounds are
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X is selected fromthe group S, SO, SO2, G and nis

O 1 or 2, or the pharnmaceutically acceptable salts or
wetmrwsker eof . I n anot her enbodi nent Rl i s aPCT/EP2005/007432

heterocycle that is substituted with H | ower alkyl,

S(OnNR1L5 , CO2ZR7, COR12 , C(ONR13R14 . In another

enbodinent RL is a heterocycle that is substituted by

| oner al kyl that is substituted by aryl. |In another

preferred enbodi nent, the invention relates to

provndégglﬁegé‘ ggam%lesf %%@W Qfoﬁ\ﬂbu'ﬁ%gz%'ﬁ gorfrulaN @a@@edﬁépﬂ@d

are eac

accordingdtefee dgnthetjc mte@ltee@rltfeobm scheme h|vw§ﬁrelnrwl@@€eﬁ>%\waly
avernESfapalfs ML BPRRE 7 5700 oy cora
, S2R15, C(O NRSR6, |ower alkyl and |ower alkyl
N AR e A

Aldrict ik Ekabld¥PRRd 2), can be regio-selectively converted to 2-amino-6-chloro-
N-methoxy-N-methylinicotinamide (Example 3) via 2-amino-6-chloronicotinic acid or 2,6-
dichloro-N-methoxy-N-methylnicotinamide as the intermediates (F. Mutterer and C.
Weis, Helvetica Chimica Acta, 59, 1976, 222-229). The R? group is introduced by

10  reaction with organolithium reagents that are either commercially available or, readily
prepared from commercially available halides or substituted benzene. The final
compounds of the invention are then obtained by displacement of the 6-chloro group
with a variety of commercially available amines (R'NH,). When not commercially
available, these reactants are prepared or cited in the individual examples.

15

step a / \(J/\f \tepj

Ch N_Cl

OH \CI NgCI Step/d’ N

step b \E)/\fo -0
N~

step e

H N._NH step f Cl-_N._NH

RITY YT 2 S 02
A~ O R1NH2 =

R2 R2
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Preferred R4 groups include H OR11 and | ower alkyl.
Preferred R5 and R6 groups are those wherein each is
wodepmastast | y sel ected fromH and | ower al kyl , POT/EPR®35/007432
group -NRS5R6 can forma ring having a total of from3
to 7 ring atons, said ring atons conprising in
addition to the nitrogen to which R5 and R6 are
bonded, carbon ring atons, said carbon ring atons
optionally being replaced by one or nore additional N
or Oring atons and sai dcrémg @t ons optionally being
substituted by OH, oxo and NH2, |ower al kyl or | ower
al kyl substituted by ORL2 . The preferred R12 is | ower
alkyl. In still another preferred enbodi ment there are
provi ded the conmpounds of formula | (a), whereinR

C%ﬂé?@ﬁﬁt@ deysifuptien erbeaimént df@he Prasent kwlentnerS(th:gz@i-( |(s|C
a
5 providethine ripesa-ior e ProdiGiqh, ot 5 RAMPRHRELEITEUR HATREEN Y i

a) a compound of the formula

Cl N Cl
X
= O
OH (a),
10
is converted into a compound of the formula
Cl hL\ NH,
P @)
N. .~
/ ~
O (B), and
15 b) said compound of formula (B) is further reacted in the
presence of an organolithium compound of the formula
R2-Li
(C)
20

to give the compound of formula
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R18, R19, R20 and R2 1 independently from each ot her
represent (CrCralkyl; -O (G -C 6)al kyl; and hal ogen.
wéaxzersghgss of conpounds of formula | (a) includePCT/EP2005/007432
[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr
i di n-3-yl]-(2-methoxyphenyl)- nethanone (Exanple 6);
[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n- 4-yl am no) - pyr
di n-3-yl]-(2-fluorophenyl)- methanone (Exanple 10);
- [ 6- Ami no- 5- (2-f 1 uor o- benzoyl ) - pyri di n- 2-yl am no] - pi p
I di ne-1-car byl i cnaci dNat hyI ester (Exan'pl e 11)
2- Am no-6- (1-eth
-3-yl]-(2-fl uor

I\)q

5
o
1
[6)]
1
—~
Ny

n-1-yl }-ethanone (fExanple 13);

Ami no- 5- (2-f | uor o~ben ,yé,)dpyrldanyIamno]

in-1-yl}-propan-1- oneD?ExarrpI e 14)

no- 5- (2-fl uoro-benzoyl)-pyri din- 2 yI anni noj - pi

Lhe- s BThRRelihG of fiihufd i) g Tt BxelRlif E)
["uor o- enzoy pyri di ylam no] - pi p

-1- presbnaeybf an amink of formula

e-
n
y
6-
i di
6-
i di

o D .b(D.h
-
—_—r— = ]

Q%“

e

(D-b'O ~T H'O I—\Q'_'(D -h_

—_
—l—|ﬁr—1-c'-'—\-o;-'-\3

oo
5
(D

R'-NH,
(E)

to give the corresponding compound of formula |, which can

d) be separated from the reaction mixture and, if desired, be turned

into a pharmaceutically acceptable salt or ester; wherein
R' and R? have the meanings given above.

Separating a mixture of stereocisomers into the optically pure steremsomers (when
compound of formula 1 is chiral)

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).

Converting a compound of formula | that bears a basic nitrogen into a pharmaceutically
acceptable acid addition salt
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nmet hyl am de (Exanpl e 16);

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr
wOanewA8s8 | - ( 3- net hoxyphenyl ) - met hanone (ExanpCe/ERB)05/007432

4-[ 6- Am no- 5- (5-f 1 uor o- 2- net hoxy- benzoyl ) - pyri di n- 2-yl

am no] - pi peri di ne-1- carboxylic acid ethyl ester

(Exanpl e 20);

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr

i di n-3-yl]-(5-fluoro-2- nethoxy-phenyl)-nethanone

fﬁéAE]%ﬁal%%hversmn of a compound of formula | that bears a baSIC mtrogen
no- 6- ( 1- et hanesul f onyl - pi peri di n- 4-yl am no) - pyr

into a mlamnacqmt]ca(lzapcwablezacuireﬂ iy spkh &ay Ibe- qfiadiashhgonventional
( 4

means gxriég’)ar@pé %"’f ?ﬁ%opugrgec r ?%trt]a)glvylth an lnorgI r;llc 430! %ur%hn%s for

examp]e rmdrbdilﬁﬁéaglb} h{(&robrorrmccacm scrﬁmnimagdpmmwac)ld mhqsahgrm@amd

or W|th@%ﬁrﬁgléeﬂg?wp@ﬁg@m§ %suqqeélﬁ)ﬂqd Iﬁntﬂg@c% har?rg;l aé;rlg no
metha%es%‘i‘fbhi@'dbc?'p\lio]uém%édlmr@acﬂd drehddiky - phenyl ) - met hanone

4-[ 6- Am no- 5- (5-fl uor o- 2- net hoxy- benzoyl) pyridin-2-yl
Convesimgreoteppeend af fasmula thahbsars acCaiboxyligsaad, arosptiato a

pharméé&aicplhea@@ptable alkali metal salt
4-[ 6- Am no-5- (5-fl uoro- 2- net hoxy-benzoyl ) -pyridin-2-yl

%‘Eﬁgqpb Ealgc‘g{r{vglrsqgn cl)f a%%rrn%% 'o?foei!ﬁ'niu(fja Pfh%m%ar%sé Erboxylic acid
group [n?o AP céutidag éhibe;ﬁlaﬁl@ralldallﬁné’ta}’ lsalﬂbanbemffelcdadb)@ yl
(5-fluoro-2-net hoxy Phenyl - met hgnone g(:}xa
conveq’uqnal means. For example, the compound can be treat wnm)an mor&émc base

such a%glltlf\gri%p x irc?f %%Ad@fw%yd%&d@ pOYadRRINE P QdXIde, @ M ikean

Converting a compound of formula | that bears a carboxylic acid group into a
pharmaceutically acceptable ester

The optional conversion of a compound of formula | that 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 oh 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 dicyclohexylcarbodiimide is used as the coupling
agent, the reaction is conveniently carried out by treating the acid with the alcohol,
dicyciohexylcarbodiimide, 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., dichloromethane) at a temperature between about 0 °C and about room
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et hanone (Exanpl e 30);

1-{4-[6- Am no- 5- (5-f | uor o- 2- met hoxy- benzoyl) - pyri di n- 2
weoypbmriossag - pi peridin-1-yl}- propan-1-one (ExanpCe/ER1)05/007432

4-[ 6- Am no- 5- (5-f 1 uor o- 2- net hoxy- benzoyl ) - pyri di n- 2-yl

am no] - pi peri di ne-1- carboxylic acid nethyl am de

(Exanpl e 32);

4-[ 6- Am no- 5- (5-f 1 uor o- 2- net hoxy- benzoyl ) - pyri di n- 2-yl

am no] - pi peri di ne-1- carboxylic acid ethylam de

tempen%@ﬁ%”ﬁfe@er%% at about room temperature In the case where
pi peri 4-yl am no) - pyridin

tnpheqylp(rmphmefcbetnylmqqﬁ/ga}lp@emte s uped ﬁamﬁweoqmarﬁae@t 312@ feactlon

is con e(ﬂ %%%rﬁ? cf i@{f‘ ﬁgﬁ Yd WRWEWI%%%RQOI?E@%@%EW ihe and

diethyl[ad?zoﬁidamb@’re(té mmmaeﬁsolvfeonydmrpaqoen |e®hen (é-gy) tetrahygrofiyran) or
i di h
an a0 R AARSEINN (R BRBERTTY Gh ISP BEIh PESGD BRONE] - FyAnd
about tdHm teinyéatré; sreférbblyaitabéut oBLhOXY- phenyl ) - met hanone
(Exanpl e 40);
4-[6- Ami no- 5- (2, 3-di f| uor o- 6- met hoxy- benzoyl ) - pyri di n-
7 SR Bl A Bt the PAERAMVEAG G RS hafhbesutical
BX mpl-e AH’ ;
compobt{&ws[@n%hnsmg &t-163strai ¢drupowndsefiotrhabayl - loe azhArinapguticrily

sccort iSRS 4 s Ao R S AR b iy anor

carrie@Yr i di n-2-yl am no]j -

These pharmaceutical compositions 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 administered rectally, for example, in the

form of suppositories, or parenterally, for example, in the form of injection solutions.

The pharmaceutical compositions of the present invention comprising
compounds of formula |, and/or the salts or esters thereof, may be manufactured in 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, talc,
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.
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pi peridin-1-yl}-ethanone (Exanple 44);

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr
wWOdbes 085348 ] - (5-f | uor o- 2- PCT/EP2005/007432

nmet hoxy- 4- et hyl - phenyl ) - net hanone (Exanpl e 45);

4- [ 6- Ami no- 5- (5-f | uor o- 2- met hoxy- 4- met hyl - benzoyl') - pyr

i di n-2-ylam no] - piperidine-1-carboxylic acid ethyl

ester (Exanple 46);

1-{4-[6- Ami no-5- (4-chl oro-5-fl uoro- 2- met hoxy- benzoyl ) -

%? | fhafn2caltE] prebardtioRs daflidksolcohthingdresaniyy dderdgiRiotubilizing
agents| gtahitizing-&ents, mttmeg@mtsmmmsﬁvmrag@nt& SWEELRRINMD RO,

colorlng|q98pgs %ak%rir}go%;eng% forv r |n the Ofg?tlﬁ&fQSSXé? buffers, coating
agents”or[éirtlﬁmdaﬂtsﬁ 'I(kﬁeyfdamoailse Zemaﬂmomf meﬁbpemﬂnabye nalopble-gupstances,

'nClUd'%@?éﬁ't'(’Bigﬁ%'Ng ‘rggjg eg{ﬁfﬂh Fitian tﬁos bR d ethyl

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n- 4-yl am no) - pyr
idin-3-yl]-(2,6-difluorophenyl)- nethanone (Exanple
%)mefﬁlme@tﬂrhﬁyenti@ afirspowiscofiiee ereseahmvesten.daclyging

v cof 5B el PP, L GBI b AR oy

prohfe@ﬁvt@ hmwcs@s moudiruthemopreventicst mfmﬂmealChermmeventfm [5))
of these

e g SRR ST e B T

|n|t|at|dgsﬁﬂﬁéu%e‘?ué Q\Fé'ﬁt @? By Bl g thefo§RisBidhaof ppevealighBat cells

present invention can be prepared by
that ha@ﬁlmdv@uﬁemqﬂaan ekl f inhibiting tumor relapse.

These compounds and formulations containing said compounds are
particularly useful in the treatment or control of solid tumors, such as, for
example, breast, colon, lung and prostate tumors. Furthermore the compounds
according to the present invention are useful for the manufacture of medicaments
for the treatment of cancer, especially of solid tumors, and more preferably of

breast, lung, colon and prostate tumors.

A therapeutically effective amount of a compound in accordance with this

invention means an amount of compound that is effective to prevent, alleviate or

ameliorate symptoms of disease or prolong the survival 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 to this
invention can vary within wide limits and may be determined in a manner known in the
art. Such dosage will be adjusted to the individual requirements in each particular case
including 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 approximately 70 Kg, a daily

dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about
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known to the skilled artisan. Suitable processes for

synt hesi zi ng these conpounds areprovided in the
wexerspoess Ceneral |y, conmpounds of formula | caaT/E®2005/007432

prepared according to the synthetic route described in

schene 1, wherein unless explicitly otherw se stated,

Rl and R2 are as defined above. The commercially

avai l abl e starting material, 2,6-dichloronicotinic

acid (fromAldrich. In Exanples 1 and 2), can be

1,000 rh %w&be YSpnats; IRKBIYIS the Gp@eraliib mafy-héxweeded when -
N§ hoxy- Cls\tl-pﬁwectﬁdhryl ni cot i %am dept%,eExarrlpF?@S) ee wnen

indicated. aﬂ%hﬁ@laﬁy drsage partbe pdminigiered g asiegle dose\gr in divided doses,

or for p%ﬁ%lﬂg%rl %dﬁil@?ﬁ%@ Naapho n}Hr? X &mu‘éﬁs%ﬁpgleﬁ..

erne ttere Hel veti ca
Chimca Acta, 59, 1976, 222- 229). The R2 group is

L ptroduced by _reaction with anql.i t hi t

hs commouans RE NS Balien v, BeyRer n amBifatisE |
(adminft&Raris ¢ohihfatRparseguahtiallypwahikablvy dil-caleer oeatments

substituted benzene. The final conpounds of the

such as fediationihesary Phwih sOsIatE P ISYIAPEERIEBITeRECTHES {He
exampﬁe ‘Bhll( Rgfhrgﬁé’dj{%) ‘Bhi%@ﬁv@% ek, SQEARS El'sﬁialtlﬁ or

not commercially
doxorubicin;| tapbispmiehassell inbéitvtosm syctaae etﬁp@@mee@omlsqm@r@ge ihn

e T

paclitak&ie H8cétaxdIr sn\epdeiohbs; WrmaSa@@ﬁtstsheh rasddmoknfem of a

npound of fornmula | und
thymldflaatﬁmyatha@SdBWbE?&SeaU%%%'U@g%ﬂ)aaﬁ h'é‘eF Sas%j‘
as methdt@xSRMEMHoKdd SEMh@a( Bay 8lsbWe! lﬁ‘é%rfulrlﬁ%ﬁn%%dtlﬁnt he

with modulators of p53 transactivation.

If formulated as a fixed dose, the above-described combination products
include the compounds of this invention within the dosage range described
above and the other pharmaceutically active agent or treatment within its
approved dose range. For example, an early cdk? inhibitor olomucine has been
found to act synergistically with well known cytotoxic agents in inducing
apoptosis. (J. Cell Sci,, 1995, 108, 2897-2904). Compounds of formula | may
also be administered sequentially with known anticancer or cytoxic-agents when
concommitant administration or a combination is inapprdpriate. This invention is
not limited in the sequence of administration: compounds of formula | may be
administered either prior to 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).

In another embodiment, the present invention also relates to novel intermediates
useful in the preparation of compounds of formula |. These novel intermediates include

the following compounds:
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presence of an organolithium conpound of the fornula
R2-Li (C) to give the conpound of fornulac) said

woanpmusds of fornmula (D) is further reacted i NPCIAEP2005/007432

presence of an amne of fornmula RL-NH2 (E) to give the
correspondi ng conpound of forrmula I , which can d) be
separated fromthe reaction mxture and, if desired,
be turned into a pharmaceutically acceptable salt or
ester; wherein RL and R2 have the neani ngs given
above. Separating a m xture of stereoisoners into the
optically pure stereoisoners (when conpound of fornula
P,6-BiohhiroaN-Jnethexysltmethal-nisetiramaidedFxampies dler i c
structures of fornmula I can be carried out according
to known nethods such as for exanple resolution or
obimtlo-drcBlorehesiniceadid (Eiatnsibr2ymat ogr aphy (al so known
as chiral HPLC). Resolution nmethods are well known,
and are summari zed in "Enantioners, Racemates, and

S L6 2RABro-N MBS -N-hethfl-AtotinkPhie (Ekamn . Sons,
%Y%@Sélgaﬁﬁ)l{/%t ods for ch?rgl HPLC ar e\cgl sopﬁl
known, and are summarized in "Separation of

%E,%—rtsiicﬁlg%-%yﬁéﬁn-%—ﬁy-i(ij-rrg{ﬁ&{ﬁbﬁ&{ﬂ)‘?me%anone (Example 4);
(2-Amino-6-chloro-pyridin-3-yl)-(2-methoxy-phenyl)-methanone (Example 5);
(2—Amino-6—ch|oro-pyridin-3-yl)—(2-ﬂuoro—phenyl)—methanone (Example 7);

4-[6-Amino-5-(2-fluoro-benzoyl)-pyridin-2-ylamino]-piperidine-1 -carboxylic acid
tert-butyl ester (Example 8);

[2-Amino-6-( piperidin-4-ylamino)-pyridin-3-yl]-(2-fluoro-phenyl)-methanone
(Example 9);

(2-Amino-6-chloro-pyridin-3-yl)-(3-methoxy-phenyl)-methanone (Example 17);

(2-Amino-6-chloro-pyridin-3-y!)-(5-fluoro-2-methoxy-phenyl)-methanone
(Example 19);

4-[6-Amino—5-(5-fluoro—2-methoxy—benzoyl)-pyridin-2—ylamino]—piperidine-1 -

carboxylic acid tert-butyl ester (Example 21),

[4-amino—2-(piperidin—4-ylamino)-pyrimidin-5-y|]-(5—fluoro-2-methoxy-pheny|)—

methanone trifluoroacetic acid salt (Example 22);

(2-Amino-6-chloro-pyridin-3-yl)-(4-methoxy-phenyl)-methanone (Example 35);

(2-Amino-6-chloro-pyridin-3-yl)-(4-fluoro-phenyl)-methanone (Example 37);
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Met hods" (Pirkle, W H and Finn, J. in "Asymetric
Synthesis", Vol. 1, Mrrrison, J. D., Ed., Academc
woénes®osHac. , NY 1983, pp. 87-124). Converti ngPaT/EP2005/007432
conpound of forrmula | that bears a basic nitrogen into
a pharmaceutically acceptable acid addition saltThe
opti onal conversion of a conmpound of fornmula | that
bears a basic nitrogen into a pharmaceutically
acceptable acid addition salt can be effected by
conventional nmeans. For exanple, the conpound can be
treated with an inorganic acid such as for exanple
BrAminhBahiaroauridin-Brybr(@3-differca@intethaxy-phenyd)-methanone
g#triq %gjd, phosphoric acid, or with an appropriate
fﬁﬁﬁ% id such as acetic acid, citric acid,
tartaric acid, nethanesul fonic acid, p-toluene

sul fonic acid, or, the |jke. nverting a_¢o und, of
T e oo Bei-3 - Catisead ey a BegRE PRRR) Hlethanone
g@@ﬁﬁggqg&ically acceptable alkali netal salt The
pti1onal conversion of a conmpound of fornmula | that
bears a carboxylic acid group into a pharmaceutically
400088 SR B (45 broC B AU bR S ERbAaR¥y)-methanone
I"oha ans. r' exanpl e, the conpound can be
(Fe@hpld 4T)tdncan i norgani ¢ base such as |ithium
hydr oxi de, sodi um hydr oxi de, potassi um hydroxi de, or
the like. Converting a conmpound of fornula | that
gﬁ-%rn%n@-%@@%rid‘m—@ﬂyIF(%-@H@or@bﬁeﬂylph@mﬁﬁm (Exahipje 51).
cceptabl e ester The optional conversion of a conpound
of formula | that bears a carboxylic acid group into a

r leG At liShethals RS syhiteeizth S
SRR Al diGRRIethacfis i et hisin
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.
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The conditions for the formation of the ester wll

depend on the stability of the other functional groups
woOnodelesasl ecul e to the reaction conditions. |PCTE®2005/007432

other noieties in the nolecule are stable to acidic

conditions, the ester may be conveniently prepared by

heating in a solution of a mneral acid (e.g.,

sul furic acid) in an al cohol. O her nethods of

preparing the ester, which may be convenient if the

la6kke is not stable to acidic conditions include

ggea@rng the conpound with an al cohol in the presence

of a coupling agent and in the optional presence of

addi ti onal agents that nay accel erate the reaction.

Many such coupling agents are known to one skilled in

the art of organi c chentsaémple Two exanpl es are

di cycl ohexyl car bodi i m de and tri phenyl phosphi ne

/ di et hyl azodi carboxylate. In the case where

di cycl ohexy lscaicR - NThidehdx§-NI8Eh§EnitBEndiRidR! | Ny

agent, the reaction is conveniently carried out by

treating the acid with the al cohol,

di cycl ohexyl carbodi i m de, and the optional presence of

a catalytic anmount (0-10 nol e% of

N, N- di lhylaﬁinop()ffidine, i n &< neN

a hal ogena ocar bon (e.qg., chldromet hane) at a

t enper at ur ej|bet

roont enper a ; enper at ur e.

In the case wher ri phenyl phosphi ne/ di et jhyl :

azodi carboxyl ate i® used as the coupling” ggn{, t he

reaction is conveniently carried out reating the

acid with tM& 4928Rol, tri phenyl ph%%%ﬁ%‘f&nd di et hyl

azodi car boxydtR€C&ENDN an inert sol veri I 4s an et her

(e.g., tetrahydrofuran) or an aronmatic hydrocarbon

(e.g., benzene) at a tenperature between about 0 0C

aiad; ahiakbn bR BLAIERBRITAGIIING adld €560 AlY, 2.68 madualdAciHB0%) in
anhydrous N,N-dimethylformamide (5 mL) were added O-benzotriazol-1-yI-N,N,N’,N’-

tetramethyluronium hexafluorophosphate (1.28 g, 3.37 mmol, Aldrich), 1-
hydroxybenzotriazole hydrate (456 mg, 3.37 mmol, A]drich) followed by N,N-
diisopropylethylamine (1.3 g, 10.0 mmol) and N,O-dimethylhydroxylamine hydrochloride
(306 mg, 3.15 mmol, Aldrich) at 0 °C. The reaction was stirred for 1~2 hrs, treated with
water and extracted with ethyl acetate. The combined organic extracts were washed
with brine, dried and concentrated. The crude product was purified on silica gel with
hexanes/ethyl acetate to give 2 6-Dichloro-N-methoxy-N-methyl-nicotinamide as a white
solid (304.5 mg, 50% yield). HRMS, observed: 233.9968, Calcd for M*: 233.9963
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In an alternative enbodi nent, the present invention

i ncl udes pharmaceutical conpositions conprising at
woOeeastoossag conpound of forrmula | , or a PCT/EP2005/007432

pharmaceutically acceptable salt or ester thereof and

an a pharmaceutically acceptabl e exci pient and/or

carrier. These pharnaceutical conpositions can be

adm nistered orally, for exanple in the form of

tabl ets, coated tablets, dragees, hard or soft gelatin

capsul es, solutions, enulsions or suspensions. They

can al so be admnistered rectally, for exanple, in the

form of suppositories, EXamBleesdterally, for exanpl e,

in the formof injection solutions. The pharmaceutica

conpositions of the present invention conprising

conpounds of f or2indnt-6-cldomb-micotiieasidl t s or esters

t hereof, may be manufactured in a manner that is known

in the art, e.g. by neans of conventional m xing,

encapsul ati ng, dissolving, granul ating, enulsifying,

entrap@ing, ndragepe- meki ng, or |yoghil i zNRg mN9cesses.
These phaghacedti cal preparations ca 6r mul at ed

wi th therapeu icalkﬁ1inert, Lhorgani c rganbﬁ
carriers. 0 corn starch or deri [ t her eof,

talc, steric acifd or its salts can be used such
carriers for tabPets, coated tablets, drageé% and hard
gelatin capsul es. Suitable carriers for soft gelatin
capsul es 11§30 eget abl e oils, waxedVhAd2:dt s.

Dependi ngCes&NOnat ure of the acti veCgdigsdlNsdce, no

carriers are generally required in the case of soft
gelatin capsules. Suitable carriers for the
manuf acture of solutions and syrups are water,

0L X% of 3 LR SnicoNEREIITHIY, 48" mmol, Aldrich 90%) was
dissolved in concentrated ammonium hydroxide (100 mL, 29.4%, Fisher) and heated at
130-160°C in a pressure bottle for 1-2 days before solvent was removed in vacuo. The
residue was treated with water and the pH was lowered to ~8 with concentrated
hydrochloric acid. The resulting mixture was extracted with ethyl acetate and the
combined organic extracts were washed with brine, dried, concentrated and the crude
product was recrystallized from ethyl acetate to give 2-Amino-6-chloro-nicotinic acid as
white crystalline (2.74g, 34 % yield). HRMS, observed: 172.0042, Calcd for M™:

172.0040
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gl ucose. Suitable carriers for injection are water,
al cohol s, polyols, glycerine, vegetable oils,

wohospasi4s pi ds and surfactants. Suitabl e carri eCS/EPZI05/007432

suppositories are natural or hardened oils, waxes,
fats and sem -1iquid polyols. The pharnaceutica
preparations can al so contain preserving agents,

sol ubilizing agents, stabilizing agents, wetting
agents, enul sifying agents, sweetening agents,
coloring agents, flavorgRgnp@ests, salts for varying
the osnotic pressure, buffers, coating agents or
anti oxi dants. They can al so contai n ot her

t her apeut,i | Y a| ﬁﬂ?@{ | ks ¢%%-
additiongvﬁﬁkp%%éﬁkﬁg$L§Fén rgﬁﬁgﬁwﬂhgﬁk dgg of
formula |I. As nentioned above, the conpounds of the
present invention, includip LPe conmpounds of fornul a
1 are useful in the tr §®Hk-or control of cel
proliferative disorders, including chenoprevention of
cancer. Chenoprevention is defined as inhibiting the
devel opnent of invasive cancer by either blocking the

i ni tiatingmut ggenic event or waplocm]ng e

progr ' prf-nalignant cells 2al r eady
suffere of i nhibitkng tu These
compoun MNukati ons cont ai ni n ands

are particularlly uséful in the treatnent ofl control of
solid tunors, €uch as, for exanple, breastQO colon
lung and prostate tunors. Furthernore the conpounds
accordi n\IW@3BHE7 present invention anpwusefesd for the
manuf act GQHB(DIEN di caments for the trc%a{15tamgogf
cancer, especially of solid tunors, and nore
preferably of breast, lung, colon and prostate tunors.

2 6-Dichloro-N-methoxy-N-methyl-nicotinamide (202.4 mg, 0.8610 mmol,

Example 1) and concentrated ammonium hydroxide (1.8 mL, 29.4%, Fisher) in
tetrahydrofuran (2.5 mL) were heated to 155 ° C in the microwave for 2 hr. The reaction
mixture was concentrated and the residue was purified on silica gel with hexanes/ethyl
acetate to give 2-Amino-6-chloro-N-methoxy-N-methyl-nicotinamide (14.3 mg, 8% yield).
HRMS, observed: 215.0463, Calcd for M™: 215.0462.

Method 2:
Ch N _NH, Ch Ny ~NH,
___OH Y
N
O N
~ O/
MW 172.5720 MW 215.6408
CeHsCIN,O, CgH1CIN;O,
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A therapeutically effective amount of a conpound in

accordance with this invention nmeans an anount of
woanpousdst hat is effective to prevent, all evi BCE&/EB2005/007432

anel i orate synptons of disease or prolong the survival

of the subject being treated. Determ nation of a

therapeutically effective anount is within the skil

in the art. The therapeutically effective anmount or

dosage of a conpound according to this invention can

Y& 5% oMtioRidt 20A ghehd-6 Ehloro-disbtifRyadié (4100¢r28.968 mmok Example
manner known in the art. Such dosage w

2)in arlh(ydt(h@ N, Aedimetidformenide GRmbkwee addad LEVSF%MEJ%\?ZOS%@%O'G
nydratd, {1 5] AP AGAh e PERBAHRLAP dnd &1 BENRABASANESN' N-

mnls |on the’ condi tion being o
tetraméthﬁat@mmla@(ambrommsphmep(as13&@ 405648 mmedt Aldrichhat 0°C. A

f |
s soioShR S my bS5 e i
anhyerQs KON- oﬂn@ﬁiylfb!rnﬁié’rﬁﬁlﬁeﬁgfnL?)WtréeﬁemlmoNMusoﬂr@pQmelamlne

preferably from about 200 t o, about

(8.28 gs SBadl imsd) ansbirvpediately addeduiGr f?ﬂ%t'%\ﬁB'Pfl‘ RES ‘itpgﬁé&atb% C for
~10 mlgaf%%'%ﬁg 7at e 'Ph tdib&GatRd forTh8 el TheSAAM WA dMRed with ethyl

as a single dose or in divided doses, or
acetatd OI50pell) eamdewater k0 mip andtthe)aquequsdayerb&asgempta@ with ethyl

0 acota 0 BRUSSD P S EaRRTBR BB 5Bl 290 anc

saturat%@'gé'dﬂ% CRIBrige, Gestugnd tahdantratéd. Thenaude @mducd:wasepurlfled on
treat ments such as radiation thera

silica ge}with 198 10— 60/30\af beyrnes/ghwhacetaly %/9"5%2%?'”85&'%”0&0 -N-
metho%fJ N- l{ﬂg{hy‘ hf&bﬂ@gr;@‘r%u(g%' It 65 aghbl ¢5F9Rlisld). SHRM S Sobserved:

n or ;" topoi soner ase || i nhi bi tors
215. Omch:aasl fet Myp21516462.0poi sonerase | inhibitors such as

s CPT-1 1 or topotecan; tublin interacting agents, such
as

Example 4

(2,6-Dichloro—pyridin-3-y|)-(2—methoxy—pheny|)-methanone

cl _N._ _Cl
- | =
Cl _N._ _Cl Q o
= N\O/ + _ O\
I |

MW 235.07 MW 234.0376 MWV 282.1282
CgHaCLN,0, C,H,10 C,sH,CLNO,

20

To a solution of 2-icdoanisole (4.97g, 21.24 mmol, Aldrich 98%) in anhydrous
tetrahydrofuran (33 mL) at -78 °C, was added a solution of n-butyllithium in hexane (2.5
25 M, 8.5 mL, 21.25 mmol, Aldrich). The reaction was stirred at -78 °C for 0.5~1 hr to give

a solution of the 2-methoxyphenyl lithium for the following reaction.
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25

paclitaxel, docetaxel or epothilones; hornonal agents
such as tanoxifen: thymdilate synthaes inhibitors,
weuels/@s548- f | uorouraci |l ; and anti-netabolites saTmPa®s5/007432
nmet hot rexate. Conpounds of forrmula |I may al so be
useful in conbination with nodul ators of p53
transactivation. If fornmulated as a fixed dose, the
above-descri bed conbi nati on products include the
conpounds of this invention within the dosage range
descri bed above and the other pharmaceutically active
agent or treatnent within its approved dose range._For
Erangpletjorael 26Mighlewki-matiosythbhmeihyrmicgtinantigs ( %&% mg, 2.141

o EQHHAS ) PSS e KB4 RO rosny

prepar@@@m@@ﬂ@phmmﬁiﬁ ecﬁmwnﬁnbm dbovay asd fe teaction was stirred

dm ni stered se ntially with known cance
at 78 &5 fos A0k e gee Sl A o aarsneaanh P TR Fgledd. Tne
resultlrfqom%ﬁ%t\hé’é‘ qliSndHRRARMEP ARG hES & arhRiohidr caRidesoliionpextracted
in the sequence of adm nistration: conpounds

with etby! Hoetatel washeshyith satwcrtedisodiine ghlsridacdriqst p¥ar 5108“%? sulfate

after
o AL, B0 AT A ot
acetat®to give (2 @Dichlmr@pyndmfi’. W{Q%metdoky—pbeayl)‘ methiehame ashe light

orown PG KL 31Tt S21bi s RS etV RS, Tt for

281.03@Podi nent, the present [ nvent| on aI so relates to
novel i ntermsdl ates useful in the preparation of

compounds of fornula | . These novel internediates
i ncl ude Example 5

(2-Amino-6-chloro-pyridin-3-yl)-(2-methoxy-phenyl)-methanone

Cl N Cl Cl N NH,
AN N
= 0] ——— o O
O\ o\
MW 282.1282 MW 262.6978
C,3HyCILNO, C,3H441CIN,O,

A solution of (2,6-Dichloro-pyridin-3-yf)-(2-methoxy-phenyl)-methanone (50.3 mg,
0.178 mmo!, Example 4) in 1,4-dioxane (2 mL) was treated with concentrated
ammonium hydroxide (0.24 mL, 29.4%) and heated to 150° C in the microwave for 3

hrs. The resulting mixture was treated with water and ethyl acetate, washed with

“ saturated sodium chioride, dried over sodium sulfate and evaporated in vacuo. The

residue was purified on silica gel with hexanes/ethyl acetate to give (2-Amino-6-chloro-
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the foll ow ng

conmpounds: 2, 6- Di chl or o- N- net hoxy- N- et hyl - ni cot i nam de
WORNEMO5a8 1) ; 2- Ami no- 6-chl oro-ni cotinic acid eExamplos/007432

2); 2-Am no-6-chl or o- N- net hoxy- N- et hyl - ni coti nam de

(Exanple 3);

(2, 6-Dichloro-pyridin-3-yl)-(2-nmethoxy-phenyl)-nmet hano

ne (Exanple 4);

(2- Am no- 6-chl oro-pyridin-3-yl)-(2-nmethoxy-phenyl) - net

rid ) n{eﬁ@!yp e -methanone as a off-white solid (23.7 mg, 50.7% yield).
24 mlgiayAKr? no- 6 hl})orrgA pyridin-3 g éz fl uoro(pheny?) Oy )
HRMS potmesveds28ai)5927 Calcd for M™: 262.050

4-[ 6- Am no- 5- (2-f 1 uor o- benzoyl ) - pyri di n- 2-yl am no] - pi p
eridine-1-carboxylic acid tert-butyl ester (Exanple -

8); [2-Am no-6-( Example 6
pi peri di n-4-yl am no) - pyri di n-3-yl]-(2-fluoro-phenyl)-m
5 et hanone (Exanple 9);

-Anﬁuﬁo- L 1'\?eﬁwaﬁ'&%@ﬁ&%?ﬂﬂé#dﬁ-ﬁWér%mbﬁp?’ﬁ@nh@iyﬂ-mlﬁféthdxyﬂiﬁlﬁenyl

(2 Am no- 6- chl or o- pyri dmetBanane- (5-f | uor o- 2- met hoxy- ph
enyl ) - met hanone (Exanple 19);

4-[ 6- Am no- 5- (5-f 1 uor o- 2- net hoxy- benzoyl ) - pyri di n- 2-yl
am no] - pi peri dine-1- carboxylic acid tert-butyl ester

(Exampl e 21); . . e . .
10 A) Preparagigp ﬁsrrne}%emep%@prayer.'aerw'%-ﬁa-sﬂ%wﬁywwfa‘lWgﬁwtjq gy

uor o- 2- net hoxy- phenyl ) - net hanone trifluoroacetic acid
salt (Exanple 22);

(2- Amimo- §-chl or o- pyri di n- 3¢yl ) ;A 4- met hoxy- pheny! - net
hanonell ( Exdnpl e 35); HN NH E

(2- A nd? 6- ¢chl or o- pyr|d|n3yl) (4-fluoro- hzenw),-,:rreth

ano (Exarrple 37);

( 2-[Ami ho- 6- chtoro=pyridin-3-yl -2, 3-di f | gr - 6- net hox
R N

y- | ) - met hanone l
H O’?:O O‘?:O
g’l V\qu?\i)'.(z)s MW:278.37 MW 178.25 + 114.02
107 a0tz Cy;H2oN,0;S CH,4N,0,8 . C,HF,0,

A solution of piperidin-4-yl-carbamic acid tert-butyl ester (1.0 g, 5.0 mmol,

Astratech, Inc.) and diisopropylethylamine (4 mL) in tetrahydrofuran (40 mL) was stirred

15 at+5°C. To this was added methanesulfonyl chloride (1.0 g, 8.8 mmol) in a bolus. The
reaction was brought to room temperature for 1 hour, poured into water and extracted
into methylene chloride (2x50 mL). The combined organic extracts were washed with
5% aqueous sodium bicarbonate. The organic solution was dried (NazS0O,) and solvent
was removed under vacuum to give a crude solid. Purification was by trituration with

20 ether/hexane to give (1-methanesulfonyl-piperidin-4-yl)-carbamic acid tert-butyl ester as
a white solid. Mass spectrum (ES) H™: 278

A suspension of (1-methanesulfonyl-piperidin-4-yl)-carbamic acid tert-butyl ester
(1.14 g, 4.1 mmol, from above) in methylene chloride (15 mL) was treated at room

25 temperature with trifiuoroacetic acid (5.3 mL). After stirring for 2 hours, all solvent was
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(Exampl e 39);

(2- Am no- 6-chl oro-pyridin-3-yl)-(5-fluoro-2-nmethoxy-4-
waorbdsyosakenyl ) - net hanone (Exanpl e 43); PCT/EP2005/007432

(2- Am no- 6-chl oro-pyridin-3-yl)-(4-chloro-5-fluoro-2-m

et hoxy- phenyl ) - met hanone (Exanple 47); and

(2- Am no- 6-chl oro-pyridin-3-yl)-(2,6-difl uoro-phenyl) -

nmet hanone (Exanple 5 1) . The foll ow ng exanpl es

illustrate preferred nmethods for synthesizing and

remové‘os 5&9 htehfes é@ﬂﬁu%@ With SRt HaRswas filtBRdPWESREY with ether

Th et se exanpl es and preparations are
and dnleldlnmsaa:lﬂim ﬁxegavadl -aetharssulfondpieatidine4hgaming; comgound with

orS b LRS8O R, RS, £ s

177.0608e i nvention as defined by the clains appended
her et 0. Exanpl es : Exanple 1
2, 6- Di chl or o- N- et hoxy- N- net hyl - ni coti nam de MW 192. 00

B) Preggygaéﬁ ﬁﬁ ARl NRe ﬂ;%h'ég(!”%}%%lﬁéﬁdlﬁ &g'a%hgﬁp)‘iﬁdm -3- yI] -(2-

ronicotinic acid (5
metho@Pphenyh)-methaiooas N, N-di met hyl formanmi de (5 ml _) were
added O benzotriazol-1-yl-N, N N, N -
t et ramet hyl ur oni um hexaf | uor ophosphate (1.28 g, 3.37
mml AI drich), 1- H

i CVNH SR
N
S | . o O\
HO F

MW 262.69 MW 178.25 + 114.02 MW 404.49
C13H11CIN,O, CeH,4N,0,8 . C,HF;0, C,gH4N,O,S

A mixture of (2-Amino-6-chloro-pyridin-3-yl)-(2-methoxy-phenyl)-methanone
(24.9 mg, 0.0948 mmol, Example 5), 1-methanesulfonyl-piperidin-4-ylamine (50.6 mg,
0.284 mmol, from Step A above ), N,N-diisopropylethylamine (38mg, 0.294 mmol) and
ethanol (2.7 mL) were heated at 160-180 ° C in a sealed tube under microwave
conditions for 0.5~4 hrs. The resulting reaction mixture was concentrated in vacuo and
the residue was purified on silica gel with methylene chloride/methanol to give [2-
Amino-6-(1-methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(2-methoxy-phenyl)-
methanone as a white solid (22.5 mg, 58% yield). HRMS, observed: 405.1594, calcd
for (M+H)": 405.1591.
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10

15

hydr oxybenzotri azol e hydrate (456 ng, 3.37 mol,

Al drich) followed by NLNdiisopropyiethylamne ( 1 .3 ¢
woO 20@/0053a801 ) and N, O di met hyl hydr oxyl am ne PCT/EP2005/007432

hydrochl oride (306 ng, 3.1 5 mmol, Aldrich) at 0 OC

The reaction was stirred for 1~2 hrs, treated with

wat er and extracted with ethyl acetate. The conbi ned

organi c extracts were washed with brine, dried and

concentrated. The crude product was purified on silica

gel wth hexanes/ethyl acetate to give

2, 6-Di chl or o- N- met hoxy- ni coti nam de as a

white solid (304.5 ny, E&&? 18 d). HRMS, observed:

233.9968, Calcd for Mt 233.9963Exanple 2

2 AT s SHEO oA SO aGa6L A JGhRy hdfHAdd e 57

2, 6-dichloronicotinic acid (10 g, 46.9 mol, Aldrich
90% was di ssol ved in concentrated anmogj
(100 M _, 29.4% Fisher) and heated at
pressure bottle for 1-2 days before sol vent
rennved in vacuo. The resli due was treated
Hiyas | owered-tg ~8 with concentrated
¢ acid. The I ng m xture was extractedr
pcet at ek and zonbined—ehganic ext
gd WOrh brine, ¢ d, concentrated and
crude proguct was recrystalllzed fromethyl aceta
gi ve 2- Am no- 6-chl or o- acid as white

cr YBV 1516408 2. 74g, 34\"%&%@@% HRVS, obs MW/ &$o-66
17LH042N;@al cd for #20040Exanpl e 3 CioHCIFN,O

2-Amino-6-chloro-N-methoxy-N-methyl-nicotinamide (500 mg, 2.32 mmol,
Example 3) was dissolved in anhydrous tetrahydrofuran (14 mL) and cooled to -78 °C.

A solution of 2-fluorophenyl lithium (4~6 equiv, freshly prepared following the
same procedure as in Example 4) was added. The reaction was stirred at -78 °C for
1~3rwsandquenchedVWH1aqueousanvnonMn1cNoﬂdesohMon.TheresMﬁngrnmuue
was extracted with ethyl acetate, washed with saturated sodium chloride, dried over
sodium sulfate and evaporated in vacuo. The product was then purified on silica gel to
give (2-Amino-6-chIoro-pyridin-3-y|)-(2-fluoro—pheny|)—methanone as a white solid (445.5
mg, 77 % yield). HRMS, observed: 250.0306, Calcd for M*: 250.03009.
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2- Ami no- 6- chl or o- N- et hoxy- N- net hyl - ni coti nam de
Met hod 1 MW 235. 07 MN 215. 64 C8H8CI 2N2O2 C8 1 MhOCl NX3
WO 2806208481 chl or o- N- met hoxy- N- net hyl - ni cot i nanPd&/EP2005/007432
(202.4 rhg, 0.8610 nmol, Exanple 1) and concentrated
amoni um hydroxide ( 1 .8 nmL, 29.4% Fisher) in
tetrahydrofuran (2.5 nL) were heated to 155 Cin the
m crowave for 2 hr. The reaction m xture was
concentrated and the residue was purified on silica
gel wth hexanes/ethyl acetate to give
2- Am no- 6- chl or o- N- net hoxy- N- net hyl - ni coti nam de (14.3
my, 8% yield). HRVS, ob&xpowle 8215. 0463, Calcd for Mk
215.0462. Method 2: MW 172.5720 MW 215. 6408 C6H5CI N2CO2
C8H10CI N3Q2To a sol uti on of 2-Am no-6-chloro-nicotinic
4-[6-ARfH oI5 (A-28 gb-b @Bz BHSp yrinin-2-yExaimol-pip2Yidine- tohstixylicacid tert-butyl
5 N, N- di met hyl f or manmi de (5Oek)erwer e added
1- hydr oxybenzotri azol e hydrate (6.21 g, 40.57 mol,
Advanced ChenTTech) and O benzotriazol-1-yl-N, N NT
1IN - tetranethyl uroni umhexaf | uorophosphate (15.38 g,
.58.48 nmmol, Aldrich) at OOC. A solution of H

Meret hyl hydr oxyl am ne hydrochl ori de
@l drich) in NH, o \

T Y

cl
|

MW 250.66 MW 200.28 MW 414.48
C,,HsCIFN,O CyoHxoN-O, C,,H,,FN,O,
10 The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yl)-(2-fluoro-

phenyl)-methanone (Example 7) and 4-amino-1-N-Boc-piperidine (Astatech, >96%)
using the procédure described in Step B , Example 6. HRMS, observed: 415.2143,
Calcd for (M+H)*: 415.2140.

15 Example 9

[2-Amino-6-( piperidin-4-ylamino)-pyridin-3-yl}-(2-fluoro-phenyl)-methanone

H N. N _NH
N N NH, O/ X 2
A l
o) . F

MW 314.37

MW 414.48 G H L FN,0

CZZH27FN4O3

20
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anhydrous N, N-di net hyl formam de (15m _) was treated

with N, N-diisopropylethylamne (8.28 g, 64.1 mmol) and
womesdost4gl y added to the reaction which was sSPCT/EE2008007432

0C for ~10 mnutes then at roomtenperature for 4-5

hrs. The reaction was diluted with ethyl acetate

(1501.) and water (100 ni) and the aqueous | ayer was

extracted with ethyl acetate (3 x 150 nlL). The

conbi ned organic |ayers were washed with water (3x)

%mé A%%H r5a ﬁﬁu&%%éﬁ'fo?ﬁlp?ﬁ!jﬂez yBimiesl- mpémﬁﬁeqeéﬁrbakm acid

e crud pro uct was purif on silica g th
tert-butgdester m@sﬁ)m‘ qﬁﬁ@&n@m@tmma@eﬁw@s @'@S@W@é in dichloromethane

B

minuteg 1the48&iorGabadrehwas bbncedtatdifdiacEmaifhesalt was then neutralized
2,6-Di chl di n; 3- 2- met - ph L)~
5 withsea RSP AS 455 SR R S R BTN
chlorld% Z{'ZggrﬁLPv@é’h@%q"MuTéQe@ sé@llulrﬁ Eoridd (-2 byl adriidseles sodium

drich 98% in anhydrous

sulfatetanftdr%\lap@raiedﬂlmna@l%tqm)/e{ﬁ -Anigo-§¢s, plm;t,dladdﬂanﬁm) -pyridin-3-yl}-
sol ut i t e

(2-fluotp- Elﬁe'}@onmg hd?] 8% a?wé)éﬁ [?ﬁe r ea%t“?gmﬁlg( gtﬁ%g% A?%Sylgld '
OC for 0.5~1 hr to give a solution of the
2- met hoxyphenyl lithiumfor the follow ng reaction.To

10 a sol ution of "Exdhplefo
2, 6-Di chl oro- N- et hoxy N- net hyl - ni coti nam de (503.3
ng, 2.141 mmol, Exanp 1) in anhydrous
[2-Arstnoeih{ imsthanasu fgnwfplper iB-4adarino)-rygine 3-yR-(@sfluoro-phenyl)-

freshly prepared 2-nmet hoxuphsshd |ithium (3~5 equiv,
from above) and the reaction was stirred

ClNg_NH,
o SRV S
\ - Il Mo
F ,\O .
MW 250.66 MW 178.25 MW 392.46

15

The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yi)-(2-fluoro-
phenyl)-methanone (Example 7) and 1-methanesulfonyl-piperidin-4-ylamine (Step A,
Example 6) using the procedure described in Step B, Example 6. HRMS, observed:

20  392.1329, calcd for M™: 392.1318.
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at -78 0C for 30-60 mns until the conplete
consunption of starting material. The resulting
waiadeinss4sas quenched wit h aqueous anmoni um chPOTIE®2005/007432
solution, extracted with ethyl acetate, washed with
saturated sodium chloride, dried over sodiumsulfate
and evaporated in vacuo. The residue was purified on
silica gel with hexanes/ethyl acetate to give
(2,6-D chl oro-pyridin-3-yl)-(2-nmethoxy- phenyl) - net hano
ne as a light brown waxy solid (314.3 ng, 52%yield).
HRVS, observed: 281 .0023, Calcd for M- 281 .0010.
Exanmpl e 5 Example 11
(2- Am no- 6-chl oro- pyri din-3-yl)-(2-nmet hoxy-phenyl) - net
hanone MN 282. 1282 MN 262. 6978 C13HOCI 2NO2 C13H1
4-[6-ARIRE-E 24l LBpb-beh 2oy PPyridin-2-ylamino]-piperidine-1-carboxylic acid ethyl
(2, 6-Di chl oro-pyridi n- 3- ylgg- % nmet hoxy- phenyl ) - net hano
5 ne (50.3 my, 0.178 mmol, EX%hple 4) in 1, 4-di oxane (2
m _) was treated with concentrated amoni um hydroxi de
(0.24 m., 29.4% and heated to 150 Cin the mcrowave
Ny _3Nitys. The resulting mixture was treated wjth

wat er and ethyl acetat hed with satu N
cbroride, dried over {sodifum Sul fate and evappratied iin
The resi do rified on Iq\i”eél Wi

Cl

hex ethyt 4cetdfte to give— F

(2- - 6-chl oropgri di n-3-yl)-(2-met h@ky-phenyl ) -

ano a off-white solid (23.7 ng, 50.7%yield).

HRVS, observed: 262.0502, Calcd for Mt: 262. 05009.
MPoaHee 6 MW 172.23 , MW 386.43
C,,HgCIFN,O CyH1eN20, CaoH23FN,Os

The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yl)-(2-fluoro-
10  phenyl)-methanone (Example 7) and ethyl-4-amino-1-piperidine carboxylate (Aldrich)
using the procedure described in Step B, Example 6. HRMS, observed: 386.1762,
calcd for M": 386.1754.

Example 12
15 ,
[2-Amino-6-(1 _ethanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(2-fluoro-phenyl)-
methanone
H
HO/ | = 0 /\/st
o’ "o
F
MW 314.37 MW 406.48
C7H1gFN,O C1gHasFN,O5S

44



[ 2- Ami no- 6- ( 1- net hanesul f onyl - pi peri di n- 4-yl am no) - pyr
i din-3-yl]-(2-nmethoxy-phenyl)- nethanone A)
weénepaost4s on of net hanesul f onyl - pi peri di n- 4- yl aATEE2005/007432
with trifluoro-acetic acid MV178.25 + 114.02
Co6H14N2O2S . C2HF3O2 A sol ution of
pi peridin-4-yl-carbamc acid tert-butyl ester ( 1.0 g,
5.0 mol, Astratech, Inc.) and diisopropyl ethyl am ne
(4 mM_) in tetrahydrofuran (40 nmL.) was stirred at +5
OC. To this was added net hanesul fonyl chloride (1 .0 g

, 8.8 mml) in a bolus. The reaction was brqu hf to
Toasotutiopef 42-Amine-6r( RiPaIN4-Yameel-RyFids- -l waao phenyl)
extr, ed i

methar§hTS oS, 08 TR ESERL 8] IERABIR Midusd s ni) were

added ﬁl@ﬁgﬂ’é’ﬁ\mbqazmlngt @.12% memot, dddrich) smmethyienawalslotide é@12 mL) and

and sol vent under t0 [
5 a SO'”“Q“@lf @H@@éﬂf@“y %'Pf'#?vg%p nﬁﬁg‘%y‘@?'v Yﬂ?%ﬂ ion Q 'ﬁ pcthylene
chlond% d@ i eéi%@mttenﬁ'e\’ﬁuﬁe After ~30 mlns the reaction mixture was
nesul fonyl - pi peri di n-4- [YC -carbam

a
concentretetd aud puriert y reyersedphiase HBlbas mbgé&ﬁﬁampg%gy to give

- enyl
i IR v dprmnppy sty ¢ g gren
methaﬁcﬁeta@alwrilteeﬁdler(w 11ng, B0 %, yidldL RS, cobagaw%d@é’ﬂﬁa%’» calcd
thylene chloride (15 nL) was treated at room
10 for M“"H)npé%téf'é with trifluoroacetic acid (5.3 nL). After
stirring for 2 hours, all solvent wasrenoved and the
residue was triturated with ether. This was filtered,
washed with ether and deXapRledS/acuumto gi ve
1- met hanesul f onyl - pi peri di n-4-yl am ne; conpound wth
trifluoro-acetic acid (1.20 g, 100% yield HRIVS,
1-{4-[6BRIMBR-{ILidr0-B&aedy!) Pafridh- --yfanvimo]-piperidin- -yl}-ethanone

15
H

H
N _N.__NH, O/N Ny ~NH;

B |

o)
E O F

MW 314.37 MW 356.40
Cy7HgFN,O C1gH21FN,O,

The title compound was prepared from [2-Amino-6-(piperidin-4-ylamino)-pyridin-
20  3-yl]-(2-fluoro-phenyl)-methanone (Example 9) and acetyl chloride (Aldrich 98.5 %)
using the procedure described in Example 12. HRMS, observed: 356.1655, Calcd for
M*: 356.1649.
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177.0698. B) Preparation of

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr
wOdbews/085348] - (2- net hoxy- phenyl ) - net hanone MW 282T&®2008%007432

178.25 + 114.02 MN 404. 49 C13HL11CIN 202 C6H14N2Q2S .

C2HF32 Cl9H24NAOAS A m xture of

(2- Am no- 6-chl oro- pyri di n-3-yl)-(2-met hoxy-phenyl) - net

hanone (24.9 ng, 0.0948 mmvol, Exanple 5),

1- net hanesul f onyl - pi peri di n-4-yl am ne (50.6 ng, 0.284

mol, from Step A above ) , N, N-diisopropyl ethylam ne

(38ng, 0.294 mmol) and ethanol (2.7 nL) were heated at

160-180 C in a seal ed Exampladder ni crowave conditions

for 0.5-4 hrs. The resulting reaction m xture was

concentrated in vacuo and the residue was purified on

1-{4- [G?AMIr\@aBWIUWd-Hsenmehmyedm -2lylanindkpipetitdianbiyl}poopansé-one

Anmi no- 6- (1- met hanesul f onyl - pi peri di n-4-yl am no) - pyri di
n-3-yl]-(2-nmethoxy-phenyl)- nethanone as a white solid
(22.5 ng, 58%yield). HRMS, observed: 405. ]:594N caINcHd

for (I\{Q}LI—D+ 4051591 . Exanpl e 7
>Ari ho o o- pyridin-3-yl)-(2- quorg phe$y|)-neth
nonie 3 MV 222. 0016 3 H10
H FI 70
2Amn06(:hlooN-rrethoxy N-rrethypnlcotlnamde F
nmg, 2.32 mmo
MW 370.43
MW 314.37
C,;H,oFN,O CoH2sFN,O,

The title compound was prepared from [2-Amino-6-(piperidin-4-ylamino)-pyridin-
3-yl]-(2-fluoro-phenyl)-methanone (Example 9) and propionyl chloride (Aldrich 98 %)
10  using the procedure described in Example 12. HRMS, observed: 370.1807, Calcd for

M*: 370.1805.
Example 15
15 4-[6—Amino-5-,(2—ﬂuoro-benzoy|)‘-pyrid_in-2-ylamino]—piperidine-1 -carboxylic acid
ethylamide
H Ne N_ _NH
O/N-IN\ NH, .y O/\Ej/ 2
N N = O
HN pZ o) ~~ \H/
F © =
|
MW 314.37 MW 385.44
C,7HoFN,O CaoH24FN;O;
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Exanpl e 3) was di ssol ved i n anhydrous tetrahydrofuran

(14 mM ) and cooled to -78 0OC. A solution of
wa-2bdewosaphenyl [ithium (4-6 equiv, freshly prepameenos/007432

foll owi ng the same procedure as in Exanple 4) was

added. The reaction was stirred at -78 0C for 1~3 hrs

and quenched w th aqueous ammoni um chl ori de sol uti on.

The resulting m xture was extracted with ethyl

acetate, washed with saturated sodiumchloride, dried

fms tlé%@b\‘éﬁ’é‘uﬁHlﬁé’é Ereﬁapeoeffé?ﬁqﬁ-@(rﬁi‘ﬁol@(NQ@Wn 4T{18mino)-pyridin-
t hen purl ied on silica
3-yll-(& mmmnh@nsnmmaoomtﬁmmp@@m gng ethy| I@@@)@r@%@mﬂylcmﬁ%)

using 3 33fks2Rr8 gER R ebyrhieins s et s SR Rgied for

M 3865 1®t4Am no- 5- (2-f I uor o- benzoyl ) - pyri di n- 2-yl am no] - pi p
eridine-1 -carboxylic acid tert-butyl ester MWV 250. 66
5 MV 200. 28 MN 414. 48 C12HBCI FN 20 C10H20N2C2
C22H27FNAC3 The title cpppadrtavas prepared from
(2- Am no-6-chl prp-pyridin-3-yT)-(2-fluorophenyl) -
met hanone (Exanple 7) and 4-anino-1- N-Boc- pi peri di ne

B TR e S R B RS Pt i
(MrH) +: 4 15,21 40. Exampthylenifi@- Am no- 6- (
pi peri di n-4-yl am no) - pyri di n-3-yl]-(2-fluoro-phenyl)-m

10 et hanone MW 414. 48 MW 314. 37
N_ N _NH, N N NH:
B i N | °
HN = @) -~ \ﬂ/ =
|
MW 314.37 MW 371.42
Cy7H1gFN,O C1gH2FN5O,

The title compound was prepared from [2-Amino-6-(piperidin-4-ylamino)-pyridin-
3-yl]-(2-fluoro-phenyl)-methanone (Example 9) and methyl isocyanate (Aldrich 98 %)
15 using the procedure described in Example 12. HRMS, observed: 371.1756, calcd for
M*: 371.1758.
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10

15

C22H27FNACB

CL7HL9FNAO4- [ 6- Ami no- 5- (2-fl uor o- benzoyl ) - pyri di n- 2-yl
warmeeepsas peri di ne- 1- car boxylic acid tert-butyPCeSP2I05/007432

(269.6 ny, 0.6504 nmol, Exanple 8) was dissolved in

di chl oronethane (5 m _), cooled to O OC and treated

Wth trifluoroacetic acid (2.5 m ). After stirring

-30 m nutes, the reaction mxture was concentrated in

vacuo. The salt was then neutralized wth saturated

sodi um carbonate (~3 m ), extracted with ethyl

acet at e/ net hyl ene chloride (~50m ), washed with

saturat ed sodi um chl oriE(iéE(QSﬁJ_E‘I ), dried over sodium

sul fate and evaporated in vacuo to give [2-Am no-6-(

pi peridin-4-ylam no)-pyridin-3-yl]-

( 2- f fuafrineBandrd-pyetmadyt € 3anethoxpphenyl)-metsanong (200

ng, 0.636 mMmol, 98 %yield). Exanple 10

[2-Am' no- 6- (1- met hanesul fonyl - pi peri di n-4-yl am no) - pyr

i din-3-yl]-(2-fluoro-phenyl)- nethanone MN 250. 66 MWV

178.25 MN 392. 46 C12HBCI FN 20 C6H14N2Q2S Cl18H2 1FNAGES

The title conpound was prepared from N H

(2- Am no- 6-chl oro-pyridin-3-yl)-(2-fluoro heny)

met hanone (Exanple 7) and g7

1-neth ﬁzulfonyl pi pecidi n-4-ylam ne (Step A,
Cl alg he procedur§ cri bed in Step B, Exa

VS, obsérved 392. 18 cal cd for—iwe;
8 Mxamgl e 11

no- 5- (2-fl uor o- benzojll ) -pyridin-2-ylam “p @/
eri dine©l -carboxylic acid ethyl
MW 215.6408 MW 234.0376 MW 262.70
CyHoCIN;O, C,H,10 C,3H4,CIN,O,

The title compound was prepared from 2-Amino-6-chloro-N-methoxy-N-methyl-
nicotinamide (Example 3) and 3-iodoanisole (Aldrich) using the procedure described in
Example 7. HRMS, observed: 262.0514, Calcd for M*: 262.0509.

Example 18

[2-Amino-6-(1 —méthanesulfonyl—piperidin-4—ylamino)—pyridin-3-yl]—(3—methoxy—phenyl)-

‘methanone
Cio N _NH, ik
5 NH, 0
= ’/ \\
Fost S0
o O P
o~ ©
MW 262.70 MW 178.25 MVY 404.49
C13H1CIN,O, CeH14N,0,5 CioH24N,O,S
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ester MAN 250.66 MW 172.23 MN 386.43 C12H8CI FN 20
C8H16N2O2 C20H23FNAQB3 The title conpound was prepared
woOnraw0pS48m no- 6- chl or o- pyri di n- 3-yl ) - (2-fl uor epnaERYI0F©007432
met hanone (Exanple 7) and et hyl - 4- am no- 1- pi peri di ne
carboxylate (Al drich) using the procedure described in
Step B, Exanple 6. HRMS, observed: 386.1762, calcd for
| vT: 386.1754. Exanple 12
[ 2- Ami no- 6- ( 1- et hanesul f onyl - pi peri di n-4-yl am no) - pyri
L Dzids ¥bhobar Nfe A (31 iR B-yW3-
et eapafat iR PRt GRRRO G e BrFe MG
methoxy2phamiyhienéth@none (Example 17) and 1-methanesulfonyl-piperidin-4-ylamine

Jdi e de vl an ) Cdi e 3. o oReayl
(step RuPEAREIS ST R eTotd o puesgeaes Hrws,
405.150810R%bRBE:, CHIEd foleME-H) :5408.159er e added tri et hyl

amne (12.6 ng, 0.124 mmol, Al drich) in nethyl ene

5 chloride (0.2 mM ) and a solution of ethanesulfonyl
chloride (8.66 ng, 0.066.4mmk.10Al drich 99+% in
nmet hyl ene chloride (0.2 m at room t enper at ure.

After ~30 mins the reacti on m xture was concentrated
g@;@gwﬁr@B%c‘?lﬂgrboéy?ffgﬂﬁ%%ﬁ)d-(ﬂgmg-iﬁeﬁc%@-ﬁ?é?ﬁ)'—rﬂ@ﬁ)ahﬂne
[ 2- Am no- 6- ( 1- et hanesul fonyl - pi peri di n-4-yl am no) - pyri

di n-3-yl]-(2-fl uoro-phenyl)- nethanone els/ a ite
solid (15.1 ny, 60 %yigl/d). HRVS, obse : g

cal cd
Ch Ny _NH, Br
| | + O
P N< O/
o) F F
MW 215.6408 MW 205.0277 MW 280.6882
CgH1,CINSO, C,HgBrFO CysH,,CIFN,O,

10
The title compound was prepared from 2-Amino-6-chloro-N-methoxy-N-methyl-

nicotinamide (Example 3) and 2-bromo-4-fluoroanisole (Aldrich) using the procedure
described in Example 7. HRMS, observed: 280.0417, Calcd for M*: 280.0415.
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for (MtH) +: 407.1548. Exanple 13

1-{4-[6- Am no-5-(2-fl uoro-benzoyl)-pyridin-2-yl am no] -
woipmsroosi4s- 1- yl } - et hanone MW 314. 37 MW 356. 40 PCT/EP2005/007432

C17H1I9FNAO C19H21FNAQ2 The title conpound was prepared

from [ 2- Am no- 6- (pi peridin-4-yl am no)-pyridin-

3-yl]-(2-fl uoro-phenyl)-nethanone (Exanple 9) and

acetyl chloride (Aldrich 98.5 % using the procedure

descri bed in Exanple 12. HRMS, observed: 356. 1655,

Cal cd for Mt: 356.1649. Exanpl e 14

1-{4-[6- Am no-5-(2-fl uoro-benzoyl)-pyridi n-2-yl am no] -

pi peridin-1-yl}-propan-1-one MV 314. 37 MN 370. 43

C17H19FNAO C20H23FNAC2 h’?n Iiet g conmpound was prepared

from [ 2- Am no- 6- (pi peri "n—é—yél—a- = m no) - pyri di n-

3-yl]-(2-fl uoro-phenyl)-nethanone (Exanple 9) and

R e e e S e
Cal cd for Mt 370. 1805 cidsmmyPEsted S

4-[6- Am no-5- (2-fl uoro-benzoyl)-pyridin-2-ylam no]-pip
eri di ne-1-carboxylic acid ethylamde -

Ch N __NH, H

| A NH, N

o O Q/ 0 U

(0] N
o (U — 7
~ O

F
MW 280.6882 MW 172.23 MW 416.4562
C1aH10CIFN,O, CgHigN;0; C,H,5FN,O,

10 The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yl)-(5-fluoro-

2-methoxy-phenyl)-methanone (Example 19) and ethyl-4-amino-1-piperidine
carboxylate (Aldrich 96) using the procedure described in Step B, Example 6. HRMS,
observed: 417.1938, Calcd for (M+H)": 417.1933.

15 ' Example 21

4—[6—Amino—5—(5-fluoro-2—methoxy-benzoyl)-pyridin-2;ylamino]-piperidine-1 -carboxylic

acid tert-butyl ester

H

NNy -NH,

+ ik o) U Ao

o, oon S — AT .
T . .
° F

MW 280.6882 MW 200.2831 MW 444.5104
C13H10CIFN202 C10H20N202 C23H29FN4O4

20
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MV 314. 37 MN 385. 44 C17H19FNAO 20 24FN, O The title
conpound was prepared from

wO 2008rm058a8 6- ( pi peri di n-4-yl am no) - pyri di n- PCT/EP2005/007432
3-yl]-(2-fluoro-phenyl)-nmethanone (Exanple 9) and
et hyl isocyanate (Al drich 98% using the procedure
described in Exanple 12. HRMS, - observed: 385.1917,
cal cd for M- 385.1914. Exanple 16
4-[6- Ami no- 5- (2-fl uoro-benzoyl ) - pyridi n-2-yl am no] - pi p

s R S MR o
methoxypapaylpdethaoone Example 19) and 4-amino-1-N- Bocplperldlne (Astatech
v A S R g —

445 22681 Olcdifsogw-anpt e4bodel ch 98 % using the procedure
descri bed in anpl e 12. HRMS, observed: 371 . 1756,

5 calcd for M+: 371 .1758. Exanple 17
(2- Ami no- 6- chl or o- pyri digydgélop- ( 3- met hoxy- phenyl) - et
hanone MW 215. 6408 MW ) 22 262. 70 C8H10CI N3Q2

C/H71 O C13H1 1CG N 2 Ov->2

[4—amino-2-(piperidin-4—ylamino)—pyrimidin-5—yl]—(5-fluoro—2—methoxy—phenyl)—methanone
trifluoroacetic acid salt..

10

MWV 444.5104 MWV 344.3921+
CagHaeFN,O, C.gHyFN,O, . XC,HF,0,

A solution of 4-[6-amino-5-(5-fluoro-2-methoxy-benzoyl)-pyridin-2-ylamino]-

15 piperidine-1-carboxylic acid tert-butyl ester (256.1 mg, 0.5761 mmol, Example 21) in
dichloromethane (5 mL) was cooled to 0 °C and treated with trifluoroacetic acid (2.5 mL).
After stirring 30 mins, the reaction mixture was concentrated in vacuo to give [4-amino-
2-(piperidin-4-y|amino)-pyrimidin-5—y|]-(5-fluoro-2-methoxy—phenyl)—methanone as the
trifluoroacetic acid salt (519.8 mg). MS (M+H)™: 345.
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The title conpound was prepared from
2- Am no- 6- chl or o- N- net hoxy- N- net hyl ni coti nam de
wOBamrmpsas 3) and 3-i odoani sol e (Al drich) usi ngPCIAEP2005/007432
procedure described in Exanple 7 . HRMS, observed:
262. 0514, Calcd for M+: 262.0509. Exanple 18
[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr
i di n-3-yl]-(3-nmethoxy-phenyl)- nethanone MW 262. 70 MV
178.25 MN 404. 49 C13H11CI N2C2 C6H14N2Q2S
C19H24NAOASThe titl e conpound was prepared from
(2- Ami no- 6-chl oro-pyridin-3-yl)-(3-
met hoxy- phenyl ) - met handm@ni&xaddpl e 17) and
1- met hanesul fonyl - pi peridin-4-ylanm ne (Step A Exanple
6) using the procedure described in Step B Exanple 6 .
-AnH%\@-m %ﬁtgéﬁ%l%h%ﬂiméﬂdm -Aoplagtind)epyridii-ByH-(54Erd 2ahethoxy-
Exanpl e
5 ( 2- Ani no- 6- chl or o- pyRNERYA-T8EPRNORS. £ | uor o- 2- met hoxy- ph
enyl ) - met hanone MW 215. 6408 MW 205. 0277 MW 280. 6882
C8H10CI N3BO2 C7H6BrFO ,H CI FNoO, The title corHJound was
prepared from

Cl R- An‘Nlp,p 6- chl or o- N- net hoxy- N- met hyl ni c N
| ( anple 3) and 2-brano- 4N|1‘|Iuoroan| sol (AI dric )/
u

ilng tohe procedur ,,s\f
O //S\\
~ o' o
F
F
MW 280.6882 MW 178.25 IC\;/IWH42I3N4%2%
C,3H4CIFN,O, CeH4N,0,S 1923 Ng™a

The title compound was prepared from (2-amino-6-chloropyridin-3-yl)-(5-fluoro-2-
10  methoxyphenyl)methanone (Example 19) and 1-methanesulfonylpiperidin-4-ylamine
(Step A, Example 6) using the procedure described in Step B, Example 6. HRMS,
observed: 423.1502, Calcd for (M+H)*: 423.1497. Ki for cdk4 = 0.040 pM, cdk2 = 0.098
uM, and 1Cso for HCT116 cell line = 9 uM.

15 : - Example 24

[2-Amino-6-(1 —ethanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-methoxy-
phenyl)-methanone

H
NNy _-NH, | O/ | NeNH,
HU | S O PN /N / 0
. 7 \\O
o SN
XTFA
F F
MW 436.5091
MW 344.3921 + C20H25FN4O4S

20 CygHpFN, 0, XC,HF 0,
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described in Exanple 7. HRMS, observed: 280.0417,
Cal cd for M+: 280.0415. Exanpl e 20
W2 @048 0- 5- ( 5- f | uor o- 2- met hoxy- benzoyl ) - pyr PATEP200§/007432
am no] - pi peri di ne-1-carboxylic acid ethyl ester MWV
280. 6882 MWV 172.23 MV 4 16. 4562 C13H10CI FN2Q2
CBH1I6N2Q2 C2 1H25FNAO4 The title conpound was prepared
from (2- Am no- 6-chl oro-pyridin-3-yl)-(5-fluoro-
2- met hoxy- phenyl ) - met hanone (Exanpl e 19) and

I ngonfthgrefrt@ 3 a%@e@ ﬁ Iﬁgzymm %S/ﬁm(d%-@tyl]C{E Aro-2-

pr OCG ure

methow%nyoheemedne gifinoteRetic @gldcenlt (@rOE'(aQHH]nDl E&mﬂmb‘s%Z) in

methyigg SRR 61-35 (B G AR P AIRYIIBS (9 957 iy, 46 el pdrich)
and a sONtA ofitiRaidsdifosy! bhcoardlquw .ing aco'ea rhavol,-AldtigH QQfs%barn
MA 280. 6882 MN 200. 2831 gvvé RB C13H10dl. F{Hz lowed
5 methylen®eblorges0.83 arort iU & ThEE m'em@a [RRFIQA MigEs Wag fpllow
to stir 4t rr?(ﬁ)n(tgg\ﬁenyﬁ e&oPW'Wrb%FBfé'ltq}vé‘s %ob{één‘tn(a'i’ed I c@o2-The residue

met hanone clﬂig
was abéedradnan siida Bekqnqolelurﬁfmdmélﬂ( ﬁgﬁé@ 8 5/596%9’[%‘13% t he

chlondg[&eéﬁgrg@ %i\i;’e %fi}g%o- - ‘lséf?%n@skllﬁﬁﬁ@:ﬁ‘p%ﬁ@gr??%!gmno )-pyridin-3-

yl]-(5- flﬁ&ﬁﬂ@lrﬁetﬂaxy phenyl) -methanone as a white solid (16.0 mg, 63% yield).

10 HRMSugkpsgargecﬂfé} ew ?@?ﬁgné%%g' m d' n-5-yl]-(5-fl

Example 25

{2-Amino-6-[1-(propane-1 -sulfonyl)-piperidin-4-ylamino]-pyridin-3-yl}-(5-fluoro-2-
15 methoxy-phenyl)-methanone

H
NNy NH,
RGN /U l 7z @)
//S\\
- ° © Z N
O\ l
F X
MW 344.3921 + MWV 450.54
CygH21FN,O,XC,HF0, C,,H,;FN,O,S

The title compound was prepared from [4-amino-2-(piperidin-4-ylamino)-
20  pyrimidin-5-yl}-(5-fluoro-2-methoxy-phenyl)-methanone trifluoroacetic acid salt
(Example 22) and 1-propanesulfonyi chloride (Aldrich 97%) using the procedure
described in Example 24. HRMS, observed 451.1817, Calcd for (M+H)*: 451.1810.
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trifluoroacetic acid salt.. MN444.51 04 MN 344.3921 +
C23H29FNAO4 C18H2 1FNAO2 XC2HF32 A sol ution of
Wa-2p@/api480- 5- ( 5- f | uor o- 2- met hoxy- benzoyl ) - pyr PATEP200§/007432
am no] - piperidine-1-carbo cylic acid tert-butyl ester
(256.1 ng, 0.5761 mmol, Exanple 21) in dichl oronethane
(5 mM_) was cooled to O OC and treated with
trifluoroacetic acid (2.5 m ). After stirring 30
m ns, the reaction m xture was concentrated in vacuo
to give [4-am no-
2- (pi peridin-4-yl am no) - pyrlmd|n 5-yl']-(5-fluoro-2-ne
t hoxy- phenyl ) - met hanoné&xample @bt ri f | uor oacetic acid
salt (519.8 ng). M5 (M+H) +: 345. Exanpl e 23
[ 2- Ami no- 6- ( 1- net hanesul f onyl - pi peri di n- 4-yl am no) - pyr
{2-AHiimo-8- EPrl W@memr%rmpmmhﬁammo] ~pyeitimaBryRe5Hnoro-2-
280. 68 78. 25 g/l @% 4‘820 C13H10CI FN 22
5 C6HLAN2ORS C 19H D& ayirmethanang corpound was
prepared from
(2-am no-6-chl oropyridin-3-yl)-(5-fluoro-2-
nmet hoxyphenyl ) net hanone (Exanple 19) and
1- met hanesul f onyl pi peri di n-4-yl am ne (St eg A, Exampl e

6) us$i ng the procedure descrl bed in ep.-B
Ngpdh H,423. 1502, for (M+ :
Ki |for 0. 040 niv| cdk2
h 4

HN 116 =9 m\/l Ex \2
XTFA SN
F
MW 344.3921 + MW 450.54
C.gH51FN,0,.xC,HF 0, C,H,,FN,0,S
10 The title compound was prepared from [4-amino-2-(piperidin-4-ylamino)-

pyrimidin-5-yl]-(5-fluoro-2-methoxy-phenyl)-methanone trifluoroacetic acid salt
(Example 22) and isopropyl sulfonyl chloride (Aldrich 97%) using the procedure
described in Example 24. HRMS, observed: 451.1814, Calcd for (M+H)*: 451.1810.
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[ 2- Ami no- 6- ( 1- et hanesul f onyl - pi peri di n-4-yl am no) - pyri
di n-3-yl]-(5-fluoro-2-net hoxyphenyl)- nethanone MV
WG0O240639U8 + MV 436. 5091 C20H25FNAOASTo a sol ut POWE®R005/007432
[ 4- am no- 2- (pi peri di n-4-yl am no)-pyrimdin-5-yl]-(5-fl
uor o- 2- met hoxy- phenyl ) - nmet hanone trifl uoroacetic acid
salt (0.0589 mmol, Exanple 22) in nethylene chloride
(1 .25 nL) were added triethylam ne . (0.065 m _, 0.466
mrol, Al drich) and a solution of ethanesulfonyl
chloride (8.1 ng, 0.062 mol, Aldrich 99+% in
nmet hyl ene chloride (0.33 nL) at 0 OC. After 5 m nutes
the reaction nmixture wdsxamplewéd to stir at room
tenperature for 1 hr before it was concentrated in
vacuo. The residue was absorbed on silica gel and
4-[6-MHTrcL5-e8L b2 HfethbRy-berBiyl S widinvRyithipng piperidine-1-carboxylic
chl ori de/ met hanol to give
5 . [2-ani no- 6- (1- et hanes¥fi¢ MR F8KEr i di n- 4- yI ani no) - pyr i
di n-3- yl]-(5-fluoro-2-nethoxy-phenyl)-nmethanone as a
white solid (16.0 ng, 63%yield). HRVS, observed:
437.H660, Calcd for (M+H)+: 437.1654. Exanpl
2- Ad_noNg: [ INHpr opane- 1- sul f onyl ) - pi peTi~di
i @i n-3Fyl}-(5-fluoro-2- methoxy-

HN

F
MW 344.3921 + MWV 402.4291
C5HFN,0,.XC,HF 50, CooHasFN,O,

The title compound.was prepared from [4-amino-2-(piperidin-4-ylamino)-
10 . pyrimidin—5-y|]-(5-f|uoro—2—methoxy~phenyI)-methanone trifluoroacetic acid salt
(Example 22) and methylchloroformate (Aldrich 99%) using the procedure described in
Example 24. HRMS, observed: 403.1781, Calcd for (M+H)*: 403.1776.
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pyri m din-5-yl]-(5-fluoro-2-net hoxy-phenyl) - net hanone
trifluoroacetic acid salt (Exanple 22) and

wa2prempsagsul f onyl chloride (Al drich 97% usi ngCTm®2005/007432
procedure described in Exanple 24. HRMS, observed 451
. 1817, Calcd for (MtH)+: 451 .1810. Exanpl e 26
{2- Am no- 6-[ 1- (propane- 2-sul fonyl ) - pi peri di n-4-yl am no
]-pyridin-3-yl}-(5-fluoro-2- methoxy-phenyl)-nethanone
MN 344. 3921 + MN 450.54 C18H2 1FNAQR- XC2HF32 C2
1H27FNAOAS The title ¢ S prepared from
[ 4-am no-2- (pi peridi n-% 92\9@_
pyrim di n-5- yI] (5 fl uoro-2- rret hoxy phenyl ) - met hanone

rifl acet d al t A2
+1e-Ainshys TR TR BtV P I e A RE Pl B P Earboxyii
described in Exarrpl e 3did priifestrser ved: 451 1814,
Cal cd for (M+H)+: 451 .1810. Exanpl e 27
5 4- [ 6- Ani no- 5- (5-f 1 uor o- 2- met hoxy- benzoyl ) - pyri di n- 2-yI
am o] - pi pendi ne- 1-car boxylic acid methyl ester MV
AANII2N. £ MY 402. 4291 C18H2 1FNACR XC2HF3

trler}:kloro
nmet hyl chl ormate (Al drich 99% using the proced

descri bed ) ,
Calcd for (MH)+: 403.1776. Exanple 2 8
MW 344.3921 + MW 430.4833
C18H21FN402.XCZHF302 C22H27FN4O4

The title compound was prepared from [4-amino-2-(piperidin-4-ylamino)-
pyrimidin-5-yi]-(5-fluoro-2-methoxy-phenyl)-methanone trifluoroacetic acid salt
10 (Example 22) and 1-propyl chloroformate (Aldrich 98%) using the procedure described
in Example 24. HRMS, observed: 431.2095, Calcd for (M+H)*™: 431.2089.

Example 29

15 [2-Amino-6-(1 -benzyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-methoxy-phenyl)-

methanone
\[J/;é/ NH2 ©\/ (j/
MW 280.6882 MW 190.2907 MW 434.5179
C13H1OCIFN202 C12H1BN2 C25H27FN402

The title compound was prepared from (2-amino-6-chloropyridin-3-yl)-(5-fluoro-2-
20 methoxyphenyl)methanone (Example 19) and 4-amino-1-benzylpiperidine (Ardrich)
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10

4-[ 6- Ami no- 5- (5-fl uor o- 2- net hoxy- ben2oyl ) - pyri di n- 2-yl
am no] - pi peri di ne-1-carboxylic acid propyl ester MW

wG424deeB0U8+ M W 430.4833 C "18H '2 , 1 F 1 4PCODEP2005/007432

2. XGHF 3, 0.2 C22H27FNA404 The title
conmpound was prepared from
[ 4-am no- 2- (pi peri di n-4-yl am no) -
pyrimdin-5-yl]-(5-fluoro-2-methoxy-phenyl)-net hanone
trifluoroacetic acid salt (Exanple 22) and 1-propyl
i - ' 8 188. t - @BSENEE: 435.2196,
using t@;@@%ﬁé@%@éﬁ%ﬂf 3&2)4.3’ @Fﬁﬁ/g@ggse%gg O 0005,
Calcd f@a{MeHT 0A33.RHEY. + : 431 .2089. Exanple 2 9
[ 2- Ami no- 6- ( 1- benzyl - pi | di %64-yl am no) - pyri di n- 3-yl
]-(5-fluoro-2-met hoxy- =—met hanone M W 280. 6882
MW1 90.2907 MW434.51 7 9 C 13H 10CIFN 20 2 12 18 2

C25H27 FN4O 2 The title c ound s _prepared.

- lBrATp OSSR aR bAoA GB e din-1-y-
met hoxyphenyl ) met hanone diffgiel € 19) and
4- am no- 1- benzyl pi peri di ne (Ardrich)using the
procedure described in Step B, Exanple 6. HRMS,
observed: 435.2196,

H
H
N N\ NH, O/N lN\ NH,
HU I = 0 \”/N = O
O O
XTFA o< ~
F

F
MW 344.3921 + MW 386.43
C5Hy FN,0,.XC,HF;0, CooHpsFN,O,

The title compound was prepared from [4-amino-2-(piperidin-4-ylamino)-
pyrimidin-5-yl]-(5-fluoro-2-methoxy-phenyl)-methanone trifluoroacetic acid salt
(Example 22) and acetyl chloride (Aldrich 98.5 %) using the procedure described in
Example 24. HRMS, observed: 387.1833, Calcd for (M+H)": 387.1827.
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Calcd for (MH)+: 435.2191 . Exanple 30
1-{4-[6- Am no-5- (5-fl uoro-2-net hoxy-benzoyl ) -pyridin-2
wopbwrosmas - pi peridin-1 -yl }- ethanone MWV 344. 39CT/EP2006%007432
386.43 C18H2 1FNAR. xC2HF32 C20H23FNAC3 The title
conmpound was prepared from
[ 4-am no- 2- (pi peri di n-4-yl am no) -
pyrimdin-5-yl]-(5-fluoro-2-methoxy-phenyl)-net hanone
trifluoroacetic acid salt (Exanple 22) and acetyl
chloride (Aldrich 98.5 % using the procedure
described in Exanple 24. HRMS, observed: 387.1833,
Calcd for (M+H)+: 387. B@meeldiple 3 1 i -
g- Ami no- S- Cd- f | uor o™- net hoxy- benzoyO py
pdi n- Z-yl am nol - pi peridin-i-y”~-propan- 1-one MV
1-{4-[63AthimR8Y5-FubM-20Re hBxEbeh Boyl)-pyAihi-2N I QRinoX@ife rdde2-yG2propan-
1 H 5 FN B The title conpound was prepared from
5 [ 4- ami no- 2- ( pi peri di n- 4- yF8Rfno) -
pyrim di n-5-yl]-(5-fluoro-2-net hoxy-phenyl )4nmet hanone
trif'ﬂ}uorﬂacetNH acid salt (Exanple 22 nd.- e opi N
g AFdri éh 98% using the profedurle de [
. HRMS, observed: 401 .5\988,) Cal

HN H) +: Exanpl e
0 0
XTFA < ~
F F
MW 344.3921 + MVlX 40£N460
CgHo1FN,0,.XC,HF;0, Cy1Ha5FN, O

The title compound was prepared from [4-amino-2-(piperidin-4-ylamino)-
pyrimidin-5-y|]—(5—fluoro-2-methoxy-phenyl)—methanone trifluoroacetic acid salt
10 (Example 22) and propionyl chloride (Aldrich 98%) using the procedure described in
Example 24. HRMS, observed: 401.1988, Calcd for (M+H)": 401.1984 .

Example 32

15 4-[6-Amino—5~(5-f|uoro-2-methoxy—benzoyl)—pyridin-2-ylamino]-piperidine-1 -carboxylic
acid methylamide

H
N N NH
N 2 H
| N
HN _ 0 \”/
—_— O
XTFA O\
F
MW 344.3921 + MW 401.44
C 1gHyFN,0,. XC,HF 0, CopoHp,FNSO,
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4-[ 6- Am no- 5- (5-fl uoro- 2- met hoxy- benzoyl ) - pyri di n- 2-yl

am no] - pi peri di ne-1-carboxylic acid nethylam de MV
wGO240630xU8 + MV 401 . 44 ' 18H ' 21FN 2 XCOH F30. BCT/EP2005/007432

C20H24FNs3The titl e conpound was prepared from

[ 4- am no- 2- (pi peri di n-4-yl am no) -

pyrimdin-5-yl]-(5-fluoro-2-nethoxy-phenyl)-nmet hanone

trifluoroacetic acid salt (Exarrpl e 22) and net hyl

i socyanate (Al drich, 98% using the procedure

&?Cho'é Q%%doﬂn%r@g 193#@?@)( a@rﬂﬁ@@@%erﬂﬂ?4%ﬁmo)
pyr|m|d4n-[56yl]Aéﬁ—ﬂMDr5-?( Bleﬂm%r@leZWHﬂﬂﬁMOD% Hbieragsjiciagichsalt y|

a2 B IS SRy S B Mescros

Exampl&2aE NSRRI ST lobs éiviede482.11p40, rﬂamdiorp(ll\klﬁda)r ed0Rri®36.
[ 4- am no- 2- (pi peri di n-4-yl am no) -
5 pyri m di n-5-yl]-(5-fl uoro-2-nethoxy-phenyl) - net hanone

trifluoroacetic acid sakkam l e 22) and et hyl
i socyanate (Al drich 98 %9 using the procedure
described in Exanple 24. HRMS, observed: 416.2097,

o R BT IR g g oot

-(5-fluoro-2-met hoxy- qﬂmlaeyiy)amMet hanone
10

N N_ _NH
| N
HN _

— 0
XTEA SN
F ,
MW 344.3921 + MW 415.47
C.5H FN,O,.XC,HF,0, Ca1Ha6FNsO5

The title compound was prepared from [4-amino-2-(piperidin-4-ylamino)-
pyrimidin-5-yl]-(5-fluoro-2-methoxy-phenyl)-methanone trifluoroacetic acid salit
15 (Example 22) and éthy\ isocyanate (Aldrich 98 %) using the procedure described in
Example 24. HRMS, observed: 416.2097, Calcd for (M+H)*: 416.2093.
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MV 344. 3921 + MW 358. 42 C18H21FNAQ2- XC2HF3 2
C19H23FNAQ2 To a sol ution of
wO2ewroossas 2- ( pi peri di n-4-yl am no) - pyri m di n- 5- pCTAPZ005/007432
uor o- 2- met hoxy- phenyl ) -nmet hanone trifl uoroacetic acid
salt (0.0575 nmol, Exanple 22) in
N, N-di nethyl formamde ( 1 .5 nL) were added potassium
carbonate (55.6 ng, 0.4024 nmol, Aldrich) and
i odonmet hane (14.8 ny, 0.104 mmol, Aldrich 99.5% in N
Ndi met hyl f or mam de (O. %X%f\'le 3'|;1he reaction was stirred
at 0 OC for 4 hrs. The m xture was dil uted
with ethyl acetate (30 nL), washed with water, brine,
dried over, sodi um.sul fat nd evapor i 0 AV
R R e S R e e R
[ 2- Am no- 6- ( 1- et hyl - pi p@sthghoned- vyl am no) - pyri di n- 3-yl
]-(5-fluoro-2- nethoxy-phenyl)-methanone as a white
5 solid (4.8 ny, 24 %yield). HRVS, observed: 358.1810,

Cal cd for M-: 358.1805. Exan'pl e 35 H
( 2- AmHho- 6uchloro pyridin -yl) - ( t hoN

and{ 4- net hox;LpJ:]_e.nyI I ithiumfreshly
prepared from 4k _iodpanisole (A drich) using the

procedtA deg ped iMm Exanple 7. HRMB, observe(
262. 0512, Cal or M. 262. 0509 ‘ F
F
MW 344.3921 + MWV 358.42
C,gHz1FN,0,.XxC,HF;0, C1oH23FN,O;

To a solution of [4-amino-2-(piperidin-4-ylamino)-pyrimidin-5-yl]-(5-fluoro-2-

methoxy-phenyl)-methanone trifluoroacetic acid salt (0.0575 mmol, Example 22)in

10 N,N-dimethylformamide (1.5 mL) were added potassium carbonate (55.6 mg, 0.4024
mmol, Aldrich) and iodomethane (14.8 mg, 0.104 mmol, Aldrich 99.5%) in N,N-
dimethylformamide (0.35 mL). The reaction was stirred at 0 °C for 4 hrs. The resulting
mixture was diluted with ethyl acetate (30 mL), washed with water, brine, dried over
sodium sulfate and evaporated in vacuo. The residue was purified on reversed phase

15 HPLC to give [2-Amino-6-(1-methyl-piperidin-4-ylamino)-pyridin-3-y]-(5-fluoro-2-
methoxy-phenyl)-methanone as a white solid (4.8 mg, 24 % yield). HRMS, observed:
358.1810, Calcd for M*: 358.1805.
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Exanpl e 36
[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr

wWOdbews/085348 ] - (4- met hoxy- phenyl ) - net hanone MN 28CT/EFR2008%007432
178.25 MN 404. 49 C13HL 1CI N2O2 C6H14N2Q2S
C19H24NAOASThe titl e conpound was prepared from
(2- Ami no-6-chl oro-pyridin-3-yl)-(4-
nmet hoxy- phenyl ) - net hanone (Exanpl e 35) and
1- met hanesul fonyl - pi peridin-4-ylanm ne (Step A Exanple
6) using the procedure described in Step B, Exanple 6.
HRMS, observed: 405.1 595, calcd for (M+H)+: 405. 1591
. Exanple 37 Example 35
(2- Am no- 6-chl oro-pyridin-3-yl)-(4-fluoro-phenyl)-neth
anone MN 215.64 MN 222.00 MW 250. 66 C8H10CI N3O2 C6H4FI
C12 Fﬁﬂpﬁh&%@ aLBRIokd-bl &diFBPPEAEhetaSx PP R Ethefamme
2- Ami 6- chl or o- N- et hoxy- N- met hyl ni coti nam de

5 (Exanpl e 3) and 1-fl uoro-4-iodobenzene (Al drich 99%

using the procedure described in Exanplecg{_. HRMSNH
observed: 250.0314, Calcd for M-: 250.0309.
[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yllam Py
didi n P;B y|ﬂ]H£4 fl uoro- phenyl - met hanone

e
MW 215.64 MW 234.04 MW 262.70
CgH,CIN,O, C,H,IO C15HCIN,O,

The title compound was prepared from 2-Amino-6-chloro-N-methoxy-N-methyl-
nicotinamide (Example 3) and 4-methoxyphenyllithium freshly prepared from 4-

iodoanisole (Aldrich) using the procedure described in Example 7. HRMS, observed:

10 262.0512, Calcd for M*: 262.0509

Example 36

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(4-methoxy-phenyl)-

15 methanone
Cie_Ny_NH, O/
+ N — o Ne
-
O
0]
~
_0
MW 404.49
MW 262.70 l\Cﬂvlii, 1:185 E:S CygHuN,O,S
C,3H4,CIN,O, sl 11414202
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MAN 250. 66 MW 178. 25 MN 392. 46 C12H3ClI FN2O C6HL14N2QO2S
Cl8H2 1FNAQBS The title conmpound was prepared from

WO 20@ro0ssas 6- chl or o- pyri din-3-yl)-(4- PCT/EP2005/007432

fl uor ophenyl ) met hanone (Exanple 37) and

1- met hanesul fonyl - pi peridin-4-ylam ne (Step A Exanple
6) using the procedure described in Step B, Exanple 6.
HRVS, observed: 393.1391, Calcd for (M:H) +: 393. 1391.
Exanpl e 39

(2- Am no- 6-chl oro-pyridin-3-yl)-(2,3-difluoro-6-nmethox
y-phenyl) - met hanone MWV 215. 64 MV 223. 02 MV 298. 68
TREiti0EIchBTR UG MEBr PrepactZHICI(RAxpioeThehlora-prridisrdodirktt

methoe Bt Be G S (AEIANG 350 R A fanesyfopypipgridin-4-viamine
(Step AEERSMbEe 8) using tRe provedurb, destribbd o Step BoExa(riyield. d)RMS,

e procedure described in Exanple 7. HRV5,

using th d
5 observgdséf?%695,ze%@d)@1é'}ﬂ+bal1&95f1o591w: 298. 0321 . Exanpl e

10

15

40

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr
i di n-3-yl]-(2,3-difluorbx@mpiegihoxy- phenyl ) - net hanone
MN 298. 68 MW 178.25 MW440.47 13H '9C IF NO C 6H
14N 20 2S C (H,, F, NXLS The title conmpound was prepared

f r om ((2:AAinR0s-Ghiind-pyadinyd-yigH 4Bero-phdi))3methanone

, Cl_Ny_-NH,
| P
Cl N\ NH2| I
+ —_——
P N. .~ \©\
O - .
F.

MW 215.64 MW 222.00 MW 250.66
C4gH1oCINSO, CoH,FI C,H,CIFN,O

The title compound was prepared from 2-Amino-6-chloro-N-methoxy-N-methyl-

nicotinamide (Example 3) and 1-fluoro-4-iodobenzene (Aldrich 99%) using the
procedure described in Example 7. HRMS, observed: 250.0314, Calcd for M™:

250.0309.

62



di fl uor o- 6- met hoxy- phenyl ) - net hanone (Exanpl e 39) and
1- met hanesul f onyl - pi peridin- 4-ylamne (Step A,
waxrersposs48) usi ng the procedure described i n SPEW/EB2005/007432

Exanpl e 6. HRVS, observed: 441.1407, Calcd for (M+H) +:

441 .1403. Ki for cdk4 = 0.017 mM cdkl 0.060 nmM cdk2

= 0.054 and IC50 for HCT1 16 cell line = 2.6

nM Exanple 4 1

4-[ 6- Ami no- 5- (2, 3-di fl uor o- 6- net hoxy- benzoyl ) - pyri di n-

2-yl am no] - pi peridine-1- carboxylic acid ethyl ester

MN 298. 68 MV 172. 23 MW 434. 45 CL3HICI F2N2CO2 CBH16N2QO2

C2 1H24F2NAO4 The tit!| eExampled®d was prepared from

(2- Am no- 6-chl oro-pyridin-3-yl)-(2, 3-

di fl uor o- 6- met hoxy- phenyl ) - net hanone (Exanpl e 39) and
[2-ARhiRY16- G- miterebulPompipshridm-a a dming)-pyedio8-gil ( 4fiudBiphenyl)-

5 usi ng the procedure desgieihgibnen. Step B, Exanple 6.
HRVS, observed: 435.1841 , Calcd for (MtH)+: 435.1839.
Exanpl e 42

1 {4-[6-Am no-5-(2, 3-di fl uor o- 6- et hoxy- benzoyph) pyrid

i N 2-yl,@m noj - pi peri di n- 1 yI} et hanone 98N&g NH,
B NE Aoh 5P
N

2N|
N0 ss
\/ — 0 0

F
MW 250.66 MW 178.25 MW 392.46
C,,HgCIFN,O CeH14N.0,S C,gHyFN,O,S
10 The title compound was prepared from (2-amino-6-chloro-pyridin-3-yl)-(4-

fluorophenyl)methanone (Example 37) and 1-methanesulfonyl-piperidin-4-ylamine
_(Step A, Example 6) using the procedure described in Step B, Example 6. HRMS,
observed: 393.1391, Calcd for (M+H)": 393.1391.

15 ‘ Example 39

(2-Amino-6-chIoro—pyridin-3-y|)-(2,3—difluoro-6-methoxy-phenyl)—methanone

Cln Ny _NH,

Cl_ _N._ _NH, Br F | 0

o |
N< + j@i — F 0
7 o~ 0 F ~
o) |
F
MW 215.64 MW 223.02 MW 298.68

CgH1oCINSO, C,HBrF,0 C5HCIF,N,0,
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,2 O 2 C7/HL4N2O C20H22F2NABThe titl e conpound was
prepared from (2- Am no-6-chl oro-pyridin-3-yl)-(2, 3-
wdi2bdetwossas 6- net hoxy- phenyl ) - net hanone (Exanpl e PBOEP2006/007432
1- (4-am no-pi peridin-1-yl)- ethanone (prepared as
described in Manetti et ai, Biorg. Med. Chem Lett.,
13 (2003), 2303-2306) using the procedure described in
Step B, Exanple 6. HRMS, observed: 405.1734, Calcd for
(MrH) +: 405.1733. Exanple 43
(2- Am no- 6-chl oro-pyridin-3-yl)-(5-fluoro-2- rrethoxy 4-
nmet hyl - phenyl ) - net hanone MV 2 15. 64 MW 140. 16
'I?dbﬂftltVe’Zc@ﬁbﬂlmd mwrmmmzml@pmmmrhl 'aeéhﬂxMtN Hethyl-

nICOtlnEWfl.lgﬁ I uor ?%ﬁ) g@é/{?}ﬂrﬁﬁgn .@mﬁog%?nlg& h(ﬁgrgiclu rsgﬁg e pro;:edure

descnbéa in E&aﬁﬁ‘ale WaSHIaldsedbsém\aﬂyZ% 881 aut@amd &dr M*: 298. 0321
nbutyllithiumin hexanes (2.5 ML2.22 nL, 5.55 mmol,

5 Al drich). The reaction was stirred at -78 0C for 10
mns before it was al |l gugehdieqparmto -25 ~0C and
stirred for 1.5 hour. e resulting aryllithium

reagent was cool ed back to -78 0C and reacted with

[Z—éé@g BE‘& qne a%%lﬂqugpﬁbgﬁém-%%H%ﬁ)ﬁid}ﬁ’@ LR 8QifRDro-6-

6- chl or o- pyri di n1Retiibxy-phenylioretharanet hoxy- 4- met hyl - ph
enyl ) - met hanone as an off-white solid. HRMS, observed:
10 295. 0645, Calcd for (MrH) +: 295. 0644. Exanpl e 44

MW 440.47
C45HoCIF,N,0, CgH,4N,0,8 CigHaoFaN,O,S

MW 298.68 MW 178.25

The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yl)-(2,3-
" difluoro-6-methoxy-phenyl)-methanone (Example 39) and 1-methanesulfonyl-piperidin-
15 4-ylamine (Step A, Example 6) using the procedure described in Step B, Example 6.
HRMS, observed: 441.1407, Calcd for (M+H)": 441.1403. Ki for cdk4 = 0.017 pM, cdk
= 0.060 pM, cdk2 = 0.054 and ICs, for HCT116 cell line = 2.6 uM.
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I - b-Am no-S-C
-fl uoro”-nmet hoxy”- net hyl - benzoyO pyriclin-Z-ylamnoj-p

woOpesei005i4n- i yl } - et hanone MV 294. 72 MWV 142. 20 ROTAD2004/607432
Cl4H12C FN2O2 C7H14N20O C21H25FNAO3 The titl e conpound
was prepared from
(2- Ami no- 6-chl oro-pyridin-3-yl)-(5-fl uoro-
2- met hoxy- 4- net hyl - phenyl ) - net hanone (Exanpl e 43) and
1- (4-am no-pi peridin-1-yl)- ethanone (prepared as
described in D. Manetti et al, Biorg. Med. Chem
Lett., 13 (2003), 2303-2306) using the procedure
described in Step B, Exaxgmhelectl, HRMS, observed:
401.1084, Calcd for (M-H)+: 401.1084. Exanple 45
[2-Ami no-6-(1 . '

4-fRIIAGSS2|, 3-aMvbra6 pesthdiybén xyd yiRpyridinRylamino]-pipdridines1-
-fl uoro- 2- net hoxy-4- et hyl - phen Ig- nmet hanone MW

5 204,72 MN 178. 25 MAa@elisAci iy} gster 12, CIFN 20 2

H
Ch Ny NH, N IN\ NH,
NH
7 o 2 OYN pZ o}
F + o N r O F (@]
o (Y — N
o)
F

F
MW 298.68 MW 172.23 MW 434.45
C,3HgCIF,N, O, CaHieNO, CatHaaF2N,O,

The title compound was prepared from (2-Arhino-6-chIoro-pyridin-3-y|)—(2,3-
10  difluoro-6-methoxy-phenyl)-methanone (Example 39) and ethyl-4-amino-1-piperidine |
carboxylate (Aldrich 96%) using the procedure described in Step B, Example 6. HRMS,
observed: 435.1841, Calcd for (M+H)": 435.1839.

15 Example 42

1-{4—[6-Amino—5-(2,3—difluoro-6-methoxy—benzoyl)—pyridin-2—ylamino]-piperidin-1 -yl}-

ethanone ‘
' H

N.__N.__NH,

\ AN

NH, |
SR IS¢
N g
o * \[f = O F O
0]

F

MW 298.68 MW 142.20 MW 404.42

C,3HCIF,N,0, C7H14N0 CaoH22F5N4O5
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C6H14AN2O2S C 20H25FNAO4ASThe titl e conpound was
prepared from

WO 2008rm058a8 6- chl or o- pyri di n-3-yl)-(5-fluoro- PCT/EP2005/007432
2- met hoxy- 4- net hyl - phenyl ) - net hanone (Exanpl e 43) and
1- met hanesul fonyl pi peridin- 4-ylam ne (Step A Exanple
6) using the procedure described in Step B, Exanple 6.
HRVS, observed 437.1653, Calcd for (MtH)+: 437.1654.
Exanpl e 46

16 6 EoRibornisRudd Hebardtr (5 o Mn ol ibte BORARYY-PXE-

pI pe - carboxylic acid
dlﬂuorcestmethww bﬂén?lz mamawma&mmle@%@n@mmamnmmndln -1-yl)-

ethanoﬂ??ﬂ?ﬁ%%ﬁ’r%égégw PCM Fggofgp%‘%dg%oro e ¥ 003),

2303- %Oﬁ?hglﬂé){hép%ﬁémlre Ebﬁmﬂeh m”s!té]amlm(a(dﬁxlarmll-RMS) obsatved:
-4-a eridine carboxylate (A drich 96%
5 40517@§s @@lqu@rWﬂ)Héd&pg 1dé3cribed in Step B, Exanple 6.
HRVS, observed: 431 .2090, Calcd for (I\/H—|) +: 431
. 2089. Exanpl e 47
(2- Ami no- 6- chl or o- pyri dExaBplg 43 (4-chl oro-5-fl uoro-2-m
et hoxy- phenyl ) - met hanone A) Preparation of
5- Chl or o- 4-f1 uor o- 2-i odoani sol e C7H5CI FI O C7H5CI FI O To
(2-AnFRb-BLEHIBroObyridtie-BLyy- &-fudrbPemeduxyod-metyl Ghegyl)-methanone
Lancaster) in chloroform (250 m ) was added sil ver
10 trifluoroacetate (23.2 g, Aldrich) followed by iodine

Cl_N.__NH,

Cin Ny NH2| (l)
+ —_
= N. .~ \CE
A, F
0]

MW 215.64 MW 140.16 MWV 294.72
CgH1,CIN,O, CH,FO C,4H,CIFN,O,

To a solution of 4-fluoro-3-methylanisole (0.75 mL, 802 mg, 5.55 mmol, Aldrich

97%) in anhydrous tetrahydrofuran (5 mL) at -78 °C, was added slowly a solution of n-
15  butyllithium in hexanes (2.5 M, 2.22 mL, 5.55 mmol, Aldrich). The reaction was stirred at

78 °C for 10 mins before it was allowed to warm to -25 ~0°C and stirred for 1.5 hour.

The resulting aryllithium reagent was cooled back to -78 °C and reacted with 2-Amino-6-

chloro-N-methoxy-N-methyl-nicotinamide as described in Example 7 to give (2-Amino-

6-chloro-pyridin-3-yl)-(5-fluoro-2-methoxy-4-methyl-phenyl)-methanone as an off-white
20  solid. HRMS, observed: 295.0645, Calcd for (M+H)*: 295.0644.
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(15.8 g, Aldrich) in several portions. The reaction

m xture was stirred for 2 hours and filtered through
wa@gabaictoess4he filtrate was washed with water, bPCDEP2005/007432

dri ed and concentrated. The crude product was purified

by crystallization fromether/petroleumether to give

5-chl oro-4-fl uoro-2-iodoanisole (5.0 g). M5 ( MtH) +,

285. B) Preparation of

(2- Am no- 6-chl oro-pyridin-3-yl)-(4-chloro-5-fluoro-2-m

et hoxy- phenyl ) - net hanog?_gmgé‘%s. 64 MN 286.47 MW

315. 13 C8H10CI N3Q2 C7H5 HOCl 2FN2Q2The title

corrpound was prepared from

1-{4- BT a7 CaruZenefipey g Hery B ey SRR Binol veriain-1-
(prepared as descri bed g(leﬁﬁaﬂbné above) using the
procedure described in anple 7. HRMS, observed:

5 312.9943, Calcd for (MH) +: 312.9947. Exanple 48
cl N{4OFL 16~ Am no- 5- (4- chl oro-5-fl uor o- 2- net hoxy- henzoyl
I f- 2-yl ami no] - pi peridin-1- yl}-etha WA
42 0 MN 420.87 C13 rFﬂi'{s{ZOZ CrH14

?7Cl FNAO3 The t|t| ound was ed

4 no:§- chl oro- p Ef yl) - (4- chl gr o-
0- 2>net oxy- plienyl ) - met hanone ( Exanpl e 47)

M no- pi peridi n"1~yl)- .
MW 294.72 MW 142.20 MW 400.46
C,4H,CIFN,O, CH N0 C, HasFN,O,

The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yl)-(5-fluoro-
2-methoxy-4-methyl-phenyl)-methanone (Example 43) and 1-(4-amino-piperidin-1-yl)-
ethanone (prepared as described in D. Manetti et al, Biorg. Med. Chem. Lett., 13 (2003),

10  2303-2306) using the procedure described in Step B, Example 6.. HRMS, observed:
401.1084, Calcd for (M+H)*: 401.1084.

Example 45

15  [2-Amino-6-(1-methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-methoxy-4-
methyl-phenyl)-methanone

MW 294.72 MW 178.25 MW 436.51
C14H12CIFN,O, CeH14N,0,S C,yoHy5FN,O,S
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et hanone (prepared as described in D. Manetti et al,

Biorg. Med. Chem Lett, 13 (2003), 2303-2306) using
woheosposfagdur e descri bed in Step B, Exanpl e 6. PERMEB2005/007432

observed: 421 .1439, Calcd for (MH)+: 421

. 1437. Exanpl e 49

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr

i di n-3-yl]-(4-chloro-5-fluoro-2-

nmet hoxy- phenyl ) - nethanone MV3 15.1 3 MW 178.25 MV

?ﬁ? T@g g@é@'ﬁg%@gﬁ% ep d eﬁ;ﬁ'f(%%%%‘%%@l& -DY AR JIRES-fluoro-

2- methb&y#mnemyﬂi«phhhyly mqwcmmer(E.’Xample @38) ahtld-methanesulfonyl-

v o T A ol B e e RER L Bl i

FTP|FAVIS) obSdried ubmas@c@l@a%m@m *begd7i 1653 ep B,
Examd:_k\éarrp l e 6) HRVS, observed: 457.1 106) Cal cd for

5 : (M+H) +: 457.1 107. Ki for cdk4 = 0.008 mM cdkl =

0.154 mM cdk2 = 0.039 %m@%‘%d C50 for HCT1 16 cell

line = 3.0 MM Exanpl e
4-[6- Am no 5 (5-fluoro-2- rrethoxy 4- chl or o- benzoyi ) - pyr

i B L RSD 5 g P T Ay

CBHLEN2C2 carboxyllc aC|d ethyl ester
10
Cln Ny _-NH,
0N T
o * r hid — o)
o]
F
MW 294.72 MW 172.23 MW 430.48

C14H,,CIFN,O, CgHiN,O, CooHyrFN,O,

The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yl)-(5-fluoro-
2-methoxy-4-methyl-phenyl)-methanone (Example 43) and ethyl-4-amino-1-piperidine
15 carboxylate (Aldrich 96%) using the procedure described in Step B, Example 6. HRMS,
observed: 431.2090, Calcd for (M+H)": 431.2089.
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C21H24CI FN 44The titl e conmpound was prepared from
(2- Am no- 6-chl oro-pyridin-3-yl)-(4-chl oro-
wo-20det0053as 2- net hoxy- phenyl ) - net hanone (Exanpl e PGTEP206/007432
et hyl - 4- am no- 1- pi peri di ne carboxylate (A drich 96%
usi ng the procedure described in Step B, Exanple 6.
HRMS, observed: 451 .1545, Calcd for (M+H)+: 451
.1543. Exanple 5 1
(2- Am no- 6-chl oro-pyridin-3-yl)-(2,6-difluoro-phenyl)-
met hanone MW 215. 64 MN 192. 99 MW 268. 65 C38H10CI N3QO2
C6H3Br F2 C12H7ClI F2N20O The titl e conpound was prepared
from 2- Am no- 6- chl or o- Nexahplexd/ N- met hyl ni cot i nam de
(Exanmpl e 3) and 2-brono-1 , 3-di fl uorobenzene (Al drich)
using the procedure described in Exanple 7 . HRVE5,
(2—Amiﬁ9-3636M8ﬂ5—%%§§n ﬂ%@-@ﬂbFdijfIQbrd\/Qim&(ﬁ%x%hénﬁmmha\gﬁ%
2- Ami no- 6- ( 1- met hanesul f onyl - pi pe
pclin-4-ylam no)-pyridin-3-yl]-(2,6-difluoro-phenyl)-
A) Prepetatian of 8-Chors4-fgsraviviad@psplesy 4 10. 45 C12H7CI F2N20
C6H14N2C2S ¢ i 8H 20F 2N4O 3S The title conpound was
prepared from (2= Anmgno- 6-chl oro-p¥ridin-3-yl)-(2,6-

di f I uor o- phenyl t Ranone ( Exaq
1- net hanesul f pi per Het- 4-yl

6) using the promedure descri bed

HRIVS, F
MW 286.47 MW 286.47
C;HsCIFIO C,HsCIFIO

To a solution of 3-chloro-4-fluoroanisole (4.69 g, Lancaster) in chloroform
(250 mL) was added silver trifluoroacetate (23.2 g, Aldrich) followed by iodine
(15.8 g, Aldrich) in several portions. The reaction mixture was stirred for 2 hours
and filtered through Celite. The filtrate was washed with water, brine, dried and
concentrated. The crude product was purified by crystallization from
ether/petroleum ether to give 5-chloro-4-fluoro-2-iodoanisole (5.0 g). MS (M+H)",
285.

B) Preparation of (2-Amino-6-chloro-pyridin-3-yl)-(4-chloro-5-fluoro-2-methoxy-phenyl)-

methanone
Cl N\ NH,
|

7 (@]

Cl | N\ NHZ[ O\ .
= N. .~ + R ~
O F
© Cl F
Cl

MW 215.64 ' MW 286.47 MW 315.13

CgH,,CIN;0O, C,HsCIFIO C43HgClLFN,O,
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observed: 4 11.1298, Calcd for (MrH)+: 4 11.1297. The

phar macol ogi cal properties of the conpounds of this
wonvernsas may be confirmed by a nunber of PCT/EP2005/007432

phar macol ogi cal assays. The exenplified

phar macol ogi cal assays which follow have been carried

out with the conpounds according to the invention and

their salts. The conpounds of the invention exhibited

cdk4/cyclin D activity with Ki values of less than 3.0

Ui At o oo et emehgaomn
nicotingpaitie (Eyampledpand Gfmwnd%fluﬁmt%@dpﬁg@ﬁtei @ﬁem?d§dta§§ke§8f'bed n
| { 0
step A BEp TR R AT BRES) ARl AR IcheheRD

312.9083 S QE@RrYM-BFS 31h@943. "M Exanpl e 53 Ki nase Assays K|
Measur enent Using reconbi nant human cyclin B-CDK1 ,

5 human cyclin E-CDK2 or human cyclin D1- CDK4 conpl exes.
GST-cyclinE (GST-cycE) g 48ST-cycl inB (GST-cycB),
CDK1 , GST-CDK4 and cyclin (cycDl) cDNA clones in

bacul ovi rus vectors were provided by Dr. W Harper at

e R L8RS A Spr P Btp i gipsian-

the conpl ex was purifi gi}-ethargnet at hi one Sephar ose
resin (Pharnmacia, Piscataway, NJ) as previously
10 descri bed (Harper, J.W et al. Cell 1993, 75,
ol ?pS- ﬁg‘G) A 6x-Hi stidine tagged truncated for oﬁl
nobl astoma (Rb) protein (am no aci d 38t W
8 the substrate 2

lusd

N
o + \H/ Q\
o
cl Cl
MW 315.13 MW 142.20 MW 420.87
C,sHCLEN,O, "C,H,N,0 CooH5,CIFN,O,

The title compound was prepared from (2-Amino-6-chloro-pyridin-3-yl)-(4-chloro-
5-fluoro-2-methoxy-phenyl)-methanone (Example 47) and 1-(4-amino-piperidin-1-yl)-
15 ethanone (prepared as described in D. Manetti et al, Biorg. Med. Chem. Lett., 13(2003)
2303-2306) using the procedure described in Step B, Example 6. HRMS, observed:

421.1439, Calcd for (M+H)": 421.1437.
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cycDl1- CDK4, cycB-CDK1 and the cycE-CDK2 assays (the
expression plasmd was provided by Dr. Veronica
wa@ubdeiooszag Depart nent of Mol ecul ar Virol ogy, ReBCH&EP2005/007432
Research Centre, Welwn Garden City, United Kingdonj.
The Rb protein is a natural substrate for
phosphoryl ati on by CDK4, CDK2 and CDK1 (see Herw g and
Strauss Eur. J. Biochem Vol. 246 (1997) pp.581-601
and the references cited therein). The expression of
the 62Kd protein was under the control of an |IPTG
i nduci bl e pronoter in an M5 E. coll strain. Cells
were | ysed by sonicati oaxangleptfti fi cati on was carri ed
out by binding |lysates at pH 8.0 to a Ni -chel at ed
agarose colum pretreated wwth 1 nmMim dazole. The
-Arhipsie (Wt dRBuesIgAb SR dallamin®-pyritinke-y ¢4 enton-8-flyoro-2-
2 'decregsi ng pH buffers to pHaVG. 0, angll el ut ZEILQV\Ath 500
MM i mi dazol e. El uhethoxygtheny)vaethanang sed agai nst 20
nmM HEPES pH 7.5, 30% gl ycerol, 200 mM NaCl, and 1 nmM
DIT. Purified Ro fusion protein stocks were
antiNtated for protein concentration, aliqudltedy apd
ed at -70 C Using the prgjein constrflc &
8,~BDK1 , CDK2, an 4 HTRF ass\a%%m re ¢ ;
were done in Q6-wel ) format angcgad in 384-we
0 FThe asSays wereTmT at 3x their

Cl

resp ve Kns for ATP. In the CDK4 assay, test
o ds were diluted to 3x their final F
concegrations in 25 mM Hepes, pH 7.0, 6.25nM MyCl 2¢j

1.5 MM DTT, 135 nM 5’\,175@5 DMSO concen %é) , Was no
W@é@@ than 4.76% ‘Mi‘ﬁb gicroliters W@ﬁg@%dsto
CM‘TE ; P of a 96- wel'! "bl’afe. The ki nase'¥ &cti‘oh was
I'Inhlet t'it%t ceoorlnggu &J\ﬁaé‘BPéptAré’é‘ fr8f’n (42(—)Aminé-@@clhllor&fpyﬁdin-3—yl)—(4~chloro-
5-fluoro-2-methoxy-phenyl)-methanone (Example 47) and 1-methanesulfonyl-piperidin-
4-ylamine (Step A, Example 6) using the procedure described in Step B, Example 6.
HRMS, observed: 457.1108, Calcd for (M+H)*: 457.1107. Ki for cdk4 = 0.008 uM, cdk1

= 0.154 uM, cdk2 = 0.039 uM, and IC50 for HCT116 cell line = 3.0 uM.

Example 50

4-[6-Amino-5-(5-fluoro-2-methoxy-4-chloro-benzoyl)-pyridin-2-ylamino]-piperidine-1-
carboxylic acid ethyl ester '

0]
MW 450.90
MW 315.13 MW 17223 C,H,:CIFN,O,
C,3HgCLFN,O, CUT A
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solution containing 0.185 MM Rb and 2.25 ng/m CDK4 in
25 mM Hepes, pH 7.0, 6.25nM MgCl 2, 0. 003% Tween- 20,
WO 2806048 BSA, 1.5 nM DTT. Bl ank wel | s wi t hout PCDE#2005/007432
were included. The plates were incubated at 37C for 30
m nutes wth shaking. The ki nase reacti on was
termnated by the addition of 15 m/well of 1.6uM
anti - phospho- Rb (Ser 780) antibody (Cell Signaling
Inc.) in 25 nM Hepes, pH 7.0 , 24 nmM EDTA, 0.2 ng/m
BSA. After 30 m nutes at 37C, 15 m/vvell of 3 nM
Lance- Eu-WL 024 | abel ed antirabbi t % w
Thvel tidfehsaropgund Was prepaged ﬁrgrrh@rAmwoo—@ CPMPWH e/ 1(fHeloro-
| ence ibBridine
5-fluoro g opgp R ELeERE TExAlple A7) et o Mo R0 82!
carboxwﬁteQAdecW@@%) usMgJItheI proeedyrewtsseribedinsStap BdExample 6. HRMS,
384-wel | Dbl aclfé 8 a&/ﬁa A{é@f}%@ges were read using
5 observest: ffid 15¢Pe el 1B Yo ers (PerkinEl mer Life
Sci ences) using an excitation wavel ength of 340 nm and
dual em ssion wavel engt hs of 615 nm and 665 nm | C50
val ues (the concentrat Eampie pdst compounds reduci ng
the assay control fluorescence read-out by 50% were
first calculated fromnet readi ngs at 665nm
nor n@lAmreb-6-chloeoHpgdin 8-y 42j6rdj Buero-BrEsyhmebanaTe
conpetitive inhibitors, the Ki val ues were cal cul ated
10 according to the fol | ow ng equation: Ki = IC50/(1 +
S/Km where S refers to the substrate co
(ATP) and Kmrefers to thdrM chael i s-Menten
crfor \ he ik The CDKl-and JCDKZ2passays were s

r eptlfor snall d| ces in
F F
MW 215.64 MW 192.99 MWV 268.65

The title compound was prepared from 2-Amino-6-chloro-N-methoxy-N-methyl-
nicotinamide (Example 3) and 2-bromo-1,3-difluorobenzene (Aldrich) using the

15 procedure described in Example 7. HRMS, observed: 268.0217, Calcd for M*:
268.0215.
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reagent and protein concentrations: The conpound and
enzyne buffers for both assays contai ned 10niM WyCl 2.
woanc@dkss and CDK2, the respective reagent ATPPCT/EP2005/007432

concentrations were 162uM and 9CQuM CDK1 at a reagent

concentration of 0.15ng/ul and CDK2 at a reagent

concentration of 0.06ng/ul were used. Reagent

concentrations of detection reagents were adjusted

between 3-1 2nM Eu- Ab and 60-90nM APC-antiH s 6 to

gi ve signal to background ratios of at least 10 to 1.

Exanpl e 54 Cell Based Assays (Tetrazolium dye

proliferation assav) (" MiXamsled2') Proliferation was

eval uated by the tetrazoliumdye assay according to

t he procedure of Denizot and Lang (Denizot, F. and
[2—Arr{+ﬁ<519-f(1Rne&ah@ﬁ@lﬂﬁiyl-&%_@rhﬂﬁhﬁ%%&ﬁnoﬁﬁyricﬁﬁ%—ﬁ?@,@-dﬁhﬁro-phenyl)—

cell 1Tine used was 1 16, a colorectal carcinona
cell line obtained fronMeeanQMeri can Type Cell Culture
Col I ection (ATCC, Rockville, MD). The cells were grown
in McCoy's 5A nmedi um suppl enented with 10% FCS and
L-glutamine. Cells were plated at the approprfr\'r}ateN NH
Hedi Nel,density to give |logarithmc gr €
N . .
coutse of the assay in 6-MELl tissue culture
Plates Mer e i ncubated joverhi ght at “3§-0CN a
humi diffi ed i ngubat-ar_ ¥ % Co2. Gfe Smext day, t gst
cbapaovnds mer e serd//cﬁ%cy diluted to four tinmes the

Cl

cont.g ng 1.2% DMSO. One-fourth final volunme of eac
di l ution was added in duplicate to the plates
sneaegBsng cel | s. TMMVgEAR5vol une of 1. ZO/JVBN@ :
@eH,QIF,N,O CeH4N,O,S Cie 23?;'6‘?633

The title compound was prepared from (2-Amino-6-chloro-pyridin-3-y)-(2,6-
difluoro-phenyl)-methanone (Example 51) and 1-methanesulfonyl-piperidin-4-ylamine
(Step A, Example 6) using the procedure described in Step B, Example 6. HRMS,
observed: 411.1298, Calcd for (M+H)™: 411.1297.

The pharmacological properties of the compounds of this invention may be confirmed
by a number of pharmaco‘logical assays. The exemplified pharmacological assays
which follow have been carried out with the compounds according to the invention and
their salts. The compounds of the invention exhibited cdk4/cyclin D activity with Ki
values of less than 3.0 pM; cdk1 and cdk2 activities with Ki values of less than 8.0 uM.
Additionally, the antiproliferative potency of some compounds of the invention was
tested in the human colon tumor cell line HCT116 with ICsq values reported from an

MTT assay of less than 35 uM, preferably less than' 5 uM.
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was added to a row of "control wells" such that the
final concentration of DMSO in each well was 0.3%
woebdemrossaswhi ch no cells were added served as POE/EP2005/007432
"blank.” Wells to which no inhibitor was added served
as "no inhibitor control."” The plates were returned to
the incubator, and at set tinme points (determ ned by
their growth curves) plates were anal yzed as descri bed
bel ow.
3- (4, 5-di net hyl t hi azol e-2-yl ) -2, 5-di phenyl -2H-t etrazol
ium brom de (thiazolyl blue; MIT;, Sigm) was added to
each well to yiel dBxahipi@b3concentration of 1 ng/m.
Plates were returned to the incubator for 2.5-3 hours
at 370C . The MIT-contai ning nedium was renoved and
the resulting for gt 8RB0l ite was solubilized in
100% et hanol wi t h shaking for 15 mnutes at room
tenperature. Absorbance readings were taken in a

Ki: Mgsﬁ%éﬁl’er pl ate reader (Dynatech and Mol ecul ar

pl ate readers were used interchangeably) at a
wavel ength of 570 nmw th a 650 nmreference. Percent
iU rddopbifaatiHdan syctial B-CDat1e thubyarseyalind6CDKP otteuman

b b f
o SRR s o i GRSt L ATl G e
cDK1888H-¢ Pgh(%%cﬁ]ﬁ@l (o?@ig ? cHMALdGh&ViaNR2a10%rué Rectors were

contro rom The final nunber is then

providad byilyt Védiapel abtheddaes QO'EQ.GGG Medipiye; davetpnx TXoBgoteins
were SRBTRASEIT b Lo T P s g on
glutattiomersSepraltoseeasinr(PharsadiarPietatawply oJpés previdushadéschied
(Harp%]; AW@%%E%%Q[H 9%?3', ggf %g? g')o‘%eé gﬁlnst’(idinrelz%glgéc'i Blncated 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 (1997) 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 to a Ni-chelated agarose column pretreated with
1 mM imidazole. The resin was then washed several times with incrementally
decreasing pH buffers to pH 6.0, and eluted with 500 mM imidazole. Eluted protein was
dialysed against 20 mM HEPES pH 7.5, 30% glycerol, 200 mM NaCl, and 1 mM DTT.
Purified Rb fusion protein stocks were quantitated for protein concentration, aliquoted,
and stored at -70° C.
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Manuf acturing Procedure: 1. Mx Itens 1, 2 and 3 in a

suitable mxer for 15 mnutes. 2. Ganulate the powder
wai2nosfoosmas Step 1 with 20% Povi done K30 Sol ut i oRCT/IEP2095/007432

4). 3. Dry the granulation fromStep 2 at 50C. 4 .

Pass the granulation from Step 3 through a suitable
~mlling equipnment. 5. Add the Item5 to the mlled

granulation Step 4 and m x for 3 mnutes. 6. Conpress

the granulation fromStep 5 on a suitable

RIsERPt: ureHﬂ%&? fﬂ%t[%l%wé {uﬁeg%'o%'@DKWBOW@Cfa%'mm HTRF

in a suitable m xer
assayd werelﬁetmpn Ufrese wereAtihel in &fswdll riaband iéad frop84swell plate

format] HREARSBNS WST eI B B BRNE ATEE RSt ackur i n

Procedure 1. Dissolve item1l in item?2. 2. Additerrs
, 4 and 5 toitem6 and m-x until

o thayGRRAassaY, tAatjccarneowaﬂ%W%dIWQﬂﬁ%'s@gﬁmir izl chagentrations
25 i, BEPTOSE B8y CTIRLGET V1S5 Ree, e Ol
conceratiomwas ho greatadthianl4.76%t dwenty microliters were added to the wells of
a 96-well plate. The kinase reaction was . initiated by the addition of 40 ul /well of a
solution containing 0.185 uM Rb and 2.25 pg/ml CDK4 in 25 mM Hepes, pH 7.0,
6.25mM MgCl,, 0.003% Tween-20, 0.3mg/ml BSA, 1.5 mM DTT. Blank wells without
CDK4 were included. The plates were incubated at 37°C for 30 minutes with shaking.
The kinase reaction was terminated by the addition of 15 pl/well of 1.6uM anti-phospho-
Rb (Ser 780) antibody (Cell Signaling Inc.) in 25 mM Hepes, pH 7.0 , 24 mM EDTA, 0.2
mg/ml BSA. After 30 minutes at 37°C, 15 ul/iwell of 3 nM Lance-Eu-W1024 labeled anti-
rabbit IgG and 60 nM Allophycocyanin conjugated anti-His6 (PerkinElmer Life Sciences)
in 25 mM Hepes, pH 7.0, 0.5 mg/ml BSA were added. Following a one hour incubation
at 37° C, 35 pl of each well, in duplicate, were transferred to 384-well black plates. The
plates were read using either ViewLux or Victor V readers (PerkinElmer Life Sciences)
using an excitation wavelength of 340 nm and dual emission wavelengths of 615 nm
and 665 nm. IC50 values (the concentration of test compounds reducing the assay
control fluorescence read-out by 50%) were first calculated from net readings at 665nm,
normalized for europium readings at 615nm. For ATP competitive inhibitors, the Ki
values were calculated according to the following equation:

Ki = 1C50/(1 + S/Km)

where S refers to the substrate concentration (ATP) and Km refers to the
Michaelis-Menten constant for the ATP.

The CDK1 and CDK2 assays were similarly run except for small differences in

reagent and protein concentrations:
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Exanpl e 58 Injection Solution/Enul sion Preparation
Manuf acturing Procedure : 1. Dissolve item1 in item
wa20@/0075d8 items 3, 4 and 5 to item 6 and m X BATEP2005/007432
di spersed, then honobgeni ze. 3. Add the solution from
step 1 to the mxture fromstep 2 and honogeni ze unti |
the dispersionis translucent. 4 . Sterile filter
through a 0.2 mmfilter and fill into vials. Wile the
invention has been illustrated by reference to
r ash 41 [
TS e AR e e TR 8 (T B g Qe HoREM ML
For CDKJ‘darﬁd CaK X iseregspeetivencimgent Sdighcansaniraiions were 162uM and

counn 136 KB ROk R b CURP ol

conceﬁtﬁﬁt%ﬁ%ffﬂﬁmww&bu@% IREademt b@n(d:ﬂ'ftnaltleds bf/dEﬂeetlon reagents
appended clainms_and their anl val ent

were g RGP A2 AR ANACHEPHNIAR G- b 4o Ghveciignal to
backgr‘gpﬁg%tﬁd@opgn@é i1agoaf heterocycle and | ower

terocyc wherein the heterocycle noiety in
bot h i nstances optlonally may be substituted by up to

four substituents indep Q }elé/‘,rsel ected fromthe
group consisting of: (a

Cell Based Assays (Tetrazolium dye proliferation assay)("MTT Assay")

Proliferation was evaluated by the tetrazolium dye assay according to the
procedure of Denizot and Lang (Denizot, F. and Lang, R. J Immunol Methods 1986, 89,
271-277). The cell line used was HCT116, a colorectal carcinoma cell line obtained from
the American Type Cell Culture Collection (ATCC; Rockville, MD). The cells were grown
in McCoy’s 5A medium supplemented with 10% FCS and L-glutamine.

Cells were plated at the appropriate seeding density to give logarithmic growth
over the course of the assay in a 96-well tissue culture plate. Plates were incubated
overnight at 37 °C in a humidified incubator with 5% CO,. The next day, test
compounds were serially diluted to four times the final concentration in 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 1.2% DMSO in medium
was added to a row of "control wells" such that the final concentration of DMSO in each
well was 0.3%. Wells 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-yl)-2,5-diphenyl-2H-tetrazolium bromide (thiazolyl blue;
MTT; Sigma) was added to each well to yield a final concentration of 1 mg/ml. 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
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(b) Iower alkyl, (c) lower alkyl substituted by oxo,
OR12 , C2R12, NR5R6, S(OnR15 , aryl or C(O NR5R6, (d)

wQaRRMose) COR12 , (f) C(ONR 13R14, (g) S(O RBLAP2005/007432

(h) oxo, (i) OR12 ; or G NRSR6, R2 is selected from
the group consisting of aryl, heteroaryl, cycl oal kyl
and heterocycle, wherein each may be substituted by up
to four substituents i ndependently selected fromthe
group consisting of: (a) |ower alkyl, (b) |ower alkyl

with shﬁHn?étfb%?fﬁnE’t)és%%'ré&ﬁ RerApefdith@. A(o%rb%l:@%étiméﬁheﬁb Rkenina

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 multiplied by 100
(% INH = (1.00 - Save/Cave) x 100). The concentration at which 90% inhibition of cell
proliferation is obtained (the ICgp) is determined from the linear regression of a plot of

the logarithm of the concentration versus percent inhibition.

Example 55

Tablet Formulation

ltem Ingredients Mg/Tablet
1 Compound of formula! |5 25 100 250 500 750
2 Anhydrous Lactose 103 83 35 19 38 57
3 Croscarmellose Sodium | 6 6 8 16 32 48
4 Povidone K30 5 5 6 12 24 36
5 Magnesium Stearate 1 1 1 3 6 9
. Total Weight | 120 120 150 300 600 900

Manufacturing Procedure:

2 o o

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

Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (ftem 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 granulation from Step 5 on a suitable press.
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(f) CN, (g) NRSR6, (h) S(On-R9, and(i) SO2-NRL6R17 ;
R5 and R6 are each independently selected fromthe

waresposassi sting of (a) H (b) |ower alkyl, (efT/IEe®s5/007432

al kyl substituted by oxo, CO2R12 , OR12 , NR13R14
C(O NR13R14 , SO2R15, NSC2R12 , heteroaryl,

het erocycl e, or heterocycle substituted by oxo, (d)
cycl oal kyl, (e) cycloal kyl substituted by CO2R12 ,
OR12, NR13R14 , C(O NR13R14 or S2R15 , (f) aryl, (9)
aryl substituted by NR13R14 , OR12 , CO2R12 , C(ONR
13R14 , SQ2R15, hal ogen real kyl, or | ower alkyl
substituted by hal ogen,EéﬁéE%@o, CQ2R12 , C(O NRy

;ﬁgl4 or NR13R14 , (ngssu%ll?%?mhla{igp’l C2R12 , G COR12,

Item Ingredients mg/Capsule
1 Compound of formula | 5 25 100 250 500
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

Manufacturing Procedure:

1.
2.
3.

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 capsule.

Example 57

Injection Solution/Emulsion Preparation

ltem Ingredient mg/mL
1 Compound of formula | | 1 mg
2 PEG 400 10-50 mg
3 Lecithin 20-50 mg
4 Soy Qil 1-5 mg
5 Glycerol 8-12 mg
6 Water g.s. 1mL
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(k) 0 R2 R110 or alternatively, the group -NR5R6 can
forma ring having a total of from3 to 7 ring atons,
weabw/nsxag at ons conprising in addition to thePaTEPL®EN07432
to which R5 and R6 are bonded, carbon ring atons, said
carbon ring atons optionally being replaced by one or
nore additional N or Oring atons or the group SQ2,
and said ring atons optionally being substituted by
OH, oxo, NR13R14 , |ower alkyl and | ower alkyl
Manufg&gﬁﬁﬁw&eeqiué( OR12 ; R7 is selected fromthe group
conststing ot (a) H (b) lower alkyl, (c) |ower alKkyl
substituted by OR12, CO2R12 , NR5R6, orC(O NR5R6, (d)

e (f) aryl, (g) aryl substituted by up
1. {b:lsﬁ Yee'éé‘ b@tmgnts i ndependent |y sel ected from

2. A(}%el ems §y4 anHaoJ tquem %na%dNrﬁg(RL?ﬁtll glr%)pe@é%l, %aelnk%mogenize.

3. Add the solution from step 1 to the mixture from step 2 and homogenize until the
dispersion is translucent.

4. Sterile filter through a 0.2 um filter and fill into vials.

Example 58

Injection Solution/Emulsion Preparation

ltem Ingredient mg/mL
1 Compound of formula | 1mg
2 Glycofurol 10-50 mg
3 Lecithin 20-50 mg
4 Soy Qil 1-5mg
5 Glycerol 8-12 mg
6 Water g.s. 1mL

Manufacturing Procedure:

1. Dissolve item 1 in item 2.
2. Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.
3. Add the solution from step 1 to the mixture from step 2 and homogenize until the

dispersion is translucent.

4, 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
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(i) cycloal kyl substituted by OH oxo, or NH2, (j)
S2R15, and (k) COR112 . R) 9 is selected fromthe
waresposassi sting of (a) H and (b) | ower al kyPCTRP2005807432

sel ected fromthe group consisting of (a) |ower alkyl,

(b) aryl, and (c) aryl substituted by hal ogen or

NRS5R6; Rl11l is selected fromthe group consisting of

(a) H (b) lower alkyl, and (c) |ower alkyl

substituted by oxo and hal ogen; Rl12 is selected from

t t Dactienef th@théntloand' hus, the
may be 'n?d‘?g&g?ggftﬂmn%séﬁgg{'ﬁeﬂt(ag?n%d R5R6 or OR11 g
inventidrlis nmeededmnt foriereliitert hy ltye @e@@ﬂweﬁ?r&mﬂhéub@o‘aﬁpde ned by

the appenGed c‘amg and their equivalents.
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(a) H (b) lower alkyl, (c) lower alkyl substituted by
C2R12 , OR12, NR5R6, C(O) NR5R6, SO2R15, NSO2R12,

woaebwroosiuyl , heterocycle, or heterocycl e subst PCUEE2005407432

oxo, (d) cycloal kyl, (e) cycloal kyl substituted by
CO2R12 , OR12, NR5R6, CONR5R6 or SO2R15, (f) aryl, (9)
aryl substituted by NR5SR6, OR12 , CO2R12 , CONR5R6
S2R15 , hal ogen, |ower al kyl, and | ower al kyl
substituted by hal ogen, OR12, oxo, CO2R12 , C(O) NR5R6
or NR5R6; (h) SO2R15, (i) CORR12 , G COR12 , and (k)
Claims: =~ Z2=—=0R12 or alternatively, the group -NRL3R14 can forma
ring having a total of from3 to 7 ring atons, said

%Pg a&gr%%oﬁﬁé‘EF{h%'fBﬂnblg addition to the nitrogen to

wherein
R is selected from the group consiting of
heterocycle and lower alkyl-heterocycle, wherein the
heterocycle moiety in both instances optionally may be substituted by up

to four substituents independently selected from the group consisting of:

(a) H,

b) lower alkyl,
Ec; lower alkyl substituted by oxo, OR'2, CO,R"2,NR°R?, §(0)aR", aryl
or C(O)NR R®,
(d) COZR

(e) COR™

() C(O)NR13R14
(@) S(O)R™,
(h) oxo

() OR

() NR® R

R? is selected from the group consisting of

aryl, heteroaryl, cycloalkyl and heterocycle, wherein each
may be substituted by up to four substituents independently
selected from the group consisting of:

(a) lower alkyl, "
(b) lower alkyl substituted by halogen or OR™,
(c) halogen

(d) OR'

(e) NOz,

() CN,

() NR°R®

(h) S(O)n- R and
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R13 and R14 are bonded, carbon ring atons, said carbon
ring atoms optionally being replaced by one or nore
waddictoosragl N or O ring atoms, and said ring aPOWEP2005/007432

optionally being substituted by OH oxo, NRS5R6, | ower

al kyl and | ower al kyl substituted by OR12; R15 is .

sel ected fromthe group consisting of (a) aryl, (b)

aryl substituted by the group hal ogen, CO2R12 , SO2R10

, COR12, lower alkyl and | ower al kyl substituted by

2
| ggen»1E6RE2, oxo, CO2R12 , C(O NRSR6 or NRSR6, (c)
ﬁgtgéé Ry%?d) heteroaryl substituted by the group
hal ogen, . CO2R12 , SC2R10 , COR12 , |ower al kyl and

I r al kyl substitute al ggen, OR12 . .0XO
RS and R Cgie) edpI SHeTes il SEEoPFaRae Brop sanais Pty 1 (o)
| ower al kyl substituted by hal ogen, OR12 , oxo, CO2R12
(@)d'0) NR 5R6 or NR5R6, (h) heterocycle, and (i)
t RWRFYMye substituted by the group CO2R12 , COR12

R12 , Tower alkyl, O NR or .,NR5RG:
(c) lower alkyl substituted by oc):<(o, %02?{%? OR", I\?I§@R14,

C(O)NR'™®R™ | SO,R™, NSO;R™, heteroaryl, heterocycle, or
10 heterocycle substituted by oxo,
(d) cycloalkyl,
(e) cycloalkyl substituted by CO,R"?, OR'?, NR™®R",
C(O)NR™R™ or SO,R',
(f) aryl, ’
15 (g) aryl substituted by NR™’R™, OR'?, COzR"?, G(O)NR™R™,
SO,R', halogen, lower alkyl, or lower alkyl substituted by
halogen, OR™, oxo, CO2R™, C(O)NR™R™ or NR™*R™,

(h) SOzR™,
20 (i) COR™

(j) COR', and

(k)

OR12
RO |
NP

25 or alternatively, the group -NR°R® can form a ring having a total of

from 3 to 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
30 by OH, oxo, NR"R™, lower alkyl and lower alkyl substituted by OR'?%

R’ is selected from the group consisting of
(a) H,

35 (b) lower alkyl,
(c) lower alkyl substituted by OR'?, CO,R"?, NR°R®, or
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R16 and R17 are each independently selected fromthe
group consisting of (a) H and (b) |ower alkyl, or,

wabhowroost4s vel y, the group -NR 16R17 can for m aPCTmg2005/007432

having a total of from3 to 7 ring atons, said ring
atons conprising in addition to the nitrogen to which
R16 and R17 are bonded, carbon ring atons, sai.d carbon
ring atonms optionally being replaced by one or nore
additional Nor Oring atoms, and said ring atons
opid( hﬁgsbelng substituted by | ower alkyl, OH oxo
g@ and nis O 1 or 2; or the pharnaceutlcally
cep l'e salts or esters thereof. 2. The compound of
@%enxn 1 wherein R2 is phenyl. 3. The conmpound of claim
éhmpﬁéein R2 is phenyl substituted by hal ogen or OR12,
@¥12 is lower alkyl. 4. The conpound of claim3
Wyessi subsiritéabyaproithree subdtitueatsihdependeetlyyl . 5, The
npound of claim 1l wherein R1 i | ected fromthe
gro§9béﬁﬁkﬁgﬁﬂ%@ebﬂkah@PE?%aﬁ@Pﬁ§ﬁ§elected fromthe

@{)oé%l&é?ﬁw sting of: (a) H,

(i) cycloalkyl substituted by OH, oxo, or NHy,
() SO:R™, and

(k) COR'?;

R? is selected from the group consisting of

R10

(aj H, and
(b) lower alkyl;

is selected from the group consisting of

(a) lower alkyl,
(b) aryl, and
(c) aryl substituted by halogen or NR°R®;

R''is selected from the group consisting of

(@ H,
(b) lower alkyl, and
(c) lower alkyl substituted by oxo and halogen;

R™is selected from the group consisting of

(a) H,
(b) lower alkyl, and
(c) lower alkyl substituted by NR°R® or OR™";
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(b) Iower alkyl, (c) lower alkyl substituted by oxo,

OR12 , CO2R12 , NR5R6, S2R15 , aryl or C(O NR 5R6,
WOy, (e) COR12 , (f) C(ONR 5R6, and (gpCBERRDS/007432

; Ris selected fromthe group consisting of: (a) H,

(b) OR11 , (c) lower alkyl, (d) NRS5R6, (e) N2, (f) OXO

(g) CN, and (h) halogen; R5 and R6 are each

i ndependently selected fromthe group consisting of:

(a) H (b) lower alkyl, (c) lower alkyl substituted by
oxo, CC2R12, OR12, NR13R14 , C(ONR 13R14 ,

R'3 and R™ are each independently selected from the group consisting of

(@) H,

(b) lower alkyl,

(c) lower alkyl substituted by CO,R'2, OR'?, NR°R®, C(O)NR°R®,
SO,R™, NSO,R'?, heteroaryl, heterocycle, or heterocycle
substituted by oxo,

(d) cycloalkyl,

(e) cycloalkyl substituted by CO,R'2, OR'?, NR°R?, CONR°R® or
SO.R™,
(f) aryl,

(g) aryl substituted by NR°R®, OR'2, CO,R"?, CONR®R®, SO.R™®,
halogen, lower alkyl, and lower alkgll substituted by halogen, OR",
oxo, CO,R™, C(O)NR®R® or NR°R®;

(h) SOzR™,

(i) COzR™,
() COR'™, and
(k)

OR12

R11d l

~p A0

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

R'® s selected from the group consisting of

(a) aryl,

(b) aryl substituted by the group halogen, COzR"?, SO;R™,
COR™, lower alkyl and lower alkyl substituted by halogen, OR'?,
oxo, CO;R"2, C(O)NR®R® or NR°R?,

(c) heteroaryl,
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SO2R15 , NSO2R12 , heteroaryl, heterocycle, or

het erocycl e substituted by oxo, (d) cycloal kyl, (e)
woyalepasiey|l substituted by CO2R12 , OR12

C(O NR13R14 or SQ2R15 , (f) aryl, (g) aryl substituted

by NR13R14 , OR12, CO2R12, CONR13R14 , SO2R15 ,

hal ogen, Iovver al kyl, and | ower al kyl substituted by

hal ogen, oxo, CO2R12, CONR13R14 or NR13R14 ; (h)
S@RlSé (|) C@Rlz , (j) COR12 , and (k) OR12 R110 O
rOSt st bY Qfo?lb al Rmc QiTRA0 ri ng
E(BVF r@q 1\ %’ IsuB | te%IQ)( alogéhd ring
n'to which

ato @@ %o‘ﬁl\ﬁ ’atomsrogal d

(f) lower alkyl

(g) lower alkyl substituted by halogen, OR'2, oxo, CO;R"Y,
C(O)NR®R® or NR°R?,
(h) heterocycle, and

(i) heterocycle substituted by the group CO,R"?, COR™,
SO,R'2. lower alkyl, C(O)NR°R® or NR°R®;

R'® and R'” are each independently selected from the group consisting of
(a) H, and
(b) lower alkyl,

or, alternatively, the group ~-NR'®R" can form a ring having a total of from
3 to 7 ring atoms, said ring atoms comprising in addition to the nitrogen to which
R'6 and R are bonded, carbon ring atoms, said carbon ring atoms optionally
being replaced by one or more additional N or O ring atoms, and said ring atoms
optionally being substituted by lower alkyl, OH, oxo and NHy; and
nis 0, 1or2;
or the pharmaceutically acceptable salts or esters thereof.

2. The compound of claim 1 wherein R? is phenyl.

3. The compound of claim 2 wherein R? is phenyl substituted

by halogen or OR', and R™ is lower alkyl.

4, The compound of claim 3 wherein the halogen is F and the

R'2 is methyl.
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carbon ring atons optionally being replaced by one or
nore additional N or Oring atons or the group SQ2,
wanwedasdsri ng at onsopti onal |y bei ng substi t ut edT/Ep200651007432

oxo, N13R14 , |ower alkyl and |ower alkyl substituted

by OR12; R7 is selected fromthe group (a) H, (b)

| ower alkyl, (C lower alkyl substituted by OR12,

CO2R12, NR5R6, or CONR5R6, (d) hal ogen, (e) oxo, (f)
aryl, (9) aryl substituted by up to three substituents

depe far -
BB  Fn Y RGP, bbb AR consising
o, oxo, or NH2 SOZR15 , and G COR12 ; R10 is

sel ected fromthe group consisting of: (a) |ower

al kyl, (b) aryl, and (c) aryl substituted by hal ogen

or NR5RG;

~
R @, X m, Ay
R4
N
N
(@),

wherein

R? is selected from the group consisting of:

(a) H,

(b) lower alkyl,

(c) lower alkyl substituted by oxo, OR'2, CO,R'?, NR°R®, SO,R"™, aryl or
C(O)NR°R?,

(d) CO:R’,

(e) COR™,

(f) C(O)NR®R?, and

(9) SO:R™;

R* is selected from the group consisting of:
(a) H,
(b) OR",
(c) lower alkyl,
(d) NR°RE,
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woxmeanss4kal ogen;

Rl 1 is selected fromthe group consisting of (a) H,
(b) lower alkyl, and (c) |lower al kyl substituted by

consisting of: (a) H, (b) lower alkyl, and (c) | ower
al kyl substituted by hal ogen, oxo, NRSR6 Or OR1 1 ;
R13 and R14 are independently selected from consisting
of:(a) H (b) lower alkyl, (c) |ower alkyl substituted
by CO2R12 , OR12 , NRS5R6, C(O NR 5R6, SO2R15 , NSO2R12
, het ger) @% het er ocycl e, or heterocycl e substituted
by ox cycl oal kyl, (e) cycloal kyl substituted by
,ox6R12 NRSR6, C(O) NR 5R6Or SO2R15, (f) aryl,
(g) % ﬁubstltut ed by NRSR6, OR12 , CO2R12 ,
c(O R@ , hal ogen, |ower alkyl, and | ower
al kyl @uﬁﬁbgéh}t ed by hal ogen, OR12 , oxo, CO2R12 ,
C(ON and NR5R6; (h) SO2RI15 |,

R%®and R® are each independently selected from the group consisting of:
(@) H,
(b) lower alkyl,

(c) lower alkyl substituted by oxo, COsR'2, OR", NR"R™, C(O)NR"R™,
SO,R™, NSO,R", heteroaryl, heterocycle, or heterocycle substituted

by oxo,

(d) cycloalkyl,

(e) cycloalkyl substituted by CO,R'?, OR'?, NR"*R™, C(O)NR™R™ or
SO,R",

(f) aryl,

(g) aryl substltuted by NR™®R™, OR™, CO,R"?, CONR™R™,
SO,R™ halogen lower alkyl, and lower alkyl substituted by
halogen OR™, oxo, CO,R"™2, CONR"™R™ or NR"*R";

(h) SOR™,

(i) CO.R™,

() COR™, and

(k)

OR12

RO |

O ; /o

or alternatively, the group -NR®R® can form a ring having a total of
from 3 to 7 ring afoms, said ring atoms comprising in addition to the
nitrogen to which RS 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
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wobnrew 85148 7 ring atons,

(i) CO2R12 , G COR12, and (k) OR12 or alternatively,
the group -NR13R14 can forma ring having a total of

addition to the nitrogen to which R13 and R14 are
bonded, carbon ring atons, said carbon ring atons
optionally being replaced by one or nore additional N
or Oring atonms, and said ring atons optionally being
substituted by OH oxo, NR5R6, |ower alkyl and | ower

Jgivhalgbsing substiuter KYRORI, oxd SNSRI Ecdwer dik@randhe group
consisting of: (a) aryl, (b) aryl substituted by the
d@warpalhw%@é%t,ut@cﬁm)ﬁ,; SCPR10 , COR12 , |ower alkyl
and | ower al kyl substituted by hal ogen, OR12 , oxo,
C2R12 , C(ONR 5R6 or NR5R6, (c) heteroaryl, (d)
heREisc@igdted rost ihewgredpby t he group hal ogen, CO2R12 |,
SOZRl(z 2 , lower alkyl and | ower alkyl

subst i®ufkd by hal ogen, ORl2, oxo, CCRRL2, C(O) NR5R6
or NR3B6 lower alkyl,

(c) lower alkyl substituted by OR'2, CO,R™, NR°R®, or CONR®R®,
(d) halogen,

(e) oxo,

(f) aryl,

(9) aryl substituted by up to three substituents ndependently selected
from lower alkyl, halogen, or NR°R®,

(h) cycloalkyl,

(i) cycloalkyl substituted by OH, oxo, or NH,, SO,R™, and

(j) COR';

R' s selected from the group consisting of:
(a) lower alkyl,
(b) aryl, and
(c) aryl substituted by halogen or NR°R®;

R" is selected from the group consisting of
(@) H,
(b) lower alkyl, and
(c) lower alkyl substituted by oxo and halogen;

R'?  is selected from the group consisting of:
(@) H,
(b) lower alkyl, and
(c) lower alkyl substituted by halogen, oxo, NR®R® or OR"";

R'® and R™ are independently selected from consisting of:

88
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(e) NRSR6, (f) lower alkyl, (g) |ower alkyl
substituted by the group hal ogen, OR12 , oxo, CO2R12

WQRWNIREFH® or NRS5R6, (h) heterocycle, and (i) PCT/EP2005/007432

het er ocycl e substituted by the group CO2R12 , COR12
SO2R12 , lower alkyl, C(O NR5R6 or NR5R6; X is

sel ected fromthe group consisting of: (a) S, (b) SO
(O s, (d) O and nis O 1 or 2, or the
pharmaceutically acceptable salts or esters thereof.

6. Th? cp_ppound of claim1l wherein RL is a heterocycle
t hat i%) substituted with up to four substituents

I ndep¢idwdnaliegl ected fromH [ower al kyl, S(O nR15 ,

CO2RY7, 2, NR13R14 7127 60 ad i ]

(o It T SRR Ly ORI DR S i @ %?‘SORS,

I%I, ngLNg%g}?’hgmme%@@g@?,a@@éb Qro?:y Ié(i;l (ﬁ% _ox20,
(d) cycloalkyl,

(e) cycloalkyl substituted by CO;R'2, OR'?, NR°R®, C(O)NR°R®or SO.R",

(f) aryl,

(g) aryl substituted by NR°R®, OR'2, CO,R"?, C(O)NR°R®, SO.R®,
halogen, lower alkyl, and lower alkyl substituted by halogen, OR'?, oxo,
CO.R"?, C(O)NR®R® and NR°R?;

(h) SO.R™,

(i) COR™,

() COR'™, and

(k)

OR12

RO |
o\P/o

b

or alternatively, the group -NR'™R" can form a ring having a
total of from 3 to 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, and said
ring atoms optionally being substituted by OH, oxo, NR°R®,
lower alkyl and lower alkyl substituted by OR'?;

R' s selected from the group consisting of:

(a) aryl,

(b) aryl substituted by the group halogen, CO.R"?, SO.R',
COR™ | lower alkyl and lower alkyl substituted by halogen, OR",
oxo, CO2R™, C(O)NR°R® or NR°R?,

(c) heteroaryl,
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woypowmrogss4®. The conpound of claim5 having thePComri08/007432

or the

8. The conpound of claim1 wherein RL is a heterocycle
that is substitued by |lower alkyl that is substituted

wherein and R18, R19, R20 and R2 1 are each

i ndependently selected fromthe group consisting of

| oner al kyl, hal ogen and OR12 . 10. The conpound of

claim9 wherein the halogen is For . 11. The

compound of claim9 wherein R3 is selected fromthe

07 OUP o ORI Bt fp heiFRe cosk@ 8B,RRECOR'?,
A ke Rt o2 com

The co 5? 6 G ﬁl{!}? erern e’ aryl® 15§ pheny

13. The 496 aim 1l wherein R3 is SO2RI15 .

14. The c%%@und of claim 13 wherein R15 is | ower

al kyl (&rN R6. 15. The conpound of claim9 wherein R4

i's sekfﬁgg\g?r &lk?l[n H, OR11 and | ower al kyl.16. The

conpouhd of claim9 wherein R5 and R6 are_eagch

i ndepégidiomenaligépebstiteted tyihe Beou bapgeB3Rst X8 of H

and | oweBOR Ry C(OMNRR tasMRIR Vel y the group - NRSR6 can

form ¢h)r heigrébaylepgnd total of from3 to 7 ring atons,

it R

carbon r¥ ower alkyl,
X is selected from the group consisting of:
. @s,
(b) SO,
(c) SOq,
(d) O; and
nis0,1or2,

pharmaceutically acceptable salts or esters thereof.
6. The compound of claim 1 wherein R' is a heterocycle that is
substituted with up to four substituents independently selected from H,

lower alkyl, S(0)sR"S, CO,R”, COR", C(O)NR"R™.

7. The compound of claim 1 wherein R' is a heterocycle that is
substituted by H, lower alkyl, S(0),R"®, CO;R”, COR"™, C(O)NR™R™.

8. The compound of claim 1 wherein R is a heterocycle that is

substitued by lower alkyl that is substituted by aryl.
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atons optionally being replaced by one or nore
additional N or Oring atons and said ring atons

wopbiemnsd4By bei ng substituted by OH oxo and NPRT/EP20as007432
al kyl or I ower alkyl substituted by OR12 . 17. The
conpound of claim 16 wherein R12 is |ower alkyl. 18.
The conmpound of formula | (a) according to claim?9,
wherein R3 represents hydrogen; benzyl; (CrC b)alkyl;
-S(O2-(G-C6)alkyl; -C(O-(C 1-Co6)al kyl ;
-C(O2-(CG-C6)alkyl; and -C(ONH (C -C 6)al kyl; R4
represents hydrogen; R18 , R19, R20 and R2 1
9.ndeprriedenthpyurid oflaiac b havingrthe dpmedant (G - C 6) al kyl ;
-0 (G -C 6)al kyl; and hal ogen. 19. The conpound of
claim5 which is selected fromthe group consisting of
[ 2- Ami no-6- ( 1- rrquha@esuI fonyl - pi peri di n-4-yl am no) - pyr
i din-3-yl]-(2-neth phenyl 2?21

R20
HN RS
R4
'T I(a),
R3
5
wherein and R'8, R'®, R and R?' are each independently selected from the group
consisting of lower alkyl, halogen and OR™,
10.  The compound of claim 9 wherein the halogen is F or Cl.
10
11.  The compound of claim 9 wherein R? is selected from the
group consisting of CO;R”, COR'™, SO;R™, C(O)NR°R®, lower
alkyl and lower alkyl substituted by aryl.
15 12.  The compound of claim 11 wherein the aryl is phenyl.

13.  The compound of claim 11 wherein R® is SO-R™®.

14.  The compound of claim 13 wherein R" is lower alkyl.or
20 NR°R®.

15.  The compound of claim 9 wherein R* is selected from H,

OR"! and lower alkyl.
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met hanone;
[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr

wOdbew/085348] - (2-f | uor ophenyl ) - net hanone; PCT/EP2005/007432

4-[ 6- Ami no- 5- (2-fl uoro-benzoyl ) - pyridi n-2-yl am no] - pi p
eridi ne-1-carboxylic acid ethyl ester;

[ 2- Am no- 6- ( 1- et hanesul f onyl - pi peri di n-4-yl am no) - pyri
di n-3-yl]-(2-fluoro-phenyl)- nethanone;

1-{4-[6- Ami no- 5- (2-f | uor o- benzoyl ) - pyri di n- 2-yl an no] -

per 5 6
Fgéﬁm%ﬁ%uéd?%%ﬁ}ﬁor O- ree}]nzgylafdr%rar eac -yl am no] -
mdwendemﬂylselgd:tbd promp ere- group @oasisting of H and lower

-fl uoro-benzoyl ) - pyridi n-2-yl am no] - pi p
éPwH.Cm r@i?’é xylic acid ethyl anm de;

fhd &roﬁw Wﬁﬁ @%nffbme?@%@eﬁmsd atmrbmém%wl AfhGO] - pi p

eri di ne- -car oxylc aci d h | am e
pzormnsw:! gng atgras ﬁ@ﬁ@é‘é'ﬂﬂd’h?ﬂdlﬁppé@ the nlirzvg?n & no) - pyr

W% %\mgno]%ﬁrgkp%go&ggém %R%%%'Eg%%? pyrrlmcﬂ n-2-vyl
atfbm@bpﬂd)mmwmmmgaraalawktwm}é ocmace ddditiogal Noré&r . 20.
;girf]g@(émgg Irc]iﬁqlci aﬁlg)% onr1nsf,3 o;t) Ily%e?neg g&bswut %r)pélqe

oxo and NH,, lower alkyl or lower alkyl substituted by OR"2.
17.  The compound of claim 16 wherein R'2 is lower alkyl.
18.  The compound of formula I(a) according to claim 9, wherein

R® represents hydrogen;
benzyl;
(C4-Ce)alkyl;
-8(0)2-(C1-Ce)alkyl;
-C(0)-(C+-Ce)alkyl;
-C(0)2-(C4-Cg)alkyl; and
-C(O)NH-(C+-Cg)alkyl;

R* represents hydrogen;
R’ R R? and R?' independently from each other represent
(C1-Ce)alkyt;

-0-(C4-Cg)alkyl; and

halogen.
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[ 2- Ami no- 6- ( 1- net hanesul f onyl - pi peri di n-4-yl am no) - pyr
idin-3-yl]-(5-fluoro-2- nethoxy-phenyl)-nethanone;

wO 20080588 6- ( 1- et hanesul f onyl - pi peri di n- 4- y| anPQoOEPRO5007432

di n-3-yl]-(5-fluoro-2- nethoxy-phenyl)-methanone;
{Z- Ami no-qg-ti- Cpropane-i-sul fonyO pi peridin-~yl am nol -
pyridin-S-yl J-CS-fl uoro”™- nethoxy-phenyl) - net hanone;
{2- Ami no- 6-[ 1- (propane- 2-sul fonyl ) - pi peri di n-4-yl anni n
o] -pyridin-3-yl}-(5-fluoro-2-
met hoxy- phenyl ) - net hanone;
4-[ 6- Am no- 5- (5-f | uor o- 2- et hoxy- benzoyl ) - pyri di n- 2- yI
3gi noirnpiceatpolindef tlairad Whichlis selected! fnah lilyé gestpeer ;
4-[6- Ami no- 5- (5-fl uor o- 2- met hoxy- benzoyl ) - pyri di n- 2-yl
&ﬁﬂﬁéﬂmﬁbpgerl di ne- 1- carboxylic acid propyl ester;
[ 2- Ami no- 6- ( 1- benzyl - pi peri di n-4-yl am no) pyridi n- 3-vyl
]-(5-fluoro-2-net hoxyphenyl)- nethano
12-pamipe-6atii- mﬂ@nesulffwdrpmeztd%ﬂw&mm@éﬁi@@n)?z-mrﬁ-m%h%y-
-pylleaym)-mﬁth@mcp'@m di n-1-yl }- ethanone; and

1-{4-[6- Am no- 5- (5-fl uoro-2- net hoxy- benzoyl ) -pyridin-2

I d
R Pkt o
4-[ 6- Am no- 5- (5-f 1 uor o- 2- net hoxy- benzoyl ) - pyri di n- 2-yl
AR Mnirki-B] D fRbREbENZoyI)-pyridin-2-ylamino]-piperidine-1-carboxylic acid
ethyl ester;

[2-Amino-6-(1 -ethanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl}-(2-fluoro-phenyl)-
methanone;

1-{4-[6-Amino-5-(2-fluoro-benzoyl)-pyridin-2-ylamino]-piperidin-1 -yl}-ethanone;

1-{4-[6-Amino-5-(2-fluoro-benzoyl)-pyridin-2-ylamino]-piperidin-1 -yl}-propan-1-
one;

4-[6-Amino-5-(2-f|uoro-benzoyl)-pyridin—2-y|amino]—piperidine-1 -carboxylic acid
ethylamide;

4—[6-Amino—5-(2—f|uoro—benzoyl)—pyridin-2—y|amino]—piperidine-1 -carboxylic acid
methylamide; .

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl}-(3-methoxy-
phenyl)-methanone; and

4-[6-Amino-5—(5—fluoro—2-methoxy-benzoyl)-pyridin-2-y|amino]—piperidine—1 -
carboxylic acid ethyl ester.

20. The compound of claim 5 that is selected from the group consisting of

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-
methoxy-phenyl)-methanone;

[2-Amino-6-(1-ethanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-
methoxy-phenyl)-methanone;
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car boxylic acid nethyl am de.
4-[ 6- Am no- 5- (5-fl uor o- 2- met hoxy- benzoyl ) - pyri di n- 2-yl

warmeepsas peri di ne- 1- carboxylic acid ethyl am #€T/EP2005/007432

[ 2- Ami no- 6- ( 1- net hyl - pi peri di n-4-yl am no) - pyri di n- 3-yl
]-(5-fluoro-2-nmet hoxyphenyl)- mnethanone;

[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr

i di n-3-yl]-(4-nmethoxyphenyl)- methanone;

[ 2- Ami no- 6- ( 1- net hanesul f onyl - pi peri di n-4-yl am no) - pyr

i din-3-yl]-(4-fluorophenyl)- nethanone;

P- Am no- e”i - net hanesul f onyl - pi peri di n*-yl am noJ- pyri di
{2-Bamyihb-6cd -(Brahefriedbsulforid)- meh@n%plﬁﬁhW])pmmaﬂ&n@ -fluoro-2-
fndthoXdnpmenyB-h2{ttndné] uor o- 6- met hoxy- benzoyl ) - pyri di n-

2-yl am no] - pi peridi ne-1- carboxylic acid ethyl ester;

Gy rlpronsnses sfoma-DipidbrhRaRio HERGR s A oro 2

metaoxBPheRoSIRENNEUor o- 2- net hoxy- 4- met hyl - benzoyl ) -

pyr| di n-2-yl am no] - piperidin-1 -yl}-ethanone. 22. The
ME% 85518t I dthBky-benSRNESHREh-RIyREM Hof-pPePidhe-1-

etm¥ Sé%'ésul fonyl - pi peri di n-4-yl am no) - pyr

|d|n 3-yl]-(5-fluoro-2-
REfELINAAS (B Hng o-RmestyibXy-be heyiepwidin- 2—ylam|no] -piperidine-1-

carboxylic acid propyl ester;

[2-Amino-6-(1 -benzyl-piperidin-4-ylamino)-pyridin-3-yl]-(5-fluoro-2-methoxy-
phenyl)-methanone;

1-{4—[6—Amino-5-(5-ﬂuoro—2-methoxy-benzoyl)-pyridin-2-y|amino]-piperidin-1 -yl}-
ethanone; and

1 -{4-[6—Amino-5-(5-fluoro—2—methoxy—benzoyl)—pyridin-2-ylamino]—piperidi n-1-yl}-
propan-1-one.

21. The compound of claim 5 that is selected from the group consisting of
4—[6-Amino-5—(5—f|uoro—2-methoxy-benzoyl)—pyridin-2—ylamino]—piperidine—1 -

carboxylic acid methylamide.

4-[6-Amino-5—(5—f|uoro-2-methoxy-benzoyl)-pyridin-2-y|amino]-piperidine-1 -
carboxylic acid ethylamide,;

[2-Amino-6-(1 -methyl-piperidin-4-ylamino)-pyridin-3-yl}-(5-fluoro-2-methoxy-
phenyl)-methanone;

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(4-methoxy-
phenyl)-methanone;

[2-Amino-6-(1 -methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(4-fluoro-
phenyl)-methanone;
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4-[ 6- Am no- 5- (5-fl uor o- 2- net hoxy- 4- et hyl - benzoyl ) - pyr
i din-2-ylam no]- piperidine-1 -carboxylic acid ethyl

WO ®@r0p5548 PCT/EP2005/007432

1-{4-[6- Ami no-5-(4-chl oro-5-fl uoro-2- nmet hoxy-benzoyl ) -
pyri di n-2-yl am no] - piperidin-1-yl}-ethanone;
[ 2- Am no- 6- ( 1- met hanesul f onyl - pi peri di n-4-yl am no) - pyr
idin-3-yl]-(4-chloro-5- f
uor o- 2- net hoxy- phenyl ) - net hanone;

[ hédiMoRy! REBZAY2)3- 6
%ﬁ:ﬁaﬁ@% ??]étﬁ;hﬁo%“ygmﬁsﬁmf@égénﬁ ))F;?@dﬁﬁ?é{ﬂe(tbhsy fiffioro-6

[ 2- Ami no- 6 ( 1- net hanesul f onyl - pi peri di n- 4-yl am no) - pyr

UeBrABind-$(2 (2d ifuapfd-metlmexykmsmAoy h iBtridan2yamiaa]-piperidine-1-

rBEoxglie utidasthylestgrpsi ti on conprising a conmpound of

claim1 and a pharnaceutically acceptable carrier or

ex%mﬁl ent. 24. The pharmaceuti cal conposition of claim
r%mi"n055s(a13rtaﬂm@0f%meyaq>@nb@?zayl>éaﬁ*ﬂm 3yamipghpipsridin-1-

Theetharenmi@dgt i cal conposition of claim23 or 24 for

the treatment of cancer. 26. The pharnaceuti cal

SArtn'ln%n5% ofa- n?eg( g{( Zfﬁhé% yIB ﬁz& At 1H 50 inoJ-
a'%ﬁ%"k'g' r %ﬂé%%(;dr?he Ereﬁ?mn?{ofgbrejﬁﬁngﬁrp

col on or prostate tunors.

22. The compound of claim 5 that is selected from the group consisting of:

[2-Amino-6-(1-methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl}-(5-fluoro-2-
methoxy-4-methyl-phenyl)-methanone;

4-[6-Amino-5-(5-fluoro-2-methoxy-4-methyl-benzoyl)-pyridin-2-ylamino]-
piperidine-1-carboxylic acid ethyl ester;

1-{4-[6-Amino-5-(4-chloro-5-fluoro-2-methoxy-benzoyl)-pyridin-2-ylamino]-
piperidin-1-yl}-ethanone;

[2-Amino-6-(1-methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-(4-chloro-5-
fluoro-2-methoxy-phenyl)-methanone;

4-[6-Amino—5-(5—fluoro-2—methoxy—4—chIoro-benzoyl)-pyridin-2—ylamino]—
piperidine-1-carboxylic acid ethyl ester; and

[2-Amino-6-(1-methanesulfonyl-piperidin-4-ylamino)-pyridin-3-yl]-
(2,6-difluoro-phenyl)-methanone.

23. A pharmaceutical composition comprising a compound of claim 1

and a pharmaceutically acceptable carrier or excipient.

24.  The pharmaceutical composition of claim 23 which is suitable for

parenteral administration.
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28. A nethod for treating a solid breast or colon
tunor conprising adm nistering to a subject in need of
weuals/nsaat ment a therapeutically effective anBamMEP2§05/007432
at | east one conmpound according to claim1. 29. The
use of a conpound according to claim1 in the
manuf acture of nedi canents for the treatnent of
cancer. 30. The use of a conpound according to claiml
in the manufacture of medi canents for the treatnent of
solid tunors. 3 1. The use of a conpound according to
claim11 in the manufacture of nedicanents for the
t25eat Mhptprarmbreatida) compgsitionlod vlaom 28rarsA4afoe tHautreatsent
32. A conpound according to claim1l for the use as
Ofca”?ﬂ%rapeutlc agent. 33. A conpound according to claim1
for the use as anti cancer agent. 34. The use of a
conmpound according to claim1l for the treatment of
£6. i d Therfrasmagsuticaheompesitipn #f elaip Al 2cios the Hgatment
ol for the treatnent of breast, |ung, colon or
(ﬁSOH%H%EE}te tunors. 36. The process for the production of
a compound of forrmula | according to claim1l1, whereby

ol RGey AL ap BB eaich SR bl 1 feupen

of breddd) luh§, Edibh e prdstaeti@dord) t he
28. A method for treating a solid breast or colon tumor comprising
administering to a subject in need of such treatment a therapeutically effective

amount of at least one compound according to claim 1.

29. The use of a compound according to claim 1 in the manufacture of

medicaments for the treatment of cancer.

30. The use of a compound according to claim 1 in the manufacture of

medicaments for the freatment of solid tumors.

31.  The use of a compound according to claim 1 in the manufacture of

medicaments for the treatment of breast, lung, colon or prostate tumors.
32. A compound according to claim 1 for the use as therapeutic agent.
33. A compound according to claim 1 for the use as anti cancer agent.

34. The use of a compound according to claim 1 for the treatment of

solid tumors.

35. The use of a compound according to claim 1 for the treatment of

breast, lung, colon or prostate tumors.
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presence of an organolithium conpound of the fornula

R2-Li (C) to give the conpound of fornulac) said
woanpmusds of fornmula (D) is further reacted i NPCIAEP2005/007432

presence of an amne of fornmula RL-NH2 (E) to give the

correspondi ng conpound of forrmula I , which can d) be

separated fromthe reaction mxture and, if desired,

be turned into a pharmaceutically acceptable salt or

ester; wherein RL and R2 have the neanings given in

claim11. 37. The novel conpounds, internediates,

farmul ati ons, processes, nethods, and uses

S6bst AReiPEPeSpsder tesipruetipnriraesempound of formula |

according to claim 1, whereby

5 a) a compound of the formula
Cl N Cl
AN
bz @)
OH (a),

is converted into a compound of the formula

10
Cl N NH,
AN
= O
No .~
O (B), and
b) said compound of formula (B) is further reacted in the
presence of an organolithium compound of the formula
15
R2-Li
(C)
to give the compound of formula
20
Cl N NH,
X
g7 @
2
R™ (D), and
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C) said compound of formula (D) is further reacted in the

presence of an amine of formula

R'-NH,
5 (E)

to give the corresponding compound of formula I, which can

d) be separated from the reaction mixture and, if desired, be turned

10 | into a pharmaceutically acceptable salt or ester; wherein
R' and R? have the meanings given in claim 1.

37. The novel compounds, intermediates, formulations, processes,

15 methods, and uses substantially as described herein.
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