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WD 2006/ 005508 PCT/ EP2005/ 007342 Case 22622 Novel
2,4-Di am not hi azol -5-one Derivatives 5 The present
WO novef0isos rel ates to novel 4-ami nothi azol e dePCTEPI00EB07342
that inhibit cyclin-dependent kinases. These
conmpounds and their pharmaceutically acceptable salts
and esters have anti proliferative activity and are
useful, inter alia, in the treatment or control of
cancer, in particular solid tunors. This to invention
al so relates to pharmaceutical conpositions containing
Cadeebpeonpounds and to net hods of treating or
controlling cancer, nost particularly the treatnment
or control of breast, lung, colon and prostate tunors.

Fi nal | Wovdli2s4- Dlé}ﬁﬁmthm&dl-‘s & Dedivageésd to novel
i nt er M€di at e corrpounas usel uI I N tlie pr epar ati on of

t he novel 4-am nothi azol e derivati ves herein

di Sf%ﬁg)?rgger]zt ﬂ\%ﬁd@ﬁqgl%aéﬁj ﬂo%v‘é?hlanfﬂﬁ@hi zl%[ea&é%tlllé? fHe

hal’l ncer ous tunor s typicall
|nhn@it&:y@lnﬂée;ﬁmdend)km@amg§he$ae cmmpgemrtfsamdwﬁtelrcphaemlcyumelly

i ndi rectl te th [l-d . 20 h
aqsBBLAt o Sxlery Gy imIesVe HeRinC T Be SR ey
alfeeld theMed #misht of &Qﬂmbesﬁmeramwrmﬁa@olmumbfmzymts

conplexes consi sting of a regulatory prot.ejn,

mwa:thnralsgrﬁia@SRD @agﬁnacmé@é Wﬂ@@%@ofbﬁr@r&w!n@cﬁuc*‘
IR
o RS R B RS F FREm P erelE (FR8 pqricuary
theftrﬁdtm enyod ¢dlﬁrd#/ af yreduepdnmg rmglomlrartdwprostaé\@ turodrst Henalyl this
cycle., 2 r es of cell L e

iniriary Ao B nova e LA oo usEif ik e
pr%BgF‘ati%ﬁ%ﬁ hd ﬁbveﬁ 'leé/rﬁﬁfatﬁlﬁiolé Qiehvéﬁr&@sﬁhe?@ﬁtcﬁédloﬁwear

be cyclin D/ Cdk4, cyclin DCdk6, cyclin E Cdk2,

cycl in A/ Cdk2, and cyclin B/ Cdkl (also known as

k
cy TP o prolfi o K bR bierlobt Cangétus tumor
c@l&dyplbellyﬁﬂavd sorfe }fxtmsef daraage ta the dgnes 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/Cdk6, cyclin E/Cdk2, cyclin A/Cdk2, and cyclin B/Cdk1 (also
known as Cdc2/cyclin B). Cyclin D/Cdk4, cyclin D/Cdk8, and cyclin E/Cdk2
control passage through the Gi-phase and the G- to S-phase transition by
phosphorylation of the retinoblastoma phosphoprotein, pRb. Cyclin A/Cdk2
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phosphoryl ati on of the retinobl astoma phosphoprotein,
pRb. Cyclin A/ Cdk2 25.5.2005 / JB WD 2006/ 005508
wEON6BBMO5/ 007342 regul at es passage through BEEEP2005/007342
S-phase, and cyclin B/ Cdkl controls the & checkpoi nt
and regul ates entry into M(mtosis) phase. The cell
cycle progression is regulated by Cdkl (cdc2) and Cdk2
beyond 5 early G when cells are comritted to
[ ' T A g t f ks
ey s TR VR S prict P Yt & PR oonh IR &
chatkmointoarid feggéates apiopinde Mc(noiéddis)ddwask. Once the cel l's
pass the Gl restriction point and are comitted to S
phase, they becone i ndependent of growth factor
st iRElcRllicYBle Jrogreasiohiis kuxlilate by ik 1e(caeR)garmB Stk befiéhd
Fol | owm ng conpl etion_of DNA replication, cells

earlyCaahemgels afe gamamities) tp Cd%&e% Phrerpiara: drye “f'fafm%ﬁw of
thgé@éﬁk eﬁdll Okt J[oselrr{sg L:@?ﬁlfﬁ%ﬁen Sﬁlﬁ"&"sé © trigger

regul at e passage o ough these |ater phases
amjptdtfme:edieidatfmyelnee itime celss;masatheﬁi nestrictipophing podiane A

I
cof iR GBI R AR oSt o Sl R afhnon
foPeotinueBeeB@yeie. prbyresbion. Curr. Qpin. Cell. Biol. 1994,
6, 239-246). Once activated, Cdkl/cyclin conplexes

prepare the cell for division during Mphase. The

tr ansi| e{:jérﬂ@g@%n Bhﬁe \ oélép t%rpﬁéﬁ’seeﬁ%r ﬁ*@@?ghéﬁ-ﬂéﬁthe

i s regul at ex of cyclin D
c@lmyc@dhzzremrahommrll\ﬂ phEse ﬁhé@&‘tOkm.ﬁﬂ e&@l@ﬂ has been shown to

hor y|
reBU B Bt srs el U rBTRREBREs Bl fisRel cyplo n
adsaetatibn gatlﬁ tﬁgﬂ cgbnr@vm GldBﬁeC@mpregs sttvatioh cg@;é@ regléires
reqg uire I n ase N ¢ Ci en
bofb4yalrobingig a0 Secis RESBAYYASBMeGaN 350 5 55 BERIL H.
L. Cg(alg'kcyc dwe agd)i 1/9§4v 6%3@@%&@%@%&.%@@ @8 /@lin

in E conpl exes arres the cell cycle in Gl
cohplsres prapaes theptad] for Hiyisign durinanll ifasene | NK4 fanmily,
i ncludi ng pl6l NK4a, which bl ock the kinase activity of
the Cdk4/cyclin D conplex, cause arrest in G (Sherr,
C. JTheeheditien ¥0R6G, BRdse 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 G4 phase. For example, the
proteins of the INK4 family, including p16™“2 which block the kinase activity of
the Cdkd4/cyclin D complex, cause arrest in G4 (Sherr, C. J. Science 1996, 274,
1672-1677). The specific block has been reviewed (Vidal, A. Gene 2000, 247,
1-15).
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1672-1677). The specific block has been revi ewed
(Vidal, A Cene 2000, 247, 1-15). 30 2 WD 2006/ 005508
weERanbaPBM05/ 007342 Recent experinments show t he€T/EPm®05/007342
conpl ex of Cdk4 with cyclin D3 also plays a role in
cell cycle progression through & phase. Inhibition of
this conplex, either by pl6 or using a dom nant
negative Cdk4, results in arrest in & phase in cells

L oSSR Py B S o9 o

pldgs eadle incetl ngclpRivogresbinathioagk Grqerasshmiibition bbthls
i nvol Veﬂlﬁl n vari ous cancer.s. ,For

QR B Y R Sing; 2 Rt 8T OBk results naarest n
G%{%h@gé trﬁwlsrfﬁ!amﬁat YRS SRb (Babrfblli BXIE. DBl V. BidIvesém.
7, 865-887); cyclin Dis overexpressed

1999, r%7|4y1ﬁ%%ﬂ38§91)0ers (Sherr, C. J. Science 1996,

274, 1672-1677); pl6 is nmutated or deleted in many
turmrs (Webster, K R Exp. Opin. Invest. Drugs 1998,
7, 8HREmMBB)s defedtspiithd pRbtpathwayshaveolsgernt shawyto be involved
A SpEr b oo B IR o R el iea
chadsurerédivey mégnchﬁﬁmv\@m@m KORhBYs: @pinlhvest eeigoH1998,

nosis. For exanple, loss of pl6 is correl ted th
7p%@§ -88F b §helst B is prerguRtesaad n @énv hugRG GBI r, ..

n I
S Rt 3o IS iass
(\N}abbien, KR afixd. @pinpRige st Drigs 1298 7aB0B-687 yandeddp fimction is
th 90%
asS i Fouall Ml s sie i iBereran AnaR cefod yRdindty. R, cor
1995, 1) 328-381)/ DEfRE; ipRhispREHESERiveadlso eentshoivnsd ¢ave an
| ung t umor i genesis (Marchettj, A et

oAt PTOGORSIS TE0T SAPHBAPSS phd Hois Pt WRRG 5097051
i RS SRR IIQ%@arcﬁBI na@\ﬁé%ﬁarﬂﬁﬁﬁ aﬂﬁﬁel@ﬁb%"ﬂ' 8fhlias,

exclu3|v vation of The pl6 gene and
Jegichli Aniu. damnadecédseac R0t404-423). dbrermaliigscefrcyriig D1 and/or

gf%égség;l% %ﬁ%r%ﬁ%@% Wge\éﬁ e{ve‘j‘% é)?e%e?@ irl H\%ré ﬁla%té@% 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
cyciin/cyclin dependent kinases in a number of tissues see Teicher, B.A.
Cancer Chemother. Pharmacol. 2000, 46, 293-304.

Because of the involvement of the Cdk4/cyclin D/pRb pathway in human
cancer through its role in regulating progression of the cell cycle from G1to S
phase, and the potential therapeutic benefit from modulating this pathway,

there has been considerable interest in agents that inhibit or promote elements
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25 cyclin/cyclin dependent kinases in a nunber of
ti ssues see Teicher, B.A Cancer Chenother.
weh@onesses . 2000, 46, 293-304. Because of the PCT/EP2005/007342
i nvol venent of the Cdk4/cyclin D/ pRb pathway in human
cancer through its role in regulating progression of
the cell cycle fromGL to S 30 phase, and the
potential therapeutic benefit from nodulating this

ofpcﬁfsm%ﬂt ay. hﬁjlrrﬁxg@?ptl@geﬁ%cfso&? bgﬁéﬁ'f‘@eﬁs haié g@%sh&m using

ronote el enent
arﬁmimsﬁm@@@wnamwsbm o‘cﬁreXMESSIpaIOhwdgﬂtioﬁ@rf

oG iy S o BT, S5k Ry S NS ORo8E 79
5184t5ﬁfh><l§é\ﬂgi leJ?ﬂR (B'CI@% 1992 268, MADZLEQHSmi, nwoletedl Moletinar
pa

CareiogepesiReli98s 23025 -RO; &meﬁéﬁtféglbo%@%géigzg% 3663

2@74“Dr|308’f B &t a"f‘lAml\/Ql Pﬁyélaf 1997, G350 %WSM%JI iO/. ),
5, Tam al . Oncogene 1994, 9,

L%?ﬂ%@rar@b%am, JBet et Gﬁm Sain BWl. 19&954@5411@@7 273
(Lung Cell. Modl. Physiol.), L941-1L949; and Sang, J.
et at. Chin. Sci. Bull. 1999, 44, 541-544). The role

of CTiSrdl® of beky ieghk aédwatiat oﬁ@éllhldr@roliﬁer@hbiﬁ & thusavelli s
t hus wel | lo est ablished. For

egigBahed; ffar &xpanle, asghoyy) ke V@oﬁ]ﬁr%fs af PF@P&&VGerdV of

t
htléﬁétur%"’\[(dhﬁgtn%%e%&ngﬂc deg@hg?&@bf&n tA& @Rike ,iCHK2

anah Cidk proativiayseas rti-pradiferptive therangaric agentshingiibitars op eellular

| ul
oiftestid] i85 ho ERraBl b0 et bodiRa YRR Bfin e o
trééaiffsrfa’:tﬁWt h%f ﬂfs@ﬁ@i gﬁtﬁc@&bé@ h/hicd!\d’eagﬁe abnommallcetiglal gicavth, such
ro suc as cance t
a@fsewqré@aﬂlqﬁ%er&%'&re@g?t{@ %QW%@ 'géluﬁ'naxfaﬁﬁﬁmp'e
m;ﬂQHn?éﬂB?It | @ (Serfign BRIM&B H%@ﬁil@é@ fadined BHesdRauosis,

am |1 al adenomauosn S, pol'yposis, neuro-fibromatosis,
palybesisstusp-dibramaiosishethergsdenssiss Paimanennfibrosis, arthrits,

PRI T RiosE PERRE A8 HanShiRiRan rLicBRa: A ke
v:lg%ltmf@@ﬁods (ndleding cblhefop timited s hegpexwirusy poxnps, EpateBaBarr

viru aut oi nmu h id
WAOMM s R ol TR R he
ifMaHRAB BRI At diveasd) Ssdsyhienailvediigerdbit (irfiding 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:
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limted to Al zheinmer's disease), and neurodegenerative
di seases (e.g. Parkinson's disease, anyotrophic

WO a60enedsoscl erosis, retinitis pignentosa, spi nNECT/EP2005/007342

muscul ar atrophy, and cerebral degeneration). 25
Several distinct classes of small nol ecul es have been
identified as inhibitors of Cdks: ol onouci ne and

ot her purine anal ogs, flavopiridol, staurosporine,
t r ;
SN oByari oot o BHERACRTLPAS: Steps fdocs, Ay Exo

Q;w'reaTsherq‘aataauson%ésﬁ 1i2480B5F; ﬁmhl&@d e[t 2|..3J.dpioBChem. 1998,

2R B AR, o SeRT il e R Pl Lo grarver,

Jwamr@eksw r1997 2@t91r1(§:aﬂ%fln@©ﬁ E.AL986al. 5/@;oc Natl.
2973- 2978: 05508 PCT/ EP2005/ 007342 _De

ApadveioUst %ﬁ% 9§u?194;5 THE Matier. lzoetal., Zus, J.gdigeherg..

¥ |
5%91 g%‘ﬁé g: ﬁRé:?anrReﬁrW.eDt. Qgtaﬂ., cyﬂf%%t [D?’H ?hlster%rﬁtlc%g%gelo% 1999, 9,

184031 3BYDON etk eQaP. HaletCé@erReeaﬁBQB 58519031 091, FE&ssel

704- 710
ob 3 10hre L) By, bbb BB PLp MR er 90 rartdr e 1990,
502566-@669 9Qhm ST, 39422 TI8EoMEAICS Mekting.e206d ;. Medi
Bi_ochem 2000, 267, 1-13, Garret1t1, 1%9.11%5.
9,

1§ﬁ S'G&ﬁkhérn‘t/' §bich: Bagrethed PRarBI byt 49%Y,

Nhgf’eﬂélA MQQP”J’%d éhen%’ 2%13144 15306836, '?ﬁ‘r% D, w9%9a| J,
1903-1910;" Hoessel Nat'ur e Cel i 0

BigoGhem, 2601,6276, ZQﬁé?-éﬁﬁ?& %inaiR et @an@l@phﬁ@sBlO 99‘?98
at 2
S ISAE385, P, - oS, P15k, 850,
4Bi ogsdhg, MV, &rmmBidaryt Med00heml Lett.12600,1105081 Qj\lﬂgngqu et
a4 Mg G STes, 240, 45 4008-5116: ERORG. WooisroCurt. Opin. in
leﬁgﬂ%‘scbﬁgﬁd D&9Blop., 20016k, 643 635‘\}?@%@99@“ swyr%ogBaé P,
2000, 275, '877; Ryu, G K et al., Bioor

VERBR 9825 Top3000 8. WOD135615, Reidng.H HNPU1 4168, Webster, K.
L%Sg%%g 0 d. Chem Lett.. 2000, 10, 1819; Toogood et
7, Med. Chem, 2000, 43, 4606-4616; Chong, W,
Fi scher, Curr. Opin. in Drug Discov. and Devel op.,
2001, 4, 623-634, WO00099 T d. . .P.,

For rev?ews of compounds lnhz%%ng the %%%g%yclln D’ pathway see:
Harris, W. and Wilkinson, S., Emerging 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. WO 99/21845, 6,569,878 B1, 2003/0220326 A1, and WO
2003011843 A1, all of which are related, disclose 4-aminothiazoles of general

formula

R1 N
\ /B
ﬁJ\S
R2

These compounds are stated to be inhibitors of cyclin-dependent kinases.



W)0119825, Toogood P., WO0138315, Reich S. H.,

W0179198, Webster, K US 6,262,096. 20 For reviews
w@Roosoegse’inds i nhi biting the Cdk4/cyclin D pat POEEPHEF007342

Harris, W and WIkinson, S., Energing Drugs.. 2000,

5, 287-297; Dumas, J., Exp. Opin. Ther. Patents.

2001, 11, 405-429; Sielecki T., et. al., J. Md.

Chem . 2000, 43, 1-18. WD 99/21845, 6,569, 878 B1,

2003/ 0220326 Al, and WO 2003011843 Al, all of which

are rel ated, disclose 4-am not hi azol es of general 25

f or nMiHeaprisls@nt iRlertiin@elatesStorhdR2! 4-Eimsipethianvimderiatizes of the

ted to be inhibitors of cyclin-dependent kinases.

foﬁn% 2006/ 005508 PCT/ EP2005/ 007342 The present

invention relates to novel 44 'nothiazole derivatives

of the formula aFﬁ SHR2 5 wherein R1

is selected fromthe gr b onS|@t|ng of:  (a) | ower

al kyl subsituted by ﬁy& S

R2 |

wherein
R! is selected from the group consisting of:

(a) lower alkyl subsituted by aryl,
(b)

3
10 R®  and

15 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,
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(b) N I 10R3, and (c) 4 RPR4, 15 R2 is selected
fromthe group consisting of: aryl, heteroaryl,

weywboadsky/| and het erocycl e, wherein each nay PEI/EP2005/007342

substituted by up to four substituents independently

sel ected fromthe group consisting of: (a) |ower

al kyl , 6 WD 2006/ 005508 PCT/ EP2005/ 007342 (b)

hal ogen, (c) OR5, (d) NI-12; and (e) NO2; 5 R3 is

sel e@)?%é&j the group (a) H, (b) lower alkyl, 10
2 d) COR6, (e) SO2R6, and (f) SO02NR5R6;

15 R¢) &0d°,R4' are each i ndependently selected fromthe

grou(%)%ﬂy stjng of :
(e) NO;

R® is selected from the group

(a) H,

(b) lower alkyl,
(c) CO.RS,

(d) C(O)R®,
(e) SO,R®, and
(f) SONR°RS;

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

(a) H,

(b) lower alkyl optionally substituted by oxo, CO2R®, OR® and/or NH,,
(c) S(OWR’,

(d) ORS,

(e) NR°R®, and

(f) CO?RS;

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

(a) H,

(b) N,

(c) lower alkyl,

(d) lower alkyl substituted by oxo, CO;R®, OR®, and/or NR'R"",

(e) aryl, which optionally may be substituted by halogen,

(f) heteroaryl,

(g) N-aryl, wherein the aryl group is optionally substituted by one or more
halogen substitutents, and

(h) aryl substituted by halogen or CF3;
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(a) H (b) lower alkyl optionally substituted by oxo,
CO02R6, OR6 and/or NH2, (c) S(OnR7, 20 (d) OR8, (e)

WORBRO0ssed (f) CO2R6; R5 and R6 are each PCT/EP2005/007342
i ndependently selected fromthe group consisting of:
25 (a) H (b) N, (c) lower alkyl, (d) |ower alkyl
substituted by oxo, CO2R9, OR9, and/or NR1OR11, (e)
aryl, which optionally may be substituted by hal ogen,
30 (f) heteroaryl, (g) Naryl, wherein the aryl group
is optionally substltuted by one or nore hal ogen

RSubsildwdreaikyg orand; (h) aryl substituted by hal ogen or
CF3; 7 WD 2006/ 005508 PCT/ EP2005/007342 R7 is |ower
al kyl or aryl; R8 is selected fromthe group

REONSk Sbicdtdhom the @?aud‘li:or(s‘i’s)tl @fer akyl, and (c) |ower
al kyl substituted by NR5R6; is selected fromthe

grou@) Hland 1 ower alkyl; 10 R10 and R11 are each
mde&gqg\ﬁg; élyylsﬂoect ed fromH and | over al kyl; and n

(c) Iower alkyl substituted by NR°R®;
R® is selected from the group H and lower alkyl;

R' and R"" are each independently selected from H and lower

alkyl; 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 tumors.

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

acceptable carrier or excipient.

The present invention further relates to the use of the compounds of
formula | for the preparation of medicaments for the treatment of cancer,
preferably solid tumors and more preferably breast, lung, colon and

prostate cancer.



10

15

20

25

30

15 or the pharmaceutically acceptable salts or esters

t hereof. These conpounds inhibit cyclin-dependent
whewasessos These conmpounds and their phar maceuPCT/EP1095/007342

acceptabl e salts and esters have 20 anti proliferative

activity and are useful in the treatnent or control of

cancer, in particular solid tunors. The present

invention also relates to pharmaceutical compositions

conpri sing one or nore conpounds of the invention, or

a 25 pharmaceutically acceptable salt or ester

t heTrfwresantdnaermmfnﬁb@malata$ toya methepfeliteatiograri er or

PduFH e&& eﬂlﬁo% ogn%ﬁ allly M%W‘(%agﬁ%gré F&ﬁrd{] 5‘ es%?dto

tqmic&pmoat pmﬂcorbrlyrwtlmammmﬁ or cariteol tof easase ﬂtlng)fand
pref er bI y. Sol {9”89 rmrs an

@3@%555%@%}%@%8 Y GHgIni RS indiee el sush.
th%mmégéég%aﬁﬁﬁﬁﬁ%%&%%% cohSouMdes¥e8imula 1, or a

invention further relates to a method for treating or
phaymacslically sedfrrasteribergoparticul arly the treatment or
control of a solid tunor, nost particularly to the
treatnment or control of breast, l ung and 5 col on and
pr dshaltye this investitry a&drr’eha’t@et ’@rn’nm@l Interenguitdte eompoundeed

t her t her a ef fective anount of
U%Ffld@ﬂgg%ﬁ gt%} ﬁomp Qﬁ% ﬁﬁ]laceutl cally salt

or ester thereof. Finally, this invention also relates
to novel internediate conpounds 1o useful in the

pr eparead beredt, the ilapnmieros shall havathe folgwingetefinitions:
herein, the following ternms shall have the follow ng
definitions: "Aryl" means a nonoval ent, nonocyclic or
bi cYcyl! meaas Grmbhcvatmtbnmy\objlcdiclﬂ bhrmtﬁ@calomatic carbiocgtlic

ey SeahOn biERb PrlarBN F ColLLBCTIRRRY A oG A omAL e system.
Pldfairé@dryi @roﬁéﬂﬁ&lhde,@ﬂ@r@)ﬁbt llrhﬂéd’ to,@'h@nyl, naphthyl, tolyl and
xylyl.

"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.
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xylyl. "Cycloal kyl" neans a non-aromatic, partially or
conpl etely saturated 20 nonoval ent cyclic hydrocarbon

WO awsoedsogont ai ning 3 to 8 atons. Exanpl es of PCT/EP2005/007342
cycl oal kyl groups include cycl opropyl, cyclobutyl,
cycl opentyl and cycl ohexyl. "Effective anmount” means
an anount that is effective to prevent, alleviate or
anel i orate synptons of disease or prolong the survival

of t. l—?etér‘é@reﬁcrtnegﬁé 88 arématié ﬁ@fe?gggfiggh@%?gt}éﬁﬁ}éining up to

fluori br om ne
twid iregs. nlérefemed:héteromgl gr’éOpﬁ etusiep bat are' natdiariteddn, tianyl, furyl,

: ted, f

Beh. BB OB BN PYRRECPURTY cRaZY: NERR Ynabinginy,

%ﬁhi@iir@@){ﬁfda“zoré BEnSYfEFATASOMIRIZBIYNY Up to two rings.
eferred heteroaryl groups include, but are not

limted to, thienyl, furyl, indolyl, pyrrolyl,
pyri dr-l.@Véri)cﬂ:Yé"' g "H@?r@%}kﬂﬁ" Mésns %Xé%ﬁl?ﬂaYéd ot Bérﬁé@ Mrhsaturated

qui nol 1 ny azol e, benzofuran ‘and
norearamatio/tyclid rémiealerf@d}bcﬂ Kitig etomshmt\&lnlob)ﬂtolnybhe tpdmiegatoms

rated tiall t t ed, - t.' .
aiaip® simecsior ForyndBoeh R8s AMRERT Rt fn dnteger
frof GBtd 2))er alcofbination theter Oth@tr@mlrmj f6g atbris being C.

ni trogen, oxygen, S(On (where n is an I nteger {romo

Examples oprefelaathietriores A @B?”d'f‘ﬁep'P%E?&i'r}ﬁ RYTPIIGe
rrfrgrmmgefn@gln% té@aWrgﬁylofm&ﬁSfp%Bﬁﬁ‘& M@rﬁ@ﬁﬁﬁ@né%ulﬁde

are plperi razi ne, pyrrolidi ne nmor phol i ne,
anthgehianegthylene suljehrepyr anyl , t hi onor phol i no,
pent anet hyl ene sul fi de, and pent anet hyl ene sul f one.
"K1" refers to a neasure of the thernodynam c bi nding

of the dfersitgantéagure f thay tt‘(et*dnaﬂymamca)mdmpoﬁﬂté

according to the invention) to the target ﬁin. Pﬂ
ligans/pbibiendheida, a camppund pgcording o the kRientigny torihe targe

%féﬂplk@céﬁbe'rﬁéi red, lhz@i"%VIaaéé‘ﬁé'des@h@é’&lrpExérﬂple 18, infra.

conj unction wth another term e.g. |ower al

“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

10
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het erocycl e, denotes a straight-chain or branched

saturated aliphatic 20 hydrocarbon having 1 to 6,
wpe@beoay 1 to 4, carbon atonms. Typical | owePCHER2005/007342

groups include nethyl, ethyl, propyl, isopropyl,

butyl, t-butyl, 2-butyl, pentyl, hexyl and the Iike.

"xo" nmeans =0. 25 "Pharnaceutically acceptable

ester"” refers to a conventionally esterified conmpound

bé’fs B&ftméldebw% h R ‘“FE“Q “ﬁne?gffoéé{é a7 Q%ow%b%pl ©F WhlePe NR*R*

a n the ectiveness and dperties
takba togntbeuﬁwsl a;lfnoﬁocynhbaahphatimhetemoybleasm asn pynvohdme

[ | di
obaRgR mosHng: NS PRt e E B Al B keStar ofths
fo?hﬁ?é/Rﬁpd(i:O)@b'i-R“é@@(‘—-d))Fd‘f‘ AheEs | isrhydwgeri & Behyl, and R*
correspondi ng carboxylic acids (R40C(=0)0OH) are I ower

isdpwer alkyh @rayClgitoh catipnate esiersobibedomsgs

LR O0E140 o8 S R B e oo

alkkglgat dyeloafion; mraanmnmm'pomylmemyl ph@ts's of thetfermadpcl e, such

R OB SPGB RO el R TR B Pvgiqasnor owe gl or
whefdNRA' FR%&I(%WBA&Q@( FMdietyuiteiiphBYa het%rdmyére)gaah as

or nethyl, and 5 is |ower alkyl or cycloal g 40
pyselishing tniperiding, nerpheline, Nspeimdpiperazine, etc. As used herein, R

h5¢ ép)]gggﬁé z(Bastg 4R43 i s hydrogen or
tﬂﬁg? an ﬁg% q?ower or cycl oal kyl; or
am nocar bonyl net hyl esters of the formul a

nyclr SEEHPGE S Ty CrAre fe B Rkl 2 oot esters.

ah@&ed ey, B‘x@hfpl@s @fqaweyalkym@énswwsﬁmtécewah NRERE, ars tied
s 1o pyrrolidine, piper [

d%%@rﬁmosﬂwér% m@rpnq"ey' %@ylu?e(é rﬂgﬁhglp:ipneer'ﬁséa-1 -“Hathylgsters,

ﬁower EGiaméﬂs?ters é(?ﬁ( I%?%%?%eﬁl , amﬁlgf-opyl

aestloﬁyethyl and ach’r@Xynnlethyl Eafarﬁp&@nm‘les oﬁ/@rbama@lesta&rs argthe 1-
BT AU BT S s S DIAY adek
ERbp@IsZofmiingtarbhyimetidfl @sters are the N,N-dimethylcarbamoylmethyl

and carbamoylmethyl esters.

Further information 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

11



10

15

20

25

30

and the |ike. Exanples of acyloxyal kyl esters are the

pi val oxynmet hyl, 1- acetoxyethyl, and acet oxynet hyl
we@siensssoExanpl es of carbonate esters are the BET/EP2005/007342

(et hoxycar bonyl oxy) et hyl and

1- (cycl ohexyl oxycar bonyl oxy) et hyl esters. Exanples of

am nocar bonyl net hyl esters are the

N, N- di net hyl car banoyl net hyl 20 and car banoyl et hyl

m?rfg‘ea%us%mg#’{)est n'idqé %ﬁ%ﬁ%cgémp@aﬁﬁmhﬁﬁ é?aﬁts%‘?@ude

elrver armaceut cal
thogﬁﬂeuV@tSfrbm ingaydndbaads sudbess gyndro{:hIBnoamdgsydrobromlc acid,

TR T W
th9§é qeAed FPYs @r@énﬁ:@éd‘ﬁs‘fﬂjch ol@éné’@ulf&@@aé@gsahcyhc acid,

Kr ogsgaar d- Lar sen, ext book of Dru

meHwneaviEoip asist oxalis md sux;glgsa acid, Gipic mmag'f acid, Tactic acid,
funPen%rﬁ{?r? Eg:tﬁglcl;'?%'- %@ﬁ:ﬁ% gggg-aa f)n sraﬁé &eothgse derived from

conven ts or base-addition
amaidnturh hpdtassitmi, sodim hnhdqlqn@tecrabryeeirﬁmmw\ehgerxm, such as

i d f, f | nd .
o srRga FerArS e VR EONDR Ftpadsy T Fadtgieal fipafigition of a
m&gﬁéﬂ%omuﬁaz(pé)%rggﬁaﬂoza shif @ 8 8suhBic’ Wsll Rifiown to

organic or i nor%anl c bases. Sanple acid-addition salts
pharmasestical khemisisto PBiRIT oY b PRYIFR and dremycr!istakility,

h@: ﬁ%é’cfd"& \‘IS\gQBl'hS/ ?rm’ %Iﬁﬂﬁﬁgﬂf %oﬁ’fg}ongs hydEog. gfj'H:. Rfdeflet. al.,

am c acl oric aci
Phaitnnaaeusicald) osaye Fdn‘mmmctjarug/ladh\farm&myategrm (6th &di $895) at pp.

uene sulfonic acid, salicylic acid, 5
?Héﬁ%égﬂf@kr ¢ acid, oxalic acid, succinic acid,

citric aci d, nalic acid, lactic acid, funaric acid,

and t he Ilke npl e base addi tion salts I%ﬁl ude those
deri \Péwrma@wﬂcaalmﬁﬁp@mﬁblﬁ tSx68 asrRhasm@ranticaly acceptable

?ﬁ‘@f’ eéx'aﬁé(r]ta%o Hhedn rﬁ?é'cgféﬁlcaﬁy' %Bcé}ﬁablfecéfnd@%rﬁially

amoni um hydr oxi de. hem cal
nomdoxic lmﬂ'lecmibgﬁctao \Nﬂmmrﬂ'racpemqwmlcommlodn@ aginingstegrdig)
into a salt is a technique well known to 1o
phar maceuti cal chem sts to obtain inproved physi cal
and ehgstinaéd Shalm bubstituted wikyh seeariscthiay thef dubvstifitibn cgn occur

SO o ooy Sres b ot aElents o
e§¥ﬁ‘E@S@tit&tﬂr"ki@aréﬁ@éﬁerﬁknw selected from the specified options.

“Therapeutically effective amount” means an amount of at least one
compound of formula I, or a pharmaceutically acceptable salt or ester thereof,
that significantly inhibits proliferation and/or prevents differentiation of a human

tumor cell, including human tumor cell lines.

In one preferred embodiment of the present invention, there are provided

the compounds of formula |, wherein

R is selected from the group consisting of lower alkyl substituted by aryl,

12



196 and 1456-1457. 15 "Pharnmaceutically acceptable,”
such as pharmaceutically acceptable carrier,
wex@spddmt , etc., neans pharmacol ogi cal | y acceptHBP®05/007342
and substantially non-toxic to the subject to which
the particular conpound is adm nistered.
"Substituted,"” as in substituted al kyl, neans that the
substitution can occur 20 at one or nore positions
and, unless otherw se indicated, that the substituents
at each Tubstitution site are independently sel ected
fromthe $pecified options. "Therapeutically effective
anount " s an anount of at ljleast one conpound of
formula I, or a pharmaceutical Ly _acceptable salt or
ester t f, 25 that signi aptly inhibits
prolifer a&‘_ioon and/ or prevent sid erentiation of a
human tumor cell, including *“s tunmor cell Iines.
I n one pr&Berredygrbodi ment dR* t 8" present invention,
there are provided the conpounds of formula I,
wherei fP)30 Rl is sel ect € firomthe group consisting of
| ower al kyl substituted by aryl, 12 WO 2006/ 005508
PCT/ EP2005/ 007342 N R3 and R4 R4, (b) (¢) R2is
Rsel egtsetbctedfromthegrayp 5 aryl, heteroaryl, cycl oal kyl

d h | e, ' h b hstituted b
o 17 Metasenl suPicals Lt BFaTOElF: SRR &gt om the
miah BelsUpRMRed bl Vib to fOlAH se@eituentOn§EPanddnly serdted from the
group

lower alkyl,
halogen,
OR®,

NHz, and
NO;

R® s selected from the group

CO,R®, and
SO,R®,

R* and R* are each independently selected from the group

H,

lower alkyl optionally substituted by oxo, CO.R%, OR®
and/or NHa,

S(0).R,

OR®,

NR°R®, and

CO%R’;

R®and R® are each independently selected from the group

13
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NC2; R3 is selected fromthe group 15 CO2R6, and

SO2R6, R4 and R4, are each independently sel ected
wo c@ai0odses group 20 H, [ ower al kyl optionally PCT/EP2005/007342

substituted by oxo, CO2R6, OR6 and/or NH2, S(O nR7,

OR8, 25 NR5R6, and CO2R6; R5 and R6 are each

i ndependently selected fromthe group 13 WO

2006/ 005508 PCT/ EP2005/ 007342 H, N, |ower alkyl

substitutﬁed by oxo, CO2R9, OR9, andNRL1OR1 5 aryl,

whi ch opti'onally may be substituted by hal ogen

heteroaryN,, N-aryl, wherein the aryl group is

opti onal

cubst |t udt! Al el ol (TR OTal ogen o Cra:
10 R7 is drgmgt’®RIkyl or aryl; R8 is selected fromthe
Jroup |_Laryl, which optionally may be substituted by halogen

heteroaryl, |

N-aryl, wherein the aryl group is optionally substituted

by (h) one or more halogen substituents, and

aryl substituted by halogen or CFs;
R’ islower alkyl or aryl;
R® is selected from the group
H,
lower akyl, and
lower alkyl substituted by NR°R®;
R® is selected from the group H and lower alkyl;
R and R'! are each independently selected from H and lower alkyl; and
nis0, 1or2;or
the pharmaceutically acceptable salts or esters thereof.
In a preferred embodiment of the compounds of formula I, R? is phenyl,
preferably phenyl substituted by halogen, most preferably F, and OR?® wherein
R® is lower alkyl. In a most preferred embodiment, R? is phenyl substituted by

one or two F molecules and one OR® group wherein R® is lower alkyl,

preferably methyl.

14



1s lower akyl, and |l ower al kyl substituted by NR5R6;

RO is selected fromthe group H and | ower al kyl; 20
WRI®cam3$0R11 are each i ndependently sel ected fPOCIEPR0aSION7342

lower alkyl; and nis O, 1 or 2; or the

pharmaceutically acceptable salts or esters thereof.

25 In a preferred enbodi nent of the conpounds of

formula I, R2 is phenyl, preferably phenyl

su I 2

\NhgﬁEI é‘cﬁe&%r&%rlj@ lmgﬁ%f tRE %Bﬁn{?%%}ﬁs B Ec?ﬁ@ danﬁ
lsthﬂdMEEnﬁva%ndS?bmenyI substi t ut ed by one or two F

nol ecul es and one OR5 group wherein R5 is | ower alkyl,

30 preferably nethyl. 14 WO 2006/ 005508

PCT/ EP2005/ 007342 I n another preferred enbodi nent of

t he compounds of formila |, R2 is as defined above and

RlLis N R3 5 wherei R3 is selected fromthe group

H,  C02R6, 10 C(O) Re 02R6, and SO02N R5R61 R5 and

R6 are each indepengentlly selected fromthe group 15

H, and

R3

wherein

R® is selected from the group
H,
COR®,
C(O)R®,
SO.R?, and
SO.NR°RS;

R%and R® are each independently selected from the group
H, and
lower alkyl;
or the pharmaceutically acceptable salts or esters thereof.
Especially preferred are the compounds as defined above, wherein
R?is phenyl, which is one, two or three times substituted with a substituent
independently selected from

halogen, or

-O-lower alkyl.

15
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| ower al kyl; or the pharmaceutically acceptable salts

or esters thereof. 20 Especially preferred are the
w@eovpoesses as defi ned above, wherein R2 is phePyi/EP2005/007342

which is one, two or three tinmes substituted with a

substituent independently selected from hal ogen, or

25 -0-lower alkyl. 15 WO 2006/ 005508 PCT/ EP2005/ 007342

In yet another preferred enbodi nent of the present

™ B AR ISR R

arIeSprOW:ledml@é tympuobsdsd dlfoadubai i Whemq or

substituents selected from-F, and 10 OCHS; R3 is
Rs# ected fromthe group H. CO2R6, C(OR6, 15 SO2RS,
and SO2NR5R6; R5 and R6 are each independently

sel ected fromthe group H, and 20 | ower al kyl; or

P

R2 is 3-fluorophenyl, which is optionally substituted with one or
two substituents selected from

-F, and

-O-CHgs;

R® is selected from the group
H,
CO2R®,
C(O)RS,
SO,R?, and
SO.NR°R’;

R%and R® are each independently selected from the group
H, and
lower alkyl; or
the pharmaceutically acceptable salts or esters thereof.
Examples of compounds of formula | above include but are not

limited to:

16
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t he pharmaceutically acceptable salts or esters
t hereof . Exanpl es of conpounds of fornmula | above
w0 pwboessoput are not 25 limted to: 16 WO 200BCDEBH08007342
PCT/ EP2005/ 007342
4-[ 4- Ami no- 5- (3-fl uorobenzoyl )t hi azol - 2-yl am no] pi peri
di ne-1-carboxylic acid tert-butyl ester,
4-[ 4- Am no- 5- ( 3-fl uor o- 4- net hoxybenzoyl )t hi azol - 2-yl am

i4_ Fﬁ—lﬁ%ﬂﬁrﬁé—gé(?%fu%?obsen%wt‘ﬂ@goi-ﬁ—mﬂo}p%éri&?rlrg-xl—ca%ﬁ)&ﬁic acid
teBt-blith] esten- 6- met hoxybenzoyl )t hi azol - 2- yl am no] pi peri di

ne- 1l-carboxylic acid tert-butyl ester, 10
[ 4- Ami no- 2- (pi peri din-4-yl am no)thi azol -5-yl]-(3-fluor

Op e RS- BEKBC?WOALrﬂet‘N@x thlazol -2-ylamino]piperidine-1-
peri di n-4-yl am no)thi azol - | uoro-4-
CWN&W@%’I -Prwt estabne, 15

[ 4- Ami no- 2- (pi peri din-4-ylam no)thiazol -5-yl]-(2,3-dif
| uor o- 6- net hoxyphenyl ) net hanone,
1- [ 444-Armind-5e25 3{d¥dro-drmethuxglyén 2ayl ) iarol-2-yaminajpippiigine-
eridin-1-y]]et 20
1[C@f99ﬁyhsa§d]f§”n%{fﬁeﬁ%%ful f onyl pi pei di n-4-yl ami no) t hi azo
| -5-yl]-(3-fluoro- phenyl)netha none),
1-[4-[4-am no-5-(3-fl uoro-4-nethoxybenzoyl )t hi azol - 2-y
| anfémappiop(pigerdin=4- ylpmq-)ﬁn@mlﬁ )Q%(B-ﬂuorop enyl)methanorne,
[ 4- Ami no- 2- ( 1- net hanesul f onyl pi peri di n-4-yl am no)t hi az
ol -5-yl]-(3-fluoro-4- methoxy-phenyl)nmethanone,
4- [ @~Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fluoro-4-
nQ- 5- t hoxybenzoyl )t hi azol - 2-yl am no] pi pe
n}q(%la@xy&)ge@yly@g'gggpp%,m c acid di methyl ani de, 17 WO
2006/ 005508 PCT/ EP2005/ 007342
[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(2,3-difluoro-6-

methoxyphenyl)methanone,
1-[4-[4-Amino-5-(3-fluorobenzoyl)thiazol-2-ylamino]piperidin-1-yllethanone,

[4-Amino-2-(1-methanesulfonylpipeidin-4-ylamino)thiazol-5-yl]-(3-fluoro-

phenyl)methanone),

1-[4-[4-amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperidin-1-

yllethanone,

[4-Amino-2-(1-methanesulfonyipiperidin-4-ylamino)thiazol-5-yl]-(3-fluoro-4-

methoxy-phenyl)methanone,

4-[4-Amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperidine-1-

sulfonic acid dimethylamide,

17
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[ 4- Ami no- 2- (1- net hanesul f onyl pi peri di n-4-yl am no)t hi az

ol -5-yl]-(2,3-difluoro- 6-nethoxyphenyl)nethanone, and
WO 2006003308 2- ( 1- met hanesul f onyl - pi peri di n- 4-y| ardTiBP1005/607342

zol -5-yl]-( 2, 6- 5 difluorophenyl)nethanone. In

anot her enbodi mrent of the invention, RLis R4 10

wherein R4 is S(OnR7, wherein R7 is |ower alkyl,

preferably nethyl. 15 Most preferably R4 is

| ncrge-p-Ei & el of R RHANS e b itaot s e S:qifuoro-
6inagtbbxyiphdnlyh(n2ftgansink| and o- 6- net hoxyphenyl ) met hanone.

20 The conpounds di scl osed herein and covered by
fornmula | above may exhibit tautonmerismor structura

| S qEEAhE-2-(1-ndthamdstifeagl-gipaidin-aeyiamup)ihisddl-5-yl]-( 2, 6-
enconpasses any tautoneric or structural isonmeric form
difipotapheByldBAPGNAGS, or nixtures of such forns, and is
not limted to any one tautomeric or structural 25
isomeric formdepicted in the fornula above 18 WO
2006/ 005508 PCT/ EP2005/ 007342 1 n anot her enbodi nent,
ex anpnethafercomiimentisf the invendionnWrisi on i ncl ude but
are not limted toor OF OF OO0 NS

R4

wherein R* is S(0),R’, wherein R’ is lower alkyl, preferably methyl.
Most preferably R* is —S(0),CHs.

Examples of compounds of formula | above include:
[4-Amino-2-(4-methanesulfonylphenylamino)thiazol-5-yl}-(2,3-difluoro-6-

methoxyphenyl)methanone.

The compounds disclosed herein and covered by formula | 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

18
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In another embodiment, examples of compounds of this invention include

but are not limited to:

Q,
F

Xoi QNi /S\i’_g £

Al ¥

A3 F
0,
A a
N
o)\N J\s\ P
N
A4 F
o F
O:S\ N/ (o]
L
A5 F
7T
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Al6 ]
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Al7
o QNI%F Y
Al8
@s\'O\le\ o] oiﬁ:
A19 b F

N !
Q/ O\Nlng . j\fi
A20

¥

OJ\O\N/@%C ] j\fi
A21

=]

o
Cu%m by
A22 F
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A28
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A29
o F
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o)\N N)NL;\ p
A30 F

A3l
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N~5C JLFE - F F A2 NQ NSO JF FF A22 Q
N~s JL~F DbF Il F~~~~~ F A23O-N\ o\ FF A24 F p-~
wOo2NeB0HoFE \ F F A25 F 21 WO 2006/ 005508 PCT/EP2005/007342
PCT/ EP2005/ 007342 O0- 114 O\ ORFF N'S O OF

A26 Ors o

- w@/i
N o)
A37 N

The compounds of the present invention can be prepared by any
5 conventional means. Suitable processes for synthesizing these compounds are
provided in the examples. Generally, compounds of formula | can be prepared

according to one of the below described synthetic routes.
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N5C OFFF A27 cl 0-/ N ONNSCI A28 0-51F
Ngd OFF A29 O FF OFO NS~~~ A0 1s N O

WORMBE50A31L N -0 s N O A32 N 22 WO 2006/ 005BOBEP2005/007342

PCT/ EP2005/ 007342

Ring Formation

Compounds of the invention can be prepared by the alkylation and
cyclization of a number of thiourea derivatives, as shown in Scheme I, using
reactions that are known. Among the thiourea derivatives that can be used are
nitroamidinothioureas (Binu, R. et al. Org. Prep. Proced. Int. 1998, 30, 93-96); 1-
[(arylthiocarbamoyl)amino]-3,5-dimethylpyrazoles (Jenardanan, G. C. et al. Synth.
Commun. 1997, 27, 3457-3462); and N-(aminoiminomethyl)-N'-phenylthioureas
(Rajasekharan, K. N. et al. Synthesis 1986, 353-355).

Another thiourea derivative that can be used for the preparation of
compounds of the invention by alkylation and cyclization is N-cyanothiourea
(Gewald, K. et al. J. Prakt. Chem. 1967, 97-104). For example, pursuant to
Scheme IlI below, an N-cyanothiourea of formula 6 can be reacted with a
halomethylketone, such as a bromomethylketone of formula 4, at a temperature
between around room temperature and around 65 °C, to give a compound of
formula 7. When not commercially available, the starting materials of formulae

(2) and (4) are cited under the individual examples.

NH, — [I\Il

G

1 2 g
scheme |

o)
/[L
R2 R2

3 Br 4

scheme |l
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WO20d600558 O 1 \ O 1 A37 N' The conmpounds of PCTIEP2005/007342

present invention can be prepared by any 5

conventional neans. Suitable processes for

synt hesi zi ng these conpounds are provided in the

exanpl es. Ceneral ly, conpounds of formula | can be

pr epar ed
0
Br\/U\Rz
[ 4 NH,
N HN-CcEN —— R1\NJ\N’C — R1\/4\ 0
G H H ﬁ S
S 5 R2
2 6 7
scheme Il

Alternatively, the compounds of the invention are also conveniently
prepared by reaction of a resin-bound substituted (aminothioxomethyl)
carbamimidothioic acid methyl ester of formula 9 with a bromomethyl ketone of

10 formula 4 as shown in Scheme [V below.

HCI
NH
S’U\NH
R1\N @A 2 NH )SJ\
I - R1
2 C s” N g
g G H H
9
O NHz
4 R1< 0]
- . N
H
R2
7
scheme IV
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according to one of the bel ow described synthetic
routes. 23 WD 2006/ 005508 PCT/ EP2005/ 007342 Ring

wOo-20060035081 Conpounds of the invention can be pPEPEPIAS/007342

by the al kylation and 5 cyclization of a nunber of
t hi ourea derivatives, as shown in Schene |11, using
reactions that are known. Anbng the thiourea
derivatives that can be used are

t
E’Ir O’g@%%ﬁ% ?8&@@8&5@@% o(eg?ggg\ée) 5t ff%u%tQ &% Be nfEfPoy any
cheentiohbi proaedanetyniopantiorarie- ékllﬁeddnrtm Iaythﬁy)rgamd: egnthesns For
e%%r%%?esianarbeawvementﬂy prep%g tby the re%n of a resrn boUnd

trhb&;@ﬁﬂdﬂ@ sEl BPfSRMNM 8 V\Nh amiesiddyansieasiFoinula 2 in the Eresence
Raj asekharan, K. N. al . Synthesis 1986, 353-35

}&ﬁ&aﬁ@r SYGHY LR é%[tla@/ram@eu (eeg 1 tHathylaming or dgseprppylethytamine)
t
RSOt TR SpPlod R (EBL R Betrytrmanice),
Tméemad:td;n iK.coaverdénthydcarRedlout alChéampdraife a@durilDbom For
5 Schene. LLI  bel .
P BGAGEn ! Bt e aPURe Mo A S aES g g gonverted
t EH@;&‘@HDM’J éfebmmﬂa TiCiedttnaht Mithreohaib Metieitaioge qbr example, a

fornmul a t enper ature _between around r 0o

br@ﬁg@.eﬁweéoramaf f@rrauwd4)ee acsuiteBlegnod sg V@Ghﬁ‘éﬁih%s gipolar
ARRAA I EAR i) ARy o

temperaturee i ndi vi dual exanpl es. 20 Rl NHRL ~, 2N
C 125S schemel O30 AR2Z R2 Br 4

Separating a mixture of stereoisomers into the optically pure stereocisomers
(when compound of formula | 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

The optional conversion of a compound of formula | that bears a basic
nitrogen into a pharmaceutically acceptable acid addition salt can be effected by

conventional means. For example, the compound can be treated with an
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25 3 schene Il 24 WD 2006/ 005508 PCT/ EP2005/ 007342 O
BrL R2 NHS S N4 N RLL.CH2ZNCN-> RLHHC- RL N'

WO 06358 HR2 2 S5 6 7 schene 111 5 AlterpPclt/ERBDY)07342
t he compounds of the invention are also conveniently
prepared by reaction of a resin-bound substituted
(am not hi oxonet hyl ) carbam m dot hi oi ¢ acid net hyl
ester of formula 9 with a brononet hyl ketone of to

b B S APy AR o A A
adid Hitrz adid, it spBoricdadid, or with an appropriate organic acid such as
acetic acid, citric acid, tartaric acid, methanesulfonic acid, p-toluene sulfonic acid,

or the like.

Converting a compound of formula | that bears a carboxylic acid group into
a pharmaceutically acceptable alkali metal salt

The optional conversion of a compound of formula | that bears a
carboxylic acid group into a pharmaceutically acceptable alkali metal salt can be
effected by conventional means. For example, the compound can be treated with
an inorganic base such as lithium hydroxide, sodium hydroxide, potassium

hydroxide, or the like.

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 on
the stability of the other functional groups in the molecule to the reaction
conditions. If the other moieties in the molecule are stable to acidic conditions,
the ester may be conveniently prepared by heating in a solution of a mineral acid
(e.g., sulfuric acid) in an alcohol. Other methods of preparing the ester, which
may be convenient if the molecule is not stable to acidic conditions include
treating the compound with an alcohol in the presence of a coupling agent and in
the optional presence of additional agents that may accelerate the reaction. Many
such coupling agents are known to one skilled in the art of organic chemistry.
Two examples are dicyclohexylcarbodiimide and triphenylphosphine /diethyl
azodicarboxylate. In the case where dicyclohexylcarbodiimide is used as the
coupling agent, the reaction is conveniently carried out by freating the acid with

the alcohol, dicyclohexylcarbodiimide, and the optional presence of a catalytic
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R //I 4R.,, NSO HR2 7 schene IV 15 25 WO
2006/ 005508 PCT/ EP2005/ 007342 The resi n-bound

wa hioenosses deri vati ve of fornmula 9 can be nade PYI/BPR005/007342

conventional procedure known to one skilled in the art
of organic synthesis. For exanple, it can be
conveniently prepared by the reaction of a resin-bound
thiouroniumsalt of formula 8 with an isothi ocyanate

ﬁ{oufnf’gdw&) Ided {Jﬁ‘ W%ﬁéﬁ&%ﬂiﬁoﬁricﬁn@% &n iS&tt Bodentsuch as a

am ne
hdlageoptedmydmdaybmr(mg) dlahtorannethm‘ret %eltemperatsmdbetweea

RRuLY B8R Eolf oo Sl PeABiaY & partoh

térapBefdt Unetharicads Hep® Eﬁpﬁeﬁmﬁbépmhélddhﬁ efz@ﬁicartimymb is
thiourea derivative of formula 9 is then converted

upnd ap thriceYPltig agsninihe reagipnts eanYRMeNty qasried out by treating
tﬁgégmuﬂ%éj@%l (tﬁ;%e bﬁrneaan]eodlg Pl b b L 2BEIN an

ormul a in’a |nert solvent such as’ a
inest solverdsuoh ias amhthen(e o] etejra,hydrdﬁur@lnbret By lafemnatichytirpcarbon

Ebeh PSR LERBRUR 0P8R A RE Ble i B0

térhpée@ire0 @rabwaat(abbam@@gmnd of formula | is
chiral) e optional separation of isomeric structures

of formula | can be carried out according to known

met bg%@ogmgh?,@%nggraﬁgﬁ@npl e resolution or chiral high

20 U iquid chromat ography (al so known as

chiral HPLC). Resolution nethods are well known, and

are, s [ Ln," [ .
o ARG S8 i R, A o ORI a8 prggcetio
cbhhpodiBig coMptiBindsatfiedist one compound of formula |, or a
pharmaceutically acceptable salt or ester thereof and an a pharmaceutically

acceptable excipient and/or carrier.

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 I, 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
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chiral HPLC are also well known, and are summari zed in

"Separation of Enantioners by Liquid Chromatographic
woveiokooRsos (Pirkle, W H and Finn, J. in 25 " ABGTREI00H/G07342

Synt hesis", Vol. 1, Mrrison, J. D., Ed., Academc

Press, Inc., NY 1983, pp. 87-124). Converting a

conpound of fornmula | that bears a basic nitrogen into

a pharnmaceutically acceptable acid addition salt 30

i.on ' . .

s o8 AR ERBER P e 806 Y B 5l cn e
nétgﬁee@ﬁt?bla@ti?@ isdbﬁddd:é[:,ir@maaé&laralgeﬁeralﬁ/ﬁ’eqmimﬁ inythe case of

conventi onal neans. For .t d b
sq't gelatin capitiesnn SRR, CEBTES GUSE0 MABRIIIER SoIPes N
s;ﬁﬂBé daniysterChslySECdhcRhalddE, RyaRRlLgan s gridbes | sunshle,

ydr obrom c ach, sulfuric acid, "nitric acid, _

cartieesghoirjectiopiate waternataehals, pplyelspelyeeine vgaaiableeils

ti [ i1 i i.Caci
oA, AR . SUE Attt of SbAALE R e payat o
hardered bil§omaesst fatg and senpidiguid polydior nul a | that bears
a carboxylic acid group into a pharnaceutically
acceptabl e al kali netal salt The optional conversion

of hefiafidedutiéall bforls édiPhish @8R &IrRpleBefanPay¥hisC
acid group | n?o aa pg%%gr*rmcesuti caISI y accl:egt agl e %I Eal i

sotubitiring aigentsa tabéizing agants (vasling saerint PIOHISITYIRB RSN Sor

<SRRGl SR e S B AR oeliming e

ohmdtiopiedsure) butiers, soatinyagents deantioxiddrds.| iTkey cas also contain
nyerting. a,conpound of fornmulg l.that bears a . .

ofbif tgpodicaly Bnrp s PRiATCeR BRUPRCRGITEE fgfve ingredients

ofes eidnaBbse estemuld’e optional conversion of a conpound

of formula | that bears a carboxylic acid group into

a pharmaceutically acceptabl e ester can be effected by
Dosages

As mentioned above, the compounds of the present invention, including the
compounds of formula |, are useful in the treatment or control of cell proliferative
disorders, including chemoprevention of cancer. Chemoprevention is defined as
inhibiting the development of invasive cancer by either biocking the initiating
mutagenic event or by blocking the progression of pre-malignant cells that have
already suffered an insult of 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.
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
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20 conventional neans. The conditions for the
formation of the ester will depend on the stability

w@booskesset her functional groups in the nol ecul BCT/BP100&007342

reaction conditions. If the other noieties in the

nol ecul e are stable to acidic conditions, the ester

may be conveniently prepared by heating in a solution

of a mneral acid (e.g., sulfuric acid) in an

L cah her. I j t t. j -
uBa PR TPLA R By BaE PR MofT S b tem i
trecardli c conditions include treating the conpound with

an al cohol in the presence of a coupling agent and in
the optional presence of additional agents that may

acc eﬁ'ﬁé %é‘rab@@hdaﬂ?‘éﬁb@ﬁ\/e RSNt o’?%@a@@ 6P hicBehpREARaRcording
are known to one Skilled in the art of organic

te thigringentjon camwary vt mdealwreltsja@@ Myt geterninediin girganner

RIS SRR it SR B

ehbtie partioular icage aptuding tﬁmgee;émtoompomd@mmg admirystered the

t t [ h
it pE PO Eens ik popcion SHIB0 iRatosh op uieleine danett biing
trdafeRf ah éral 2|ﬁ tM@cEQ@@f Mépﬁa@ﬁf@rﬁ%mﬂﬁls@@?gﬁi’o adult

anount - of N, N-di net hyl am nopyridine, in
hamanﬁefvetlgfyag \@@ﬁfOXslﬂ]é'@')aEO K9, Agedy dasagaio d8rpg it about

608 pach S BATEATaPgls 2 Aol BBELE) 09 HElaES s

appaptriatey @thotighnrey lanpﬂrdamltl may be erxaeededwwhen |nd|cated The daily

triphen hosphi pe/ di et h azodi car box t used

cgsdear BB GETIg skgenes & aoi? 485 Fo f T HedbskPestiid

paRsrteRf a@inidtyation® ﬂtmzi}gbé Breadstontinlioddigfismhol

tri phenyl phosphi ne and di et hyl azodi carboxyl ate, in an

inert solvent such as an ether (e.g., tetrahydrofuran)

or ; LC hydrocarbon (e.g., benzene) at a
n%%'@r%@hgetv\een about 0O degrees and about room

terrperature preferably at about O degrees. 10

gonbngﬁg héh%%é&%g lé%atléllxgn |Sorg R | ”%8%,%{ c%)tél'g%ﬁation (administered

|@B@rh5ﬁ@ﬁ§h iof Qéquérﬂréll?)swith RAGWIE ATMCRAtIraditmefssuchngs

ound of fornula
radla ion therapy or with cytostatic or cytotoxm agents, such as for example, but

not limited to, DNA interactive agents, such as cisplatin or doxorubicin;
topoisomerase |l inhibitors such as etoposide: topoisomerase | inhibitors such as
CPT-11 or topotecan; tublin interacting agents, such as paclitaxel, docetaxel or
epothilones; hormonal agents such as tamoxifen: thymidilate synthaes inhibitors,
such as 5-fluorouracil; and anti-metabolites such as methotrexate. Compounds
of formula | may also be useful in combination 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
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15 pharmaceutically acceptable salt or ester thereof
and an a pharnmaceutically acceptabl e excipient and/or

W@ a006/0e3508 These phar maceuti cal conpositions caPCDEP2005/007342
adm nistered orally, for exanple in the form of
tabl ets, coated tablets, dragees, hard or soft gelatin
20 capsul es, solutions, enul sions or suspensions. They
can al so be adm nistered rectally, for exanple, in

i Guif HOL Tartdr R BHIPSE. arf bk ElbY oickflige has been
foﬂhdﬁ@ﬁeﬁwdeg%btimm&ijw&lbmom cyilbe)x;lin ega:jt;s in 'mdﬁn'lnigoPt
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alkB®e ddinikRAWBY IsBaliOStiaAY withBlabwrPdntiBRABSr 6f cytoxic agents when

conventional mxing, éncapsulating, dissolving, .
5 cacamitaat adgynistnatian dna eqnbisatienjsinagprogriatie el akivegtion is
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bt gt Bl tec e pE ek bl fnBbiico

| dtndvigebatidahcenagemhtss (C
] B B e ceRRGaNES (Cancer

10 Recgaeh209%],8073475)-soft gel atin capsul es incl ude
vegetabl e oils, waxes and fats. Depending on the
nature of the active substance, no carriers are

genexahplgsrequired in the case of soft gelatin
capsul es. Suitable carriers for the manufacture of
solutions and syrups are water, polyols, saccharose,

| NVERS foHdag SkinSibs AR BatePreferiemetaksIfoesyhthesizing
injection are water, alcohols, polyols, glycerine,

15 andgsingithe compoundpiaod Seronyipiiens ciae SERgeRE isEON.
Thdr b &R el i Bpaiofi BROTLERENRar] Sre/iiifBhatd to
bé&hienithgr maheultibealinderstpad dtatdherecaay desthercernapdiments

preservi, ents, jo soluyhilizing agent
ey itand Sobfial the fipBo £ Akfined by the
Cmg%pengwﬁé@%_ng agents, coloring agents, flavoring
agents, salts for varying the osnotic pressure,

20 buffers, coating agents or antioxidants. They can al so
contain Examole 1
4-lsothiocyanatopiperidine-1-carboxylic acid tert-butyl ester

/ﬁ\ NH, O/Nv/s
//\N N/\\ + XO N - XO N
O T T

MW 178.22 MW 200.28 MW 242.34
C,HgN,S CioH20N,0, Cy4H4gN, 0,8

25 4-Aminopiperidine-1-carboxylic acid tert-butyl ester (5.0 g, 25 mmol) (Astatech,
Inc) was dissolved in dimethylformamide (120 mL) and cooled to -15°C.
Thiocarbonyldiimidazole (4.8 g, 27 mmol) (Aldrich) in dimethyiformamide (100

mL) was added slowly at below -10°C. The mixture was stirred at room
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ot her therapeutically val uabl e substances, including
additional active ingredients other than those of

wo eorb3mod . 15 Dosages As nentioned above, t hBCT/EP2005/007342
conmpounds of the present invention, including the
conmpounds of fornula |, are useful in the treatnent or
control of cell proliferative 20 disorders, including
chennprevention of cancer. Chenoprevention is defined

h
tegmeﬁétpregf 'ﬁr}ﬂ QAII é\geen\f Q{a%prgﬁﬁﬂlef? wpg?’gﬁ%dﬁ %gﬁ?ﬁé ré%due
wh$ arlsbredtihengiidenesisibrde (ﬂOQonnE) and Mgasaed 2zeldter.t Tiae solvent
whsTapeeEd SHOUS EEpE AR TIE  HIPXIT D n G T oy 2N
th%aé,o‘ﬂjtﬁ‘n'fpéé‘ié‘(ﬁjﬁlxtﬁrh?‘orﬁé%hﬂ Gittbryd tﬁrdlﬁﬁfééhté NRERRVal of solvent

treatment 25 or control of solid tunors, such as
gaveadnisathiobyaneopiperidioer 1-arbexyiin @cst et utd esterbr &9, % %
| f amy ywa conpound in
V'SQ‘igsg’ingkﬁét% ) E‘Bﬁ{qa\’l\ﬁﬂgml ogi?nem;ns an anount of
conpound that is effective to prevent, alleviate or
30 aneliorate synptons of disea e or prolong the
survival of the subject f WD 2006/ 005508
PCT/ EP2005/ 007 348rorhé-a3(3eMuoraphRinil)etidrdheof a
therapeutical |y effectlve anount ds Wi thin the skil
in the art. The t erapeutlcally Bffective amount or
dosage of a conpouhs othi's i nvention
can vary within w de i 'S ar and; ma determned in a
manner known in the Such desag w || be adjusted
to the individual ragienments MY 21&4ch particul ar
case including the @PERific confteiidls) being
adm ni stered, the route of adm nistration, the
condi tion being treated, as well as the patient being

treated. In general, in the case of oral or parent
Asshiiititinsefr &af3- rpphm)e[thar@nﬁdﬂﬁ&sg vEI0gRMeY (Aldrich) in dloxane

' I
(%@O{p?’)“ }Eﬁ 38% z\%slﬁgeaéé% ay scﬁ&?&gr ot gfbtgrétrrﬁ\g@ogﬁ ”%01 0Bmh®l) in
didxade (1206{).) rigop wiseldwver l®€5 h This was stirred for 15 min and most of

the solvent removed. The residue was taken up in hexane (200 mL), washed 2x

water, and dried (MgSOQ,). Solvent was removed to give 2-bromo-1-(3-
fluorophenyl)ethanone.
H NMR (CDCI3), 300 MHz) §3.71 (s, 2H, CHy), 7.30-7.77(m, 4H, Aromatic).

32



10

15

20

appropriate, although the upper limt may be exceeded
when indicated. The daily dosage can be adm ni stered

W@2008/083508)1 e dose or in divided doses, or for PCI/EP2005/007342

parenteral admnistration, it may be given as

conti nuous infusion. 15 Conbi nati ons The conpounds of
this invention may be used in conbination
(adm ni stered in conbination or sequentially) with
known anti-cancer treatnents such as 20 radiation
therapy or with cytostatic or cytotoxic agents, such
as for exanple, but notBxamgled to, DNA interactive

ents, such as cisplatin or dox r upi
t‘gﬁﬁ‘oﬁgﬁﬁﬁr%&ﬂPPrcPl?ﬂfnzlSM)&hlgng%w ao{glrgﬁgwgddge 1-carboxylic

topoi sonerase | i nhi bidiqniartia éster CPT- 11 or
topotecan; tublin interacting agents, such as
paclitaxel, docetaxel or epothilones; hornonal agents
such as tam)xi fen: thymdilate synt haes i nhi bi Lers, 25
such as 5-fluorouracil; and anti-netabolites-<uch as
met hot ez Coppounds: of formula I may also
f>uINI 3 cqrrbl [ w th wmmdul ators pf p 3°
trandact’i vation™ | F~For mul at ed asaflxe ¢
above-descri bed COITOI nation N&?{roducts | ude t he
corrqgim f thi ention hin the dosh NEe420.51
desct'i Eﬁg§ é)abové%é%gyt he ot he?':fphar maceut’ cg% &otistheOsS
agent or treatnent within its 30 WO 2006/ 005508
PCT/ EP2005/ 007342 approved dose range. For exanpl e,

A?E?‘%aré i o f'fFleéﬁ)’aﬂ%@ﬁq&fgﬂ% ’f‘-%%rthﬁ?nc atia48A-tugyl ester

Synhergrstica nown cytofoxic agents
(2.4 gi, n@unainol) (Eparpptesﬂsand(dyan@eﬂcﬂe 842 g, 1©gyno|1(()aldnch) in tert-

S3ERPL 0L SERBHNTR 55 I Sl SRl o

(FM%WHF FYAIL B0 Whed!, A@n@hpfwrrstTrﬁmt Qawmsnrn $¢Bation or a
|nat|on|S|na ropri ate ISI vent i S N
fluprepheayljathannes é%;th@gz By Framele W%%agé%%%?fb“s
sB%qér%Hﬂ‘WQs LtiffBy i h a@@\)@nﬁvﬁé PEmBLEdN8hd id 8blid RsRiue

adm nistration of the known anticancer or
payifiert by siticagehthroFatography (@%{7@(% efwbaestpte/hetane) togive 2.4

o578 ei5) St 4 RBIRS s (L AP thiazol-2-ylaminalpiperidine-1-

carboxyllc acid tert-butyl ester.

H NMR (DMSO.q6, 300 MHz) 51.36 (m, 2H, NCH), 1.41 (s, 9H, 3CHs), 1.88 (m
2H, NCHj), 2.88 (brd, 2H, NCH,), 3.6-4.0 (m, 1H, CH), 3.87 (m, 2H, NCHy),
7.31 (t, 1H, Aromatic), 7.38 (d, 1H, Aromatic), 7.48 (t, 1H, Aromatic), 7.51 (a, 1H,
Aromatic), 8.01 (brd, 1H, NH), 8.48 (brd, 1H, NH), 8.70 (brd, 1H, NH).
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is affected by the sequence of administration with
anti cancer agents. (Cancer 1o Research, 1997, 57,

W@ 3b)possoeExanpl es  The fol |l owi ng exanpl es i | | UBCT/EPE05/007342
preferred nmethods for synthesizing 15 and using the
conpounds and fornul ati ons of the present invention.
These exanpl es and preparations are illustrative and
are not intended to be limting. It should be
understood that there nay be other enbodi ments which
fall within the spirit and scope of the invention as
defined by the clains afxangdd dhereto. 20 Exanple 1

-lspthio nat opi peri di ne- 1 -carboxyl i cid N
Al Rinin g G BipborbengsY IR a2 Smippipinpsidine-1-
y VOO MN178. Zarblxyiidadid thLBd] 84terC/HONAS
C10H2ON202 C 11 H18N202S 25

4- Am nopi peri di ne-1-carboxylic acid tert-butyl ester

(5.0 g, 25 nmmol) (Astatech, 1Inc) was dissolwed in

di met hyl formgni de (7120 ni) and cooled to JIG
Thi ocarFo yldii m ¢a (4. 8,8, 27 ol A
di met Ryl Yorfrant de®( 18¢~pl) Vias added s
- 10C. T%@ggﬁgure was stirred at room o
2006/ 00 ' /I E /0073 t enper at yk e .f omwlshsah.
Al sol vérﬁzﬁ\g rggn%?%?j undzeg?;Nﬁlacuum and ?/hi Lt
was di ssolved in nethylene chloride (200 nL) and
washed 2x water. The solvent was renoved and the
4+4gindine-5aM&fliorotd+metienkybve h o hhians-2-lamsnaippefidineet-ed

C@arﬁggwg?céi %r%h@ﬁg%(e/g/fag%(é’m%%gq g?ﬂrr{xrﬁge frgrrhd’chtai blrgr%rineaqion of 1-

(38-fluoro-4-methoxyphenyl)ethanone (Aldrich) according to Example 2, followed

by the cyclization described in Exampie 3 to give 4-[4-amino-5-(3-fluoro-4-

methoxybenzoyl)thiazol-2-ylamino]piperidine-1-carboxylic acid tert-butyl ester.
"H NMR (DMSO_gs, 300 MHz) §1.37 (m, 2H, CHy), 1.41 (s, 9H, 3CHg), 1.80 (m,
2H, CHy), 2.78 (brd, 2H, NCH), 3.32 (m, 2H, NCHy), 3.6-4.0 (broad, 1H, CH),
3.85 (m, 3H, OCHj3), 7.22 (t, 1H, Aromatic), 7.45 (d, 1H, Aromatic), 7.48 (m, 1H,
Aromatic), 7.94 (brd, 1H, NH), 8.45 (brd, 1H, NH), 8.65 (brd, 1H, NH).

HRMS: (M+H)+: observed: 451.1813; calcd for 451.1810.
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5 gave 4-i sot hi ocyanat opi peri di ne-1-carboxylic acid
tert-butyl ester (5.7 g, 94% vyield) as oil.

WO BboMBeENE +) : Conpatible with 242 MN  Exanpl e BCT/EP2005/007342
2-Brono-1-(3-fl uorophenyl)ethanone Oo F F Br MV
138.14 MN 217.04 CBH/FO CBH6Br FO 10 A sol ution of
1- (3-fluorophenyl)ethanone (14.0 g, 100 nmol)

(Aldrich) in dioxane (250 niL) at 12-15C was treated
with a solution of bromne (17 g, 105 mml) in

di oxane (120 nL) drop wise over 0.5 h. This was
stirred for 15 mn and @le]ﬁS the sol vent renoved.

The r esi take xane, (.2 shed 2x.
QAR G RS SRRV r i P g Eine-
2-brono- 1- (3- 1 ygaapdend adtihandayl dsteNVR (CDCI 3),
300 MHz) 83.71 (s, 2H, CH2), 7.30-7.77(m 4H,

5 Aromatic). 32 WD 2006/ 005508 PCT/ EP2005/ 007342
Exanpl e 3 NH,
4-1 4- Amn05 3-fbuo obenzoyl)thlazol 2-yl a 'no plperl
di ne-1 BERy | idtert-butyl esterydd

! ' ' NH .
/@ro\‘op* $F A YN+ +) z<2=Nr\|Hze|><|—|-|r\|EJj 2 ~
F

MW 242.34 MW 265.06 MW 42 k
MW 468.53
CyH1gN,0,8 CgH,BrF,0, CH,N, CorHoFN,O,S

4-[4-Amino-5-(2, 3-difluoro-6-methoxybenzoyl)thiazol-2-ylamino]piperidine-1-
carboxylic acid tert-butyl ester was prepared starting from the bromination of 1-
10 (2,3-difluoro-6-methoxyphenyl)ethanone (Matrix) according to Example 2,
followed by the cyclization as described in Example 3 to give 4-[4-Amino-5-(2, 3-
difluoro-6-methoxybenzoyl)thiazol-2-ylamino]piperidine-1-carboxylic acid tert-

butyl ester.

15 "H NMR (DMSO.gs, 300 MHz) 81.48 (m, 2H, CHy), 1.92 (m, 2H, CHy), 2.55 (s, 9H,
3CHs), 2.75 (m, 2H, CHy), 3.39 (m, 2H, CHy), 3.6-4.0 (broad, 1H, CH), 3.81(s,
3H, OCHs), 6.92 (m, 1H, Aromatic), 7.50 (m, 1H, Aromatic), 7.6 (2x brd, 1H, NH),
7.8 (brd, 1H, NH), 7.99 (m, 1H, Aromatic), 9.0 (brd, 1H, NH).

20 LR-MS-ES(+/-): Compatible with 468 MW.
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20

MN 242. 34 MN 217.04 MV 42 N MNV420.51 CHNOCS CH
BrFOCH 11 18 2 2 8 6 CH2ZN2 O O C20H25FN403S At 20C,

w@200600350% of 4-i sot hi ocyanat opi peri di ne- 1- car bPOR¥YP1005/007342

acid tert-butyl ester (2.4 g, 10 nmol) (Exanmple 1)
and cyanam de (0.42 g, 10 mmol) (Aldrich) in tert- 1o
butanol (5 nL) and acetonitrile (35 nm-) was treated
with potassiumtert-butoxide (1.OMTHF, 10 ni, 10
mmol, Aldrich) for 15 mn. 2-brono-1-(3

fl uorophenyl ) et hanone (2.0 g, 9.2 mvl ) (Exanple 2) was

added and the suspensi og 16t rred for 2 h. Sol vent
was renmoved and the solid residue

ifie Silj
§&iAraincoAdpingristing- xlemqbb)aa@pWth 'HPQM gnone
give 2.4 15 g (57%vyield) of
4-[ 4- am no-5- (3-fl uorobenzoyl )t hi azol - 2-yl am no] pi peri
di ne-1- carboxyligracid tert-butyl estdf 1H NVR

(DVSO_d6, 300 .36 (m 2H, N_4. 41 (s, 9H,
3CH3), 1.88 NCH2), 2.88 (bfds 2 NCH2) ,
3.6-4.0 (m H, 87— 2 ) £7.31 (t,
1 H Aromati|c), d, 1 H, Arorratic) 748 (t, 1 H,
Aromatic), 7. H  Aromatic), rd, 1 H,
NH), 8.48 i 2051 70 (brd, 1 ?ﬂ%{i 33 WO
2006/ 005508 PCT/ EP2 42 Exanpl e

4-[ 4- Am no-5-(3-fl uoro- 4 nmet hoxybenzoyl )th| azol - 2-yl am
i no] pi peridine-1- carboxylic acid tert-butyl ester 5
ANBAMIDOHN(3-Buondbisn Zoyd) thiszd-2-yhannimp] piperiginen -carboxylic acid tert-

butyl ester (0.82 g, 1.95 mmol) (Example 3) was dissolved in a mixture of
trifluoroacetic acid (16 mL) and methylene chioride (30 mL). After 1 hr, all
solvent was removed and the residue dissolved in methylene chloride (300 mL).
This was washed with 10% Na>CO3 (50 mL), dried (Na,SO4) and concentrated to
give a semi solid. This was triturated with ethyl ether and filtered to give 450 mg
(72% vyield) of [4-amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-

fluorophenyl)methanone.

'H NMR (DMSO.46, 300 MHz) 1.38 (m, 2H, CH2), 1.88 (m, 2H, CHy), 2.95 (m,
2H, CHy), 3.32 (brd, 2H, CHy), 3.6-4.0 (broad, 1H, CH), 3.78 (s, 3H, OCHgs),
7.31 (t, 1H, Aromatic), 7.38 (d, 1H, Aromatic), 7.48 (t, 1H, Aromatic), 7.51 (g, 1H,
Aromatic), 8.01 (brd, 1H, NH), 8.48 (brd, 1H, NH), 8.70 (brd, 1H, NH).

LR-MS-ES(+/-): Compatible with 320 MW.
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/1f OF O MWN242.34 MN247.07 MN42 NO CH CH BrrFO
CH N MVW450.53 ii i8N 102S 9 8 z z z oo C21H27FN404S
W@ 2Q04/08850810- 5- ( 3- f | uor o- 4- net hoxybenzoyl ) t hi azpCFRP20bEMT7342
i no] pi peridine-1- carboxylic acid tert-butyl ester was
prepared starting fromthe bromnation of 1- io
(3-fl uoro-4-net hoxyphenyl ) et hanone (Al drich) according
to Exanple 2, followed by the cyclization described
in Exanple 3 to give 4-[4-am no-5-(3-fluoro-4
met hoxybenzoyl )t hi azol - 2- yl am no] pi peri di ne- 1- car boxyl
ic acid tert-butyl esterExa@ﬁlé\IWR (DMSO _d6, 300 MHz)

01, 37 oH, CH2), 1.41 308), 1B 15
CH(z’gAmmmZ((Banf”dzw* N%Ins'g&tﬁ'%g -)Prﬂ'llﬁqﬂuga&é; ,

e e (b d, he) 008, 7. 22 (t

1 H, Arogratriog), 7."Z§§h§g®,p'i§r'r?,%“egnrfaat|5 A (m 1(H

Aromatic), 7.94 (brd, 1 H NH), 8.45 (brd, 1 H NH),
8.65 (brd, 1 H, NH)qH HRVS: (M+H) +: observed;u451. 1813;
calcd for 451.1 . © 34 WD 2006/ 005508
PCT/ EP2005/ 007342 M-E«anpl e 5 4-[ 4- Ami no- Bkné
3-di f | uor o- 6- gt zoyl )thiazql-2-¥a
ne- 1-carboxyhi #-butyl ester

NHS 'k o- pu HNSFoFNNW24.O4WV
o —
265. 06 MW 42 % 5&W450'53 H MW 350.42
o™ 0 C,H,;,FN,O,S C1gH1oFN,O,S

4-[4-Amino-5-(3—ﬂuoro-4-methoxybenzoy|)thiazol-2-ylamino]piperidine-1-
carboxylic acid tert-butyl ester (0.30 g, 0.66 mmol) (Example 4) was deprotected
in a manner described for Example 6 to give 220 mg (90% yield) of [4-amino-2-

(piperidin-4-y|amino)thiazol-5-yl]-(3-ﬂuoro-4-methoxyphenyl)methanone.

"H NMR (DMSO._g6, 300 MHz) §1.36 (m, 2H, CHy), 1.75 (m, 2H, CH,), 2.88 (brd,
2H, CHy), 3.32 (m, 2H, CHy), 3.2-3.4 (brd, 1H, NCH), 3.78 (s, 3H, OCHy3), 7.23 {t,
1H, Aromatic), 7.48 (t, 1H, Aromatic), 7.62 (t, 1H, Aromatic), 8.01 (brd, 1H, NH),
8.48 (brd, 1H, NH), 8.70 (brd, 1H, NH).

LR-MS-ES(+/-): Compatible with 350 MW.
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C11H16N202S COH7Br F2Q2 CH2N2 0'J' 0o C21H26F2NAOAS
4-[ 4- Am no- 5- ( 2,

WQ2@i6H03508 0- 6- met hoxybenzoyl ) t hi azol - 2- yl am nob@i/prI00§007342
ne-1- carboxylic acid tert-butyl ester was prepared
starting fromthe brom nation of 1- 10
(2, 3-di fluoro-6-net hoxyphenyl)ethanon e (Matri x)
according to Exanple 2, followed by the cyclization as
described in Exanple 3 to give 4-[4-Am no-5-(2, 3-

di fl uor o- 6- met hoxybenzoyl )t hi azol - 2- yl am no] pi peri di ne
-1 carboxylic acid tert- Bxanyledster. 15 1H NWMR

), o Aggines2 bieridhedyaMinalihiaebt iy g S fflborter

2HCH2 3640 3813 3H,
280 3 40 ftaprtiinidhendndl(e. |

Aromatic), 7.6 (2x brd, 1 H, NH), 78(brd 1 H,
NH), 7.99 (m 1H,NH2/-\romatic) 9.0 (brg, 1H NH. 20

LR-MB-ES(+/-): n tible with 468 o 35 WO

2006/ 005508 ,Ehdﬁ/s 00&6+007342 60—

[ 4- Ami no- 2- ( 'pe|r=' -4-—y—|—amno [ -yl ]-(3-fl
uor ophenyl ) ano NHZ NHZ N\ O HN S HN

S6 - FG6 - HIX\ MN 420. MN320. 39 5
C20H25FN403$464 % PR 5800 MWHSGB-‘;}OS

4-[ 4- Ami no-5- (3-f udlrff e‘hﬁoyl )t hi azol - E)‘/Sf:%tl‘nzno] pi peri
di ne- 1-carboxylic acid tert- butyl ester (0.82 g, 1.95

mmol ) (Exanple 3) was dissolved in a mxture of
At[AArminer o6 r-fliduare-@rmetboribenaey ) thiazely? wiaanipalpinarigne-1-

b 15t Bpa 0 A0 AR EBSBATSY G BBt

in a manner described for Exampile 6 to give 123 mg (52% yield) of [4—am|n0-2-

(piperidin-4-ylamino)thiazol-5-yl]-(2,3-difluoro-6-methoxyphenyl)methanone.

"H NMR (DMSO.g6, 300 MHz) §1.38 (m, 2H, CHj), 1.78 (m, 2H, CHy), 2.91 (brd,
2H, CH,), 3.35 (m, 3H, CH & NCH>), 3.75 (s, 3H, OCH3), 6.95 (m, 1H, Aromatic),
7.43 (m, 1H, Aromatic), 8.01 (brd, 1H, NH), 8.48 (brd, 1H, NH), 8.70 (brd, 1H,
NH).

LR-MS-ES(+/-): Compatible with 368 MW.
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woR®6IsHRIr at ed wi t h et hyl

This was washed with 10% Na2CO3 (50 nL), dried

(Na2SO»4) and concentrated to give a sem solid. This
ether and filtered PCI/gP2005/007342
450 mg (72%yield) of

[ 4- am no- 2- (pi peri di n-4-yl am no)thi azol -5-yl]-(3

f1 uorophenyl ) nmet hanone. 15 1H NMR (DMSO d6, 300 MHz)
81.38 (m 2H, CH2), 1.88 (m 2H, CH2), 2.95 (m 2H,
CH2), 3.32 (brd, 2H, CH2 q@O(broad 1H CH,

3.78 (s, 3H, OCH3), 7.3 , Aromatic), 7.38 (d,
L[4 4-ArtiABt5- C@-ﬂuardl&r(zbyl)lhlbizom-mlmhirtc)]plpkrﬁllnﬂqyl]éthldnone
Aromatic), 8.01 (brd, 1H, NH), 8.48 (brd, 1H NH),

8.70 (brd, 1H, NH). 20 LR-MS-ES(+/-): Conpatible with

320 MV 36 WO 200§/ 005508 PCT/ EP2005/r\®207342 Exanpl e

7

N
[ 4- AmnoZ(plhp&\ 'n-4-y|amno)t,_|g 5y|] (3-fluor
0-4- net hoxyp'ﬁenyl) anone) NS HN SN
0- HO0- (N~ L@%o 350. 42 7FN404S
C16H19FN402S
4-[ 4- Ami no- 5- (*B f [mvor20394 - et hoxy V\g3ﬁ2wﬁazol 2-ylam
i no] pi peridi ne- 1L tHlafMbBkylic aci d te BtSA  ester

(0.30 g, 0.66 mml) (Exanple 4) was deprotected o in
a manner described for Exanple 6 to give 220 ng (90%

ZWA?A H&-Zghéeﬁdﬁml{%%@ hlazol 5- gl] (3-ﬂuorophenyl)methanone (O 10 g,

(p1 peri |azo - 3-fl uoro-4-

0pﬁ1emmol))(rEeqahmh©ﬁ)3waildlSSWevas® rem@etmtmir qra@e(ZQIﬂlL)

cAfotosoh (6 Qﬁrf%ﬁégbr@% g&'}la%e% C@Sléﬁ mw%s 6%;%)3? with
adétyl @@bﬁde (07023 g( 43 mra&l) andhstikedfert 0.6)hr. at. rdem(templeraﬂure
_I_ﬁrﬁ;)\;‘,raaé Idcl:zLed w.t?‘. \,o% rnc=Jt'r\yIéP<e f‘th"l&é(’: 00 mL? t\)Ayadshegi with 10%
Na,COs(aq) (2x). After drying (Na2SO4) and solvent removal, the residue was
precipitated from a mixture of tetrahydrofuran and hexane to give 35 mg (30%
yield) of 1-[4-[4-amino-5-(3-fluorobenzoyl)thiazol-2-ylamino]piperidin-1-

yl]lethanone.

"H NMR (DMSO.g6, 300 MHz) 81.28 (m, 1H, CH), 1.41 (m, 1H, CH) 1.92 (m, 2H,
CHa), 2.75 (, 1H, NCH), 3.14 (t, H, NCH), 3.32 (s, 3H, COCHj), 3.6-4.0 (broad,
1H, CH), 3.77 (d, 1H, NCH), 4.22 (d, 1H, NCH), 7.31 (t, 1H, Aromatic), 7.38 (d,
1H, Aromatic), 7.48 (t, 1H, Aromatic), 7.51 (g, 1H, Aromatic), 8.01 (brd, 1H, NH),
8.48 (brd, 1H, NH), 8.72 (brd, 1H, NH).

HRMS: (M+H)+: observed: 363.1288; calcd for 363.1286.
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8.48 (brd, 1 H NH), 8.70 (brd, 1 H NH).
LR-MS-ES(+/-): Conpatible with 350 MW 37 WO
wQ 6038608 PCT/ EP2005/ 007342 Exanple 8 PCT/EP2005/007342
[ 4- Ami no- 2- (pi peri din-4-ylam no)thiazol -5-yl]-(2,3-dif
| uor o- 6- net hoxyphenyl ) nmethanone 5 NH2 NH2 N O N O
HNSOHNSONFNF MN468.53 HMN368.41 0 O
C21H26F2N404S C16H18F2N402S 4-[ 4- Ami no- 5- ( 2,

3-di fl uoro- 6-net hoxybenﬁgl Et!hi &zol - 2-yl am no] pi peri di
ne-1- carboxylic acid t = ester (0.30 g, 0.64
MMRIminbEX M Phéthahe g @Fo HARIpYiditi-£ 41 arhind) thiazoewyHK3-fluoro-
descri b%@for Exanple 6 to give 123 ngy (52% vyi el d) of

[ 4- ami no- 2 phenyl)methanone

(pi peridin-4-ylam no)thiazol -5-yl]-(2,3-difluoro-6-net
hoxyphenyl ) met hanone. 1H NMR (DMSO d6, 300 MHz) 61. 38
(m 2H CH2), 1.78%(m 2H CH2), 2 9brd, 2H CH),

3.35 (m 3H, cm M_@CH3), 6.95 (m
1 H Aromatigyr~4& '

43" (m_1,H st 8.01 (brd,
1 H NH, 8. 48 (br . NH), 8. FH NH).
LR- M5- ES( +/ -|) : JConpatibl e with 368 38 WO

2006/ 005508 / EP2005/ 007342 E)G'amle%v %8
1-[ 4-[ 4- Ami no-5- ( W@?gﬁ%;sobenzoy‘ijﬁt:ﬁi @;ﬁglﬁ,f?jo;élz ami no] pi p
eridin-1-yl] et hantfe” NH~ NH,

[4-Amino-2—(piperidin—4—ylamino)thiazol-5—yl]-(3-ﬂuorophenyl)methanone (0.09 g,
0.28 mmol) (Example 6) was treated with methanesulfonyl chloride in a manner

similar to Example 9 to give 35 mg (40% vyield) of [4-amino-2-(1-

methanesulfonylpipeidin-4-ylamino)thiazol-5-yi]-(3-flucro-phenyl)methanone.

"H NMR (DMSO.¢6, 300 MHz) 81.54 (m, 2H, CHy), 2.03 (m, 2H, CHy), 2.88 (m,
5H, NCH. & SCHa), 3.6-4.0 (broad, 1H, CH),3.51 (d, 2H, NCH_), 7.32 (t, 1H,
Aromatic), 7.38 (d, 1H, Aromatic), 7.48 (t, 1H, Aromatic), 7.52 (q, 1H, Aromatic),

7.99 (brd, 1H, NH), 8.48 (brd, 1H, NH), 8.77 (brd, 1H, NH).

HRMS: (M+H)+: observed: 399.0960; calcd for 399.0956.
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WO 200610033508 2- ( pi peri di n-4-yl am no)t hi azol

\ ONo HNA S- HNASC- - FC-F N H MN320.39 J
MV 362. 43 C15H17FN4AOS C17HL9FN4OS 5
- 5- y| | PCBEPI00D007342
ophenyl ) met hanone (0.10 g, 0.31 mmol) (Exanple 6) was
di ssolved in a mxture of tetrahydrofuran (20 ni),
chloroform (6 nL), and pyridine and cooled to -10C
This was treated with acetyl chloride (0.032 g, 43
mol ) and stirred for O. |24 FOOm tenperature. 1o
This was diluted with c ene chloride (100 ni)
ﬁ@gﬂ@ﬁhﬁd—ﬂ%@ﬂuém -rhethoRgbenzoyifthjazoh2-ganiny]pigeridin-1-
SO4) and sol vent rempval , the residue was

precipitated from a nixt 2"'%‘?°'?°etrahydr of uran and
hexane to give 35 ng (30% vyield) of
1-[4-[4-am no-5-(3-fluor obenzoyl )t hi azol - 2-yl am no] pi p
eridin-1 vyl]etlwanone. 15 'H NWVR (DVBO d6, 300 MHz)
5128(m 1H9 CHe 1.41 (m 1 H ON 1992 (m  2H,

2. 75H,\( , NCHy—3=14 (87 4, , 3.32 (s,

3H COCHs) 3%4 broad, 1 , d, 1 H,
m , 7.31@03)H .

, omatic),
7. 38 (d Aromatyc), 7.48 1 H Aromatic), 7.51
(g, 1 H, Arformat | C) mw8sdx2 (brd, H, NH)MWBQZC%S 48
(brd, 1 H NH), 8.FHras 1 H> NH). H 21F(“|ameﬁ)+
observed: 363.1288; calcd for 363.1286. 39 WO
2006/ 005508 PCT/ EP2005/ 007342 Exanple 10

Mt drihion o 1

phenyl)methanone (0.125 g, 0.36 mmol) (Example 7) was treated with

acetylchloride in a manner similar to Example 9 to give 100 mg (77% yield) of 1-
[4—[4—amino-5—(3-fluoro-4-methoxybenzoyl)thiazo|-2-ylamino]piperidin-1-

yllethanone.

H NMR (DMSO_gs, 300 MHZz) §1.38 (dm, 2H, CHy), 1.92 (m, 2H, CHy), 2.02 (s,
3H, COCH3), 2.76 (t, 1H, NCH), 3.26 (t, 1H, NCH), 3.6-4.0 (broad, 1H, CH), 3.77
(m, 1H, NCH), 3.90 (s, 3H, OCHa), 4.22 (m, 1H, NCH), 7.23 (t, 1H, Aromatic),
7.47 (t, 1H, Aromatic), 7.50 (t, 1H, Aromatic), 7.9-8.5 (brd, 2H, 2NH), 8.69 (brd,
1H, NH).

HRMS: (M+H)+: observed: 393.1396; calcd for 393.1391.
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NH NH2 NO 1 HN-S HNS N H MWV 320.39 O=S=0 MV
398.48 5 CI15H17FN4OS | Cl16H19FN403S2
WO 26061003508 2- ( pi peri di n-4-yl am no) t hi azol - 5-yl | P¢(BEPI008007342
ophenyl ) met hanone (0.09 g, 0.28 mol) (Exanple 6) was
treated with nethanesul fonyl chloride in a manner
simlar to Exanple 9 to give 35 ng (40% yield) of
[4-am no-2-(1 1o meth
anesul f onyl pi pei di n- 4-ylayg tdy azol -5-y!]-(3-f!uoro-
phenyl )neth anon e. 1H ) d6, 300 MHz) 61.54
[44Amidid-2-CHRethandSulfomylphpericia)d-y12ndaofthiazad+s-yINCHE uero-4-
SCH3), 3.6-4.0 (broad, 1 H eghsl d, 2H, NCH2),
7.32 (t, 1 H, Ara?Pag%)’:PhP.“y NagoRe " aromat i c) |
7.48 (t, 1 H, Aromatic), 7.52 (g, 1 H Aromatic), 15
7.99 (brd, 1 H NH), 8.48 (brd, 1 H NH, 8.77 (brd, 1
H NH). HRVS: (+H) +: observed: 399V%8960; cal cd for
399. 0956. Aﬂ WO X006/ 005508 PCT/ﬁPOO/ 007342

Exanpl e 11, —_— HNT s

1-[ 4-[ 4- amno- 5- (Z- R\ uor o- 4- net HQxybe g hi azol - 2-y
| am no] pi Eerj di n- )ﬁ ] et hano NHZ NHZ N O HNS
HNillS F K, N O FpMV350.42 WV 392. 45 €TE6HI9FNA02S
C18H21FN4038 MW 350,42 0=$=0 MW 428.51

C,eH1gFN,O,S l Ci7HzFN,O,S,

[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fluoro-4-methoxy-
pheny!)methanone (0.11 g, 0.31 mmol) (Example 7) was treated with
methanesulfonyl chloride in a manner similar to Example 9 to give 30 mg (23%
yield) of [4-amino-2-(1 -methanesulfonylpiperidin-4-ylamino)thiazol-5-yi]-(3-fluoro-

4-methoxy-phenyl)methanone.

H NMR (DMSO.gs, 300 MHz) 81.46 (m, 2H, CHg), 2.01 (m, 2H, CHz), 2.90 (m,
5H, CH, & SCH3), 3.55(m, 2HCH>), 3.6-4.0 (broad, 1H, CH), 3.91 (s, 3H, OCH3),
7.24 (t, 1H, Aromatic), 7.47 (t, 1H, Aromatic), 7.59 (t, 1H, Aromatic), 7.9-8.5 (brd,
2H, 2NH), 8.71 (brd, 1H, NH).

HRMSEI: (M+H)+: observed: 428.0982; calcd for 428.0988.
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05
[ 4- Am no- 2- (pi peridin-4-yl am no)thiazol -5-yl]-(3-fluor

wo2ebsetsboxy- phenyl ) net hanone (0.125 g, 0. 36 PODEP2005/007342

(Exanple 7) was treated with acetyichloride in a
rr}angelr simlar to Exanple 9 to give 100 ng (77% vyi el d)
0 0

[ 4-[4-am no-5-(3-fl uoro-4-nethoxybenzoyl )t hi azol -2-yl a
m no] pi peri din-1- yl]ethanone. 1H NWVR (DWVSO_ds, 300
MHz) 81.38 (dm 2H, CH2), 1.92 (m 2H, CH2), 2.02 (s,

3H, COCH3), 2.76 (t, 1 HExadable, 13.26 (t, 1 H NCH),
4.0 (broad,

3. 6- 1 . N(iHi

¢J4- Agp||nqﬁ@;fluqoﬁq%%iyﬁgr?@%ﬁ'a%n]zg}y %'mirlo R per?’di%g-t
Aromatic), 7.47 (%ulfﬁh‘ic é’élarﬂihie%ylaﬁ"uag (t, 1 H,
Aromatic), 7.9-8 (brd, 2H, 9 (brd, 1H,

NH). HRVS: ( MtH) + obser ved 393 1396 cal cd for
393.1391. 41 V\D 2006/ 005508 PCT/ EPZQ,QS/ 007342

Exanpl e 12

[ 4- Am no- 2- ( yanesul fonyl pi pe,d\ 4 yl am no)t hi az
-5-yl]-(3ftalor 9-4- MEthoxy- p*l‘?bnysl ) anone NHZ

NHZ N O S H (N~ O 0.42 0=8=0

MA 428.51|5 C16H1 02S | C17 FN40 [4-Amin

0- 2- ( pi peN’IdI n40yl am i no)“thl azqu/ 2yl ]-(3-fl

uor o- 4- m et'hoxy- 43 met ha Yone (0 1 I
(Exanpl e 7) was tredt ﬁz 4(?7%5 nﬂe”t\hanesuquir%ny? %hl [)anFd)e

in a mnner simlar to Exanple to ve 30 23%
[4-Amino-2-(piperidin-4- yl.':zmlno)thlazcr)‘{.p 5-yl] (3-ﬂuor%—4 methoxy- m °

phenyl)methanone (0.08 g, 0.022 mmol) (Example 7) ) was treated with
dimethylsulfamoyl chloride in a manner similar to Example 9 except that
diisopropylethylamine was additionally used as a catalyst and short plug of silica
gel (ethyl acetate was used to pre-purify the sample to give 30 mg (22% yield) of
4-[4-amino-5-(3-fluoro-4-methoxybenzoyl )thiazol-2-ylamino]piperidine-1-sulfonic

acid dimethylamide.
"H NMR (DMSO.gs, 300 MHz) 81.51 (m, 2H, CHy), 1.97 (m, 2H, CH,), 2.77 (s, 6H,
2x NCH3 ), 2.99 (m, 2H, CHy), 3.52 (m, 2H, CH,), 3.6-4.0 (broad, 1H, CH), 3.89 (s,

3H, OCHg), 7.9-8.5 (brd, 2H, 2NH), 8.71 (brd, 1H, NH).

HRMS: (M+H)+: observed: 458.1331; calcd for 458.1327.
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lo yield) of

[ 4-am no- 2- ( 1- met hanesul f onyl pi peri di n-4-yl am no)t hi az
W@bRe06A935Ps ( 3- f | uor o- 4- met hoxy- phenyl ) nmet hanonkeCT/EP2obBAR7342

(DMSO_d6, 300 MHz) 81.46 (m 2H, CH2), 2.01 (m 2H,

CH2), 2.90 (m 5H, CH2 & SCH3), 3.55(m 2HCH2),

3.6-4.0 (broad, I H CH), 3.91 (s, 3H, OCH3), 15 7.24

(t, 1 H Aromatic), 7.47 (t, 1 H Aromatic), 7.59 (t,

1 H Aomatic), 7.9-8.5 (brd, 2H, 2NH), 8.71 (brd, 1

H NH). HRVSElI: (M+H)+: observed: 428.0982; calcd for

Aé)2(8. O|988.13 42 WD 2006/ 0@eaepIedl EP2005/ 007342

anpl e

_4-[91 mmor_aa(_s=rpgtrfan%pbfomylmpﬂes!w@wﬁwqq)m'aﬁ%'rﬁ-ﬂl#a%

I no] pi peridin = SUg F.on ' i 1 de 5 NH2

N2 N O HNs%réfE?"‘ﬂﬁsJs (’Q{m?’xgmﬁgn@'ﬁgwag&ﬁ MW 350. 42

O=s=0 MN 457. 55 C16H19FN40 2S C18H24FN504S2

[ 4- Ami no- 2- ( pi pemzdi n-4-yl am no) t hi@zol -5-yl]-(3-fl uor

0- 4- met hoxy- phehylo) mreth a none 08 g, 0.022 nmol)

ed " yl stl f anoyl
simlar tg Exa
i ne was @tio

9 except that
_ ly used as a
catalysg an g horte plug of silTica gel (ethyl acetate
was used to pre-purifit4the sanpl-e S
yl el d) Of p C15H§§F2N4O4S n:ﬁ‘i to g1\{7\:"20 ZN%SZHQ (22%

4-[ 4-am no- 5- (3-f 1 uor o- 4- net hoxybenzoyl ) t hi azol - 2-yl am
I no] pi peridine-1-sulfonic acid dinmethylamde. 15 1H

(AN EIZERiidirB 94| avhinp ) tBibz6k5-yHk(2 BHifl @HR)G-metiogxye m
2H, CHZ?1 2. 77 Ehs, 6H, .
phenyl)methanone methanone’(0.05 g, 0.14 mmol) (Example 8) was treated with

methanesulfonyl chloride in a manner similar to Example 9 except that

diisopropylethyl amine was additionally used as a catalyst to give 50 mg (90%
yield) of [4-amino-2-(1-methanesulfonylpiperidin-4-ylamino)thiazol-5-yl]—(2,3-

difluoro-6-methoxyphenyl)methanone.

"H NMR (DMSO.g6, 300 MHz) §1.57 (m, 2H, CH), 1.92 (m, 2H, CHy), 2.85 (m,
5H, SCH3 & NCHy ), 3.53 (m, 2H, NCH>), 3.6-4.0 (broad, 1H, CH), 3.88(s, 3H,
OCHjs), 6.72 (m, 1H, Aromatic), 7.42 (m, 1H, Aromatic), 7.6 (2x brd, 1H, NH), 7.8
(brd, 1H, NH), 7.99 (m, 1H, Aromatic), 9.0 (brd, 1H, NH).

LR/LC/MS: (M+H): compatible with 446 MW.

Ki CDK1 = 0.001 uM; Ki CDK2 = 0.001 uM; Ki CDK4 = 0.002 pM.
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2x NCH2 ), 2.99 (m 2H, CH2), 3.52 (m 2H, CH2),

3.6-4.0 (broad, 1 H CH), 3.89 (s, 3H OCH3), 7.9-8.5
W@ ood/oosabg 2NH), 8.71 (brd, 1 H NH) . HRVS: ( MrE/EP2005/007342

observed: 458.1331; calcd for 458.1327. 43 WO

2006/ 005508 PCT/ EP2005/ 007342 Exanple 14

[ 4- Am no- 2- (1- met hanesul f onyl pi peri di n-4-yl am no)t hi az

-5-y|]-(2,3 di fl uoro 6- met hoxyphenyl ) net hanone 5

NH2 NH2 Al O''N' OHN%HNSNNFHMN

368.41 O=S =0 MW 446. 50 N404S |

C17H20F2N404§3tr{|6c¥§md’t@ @n‘(el@hﬁ@éé!ﬂfonylbenzene

n-4-yl am no)thi azol -5-yl]-(2, 3-di fl uor o- 6- net hoxy-

phenyl ) net hanone net hanone (0.05 g, 0.14 mol)
(Exanpl e 8) was treated with to nethanesy Ifn S

chlori de n a rrann Iar to Exanpl e ‘ t hat
dii sopro et hyl itional <Dy as a
cat al yst" t o%lgi ve O% yi el d) of

[ 4- am no- 2- ( 1- net hanesul fonyl pi peri di n 4>-yl am no) thi az
ol - 5-yl MW(124.9-  di f | uor em6wnEt hoxyphenyl ) méw kigadne. 15
1H NVR PBW50 d6, 300 MBHNGS. 57 (m 2H, GNO:S. 92 (m
2H, CH2) 2.85 (m 5H, SCH3 & NCH2), 3.53 (m 2H,
3.6-4.0 (broad, I H CH), 3.88(s, 3H  OCH3),

A%Q Lﬁghg}f 4]Tngthdﬁﬁ§ﬂ?d}iy§:)he g}aﬁ%né 3 4J%\I|’I|4 é§&i|sicl?_llv5d ina
mﬁrtonmbﬂvqater @mm{pand hydfochidyic agl (@FWLG’M?@) (Msg{]yas treated
dl@ I%E% Lg?/fc?q{\f\m t%%;é’ra?urg vwggthbﬁ%}élsgin& (P 8 :b il l]ﬁh% good

stirring. After 1 h, the suspension was filtered, washed with water and dried over

P,Os to give 2.4 g (85% yield) of 1-isothiocyanato-4-methanesulfonylbenzene .

'H NMR (CDCI3), 300 MHz §3.09 (s, 3H, CHs), 7.41(d, 2H, Aromatic), 7.98 (d,
2H, Aromatic).

Example 16
[4-Amino-2-(4-methanesuIfonylphenylamino)thiazol-5-yl]-(2,3-difluoro-6-

methoxyphenyl)methanone

o} F
NS F
o + *  NHCN
S Br
e s
MW 242.34 MW 265.06 MW 42
—Q= MW 439.46
0=8=0
CgH;NO,S, CgHgBrFO CHoN, | CigH1sFaNz0,5;

[4-Amino—2-(4-methanesu|fonylphenylamino)thiazol-5—yl]—(2,3-difluoro-6-
methoxyphenyl)methanone was prepared starting from the bromination of 1-(2,3-

difluoro-6-methoxyphenyl)ethanone (Matrix) according to Example 2, followed by
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WO 2006/ 005508 PCT/ EP2005/ 007342 Exanple 15
| sot hi ocyanat o- 4- net hanesul f onyl benzene NHS 2 O NH +

wQa200e03N8 1S, 01 O/S 0 MV114.98 MN 171.22 MUPEB2088007342
CC 2S C7THONO2S CBH7/NO2S2 5 A sol ution of
4- et hanesul f onyl phenyl am ne (2.4 g, 14 nmol) was
dissolved in a mxture of water (30 nL) and
hydrochloric acid (9 nL, 37%. This was treated drop

thfgzls %’n%tqm Ogc\)']}e %@{P\gag{?? [lk\é\%qs Elgé h%&ﬁ;?lg ¥ %eﬂ\el‘e Eajsoﬁd 9This was
p MRSy %hfrd)msaﬁfge@bhmasﬁ%dnefmanolmemmeaectmldedto give
over 10 P205 to give 5%y

15 mgsdef w@xﬁw&%amnm@ﬂéﬂe% Sf‘%ﬁiﬁ%‘é‘ @ﬂé‘am'n@ﬂr iR OVII-
é%u%}o S%Hcgthgg%@yﬂ%ﬁan&'é af@'@turazloﬁjdf%e §h|'e fractions

Aromat 1 c)
w[tHeﬂmrrwrdZ‘"Hiﬁ’aﬂt’rdmt hanesul f onyl phenyl am
no)thi azol -5-yl]-(2,3-d ifluoro-6-
met hoxyphenyl ) met hanone NH2 OF N,' O NS F F + 1 \

1%@%%% 56 800 NHZI33.18 (4, 3H, SCH2)MN6342, 34, OBHES.9B(m,
1H, Aromatic), 7.50 (m 1H, Aromatic), 7.74 (dd, 4H, Aromatic), 8.2 ( brd, 1H,

NH), 11.21 (s, 1H, NH).
HRMS: (M+H)+: observed: 440.0545; calcd for 440.0545.

Example 17

[4-Amino-2-(1 -methanesulfonyl-piperidin-4-ylamino)thiazol-5-yl}-( 2, 6-
difluorophenyl)methanone

2-Methyl-isothiourea resin (34350-95)

S

NH
O Cl + kg\IJ\ng — O/\S/LNFE HCI

In a mixture of ethanol and 1,4-dioxane (500 mL, 1:4) was added Merrifield resin
( 50g, with loading 4.3 mmol Cl/g, Fluka) and thiourea ( 5eq, 82g, 1.8 mol,
Aldrich). The mixture was shaken at 85°C for 5 days. After filtration, the resin was
washed with dimethylformamide ( 3 x 50 mL ), isopropanol (3 x 50 mL ),
dichloromethane ( 3 x 50 mL ) and ethyl ether ( 3 x 50 mL ). After drying the
product resin in a desiccator for 3 days, 77.5 g of off white 2-methyl-isothiourea
resin was obtained. Microanalysis indicated the product had a loading of

3 mmol /g.
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C8H/NOR2S2 C8H6Br FO CH2N2 O O C18H15F2N304S2 20
[ 4- Ami no- 2- (4- net hanesul f onyl phenyl ani no) t hi azol - 5-yl ]

WO ¢@s/Be3308 | uor o- 6- net hoxyphenyl ) net hanone wasP@I/EPBDE)7342

starting fromthe brom nation of 1-(2, 3-

di fl uor o- 6- met hoxyphenyl ) et hanone (Matri x) accordi ng
to Exanple 2, followed by 45 WD 2006/ 005508

PCT/ EP2005/ 007342 the di am not hi azol e formati on

4@%—??&@35}%E&ﬂgwre@)t&&urgﬁp% bcgrpeég—ci?gt(%@g 2citPRrt-butyl ester

rdgat hanol / met hyl ene chloride) to give 15 ng (12%

yi el d) of

[ 4- am no- 2- (4- net hanesul f onyl phenyl am no) t hi azol - 5- yI]
- (2, 3-difluoro-6-nethoxyphenyl ) net hanon e after
trlturatlon of tlge ur fractionsvaitheher

f||traﬂ|£\ O d6, 300 MHz)
68 (s 3+<P OCH3) —6-95 c),

750(m 1 H Arowwese), 7.74 (dd, 4H, Aromatlc) 8.2
(brd, 1 H NH, ‘111.’[‘18221325(3 1 H, NH) 10 HRI\/IS (I\/H-H)+
observed: 440.0545; cal cd for 440.0545. @ ](E

A W0xmH-icoptainerwag qharggg pvith rﬁeg\yglsgthlourea resm 9 g) (Example

1'75 ydm%'t%hﬂéal%ldbh%l@mr%’aci moﬂﬁQéya'i_’laYédlpénd?ne H=cakBoxylic

["uor opre anone - [-1sothiourea resin
a¢I3465<bu9ﬁ)eS$rNEb<ar@ple+1 a4 NqH@BlentEOOfl diisapreipytaifdamine. The

nf)té’tﬂ?qn\f%lf'slg|sgal§%jspylern@g 8{3 rq%%’ﬁerﬁ?gerg&ﬂ )Tﬂgﬁea%@lﬁﬁ%? %ture was

filtdrel§aandand prbdust redin &va%aMasr&agmtrid&étbylformhﬂdem)x 30 mL ),
The m xture was shaken at 85C for

a3 mY &
isopraryhelcenol ¢ & 3048l-n, iablommeianed A Jpml.) and diethyl ether( 3
X%Onf'ﬁtl')ﬂ AR ERAEE i 3 PesRBatBk for thietPdyRPARB of(Bhite PR of

3 93 g was obtained with an analyzed loading of 1.8 mmol / g.

4-[4-Amino-5-(2, 6-difluorobenzoyl)thiazol-2-ylamino-piperidine-1-carboxylic acid
tert-butyl ester

MW 235.03
CHsBIF,0

S
S,

MW 424.47
CioHzaF N,O5S

A flask was charged with a mixture of anhydrous dimethylformamide ( 10 mL ), 4-

[3-(2-methyl-isothioureido)thioureido]piperidine-1-carboxylic acid tert-butyl ester

47



10

15

20

di chl oronethane (3 x 50 nL ) and ethyl ether ( 3 x 50
mL ). After drying the product resin in a desiccator
WO or6Bosses/s, 77.5 g of off white 2-nmethyl-isot PCDEPEAS/007342
resin was obtained. Mcroanal ysis indicated the
product had a loading of 3 mol /g. 30 46 WO
2006/ 005508 PCT/ EP2005/ 007342

4-[ 3- (2-nmet hyl i sot hi our ei do)t hi our ei do- pi peri di ne-1-ca

R & Ltiinbh) Ao s Rl pRaP B Rndle 0506 .
2. ?%al Q@& %X\Qéﬁalﬁbfé@)egnélédptr higmines gdNraer esurde@SDIEA,

i met hyl f or mam de sol, utF;é)n

AldﬂchM &aﬁt mgoa%haﬂd wq@eﬁhah% @quwtb%ﬁ@\fqn&ef RSNy
Trs]s ni 8% K o on1|2e§ ? %]Eﬁgd‘g?{ﬁ%t Hva@'é@déd e8I He @a%ﬁéﬁ nfkture. The

m Xt ure was haken
reeummn@hnream/as emarerapevemugm and e Béeref @wongmam’r@rt silica

ool EReTfge roieriannaat yaghaf Wi enbRpdnde ST 4 the
wéstﬁﬂg %Iu)uon Wa‘?smdhﬁtﬂﬁ@c! @nend oRginallltrate. )I'halmdantbnmdwg'cblutlon
r( 3 rrL% and then dried in a desj torz{
waﬁr:e@cem@aied am‘é pufifiedpy ﬁ'@C?)HSHQTHPW@FOQ@P@S @5&5 f [21-
arﬁprto 5Kmd6 mﬂggro%'én%ﬂ |i¥ized-2-9RhiRGpiPEridiné- 1088 bokyl@-ackbtert-

blﬁydeétémasbbtazrmd as hin affovhite- salidrtBA% Yielder i di ne-1 - car bo

i<yl/|c acid tert-butyl ester O F OIN HSf N 0O Br +

[4-Amino-2—(piperidin-4-y|amino)thiazol—5-y|]-(2,6—dif|uoropheny|)methanone

S . .
,\O\N/é\ls\ " o) ne O\N/é\ls\ 0

MW 338.38 +37 F
. :

MW 424.47 Cy5H1F 2N, 08 HCI
C19H22F2N4O3S

A flask containing 4-[4-amino-5-(2, 6-difluorobenzoyl-thiazol-2-ylamino]piperidine-
1-carboxylic acid tert-butyl ester (0.276 g, 0.63 mmol) was charged with of 4 N
HCI (2 mL ) in 1,4-dioxane solution (10 mL). The mixture was stirred for 2 h at
room temperature. The reaction mixture was concentrated and the residue was
triturated with ethyl ether to afford 0.262 g of crude [4-amino-2-(piperidin-4-
ylamino)thiazol-5-yl](2, 6-difluorophenyl)methanone, which was used directly for
next step.
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~ HF MN235.03 CBH5BrF20 O Na ~NNH2 O N S MV
424. 47 F Cl9H22F2N403S F 20 A flask was charged with

w@2006x00350€ of anhydrous di net hyl formam de (10 POT/EP2045/007342

[ 3-(2- et hyl -i sot hi our ei do) t hi our ei do] pi peri di ne- 1-car
boxylic acid tert-butyl ester 47 W 2006/ 005508

PCT/ EP2005/ 007342 resin ( 0.60 g, 1.08 nmol ),

2- brono-1-(2, 6-di fiuorophenyl)ethanone ( 0.616 g, 2.6
mol , 2eq ) (Exanple 2), diisopropylethyl am ne,

pol ymer bound (PS-DI EA, Aldrich) ( 323 ng, 3eq ) and
[AW&?mﬁ@-@kﬁnm@ﬂﬂn@bglfﬁnylpﬁ@@mm@l%ﬂam&&i )ihiaZBB5-yTF (258 ne (

612 g, 2.5 eq, Argonaut ) was added to the reaction
dlﬂvwah@nylﬁfﬁé’fhén?%ctl on m xture was shaken for

overni ght and then filtered through a short silica

gel cartridge. The resin was washed with

di chl or onet hg 3 x 1QynL ) and the washing
SO|utI0nV).Q§BCO i ne th the originap filtrate. The
combi ned sol uttonN Bent r ated anl_purified by
silica gel chromatography 76 g of g-[4-

am no- 5- (2, mw 338.38 + 37 MW 114.55

6- di f1 uor olgz BN, p8.ACAZ Ol=2¢ y| ani nopijees,sdi ne- 1- car box
ylic acid tert io butyl ester was obtained as an off
white solid (62% yield).

[ 4- Ami no- 2- (pi peri di n-4-yl amfo) t hi azol -5-yl]-(2, 6-dif
| uor ophenyl ) net hanone 0 N Dﬁ\@\l\l NHI %0 ON

o)

N
S
MW 416.47

CigH1sF2N, O3S

A flask was charged with [4-amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(2, 6-
difluorophenyl)methanone ( 0.25 g, crude product from step D ), anhydrous
dichloromethane ( 1.5 mL ) and methanesulfonyl chloride ( 3eq, 155uL ). Then
Diethylisopropyl amine ( 6 eq, 697 uL ) was added to the above mixture. The
reaction mixture was stirred at room temperature overnight. The reaction mixture
was concentrated and the residue was purified through a silica gel column. 0.38
g of [4-amino-2-(1-methanesulfonylpiperidin-4—ylamino)thiazol-5-yl]-( 2, 6-
difluorophenyl)methanone was obtained as a light brown solid. The overall yield

for step D and E was 15%.

H NMR (DMSO-¢s, 400 MHz): §1.45-1.57 (m, 2H, CHy), 1.85-2.05 (m, 2H, CHy),
2.82-2.90 (m, 5H, CHa, CHy, ), 3.45-3.55 (m, 2H, CHy), 3.6-4.0 (broad, 1H, CH),
7.14-7.20 (m, 2H, Aromatic), 7.45-7.55 (m, 1H, Aromatic), 8.15-8.25 (broad, 1H,
NH,), 8.7-8.9 (broad, 1H, NH ).

HR-MS (M+H)" : Observed: 417.0865: Calculated for 417.0861.
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Nss F F MN338.38 + 37 F MW 424.47 F

Cl5H, sF2NA0S. HO G sH22F2NAGBS 15 A flask cont ai ni ng
wa2(odnesino- 5- (2, PCT/EP2005/007342

6-di f 1 uor obenzoyl -t hi azol - 2-yl am no] pi peri di ne-

1l-carboxylic acid tert-butyl ester (0.276 g, 0.63

mol ) was charged with of 4 N HCl (2 nL ) in

1, 4-di oxane solution (10 nm.). The m xture was stirred

f . .

<vigecBisl Ehos v SR BB PucBrce TBRS BB ¢ et et wi ch
et4t]§a/|rri ﬁgpgf tio affgrd 2 2|62 g of crude .

Tits @Iﬁlamﬁ&tomgfgahg’%éﬁé{igﬁ;aﬁf & COmOBRIRAE s ERedl v Elanpe

o R By o e O ey i my | )t hi a2

predrmcplopica agsaysi viti ot faiphdraue- rasrheardee oNawith kheHcpmppunds

' C.O . N,S + -5Cl . 3 + :
aqspeiiTg I RV RO RS 7 datlnis i MY Men,
edhiiteti’cdk4Factivity with Ki values of less than 3 pM, preferably less than 0.5
HM; cdk2 activity with Ki values of less than 8 uM, preferably less than 0.5 pM,

and cdk1 activity with Ki values of less than 10 uM, preferably less than 0.5 pM.

Example 18:
Kinase Assays

Ki: Measurement

This experiment was conducted using recombinant human cyclin B-CDK1,
human cyclin E-CDK2 or human cyclin D1-CDK4 complexes. GST-cyclinkE (GST-
cycE), CDK2, GST-cyclinB (GST-cycB), CDK1, GST-CDK4 and cyclin D1

(cycD1) cDNA clones in baculovirus vectors were provided by Dr. W. Harper at
the Baylor College of Medicine, Houston, TX. Proteins were co-expressed in High
Five™ insect cells and the complex was purified on glutathione Sepharose resin
(Pharmacia, Piscataway, NJ) as previously described (Harper, J. W. et al. Cell
1993, 75, 805-8186). A 6x-Histidine tagged truncated form of retinoblastoma (Rb)
protein (amino acid 386-928) was used as the substrate for the cycD1-CDKA4,
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).
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C16H18F2N4AC3S 5 A fl ask was charged wth

[ 4- am no- 2- (pi peri di n-4-yl am no) t hi azol -5-yl]-(2, 6-
walrdosaisephenyl ) met ha none ( 0.25 g, crude pr oPCI/EPINDONT7342

step D), anhydrous dichloronmethane (1.5 nL) and

met hanesul fonyl chloride ( 3eq, 155uL ). Then io

Di et hyl i sopropyl amine (6 eq, 697 uL ) was added to

the above mxture. The reaction mixture was stirred

t h
S BB PR Bl 0 T e
prA[ﬁd;tlre}]r ihaargﬁll(1 150@| ctbrllifstra% l?m?ellsgfv@é lysed by sonication and purlflcatlon
no- met hanesul f o
WS B ot i, DBAABAYSAPS BEt Y ot ARG 200G & b
pfétrehied With RYMiSGIE. TPI@F‘esﬂYﬁléé‘ltﬂerV\!vﬁéﬁed ééxé‘r@lrnrﬁé@mth
iforgmahtallCleRreasing5ph bofersnp pHHE.0CaRY eluted ththng))onMﬁmldazole

45- .
P fieg Gibtoir §s eyt padst 29 (REBESTH 7.8 3Bl gfcerol. 200
rrgVIO‘Fﬁ'al_d'Zl) 5:5% @gﬁlé/ﬂ%ﬁ(' bmmnrf{jw iRi6 Yusiéh piotdn 2ﬁ)cﬂ<brwmd quantitated for
r ) | oHR-MS (Mt :
pai@@r%@enﬁaﬁom@éguo@al %@ﬂ}é{gé%‘;\l 5%—3704?5. 086(1. H)4-|9- WD
2006/ 005508 PCT/ EP2005/ 007342 Ki for CDKI O. 003 pM

CDK2 0.005 pM CDK4 0.006 pM The pharmacol ogi ca
Lmngometpremmomstwo@)dmrm abpvehCBKﬂn@QHﬁZ and r%Q/K‘bé'TRF

d i
cBsipivPTe sel s TR aR el AR Bt o P Fwel
phas foreedt! iTee aushysiniche tureatcdatheirmdspective &nos fog AT6°.t he

invention and their salts. The conpounds of the
invention exhibited cdk4 activity with Ki val ues of

il %Cﬂk@%é@aﬁMes%%Sbé‘Mé’wb@&llﬁtéliifb 8 ﬂnelrFfMal edcEntrations

activit val ues of |ess than preferably

it essnMHaepés SHI, 628t dMgClact: 5\mM;PW t lﬂWW%TBeEh%PMSO
A |an ngs Pno gré)e(tgﬁ ﬁl%%bz{.yﬁ%?%aehpyamlcgolﬁer%%ere]a%ded to the
RS AoNg?

wells of a 96-well plate. The kinase reaction was initiated by the addition of 40 pl
Jwell of a solution containing 0.185 pM Rb and 2.25 pg/ml CDK4 in 25 mM Hepes,
pH 7.0, 6.25mM MgClz, 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
uliwell 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
pifwell of 3 nM Lance-Eu-W1024 labeled anti-rabbit 1gG 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
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Ki nase Assays Ki: Measurenent 15 This experinent was

conduct ed usi ng reconbi nant human cyclin B- CDK1,
wheovan00zsygl i n E- CDK2 or human cyclin D1- CDK4 cPOPER2065007342

GST-cyclinE (GST- cycE), CDK2, GST-cyclinB (GST-cycB),

CDKI, GST-CDK4 and cyclin D1 (cycDl) cDNA clones in

bacul ovirus vectors were provided by Dr. W Harper at

20 t he Bayl or Col |l ege of Medicine, Houston, TX

cegglp t%d&?ﬂﬂnwﬂew%gre Qg %%% n rrjﬁ'I g%d i%'r\é u ! alf gﬁegngs at

6ﬁ§ﬂﬁaF©SATPQ$dnﬁbet(tl%mmOma thBIPGG/athsaiyerth)ClMed according
previ ously descri bed (Harper, J. W et at. Cell 1993,
tofthe foltpyving gf1uationsx - Hi st i di ne tagged truncated form of
retinobl astoma (Rb) protein (am no acid 386-928) was
used as the substrate for the cycDl- CDK4, 25 cycB- CDK1l

5 and the dyleELQﬂﬂK(Z aSdhys haee Sxpless & the sybsateicqnesntration

pr ovi ded &{; P 3 ,sfrg;gé]g?o @%‘ Mcwagns-l%%?éﬁ Hé?r%rt?rﬂffor the ATP.

Mol ecul ar esearch Centre
Garden City, United Kingdom). The Rb protein is a

nat ural substrate for hos r | at i on

Tha@ikand K2 @ssvg G PAdinto3By Y s cHagreees in
Donke @gﬁlgr@Ol and the references cited

r(%\éﬁ}gpglgn?pé&g.% oo 5208 Pet Eppo0s) 003342 The

10 expression of the 62Kd protein was under the control

f | PT t
TE{ercgfq“)ou lqngdel‘il&&qub ff?errg’ EG? b?%r}]:ag%at’%{éo%ﬁa ged qB8hiM MgCl,.
Fl@lcl CDK caid COK 2 mpecm @agebiyA]SP ronogntrations egerat1 6gHM

R S S AR TR Y A e oo

herd @ee8aRcagenttdndcherationvofddtéctibn
C%Eéhtﬁ%tlbﬁgﬁgm{g%d(\)%r;% | % dazolgg El St ed orat

15 reageEnysweragdiuated eiwasn BESY Fu-AD §“d§@%%wg\g’lﬁlo?ntv€'é@ to
d,, [ fusion protein
ol%\&al\;\%ﬁggkq%ant %Bsd&%}édsg?g?gnn conceﬁt ration,
aI i quoted, and stored at -70 C

Example 19
Tablet Formulation

ftem Ingredients Mg/Tablet
1 Compound A * 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

20 *Compound A represents a compound of the invention.

Manufacturing Procedure:

Mix Items 1, 2 and 3 in a suitable mixer for 15 minuties.
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15

20

1o Using the protein constructs descri bed above, CDK1,
CDK2, and CDK4 HTRF assays were set up. These were

W@lo0ve/0035096- wel | format and read in 384-well PCHEPR2005/007342

format. The assays were run at 3x their respective Kns
for ATP. In the CDK4 assay, test conpounds were
diluted to 3x their final concentrations 15 in 25 nM
Hepes, pH 7.0, 6.25nM MgCl 2, 1.5 nM DTT, 135 M ATP.

H)\gnﬂ\//sg C?SPIC %ﬁ'ﬁjﬁatté %'eéﬁgv ?trgig(tqﬂﬁerﬁr%gzpf‘g wglP?g&% Povidone
96-wel | pl ate. %éo'ﬁ 'ﬂﬁé ction was initiated by
t he addition abry4fe Rtandlagdr froh Step @ att300C. cont ai ni ng

ab
3 (1)856M2?bmwar’\1/§@2 Zé@ %@g%ﬂéw%éeﬁ%%ﬁh S%Ptagl%mllhng

M DTT. Bl ank SBRBEMs wit hout CDK4 were incl uded. The

pl ates were i ngydtceternts @iteldilled @rarlilaisreStep 4 Bnd mix for 3
shaki ng. The kipasss reaction was termnated by the
addition of 15 [/well of 1.6uM anti-phospho-Rb, (Ser

780) anti body @@@pressut@ﬁ@ramﬁaﬂ%ﬁqm.ﬁem@ OWSH&%@% press.
pH 7.0, 24 nM EDTA, 0.2 ng/m BSA. After 30 mnutes at
37C, 15 I/well of 3 nM oWL024 | abel ed

anti-rabbit 1gG and 60 n phycocyani n

conjugated anti-H s6 J{ Perkij e Sciences) in 25
mV  Hepes, pH 7.0, O.dfp%ﬁ}fﬁgbgﬁia\;\%l@ﬂr% added. Fol | owi ng
diepn i lcat e, INgkadients ansf brred to 384- vBBICERSHI pl at es.

v T Ead UsT T B ([TeT5 eV or [ Vi TV
guid A% 2 P eS Cilen @D 160 250°" | V500

reade fe ™ ScilenC€s) Jusi ng an

exzi t pAnirveyehctogs h of B0 nm a8l duali4em ssien 30 -
wavellengths of 615 nmgnd_aai val ues (t)ha
co'ﬁcen@@@tﬁ@ﬁ(?fbf t est co%ourds 3Ifseducin"gotha assay 70

coptt froorescence TEad by TR TSy 51 o4
vﬁ‘zoo 3605508 PCT/ EP2905/18 342 1%gal culg(?ed f r om net

r exdi NiYagaesiGhBtaarater ral |1zed for2eurjopi @m r(Fadlﬁ‘wgs at 6

615nm l:nr ATD f‘ﬁm\ﬂfl I V2~ hP‘I hl f oS +hno |/ vl inad

wer e pal ctiel EH Wewht di giOQo th€d9ol | oﬁopg (=qu§qmc;;' 600

Q1081 Cor e A repr TR g}ﬂg o FHRE FveRESAC SupsTTare

nten constant for the ATP.
Manul}aceturlnq B?ocedure

Mix Items 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.

53



10

The CDKI and CDK2 assays were simlarly run except for
small differences in reagent and protein

w@emweemspsat i ons: 10 The conpound and enzyne buPCBER200H007342

bot h assays contai ned 10nM MyC 2. For CDKI and CDK2,
the respective reagent ATP concentrations were 162uM
and 90uM CDKI at a reagent concentration of 0.15ng/ul
and CDK2 at a reagent concentration of 0.06ng/ul were

used. Reagent concentrat%ﬁ%t ection 15 reagents
wer e adj usted between 3- = and 60- 90nM

APC-anti H s 6t ratlos of
at | east 10 toj%t'%(éghﬁ &?ghdll }%)rrm ation |ltem
I ngriedr ¢R vg/ Tabl eqng}eg;@ﬁpound ﬁ * 5 rhg/hDO 250] 500

750 L2 Anhvdraous lactgse 103 .83 349 19 .38 57 3
Croglcar ndl | ose CﬁndpwncBAG*S 16 32 418mg4 Povi done K30 5

5 6 1') 24 26 Maonocl im At 2 A n 'I' al

Vei ght 120 120 PE8 880, 600 900 24 %ﬁﬁ&nd A
reprlesents a qQGeARRd Of TNhe T nventggsg p@nuf act uf i ng

Procedure: M X Itens 1, 2 and 3 i a suitable m xr
for B5 mdnut eg.SoyeRIIVO 2006/ 005508 ‘PG:'MEPZOOS/ 007p42
G anptate—t-he p"\fmei’ ro—F+om-Ste w—th—206%Poev| done
K30 |sol utd on (i q‘"@ﬁ‘?r&’i Dry the gran%ﬂgm%n fromSep 2
at . Rpss thgairagyl ation Trom{Sfgp 3 through p
suitipble milliing 5 equipnent

Compound A represents a compound of the invention.

Manufacturing Procedure:

Dissolve item 1 in item 2.

Add items 3, 4 and 5 to item 6 and mix until dispersed, then
homogenize.

Add the solution from step 1 to the mixture from step 2 and
homogenize until the dispersion is translucent.

Sterile filter through a 0.2 um filter and fill into vials.
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15

Add the Item5 to the mlled granulation Step 4 and
mx for 3 mnutes. Conpress the granulation from Step

WG 2@6/0855881i t abl e press. 10 Exanpl e 20 Capsul ePCT/EP2005/007342

Formul ati on Item I ngredients ng/ Capsule |I Conmpound A *
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 Wight 200
200 300 300 600 [0100] Compound A represents a
conpound of the invention. 15 Manufacturing Procedure:

Mx Itens 1, 2 and 3 ina(m'lbeﬂﬁe m xer for 15
m nutes. Add ltens

nd x for t
Fill into a énjqca'&nesfe'é!ﬁ'gu?%?w@s%"\Rée%'i?g]y‘{%sggs
PCT/ EP2005/ 007342  Exanple 21 lniection

fol ti omehul s| on Pr epragratiiean |t em|l ngr eati/enit ng/|rl
20-40 ng 1 4 SoyCempoung Ay 5 G ycerdlT®912 ny

2 Glycofurol 10-50 mg

3 Lecithin 20-50 mg

4 Soy QOil 1-5mg

5 Glycerol 8-12 mg

6 Water g.s. 1mL

Compound A represents a compound of the invention.

Manufacturing Procedure:

Dissolve item 1 in item 2.

Add items 3, 4 and 5 to item 6 and mix until dispersed, then
homogenize.

Add the solution from step 1 to the mixture from step 2 and
homogenize until the dispersion is translucent.

Sterile filter through a 0.2 pm filter and fill into vials.

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

description, but to be defined by the appended claims and their equivalents.
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6 Water g.s. | nL Conpound A represents a conpound of
the invention. 5 Manufacturing Procedure: Dissolve
WO 2@a0dss$ item 2. Add itens 3, 4 and 5 to it ePCBEP2UA5/007342
m x until dispersed, then honogenize. Add the
solution fromstep | to the mxture fromstep 2 and
i 0 honogeni ze until the dispersion is translucent.
Sterile filter through a 0.2 pmfilter and fill into
CEL als. 54 WO 2006/ 005508 PCT/ EP2005/ 007342 Exanpl e
nj ection Sol ution/Enul sion Preparation Item
I ngredient ng/mL 1 Conpound A * 1 ng 2 d ycof urol
10-50 mg 3 Lecithin 20-50 ngy 4 Soy Gl 1-5 nmg 5
13 ychrcomppupd gighe ®Mder q.s. 1 nL 5 Conpound A
represents a conpound of the invention. Mnufacturing
Procedure: Dissolve item1 initem?2. Add itens 3, 4
and 5 to item 6 and m x unt4 ) Ni,spersed, then 10

honogeni ze. Add thRi1sol ufgyofy fromstep | to the
m xture fromstep 2 /ho epfre until the
di spersion is translugent . S'Stefile filter through a
0.2 pmfilter and fill into viaRs. |
5 ;
wherein
R’ is selected from the group consisting of:
(a) lower alkyl subsituted by aryl,
10 (b)
|
R3 , and
(c)
R’
R*
15

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

selected from the group consisting of:
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WO bawseosskd | led in the art will

15 While the invention has been illustrated by
reference to specific and preferred enbodi nents,

variations and nodifications nay be made through

routi ne experinentation and practice of the

i nvention. Thus, the invention is intended not to be

limted by the foregoing description, but to be

def| appended cl ainms and their equival ents.
o V) 30057 88805 e EPs005/ 007342 |l mi e 1. A

corrp((wrtdal@jerthe formula 4 N2 RI\ O N2 7-"' S H5

wherein Rl is selected fromthe group
cons ‘%t@ g of:  (a) lower alkyl subsituted by aryl, 10
(b) I)NH ~Bhend (c) 4 RR4 15 R2 is selected from

t he oup_consi sting of: aryl, heteroaryl,
(e) NOg;

R® s selected from the group

(a) H,

(b) lower alkyl,
(c) COzR®,

(d) C(O)R®,
(e) SO.R and
(f) SONR°R’;

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

(a) H,

(b) lower alkyl optionally substituted by oxo, CO-R®, OR® and/or NHz,
(c) S(O)R’,

(d) OR®,

(e) NR°R®, and

(f) CO?RS;

R%and R® are each independently selected from the group consisting of:
(a) H,
(b) N,
(c) lower alkyl,
(d) lower alkyl substituted by oxo, CO2R®, OR®, and/or NR"R",
(e) aryl, which optionally may be substituted by halogen,
(f) heteroaryl,

(g) N-aryl, wherein the aryl group is optionally substituted by one or more

halogen substitutents, and

57
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cycl oal kyl and heterocycle, wherein each may be
substituted by up to four substituents independently

W@ 20060008 from t he group consisting of: 56 WO PCT/EP2005/007342
2006/ 005508 PCT/ EP2005/ 007342 (a) | ower alkyl, (b)
hal ogen, (c) OR5, (d) NH2; and 5 (e) NO2; R3is
selected fromthe group (a) H 10 (b) I|ower alkyl,
(c) CO2R6, (d) CKC»RB (e) SO2R6, and (f) SO02NR5RS;

4. and R a nde ently selected fromthe
grom?;g')c%ws‘?‘éis eqjgy%akog)e IQD%?% | ower al kyl
optionally substituted by oxo, CO2R6, OR6 and/or NH2,
0 (c) S(OnR7, (d) OR8, (e) NRSRG6, and (f) CO2R6; 25
Ré aidower alld A5@¥: i ndependent |y sel ected from t he
group consisting of: (a) H (b) N,

R® is selected from the group consisting of:
(a) H,
(b) lower akyl, and
(c) lower alkyl substituted by NR°R?;

R® is selected from the group H and lower alkyi;

R' and R are each independently selected from H and lower

alkyl; and
nis0, 1or2;
or the pharmaceutically acceptable salts or esters thereof.

2. The compounds according to claim 1, wherein

R is selected from the group consisting of lower alkyl substituted by aryl,

P

N

R3 R4 R4

and
(b) (€ ;
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
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(c) lower alkyl, (d) lower alkyl substituted by oxo,
CO2R9, OR9, and/or NR1OR11l, 30 (e) aryl, which

wW@piosoosEhs y may be substituted by hal ogen, (f)PCTI/EP2005/007342

heteroaryl, (g) Naryl, wherein the aryl group is
optionally substituted by one or nore hal ogen
substitutents, and 57 WD 2006/ 005508 PCT/ EP2005/ 007342
(h) aryl substituted by hal ogen or CF3; R7 is |ower

al kyl or ,aryl;,.5 R8 is selected fromthe group
consistidgwék?mw(a) H, (b) lower akyl, and (c) |ower

al kyl subsdiogeri,ed by NRSR6; 1o RO is selected fromthe
group H andglower alkyl; R10 and Rl1 are each
independéﬁRhy selected fromH and | ower alkyl; and 15
nis 0, qqg%E%M or the pharmaceutically acceptable
salts or esters thereof. 2. The conpounds accordi ng
to clai mNO2wherein 20 R1 is selected fromthe group

gonsj_st | r..al kyl substituted by aryl, NI
RRS a%}e}%}%ﬁfroh?tﬁ@ g(r@)ug( R2 is selected fromthe group

consi st nﬁg 0&6 aryl, heteroaryl, cycloal kyl and
het er ocyc Q,?- ein each 25 may be substituted by up
to four sgbskftuents independently sel ected

R* and R* are each independently selected from the group

H,

lower alkyl optionally substituted by oxo, CO;R°®, OR®
and/or NHa2,

S(OWR’,

OR?,

NR°R®, and

CO°R;

R®and R® are each independently selected from the group
H,
N,
lower alkyl substituted by oxo, CO,R?, OR®,
andNR'R™,
aryl, which optionally may be substituted by halogen
heteroaryl,
N-aryl, wherein the aryl group is optionally substituted
by (h) one or more halogen substituents, and

aryl substituted by halogen or CFs;

R” s lower alkyl or aryl;
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fromthe group 58 WO 2006/ 005508 PCT/ EP2005/ 007342

| oner al kyl, halogen, OR5, NH2, and 5 NO2; R3 is
w@edoeoosos from t he group CO2R6, and SO02R6, ROI/RE208516)7342

R4, are each independently selected fromthe group H,

| ower al kyl optionally substituted by oxo, CO2R6, OR6

15 and/or NH2, S(O MR7, ORB, NR5R6, and CO2R6; 20

R5 and R6 are each independently selected fromthe

group , N, . | opwer al kyl substituted by oxo, CO2R9,
RORo, 18 9?@05% BOR vyl which optionally may be
substitutgd by hal ogen heteroaryl,

lower akyl, and
lower alkyl substituted by NR°R®;

R® is selected from the group H and lower alkyl;

R and R"" are each independently selected from H and lower alkyl; and
nis0,1or2;

or the pharmaceutically acceptable salts or esters thereof.

3. The compound of claim 1 or 2, wherein

R? is selected from phenyl and phenyl substituted by halogen or
OR®.

4, The compound of claim 3 wherein the phenyl is substituted
by halogen.

5. The compound of claim 4 wherein the halogen is fluorine.
6. The compound of claim 3 wherein the phenyl is substituted
by OR®.

7. The compound of claim 6 wherein the R® is lower alkyl.
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N-aryl, wherein the aryl group is optionally
substituted by (h) one or nore hal ogen substituents,

war@e®@ses yl substituted by hal ogen or CF3;  RICT/BP2005/007342

| ower al kyl or aryl; 59 WO 2006/ 005508

PCT/ EP2005/ 007342 R8 is selected fromthe group H

| oner akyl, and | ower al kyl substituted by NRSR6; 5
RO is selected fromthe group H and | ower al kyl; R10
and R11 are each independently selected fromH and

| ower alkyl; and 1o nis 0, 1 or 2; or the

8phar mae eviripoaht yf aktreptwhéreisal ts or esters thereof.
3. The compound of claiml1l or 2, wherein 15 R2 is

sel ected from phenyl and phenyl substituted by hal ogen
or ORS. A!iglhe conpound of claim 3 wherein the phenyl
Is substituted by halogen. 20 5. The conpound of
claim4 wherein the halogen is fluorine. 6. The
conmpound of claim3 wherein the phenyl is substituted
by ORS. 25 7. The_conpound of claim6 wherein the RS
is |ower alkyl.” 60, WO 2006/ 005508 PCT/ EP2005/ 007342

N

R3

R® s selected from the group consisting of:
H,
COR®,
C(O)R?,
SO,R®, and
SO.NR°R?;

R%and R® are each independently selected from the group
consisting of:
H, and

lower alkyl; and

R? has the meaning given in claim 1; or

the pharmaceutically acceptable salts or esters thereof.

9. The compound according to claim 8, wherein
R? is phenyl, which is one, two or three times substituted with a
substituent independentty selected from
halogen, or

-O-lower alkyl.
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8. The conpound of claim1l wherein: RLis N 5 R3 R3
is selected fromthe group consisting of: H, CO2R6,

wa 36, SO02R6, and SO2NR5R6; R5 and R6 aPET/EP29h5/007342

i ndependently selected fromthe group 1s consisting
of: H and |lower alkyl; and R2 has the neaning given
inclaiml; or 20 the pharmaceutically acceptable
salts or esters thereof. 9. The conpound according to
claim8, wherein R2 is phenyl, which is one, two or
three tinmes substituted with a substituent

10ndepasdenigoyingelcestdith fo iam2b, Wasegen, or - 0-1 ower
al kyl . 61 WO 2006/ 005508 PCT/ EP2005/ 007342 . 10.. The

conpoundRaccdp driPrerNevAi Whieh is,prifsafly rebstiuted
3- f I uor ophenyigh %é%htvbésetpéﬂt@élﬁé b¥eBtdstdrhut ed - with

one or two substituents selected from5 -F, and
- 0- CH3. -F, and

-O-CHs.

11.  The compound of claim 8 selected from the group consisting of:
4-[4-Amino-5-(3-fluorobenzoyl)thiazol-2-ylamino]piperidine-1-carboxylic acid tert-

butyl ester

4-[4-Amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperidine-1-

carboxylic acid tert-butyl ester

4-[4-Amino-5-(2, 3-difluoro-6-methoxybenzoyl)thiazol-2-ylamino]piperidine-1-

carboxylic acid tert-butyl ester,
[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yi]-(3-fluorophenyl)methanone,

[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl}-(3-fluoro-4-

methoxyphenyl)methanone,

[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl}-(2,3-difluoro-6-

methoxyphenyl)methanone, and

1-[4-[4-Amino-5-(3-fluorobenzoyl)thiazol-2-ylamino]piperidin-1-yl]ethanone.
12.  The compound of claim 8 selected from the group consisting of:

[4-Amino-2-(1-methanesulfonylpipeidin-4-ylamino)thiazol-5-yi]-(3-fluoro-

phenyl)methanone,
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11. The conpound of claim8 selected fromthe group
consi sting of:

wda 2404088508 0- 5- ( 3-f | uor obenzoyl ) t hi azol - 2- yl am PCi/pPes07342

di ne-1-carboxylic acid tert- io butyl ester

4-[ 4- Ami no- 5- (3-fl uoro- 4- met hoxybenzoyl ) t hi azol - 2- yl am
i no] pi peridine-1- carboxylic acid tert-butyl ester 15
4-[ 4- Am no- 5-( 2,

B By TR SR E ek YA el
yl]éthARbAS)- 2- (plperldln 4- ylan1no)th|azol 5-yl]-(3-fluor
ophenyl)nethanon e, 20

[ 4- Ami no- 2- (pi peri di n-4-yl am no)thi azol -5-yl]-(3-fluor

AingBLAC F}Léﬁ\‘é\é e&%i ~V14miNe ( |idrdign
[?fmpg%ﬁgﬁgét mz%mg' I ]';?4(42)&[, 3- 3?]?5%2)Fomm
mathoopppéreiyngthendrerone, and 25 1-[4-[4- Ami no-5-(3-fl
uor obenzoyl )t hi azol - 2-yl am no] pi peri di n- 1-yl ] et hanone.
12. The conpound of claim8 selected fromthe group

m[qnﬁmmd 543 gluora@-methoxybenzoyl)thiazol-2-ylamino]piperidine-1 -sulfonic

- 2- (1- met hanesul f onyl pi pei di n-4-yl am no)t hi azo
QCIdsd'thbl(l@squ%or o- phenyl)net hanone, 62 WD 2006/ 005508
PCT/ EP2005/ 007342

1-[4-[4-am no-5-(3-fl uoro-4-nmet hoxybenzoyl )thi a -y
[Mﬁmlno]Zb(1pme|ﬂmWesulfoanlp@mcﬂmﬁoy{gmlno)thlaz -5-yll-(2, 3 dlﬂuoro 6-

than | f onyl pi peridin-4-yl am no)t hiaz
'% ﬁ@XVﬂTyWQ&F¥ﬂ%]E% Sﬁg nmet hoxy- phenyl ) met hanone,
4-[ 4- Am no-5- ( 3-fl uor o- 4- met hoxybenzoyl )t hi azol - 2-yl am
i no] pi peridine aci d, di ne

(AR bmeb sk mRLRRes T P Pa RAr b (7 ni az
ﬂ_oin?ﬁ%qﬁﬁé}hgh&{éjoro 6- met hoxyphenyl ) met hanone, and

1- met hanesul f onyl - pi peri di n-4-ylam no)thia
zol -5-yl]-( 2, 6-

13.  The compound of claim 1 wherein R is

R#
RA , and
wherein

R*is H;

R*is S(O).R"; and

R’ is lower alkyl.

14.  The compound of claim 13 wherein R’ is methyl.

15.  The compound of claim 13 wherein R* is ~S(0)2CHs.
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30

di fl uor ophenyl ) met hanone. 15 13. The conpound of claim
1 wherein R1 is 1R4, R4 and wherein 20 RAd"isH R4

WO 200603R7; and R7 is |ower alkyl. 14. The cpopBP2od5/007342
of claim13 wherein R7 is nmethyl. 25 15. The conpound
of claim13 wherein R4 is -S(0O 2CH3. 63 WO
2006/ 005508 PCT/ EP2005/ 007342 16. The conpound of
claim13 which is
[ 4- Ami no- 2- (4- nmet hanesul f onyl phenyl am no) t hi azol - 5-yl ]
-(2,3-difluoro-6- nethoxyphenyl)nethanone. 5 17. A
mharm@mpGMd ofocipios it 8 dichcienpr | si ng as an active

A& et aRe PPl o AR Re s B S engpro-6 *'

m@ﬁﬁixﬁ?ﬁéﬁ vi) méhasonelhe pharmaceutical conposition of
claim17 ‘which is suitable for parenteral

adm nistration. 19. A method for treating a solid
17.unoh pbarmadasiticg! cuinpositianesdmpyising as asastive ingredigekd

f h
arpirgg R Ash S B A oAl e b e oY BT
a%@@té?é bame@Iﬁ)r@k@ipi@nw wherein the soI id turmr |s a
reast or colon

18.  The pharmaceutical composition of claim 17 which is suitable for

parenteral administration.
19. A method for treating a solid tumor comprising administering to a
subject in need of such treatment a therapeutically effective amount of at

least one compound according to claim 1.

20. The method of claim 19 wherein the solid tumor is a breast or colon

fumor.
21.  The use of a compound according to claim 1 in the treatment of cancer.

22.  The use of a compound according to claim 1 in the treatment of solid

tfumors.

23.  The use of a compound according to claim 1 in the treatment of breast or

colon cancer.

24.  The use of a compound according to claim 1 for the manufacture of

medicaments for the treatment of cancer.
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tunmor. 20 21. The use of a conpound according to claim
1in the treatnent of cancer. 22. The use of a
W@ 209p00sso8 according to claim1 in the treat meneCDEP2005/007342
solid tunors. 25 23. The use of a compound according
toclaiml in the treatnment of breast or colon
cancer. 24. The use of a conpound according to claim|l
for the manufacture of nedicanents for the treatnment
291 CRREESe ofd B Wpaég g%%%%@@@%cnaﬁ 4FEPInAA e 6P
euseo a conpound accor to claim’ for e
mmmﬁnafmtarf@tbé tremardem:talfesumétlﬁmorst he treatnent of solid
tunors. 26. The use of a compound according to claim1
for the manufacture of 5 nedicanments for the

26r eaTnenke of aloRdsdunaracestdiy EREIERA 1 f8rthe THENUFEEILES &f
for the manufacture of a conpound of fornula I

5 medicanerig fortBe dleaiment, of iieasiisy celPnagargetonpound of
formula 2 RI-N=C=S (2) 15 is reacted with a conmpound
of formula 5 HZN-C=N (5), to give a conpound of

27 or miih@ peocezd f@ the nRaNifactureofla coBippounat df formula | according

to claim 1, whereby
10 a) a compound of formula 2

R'-N=C=S
(2)

15 is reacted with a compound of formula 5

HzN-C=N,
(),

to give a compound of formula 6

20
S
RKNJKN///N
(6), and
b) said compound of formula 6 is further reacted with a compound of
formula 4
25

Br 2
R™ (@),

to give a compound of formula |, wherein
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b) said conmpound of forrmula 6 is further reacted with

a conpound of formula 4 25 O Br R2 (4), to give a
w@oovpoessos of fornula |, wherein 65 WD 2006/ 005BOBEP2005/007342

PCT/ EP2005/ 007342 R1 and R2 have the neani ngs gi ven

in claiml. 28. The novel conpounds, i nternedi ates,

formul ati ons, processes, nethods and uses

substantially as described herein. 66

R" and R? have the meanings given in claim 1.

28. The novel compounds, intermediates, formulations, processes, methods

and uses substantially as described herein.
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