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WO 2006/005508 PCT/EP20051007342 Case 22622 Novel 2
4-Diaminothiazol-5-one Derivatives 5 The present invention relates to
novel 4-aminothiazole derivatives that inhibit cyclin-dependent kinases.
Wheasw@.oedfsounds and their pharmaceutically acceptable saltsardoestorss:
have antiproliferative activity and are useful, inter alia, in the treatment or
control of cancer, in particular solid tumors. This io invention also relates
to pharmaceutical compositions containing such compounds and to
methods of treating or controlling cancer, most particularly the treatment
or control of breast, lung, colon and prostate tumors. Finally, this
aendiogets also directed to novel intermediate compounds useful in the
preparation of the novel 4-aminothiazole derivatives herein disclosed. 15
Uncontrolled cell proliferation is the hallmark of cancer. Cancerous tumor

cells typichibwhbid ddimmpifopthiezdbfrape Retlivatigaes that directly or

indirectly regulate the cell-division cycle. 20 The progression of cells
through the various phases of the cell c?/cle is regulated by a series of
multieh s FTHpRIMEN (SRS VA rbimineH)igriteie iy ath@mthahd a
iHﬂiEﬂ%thﬁ%@: g gﬂﬁm@h@!eqir@@éi?mml mrﬁl n&Lﬂ?ﬁBﬁK&ﬁ’@l f edi@lly
Cdks are expressed throughout the cell cycle, while the levels of the
ETHE VI e A 1RSSR Y R Ay SROE R iy
phraSeshef toalitmyeribaraninbichrd gemeally pesicibe sasi@®IMmMSsGIhand M.
RODR GPSRIR SRMB s IR SEN ARG SRRl RAPRGANIRG S XEA
compounds and to methods of treating or controlling cancer, most particularty
the treatment or control of breast, lung, colon and prostate tumors. Finally, this
invention is also directed o novel intermediate compounds useful in the

preparation of the novel 4-aminothiazole derivatives herein disclosed.

Uncoentrolled cell proliferation is the halimark of cancer. Cancerous tumor
cells typically have some form of damage to the genes that directly or indirectly

regulate the celi-division cycle.

The prograssion of cells through the various phases of the celi 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
jevels of the cyclins vary depending on the stage of the cell cycle.

The four primary phases of cell cycle conirol are generaily describes as Gy,
S, Gy, and M. Some essential enzymes for cell cycle control appear to be cyclin
D/Cdk4, cyclin D/Cdk8, cyclin E/Cdk2, cyclin A/Cdk2, and cyclin B/Cdk1 (alsc
known as Cdc2/cyclin B), Cyclin D/Cdk4, cyclin D/CdkE, and cyclin E/Cdk2
control passage through the Gq-phase and the Gy to S-phase transition by
phosphorylation of the retinoblastoma phosphoprotein, pRb. Cyclin A/Cdk2
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DICdk4, cyclin D/Cdk6, cyclin E/Cdk2, cyclin A/Cdk2, and cyclin B/Cdkl
(also known as Cdc2/cyclin B). Cyclin D/Cdk4, cyclin D/Cdk6, and cyclin
E/Cdk2 30 control passage through the G1-phase and the Gj- to S-phase
VRRKIGOIEE phosphorylation of the retinoblastoma phosph@griEsmepmis342
Cyclin A/Cdk2 25.5.2005 / JB WO 2006/005508 PCT/EP2005/007342
regulates passage through the S-phase, and cycfin B/Cdk1 controls the
G2 checkpoint and regulates entry into M (mitosis) phase. The cell cycle

R Ce R Ao RO SAORT AL CrGICTOrC A, P ATONER OF
dheseGidkaris hikglyatedt enty totarke $tndelipy gifesation, but also to trigger

apoptotic cell death. Once the cells pass the Gi restriction point and are
committed to S phase, they become independent of growth factor

stimufgiea!l Rickoptrtiesstsllisyer [Hiegraxsiek ! 160eélisifrgdtantsiaivh
SN verlicalinnafelisfrestne GddMangsof therdehCyrlgyimhibition of

ion for M phase and cytokinesis. Cdkl has been showr
0 8 S HER BPLENY RrACSh FLE A S P BRe Ao in

assucitioaliwiththotB oy lins delipaBs CentpletstactivatonbbQilkie

S B M s BB A BB PRSP EPRAMAER (GFGRR

Bondt, H. L., Curf. Opin. ol. 1994, b, 239-246). Once
faeveafemed fElcSsln PEBERRISIES prepare the cell for division during M
phase. The transition from Gl phase into S phase as stated above is

GIE LI T e
Rdtmeblastpraga(pRiy) for M phase and cytokinesis. Cdk1 has been shown to
regulate passage of cells through these later phases of the cell cycle in
association with both cyclins A and B. Complete activation of Cdk1 requires
both cyclin binding and specific phosphorylation (Morgan, D. O., De Bondt, H.
L., Curr. Opin. Cell. Biol. 1994, 6, 239-246). Once activated, Cdki/cyclin

complexes prepare the cell for division during M phase.

The transition from G4 phase into S phase as stated above is regulated
by the complex of Cdk4 with cyclin D and Cdk2, with cyclin E. These
complexes phosphorylate the tumor suppressor protein Retinoblastoma (pRb),
releasing the transcription factor E2F and allowing the expression of genes
required in S phase (Nevins, J. R. Science 1892, 258, 424-429; Lavia, P.
BioEssays 1998, 271, 221-230). Blocking the activity of the Cdk4/cyclin D and
Cdk2/cyclin E complexes arrests the celi cycle in Gy phase. For example, the
proteins of the INK4 family, including p16™*2, which block the kinase activity of
the Cdk4/cyclin D complex, cause arrest in G+ (Shetr, C. J. Science 1996, 274,
1672-1677). The specific block has been reviewed (Vidal, A. Gene 2000, 247,
1-15).
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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
VQukeheyeirdsD and 25 Cdk2/cyclin E complexes arrests the caitieyeleoin@s42
phase. For example, the proteins of the INK4 family, including p16INK4a,
which block the kinase activity of the Cdk4/cyclin D complex, cause arrest
in G1 (Sherr, C. J. Science 1996, 274, 1672-1677). The specific block

has been reviewed (Vidal, A. Gene 2000, 247, 1-15). 30 2 WO
2006/00858 PEPIEEIERBNOY It REEBIR @XBEMMEhE BRI IhRCRIC

gﬁw@m e witheoyeindsieisapiays 8 ole b Crihpyets pragression
through G2 phase. |nhibition of this .complex, either by p16 qr using a, .
e R B R R SRS O d Resf R i
&regscpRisdBdbebiibBoGatrass DRI Sbréati, B5 Goeai2s4Biol. Chem,

]t§§@,12]7§9@§é6m-"!@@é§}!3 defects in the pRb pathway have been shown
to be'involved in various cancers. For example, overexpression of Cdk4

has been observed in cases of hereditary melanoma (Webster, K. R. Exp.
Opin. Invesérdds 16613098, i pBES:8hh)agyelin Bdsrovrsexptessaehbived
many fuman cancers (She, C.J,, Seienee 1996 274, 16720670 01
i€ MRE L3P derstedin maﬁy timore™ esbster, : .PII:axp. %?pin. nvest.

Paags A0e8it8e5887)pmad PRbsendl ol i&1psOiro dngreshuistios 1898,
@e@é@-@éﬁmmméﬁé}&ﬁgwqmﬁ@ RirfaC8ihdS99s84r, . J.

323-330). ts in this pathway have also been shown to have an 15
SRS 1y ds 1 E07-ARAMPR B 555015126 1 delriaddd IRty pyBprs
PVOERaIBIS K. R. Exp. Opin. invest. Drugs 1998, 7, 865-887); and pRb function is

lost through mutation or deletion in many human cancers (Weinberg, R. A. Cel!
1985, 87, 323-330). Defects in this pathway have also been shown to have an
effect on prognosis. For example, loss of p16 is correlated with poor prognosis
in non-small-cell lung carcinoma (NSCLC) and malignant melanoma (Tsihlias,
J. et al. Annu. Rev. Med. 1989, 50, 401-423). Abnormalities of cyclin D1 and/or
pRb at the gene and/or expression ievel were present in more than 20% of &
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. Intf. J.
Cancer 1998, 75, 573-582). In 49 out of 50 pancreatic carcinomas (98%);, the
pRb/p16 pathway was abrogated exciusively through inactivation of the p16
gene and cyclin D connected (Schutte, M. et al. Cancer Res. 1998, 57, 3126-
3134). For a review on the relation between expression of pRb and the
cyclin/eyciin dependent kinases in a number of tissues see Teicher, B.A.
Cancer Chemother. Pharmacol, 2000, 46, 203-304.

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 G110 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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in non-small-cell lung carcinoma (NSCLC) and malignant melanoma
(Tsihlias, J. at al. Annu. Rev. Med. 1999, 50, 401-423). Abnormalities of
cyclin D1 and/or pRb at the gene and/or expression level were present in
woar@thass®0% of a series of non-small cell lung cancer spegimeEsRs)s/067342
indicating that cyclin D1 and/or 20 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/pl 6 pathway was
abrogated exclusively through inactivation of the p16 gene and cyclin D

T e 5&%‘?’?&&“@@@?’99‘8”%’73‘6‘31%@’3&%%)’%%

saViRwien, m:waé@almwmm@fe&%mtbeﬁﬁmll@ﬂcyclm

de eenden\} estln a gf tissue T(ﬁlc I?Yﬁ C;iy ggrm
er‘rqgt neP a'r?nac 3’9%%0 eCause oT eul'ﬁevo Vernent of

fie-Cokalsdhia, DlﬁRkSp@mﬁalﬁﬁihaﬁ&aﬁZéaﬁﬁférmmw% fsalofdarecular

FegHIRtngRLYRIEOBLLRe cefitycle (PG Bm o3l aess 3G 5R8.-

otentlal therapeutic benefit from modulating this pathway, there has been
EBFA TSP a8t A TR ARTh of BRs ElbHEh EPS a0

20061005505 £ €A PL2AASI0Q 4 S 6f B ngdeyay, ot-example, effects
on cancer cells have been shown using antibodies, antisense
oligonucleotides and overexpression or addition of proteins involved in the
pathwayneSets, ef gdksukdbeTegutiotaniicelidgspmife R bBANNe ek, J.

Bst118RSE. &%e%p@éﬁ&%mbb% gib MaleeuWansie body of

CarC|nogeneS|s 1998, 23, 25-35; Tam W. at al. Oncogene 199
bssairs v iBrikio NBUEE &1 KmP M&&BM@@%%(M’?& 6@\14 |\/|8‘Ej k2
Bhwysiak), p=84ial/84R; antifvangralivetiabrefeniiSebddtdl. iR oAAof cellutar

plRtoT BRLlR it dngutaton gl Aol aroliraanyia thus
treatment of disease processes which feature abnormai cellular growth, such
as cancers and other cell proliferative disorders including, for example
inflammation  (e.g. benign prostate hyperplasia, familial adenomauosis,
polyposis, neuro-fibromatosis, athero'sclerosis, pulmonary fibrosis, arthriiis,
nsoriasis, inflammatory bowel! disease, fransplantation rejections infections),
viral infections (inciuding, but not limited to herpervirus, poxvirus, Epstein-Barr
virus!, autoimmune disease (e.g. lupus, rheumatoid arthritis, psoriasis,
inflammatory bowel disease), neurodegenerative disorders (including but not
limited fo Alzheimer's disease}, and neurodegenerative diseases (e.g.
Parkinson's disease, amyofrophic lateral sclerosis, refinitis pigmentosa, spinal

muscular atrophy, and cerebral degeneration).

Several distinct classes of small molecules have been identified as
inhibitors of Cdks: olomougcine and other purine analogs, flavopiridol,
staurosporine, UCN-01 and other indolocarbazoles, 9-hydroxyellipticine,
indirubin, paullones, diary! ureas, quinazolines, indopyrazoles, [2,3-d]
pyridopyrimidines, fascaplysin, aminothiazoles, diaminothiazoles, p-teridinones,
and pyrazoles or exampie (Carlson et. al., Cancer Res.. 1996, 56, 2973-2078:
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io established. For example, as shown above, there is an extensive body
of literature validating the use of compounds inhibiting targets in the Cdk4
, Cdk2 and Cdk1l pathways as anti-proliferative therapeutic agents.
viahibitoresgifscellular proliferation thus act as reversible cytostatic:egents7342
that are useful in the treatment of disease processes which feature
abnormal cellular growth, such 1s as cancers and other cell proliferative
disorders including, for example inflammation (e.g. benign prostate
hyperplasia, familial adenomauosis, polyposis, neuro-fibromatosis,
SRR SIS p AHToraB REFSSis | SIS, BB R ator X0
aprel Tieeasgiciianggesiationasiostiorzinfentiens),, Visldniestipnd ogs,
including, 10t limited fo herpepvirus, poxvir ein-Barr. 20, virus),
aciRErN e R R e T e
ihlambriery Dowel s iR 639 relnidtie gendngtive, igordé.(ifdlocinGibut

Rk ANdied 1 AMEHRIMEY S fissasflsanddiiredegeneralve dissanes (€.9.

Parkinson's disease amxotrophic lateral sclerosis, retinitis pigmentosa,

200 2o i GRIER M el cPEeRb bR B SPRiPa 71085 SiietaP oIS o.
classes of/gmedhets| esuresshavedwrridentifiesbes smhibiersaftCHksssel
olomoucine and I purj nal | iridol, staurgsporine, UCN-
e R ey G P e S R s o9
@&r?ﬁﬁﬁe%@@%[dﬁmﬁn’és,eihaﬂgp&?é%d@p[za,[&ﬂd}gwgyﬁdgpmﬁﬁdMeéi
fassaplyriBaaminotbiazoles,Hiaminetiazeless£-1ebgiNones 15141 6o
pyrazoles or example (Carlson et. al., Cancer Res.. 1996, 56, 2973-2978:

WH5'2B0 61065806/ PHTREF58EY APPIa DR AT e\t Bval £lir & &t /.
Biot.hehem 19071 233 5655265828 g8 AR, B8N, Biochem. Biophys. Res.

Commun. 2000, 275, 877; Ryu, C-K. et al., Bioorg. Med. Chem. Left., 2000, 10,
481, Jeong, H-W., et al., Bicorg. Med. Chem. Lett.. 2000, 10, 1819; Toogood et
al., J. Med. Chem., 2006, 43, 4806-4616; Chong, W., Fischer, Curr. Opin. in
Drug Discov. and Develop., 2001, 4, 623-634, WO0009821845, Toogood. P,
WO0119825, Toogood P., WOD138315, Reich S.H., WO0179198, Webster, K.
US 6,262,096.

For reviews of compounds inhibiting the Cdk4/cyclin D pathway see;
Harris, W. and Wilkinson, 8., Emerging Drugs.. 2000, 5, 287-297; Dumas, J.,
Exp. Opin. Ther. Patents. 2001, 11, 405-429; Sielecki T., el. al., J. Mead. Chem..
2000, 43, 1-18. WO 99/21848, 6,569,878 B1, 2003/0220326 A1, and WO

2003011843 A1, all of which are related, disclose 4-aminothiazoles of general

e
R1
N4 \

H

formuia

R2

These compounds are stated to be inhibitors of cyclin-dependent kinases.
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Opin. Ther. Patents. 1995, 5, 12451257; Reinhold et at., J. Biol. Chem.
1998, 278, 3803-3807; Kakeya, H. at. al., Cancer Res.. 1998, 58,
704-710; Harper, J.W., Cancer Surveys 1997, 29, 91-107; Harrington,
E.A., at al., Proc. Natl. s Acad. Sci. USA 1998, 95, 11945-11950; Meijer,
L., et al., Eur. J. Biochem.. 2000, 267, 1-13; Garrett, M.D. at. at., Current
Opin. Genetics Develop. 1999, 9, 104-111; Mgbonyebi, 0. P. et al.,
Cancer Res.. 1999, 59, 1903-1910; Hoessel et at, Nature Cell Biology.
1999, 1, 60-67; Zaherevitz at al., Cancer Res., 1999, 59, 2566-2569;
Honma T et al., 221st National ACS Meeting.. 2001: Medi 10 136;

Siel Bi d. Ch Lett. 2001, 11, 1157-1160;
Neaidpreat fs B te R GRS S amaaiissals degraiven o4iha

fogm@Béol. Chem. 2001, 276 16617-15523; Soni, R., at al., Biochem.

Biophys. Res. Commun. 2000, 275 8,@ Ryu, C-K. at at, Bioorg. Med.
Chem. Lett., 2000, 10, 461; Je -W? et al., Bioorg. Med. Chem.
Lett.. 2000, 10, 1819; Tooyood/ét |§ l., JoMed. Chem., 2000, 43,
4606-4616; Chong, W., FisGher, @Ur Op(h. in Drug Discov. and Develop.,
2001, 4, 623-634, W00009 21845, Toogepd. P., W00119825, Toogood
P., W00138315, Reich S.H., W00179198, Webs‘ér, K. US 6,262,096. 20
For reviews of compounds inhibiting the Cdk4/cyclin D pathway see;
“Hg;:g;ﬁ,w and Wilkinson, S., Emerging Drugs.. 2000, 5, 287-297; Dumas,
., Exp. Opin. Ther. Patents. 2001, 11, 405-429; Sielecki T., at. al., J.
F?vled EABIFFIEI 0 e 9799 GPBFE8NYas, 6 560,878 BI, 2003/0220326

Al, an@)\New2 IR H3#Bted, tllaviywhich are related, disclose
4-ami&()>thiazoles of general 25 formula NH2 R1 N

Lad

., and

R? s selected from the group consisting of: aryl, heteroaryl,
cycloalkyl and heterocycle, wherein each
may be substituted by up fo four substituents independently
selected from the group consisting of: '
(a) lower alkyl,
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~0 H S R2 These compounds are stated to be inhibitors of
cyclin-dependent kinases. 5 The present disclosure relates to novel
4-aminothiazole derivatives of the formulaa NH2 R10 H2SHR2 5
withereinodR08s selected from the group consisting of (a) lowgepiddsos/or3sn
subsituted by aryl, (b) 6N 10 R3 and (c) R4 R4. 15 R2 is selected from
the group consisting of: aryl, heteroaryl, cycloalkyl and heterocycle,
wherein each may be substituted by up to four substituents independently

(b) halogen,
(c) OR®,
{(d) NHy; and
(e) NOg

is seiected from the group

(a) H,
(b} lower alkyi,
(c) COR®,

(d) CO)R®,
(e) SOR®, and
(f) SONRRS;

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

(a) H,

(b) lower alky! optionally substituted by oxo, CO.R®, OR® and/or NH;,
(c) S(OWR,

(d) OR®,

(e) NR°R®, and

fy CO?RE;

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

(a) H,

(b) N,

(c} lower alkyl,

{d) iower alkyl substituted by oxo, CO,R®, OR®, and/or NRT°R"",

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

{f) heteroaryi,

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

{(h) aryl substituted by halogan or CF3;
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selected from the group consisting of (a) lower alkyl, 6 WO 2006/005508
PCT/EP2005/007342 (b) halogen, (c) ORS5, (d) NH2; and (e) NO2; 5 R3
is selected from the group (a) H, (b) lower alkyl, 10 (c) CO2R6, (d)
C(O)R6, (e) SO2R6, and (f) SO2NR5R6; 15 R4 and R4, are each
independently selected from the group consisting of: (a) H, (b) lower alkyl
optionally substituted by oxo, CO2R6, OR6 and/or NH2, (c) S(O)nR7, 20
(d) ORB, (e) NR5R6, and (f) CO2R6; R5and R6 are each independently
selected from the group consisting of: 25 (a) H,

R"  is lower alkyl or aryi;

R® s selected from the group consisting of:
{a) H,
(b) lower akyl, and
(c) lower alkyl substituted by NR®R®:

R® s selected from the group H and lower alkyt;

R and R are sach independently selectsd from H and lower
alkyl; and

nis0, 1or2:

or the pharmaceutically acceptable salts or esters thereof.

According to a first aspect, there is provided a compound of the formula

N ¢ NH,
R1
N o)
H
R2 [
wherein
R'is
N
R3



(b) N, (c) lower alkyl, (d) lower alkyl substituted by oxo, CO2R9, OR9,
and/or NRtOR", (e) aryl, which optionally may be substituted by halogen,
30 (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; 7 R~ Is lower alkyl or aryl' R5 Is selected from the group

consisting of. I§a(a) H %er)‘e%/v and Iower ubstituted by

th
NR5R5; R(r) is selected from e grou% ower 10 R10 and

R11 are each indepefdently selected from H and lower aIkyI; and nis0, 1
or 2; 15 or the pharngaggftically acceptable salts or esters thereof.
According to a first aag%ethere is provided a compound of the formula 4
NH220R1/0O N ’

SO:R® and

SO.NR°R?;

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

H, and

lower alkyl; and

wherein
R? is phenyl, which is one, two or three times substituted with a
substituent independently selected from
halogen, or

-O-lower alkyl, and the pharmaceutically acceptable salts or
ester 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 disclosure also relates to pharmaceutical compostions
comprising one or more compounds disclosed herein, or a pharmaceutically

acceptable salt or ester thereof, and a pharmaceutically acceptable carrier or
excipient.

According to a second aspect, there is provided a pharmaceutical
composition comprising as an active ingredient an effective amount of a compound

of the first aspect and a pharmaceutically acceptable carrier or excipient.

8a



HZ S R2 wherein 25 R'is 30 6N R3 8 R3 is selected from the group
consisting of: H, CO2R6, C(O)R6, SO2R6, and SO2NR5R6; R5 and R6
are each independently selected from the group consisting of: H, and
lower alkyl; and wherein R2 is phenyl, which is one, two or three times
substituted with a substituent independently selected from halogen, or

-O-loyver .and.the pharm utically acceptable salts or ester thereof.
oG B e ARl (o R S RO aEerrallie
thefiigt aspect for use in the treatment of cancer.

According to a fourth aspect, there is provided the compound according to
the first aspect for use in the treaiment of solid tumors.

According to a fifth aspect, there is provided the compound according to the
first aspect for use in the treatment of breast or colon cancer.

The present disclosure further reiates 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.

8b



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 disclosure also relates to pharmaceutical
compostions comprising one or more compounds disclosed herein, or a
pharmaceutically acceptable salt or ester thereof, and a pharmaceutically
accept [0 ient, COI’dI S ond ect, there i |
provide a}abéa&gﬁf acéelsje)ﬂ;1 ?S ce?rcﬁ"boéal?laoir‘l5 g(r)%bgr%%% asa ﬁ’P atfi b@poun
inerewivgttanhsrfsstiserasidonthe marwiasbun®f oledisdirsnis prrdhamgatment
Rhagnaseutically acceptable carrier or excipient. 8a According to a third
aspect, there is provided the compound according to the first aspect for
use in the treatment of cancer. According to a fourth aspect, there is
providefiaterdiomiscupevaotioadivertdhtite firsraspedtierussesfrattrempound
lieabiany O plkHBE ARG DR SsRedhNRIRIS AU ARd e
caompound according to the first aspect for use in the treatment reast
é) G ¥8Rtr. The present disclosure further relates to the use of the
compounds of formula | for the preparatlon of medicaments for the

eatmetof GaICel PLEIRIPON S MU AN IS DIeferably breast

lung, colon an rostate™ can ccor ng {07 sixt aspec hgre iS
m@@wmng st asesRifoLIRg nrcdiRitiactneticamepisdofdhetesatment
otretatitr egdmegiegments for the treatment of cancer. According to a
seventh aspect, there is provided the use of a compound

According {o a ninth aspect, there is provided the process for the
manufacture of a compound of formula | according to the first aspect, whereby

a) a compound of formula 2

R'-N=C=8
(2)

is reacted with a compound of formula 5

H-N-C=N
(5,

to give a compound of formula 6
i N
1 -
RN )j\ S
N N

b) said compound of formula 6 is further reacted with a compound of
formula 4

(6), and



according to the first aspect for the manufacture of medicaments for the
treatment of solid tumors. According to an eighth aspect, there is
provided the use of a compound according to the first aspect for the
manufacture of medicaments for the treatment of breast or colon cancer.
According to a ninth aspect, there is provided the process for the
manufacture of a compound of formula | according to the first aspect,
whereby a) a compound of formula 2 RyN=C=S (2) is reacted with a

compound of formula 5 H2N-C§lﬁ\l (5), ﬁ; give a compound of formula 6 S
N N~N (6), and b) said compo a 6 is further reacted with a

compound of formula 490 Br--"~R 2 (4),'and4th gig/r?da compound of

formula I, wherein
to give a compound of formula |, wherein

R" and R? have the meanings given in the first aspect.

The present disclosure further relates to g method for treating or

controlling cancer, more particularly the treatment or control of a solid
tumor, most particularly to the treatment or control of breast, iung and
colon and prostate tumors by administering to a patient In need of such
therapy a therapeutically effective amount of a compound of formula |, or a
pharmaceutically salt or ester thereof. '

Finally, this disclosure also relates to novel intermediate compounds usefu;
in the preparation of a compound of formula |.

As used herein, the foliowing terms shall have the following definitions:

"Aryl" means a monovalent, monocyclic or bicyclic, aromatic carbocyclic
hydrocarbon radical, preferably a 6-10 membersd aromatic aromatic ring system.
Preferred aryl groups include, but are not limited to, phenyl, naphthyl, tolyt and
xyiyl.

"Cycloalkyl" means a non-aromatic, parfially or completsly saturated
monovalent cyclic hydrocarbon radical containing 3 to 8 atoms. Examples of
cycloalky! groups include cyclopropyl, cyciobutyl, cyciopentyl and cyciohexyl,

. . . .
Effective amount” means an amount that is effective to prevent, alieviate or

ameliorate symptoms of disease or prolong the survival of the subject being
treated.

Sa



R1 and R2 have the meanings given in the first aspect. The present
disclosure further relates to a method for treating or controlling cancer,
more particularly the treatment or control of a solid tumor, most
particularly to the treatment or control of breast, lung and colon and
prostate tumors by administering to a patient in need of such therapy a
therapeutically effective amount of a compound of formula I, or a
pharmaceutically salt or ester thereof. Finally, this disclosure also relates
to novel intermediate compounds useful in the preparation of a compound
of formula I. As used herein, the following terms shall have the following
definitions; "Aryl" means a monovalent, monocyciic or bicyclic, aromatic
carbocyidiegbirtrasaribMdaks ahiBre! BRnhE JAdBRmGe é‘?&ﬁg’ﬁﬁéﬁwe

cﬂ%ﬁ“‘é ring system. Preferred aryl groups include, but are not #imited

enyl, naphthyl, tolyl and xyfYI "Cycloalkyr" means a non-aromatic,

partlally or completely saturated monovalent cyclic hydrocarbon radical
containigtera W%ﬁam&ﬁ%&&&&ﬂ'%@h@%ﬁ nclude
cyclopropyt, 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.
9a "Halogen" means fluorine, chlorine, bromine or iodine, preferably
fluorine or chlorine. "Hetero atom” means an atom selected from N, 0 and
S. 9
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WO 2006/005508 PCa/EP2005/007342 "Heteroaryl" means an aromatic
heterocyclic ring system containing up to two rings. Preferred heteroaryl
groups include, but are not limited to, thienyl, fury!, indolyl, pyrrolyl,

WY iR Ryg1dine, pyrazinyl, oxazolyl, thiaxolyl, quinolinyi, W‘@f)wm
imidazole, benzofuran and tetrazolyl. 5 "Heterocycle" or "heterocycly

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

selected from nitrogen, oxygen, S(O)n (where n is an integer from 0 to 2),
or a cobtaatzoy"t hevaed, aharemedicinefeng\atomisd syste@ . donkateingplpsto

i Iﬁn reﬁr@?&ﬁ W&S&%‘ﬁ ngﬁBQﬁﬂ?:«%‘&%ﬂF!ﬁ% P%Yﬁfr%%'&‘?c ony, fur,

Ine, |ndo Ine, tetr opyranyl, thiomo ntamet
R, PATOIY PR TN BN CEABRMo B R N
thafmiatynanitabingineidheahbaligasthadatbitor (that is, a compound
according to the invention) to the target protein. Ka can be measured,
inter aiia, as is described in Example 18, infra. "Lower alkyl" alone or in

conjunctitatemeyeirbeicheseracedhl| nransikysaheairdcyicrartiivotmeairated,
ﬂ@a@?&ﬁa iaraémq)ﬁswetﬁtj@ém'ﬁm%@nmieﬁaaaawm?atgans

referabl 1to 4, carbqn atoms ical lowe 5’%/ roups, incl

PRSI oREGITORY N t%ﬁx‘?"? THERN Rger

tfrem kbtd‘@xo!‘ amnismﬁhoﬁﬂwé?mfmmmgaﬂygam ptaine BsterCrefers

t yl
e o BT Wl By G
morpho!me indoline, tetrahydropyranyl, thiomorpholino, pentamethyiene sulfide,

and pentamethylene sulfone.

“Ky" refers to a measure of the thermodynamic binding of the
ligand/inhibitor (that is, a compound according to the invention} to the target
protein. K;can be measured, infer alia, as is described in Example 18, infra.

“Lower alkyl” atone or in conjunction with another term, e.g. lower alkyi-
heterocycie, denotes a straight-chain or branched saturated aliphatic
hydrocarbon having 1 to 6, preferably 1 to 4, carbon atoms. Typical lower alkyl
groups include methyil, ethyl, propyt, isopropyl, butyl, t-butyt, 2-butyl, pentyl, hexyl
and the like.

*Oxo" means =0,

*Pharmaceutically accepiabie ester” refers to a conventionally esterified
compound of formula | having a carboxyl group, which esters retain the biclogical
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)0H) are lower alkyl esters which may

10
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effectiveness and properties of the compounds of formula | and are
cleaved in vivo (in the organism) to the corresponding active carboxylic
acid. Examples of 3o ester groups which are cleaved (in this case

wWiycvmipassd} in vivo to the corresponding carboxylic acids (R4Qei63ebt e
are lower alkyl esters which may 10 WO 2006/005508

PCT/EP2005/007342 be substituted with NR41R42 where R41 and R42
are lower alkyl, or where NR41R42 taken together form a monocyclic

aliphatic heterqcycleusqlgh as pyr Iidine,é)iperidine, morpholine,
Re AHAPAIREMIINR eR* whorsiFaliane BEr sreriawerfalisuler where NRYR*
EW e idRﬂﬂé;@ﬁ(ﬁQ)Eﬁl i@lﬂﬁﬂi@lb@ H&&Wé’!@?@ﬁ% ﬁ?ﬁ-Elané,”d
S. [ of.cycloalkyl: carbonate esters o ormula
R e SR R e R, 8 S3Toal reerRape and
Ruauia Bwel=QrHIR OGS &HA)R S winsireoS At imhydinogtay be stettsyh fathe R*
OisUeaRI BET G SR ONRLG Waair g and a2 are
wer glk swhere | aken together form a
gnﬁ@ﬁ%ﬁ&h%ﬁ%@@%é? 8% 0ch VSRR Rethvh g r?e% is lower
alfotsinainaiyin etrarpipesbonirnathisuked diareifoRdls has the same
HYiti SD@‘P@(’— R4 . lgs2qf |0 | esters are the
ﬁnﬁyﬁe ‘1: anﬁ!‘pﬁro %ng%%’%%ﬂﬁeﬁ [ilgrgmgeﬁ e ower: gw{;lor
WRRSR b%it&?&?‘\?\ﬁiﬂg fermagnonosysiigialinhalinihetlenepycie, such as
Wmmw iy fﬂé’syﬁlho?p%ll n‘i@,thyh&ﬁwgbﬂaﬁhtlé!%.eﬂfEfsiaﬂérmﬁ, R*
X .acylox ters arq the pivaloxymethyl, 1-
ﬂ%@%&%ﬁ%ﬁﬂ%}iﬁﬁm%thy easr%ceﬁi? Examples of carbonate esters
are the 1- (ethoxycarbonyloxy)ethyl and

1-(cycmppaploxyerihenyinvnaatiyl seters rn%ﬁﬁﬁ‘ BI8§IChnd n-—protpyi esters,
a |geoc|%€bo Imeih I gﬁers are the N,N-dimethylcarbamoylmethyl 20

ana the: _ e B ﬁ%ﬁ Wer a Kyl asiers substituted with NR™'R™ are the
diethylaminoethyl, 2-{4-morpholinyl)ethyl, 2-(4-methylpiperazin-1-yl)ethyl esters,
and the like, Examples of acyioxyalkyt esters are the pivaloxymethyl, 1-
acetoxyethvl, and acetoxymethyl esters. Examples of carbonate esters are the {-
(ethoxycarbonyloxy)ethyl and 1-(cyciohexyioxycarbonyloxy)ethyl esters.
Examples of aminocarbonylimethyl esters are the N,N-dimethylcarbamoyimethyi
and carbamoylmethyl esters.

Further information conceming examples of and the use of esters for the
delivery of pharmaceutical compounds is available in Design of Prodrugs.
Bundgaard H ed. (Eisevier, 1985). See afso, 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 (24 Ed.
1996) at pp. 162-191,

“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
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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.,

Rgeykical 25 Dosage Forms and Drug Delivery SySteH{?@»&%sz
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 30
salts or base-addition salts that retain the biological effectiveness and
prsrpenie aciektibergatooniasghitcbates abahapie mrideddion saltabicude

PR UHAIANG Mokl AFOAIRBIR AR I W ariro daR°
acids or organic or ingrganic bases. Sample acid-addition salts include
hhyeseieticigeld it Rgithistemis agid RBIRRNTIhRAIR anddViFoReiS: ARc
&%@e éy:gveéoﬁl&r?&' d. i 'gaaﬁélwigsa&iaa %B'Eﬁiﬁigéféf‘eUHBﬁmiiCsléﬁ@iw&bid,
nitrjc acid, an e defived [rom qQrganic aclgs sucn as p-toiyene .. ,
G UATGAED) SRl A AT BE AR I Pk T A e
funhreitaddicidditiliikeciSampli hasie additian saltidnende tobralcsuatiom
BARACAAIH QR SR INCHSEL M PR ARTMEHER AAHIRBRIHTBRIASS 305k as

sodium and, quaternary ammonium hydroxides, such as for examtple,

{erraxaatR: ARTHERIIMARBRST: YRR iRg I ShRIgirRLIRGH Bpefion of a
pharmacsutiteh coprpead (6. eru)igidrdcsalisialbiteatisigbaiget kvelvikrtown
. : o ST O . ol
%‘%a%ﬁiay?%%%ﬁ§§§%‘§%?€%%%ﬁ§§i%éﬁﬁd§ﬁi?é‘o%“é?#ﬁpoun S
Rygcasesrieity omakiRsead felibbibsaheormmbdhd 9% $BelNetypsel et. al.,
Praierasdiibr 5os898 Fakhp arkPOragbbibsnl 49dieins RtamacRIg Al

e,}%%egrt‘%qgsé%g?as pharmaceutically acceptable

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

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

“Therapeutically effective amount” means an amount of at ieast one
compound of formula |, or a pharmaceutically acceptabie saft or ester therecf,
that significantly inhibits proliferation and/or prevents differentiation of a human

tumor cell, including human tumor celi 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 arvi,

12
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carrier, excipient, etc., means pharmacologically acceptable and
substantially non-toxic to the subject to which the particular compound is
administered. "Substituted," as in substituted alkyl, means that the
wabsidbasesean occur 20 at one or more positions and, unlgﬁ.@mg%y&g 2
indicated, that the substituents at each substitution site are independently
selected from the specified options. 'herapeutically effective amount”
means an amount of at least one compound of formula I, or a
pharmaceutically acceptable salt or ester thereof, 25 that significantly
inhibits prolifesation and/or prevents differentiation of a human tumor cell,
including human tumor cell lines. In one preferred embodiment of the
present inventien, there are provided the;compounds of formula I,

wherein 3Q R1 isjselected from the groupigconsisting of lower alkyl
substitutedbyefyl, 12 WO 2006/005508 PQTIEP2005/007342 and R4
R4, (b) (c) R2 is selected from the grotyd B¢aryl, heteroaryl, cycloalkyl and
heterocycle, \g3erein each may be subtutq:gk'by up to four substituents
independently selecte®ffom the group lower alkyl, halogen, 10 ORS5,
NH2, and{) . e} ;

R? s selected from the group
aryl, heteroaryl, cyciqaikyl and heterocycle, wherein each

may be substituted by up to four substituents independently selected from the
group

lower atkyi,

halogen,

OR’,

NHs, and

NO;
R® s selected from the group

COLRE, and
SO,RE,

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

H, .

lower alkyl optionally substituted by oxo, CO.R®, OR®
andfor NH,,

S(O)R7,

ORS,

NR®R®, and

COR%,  —

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

13
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NO2; R3is selected from the group 1s CO2R6, and S02R6 R4 and R4’
are each independently selected from the group 20 H, lower alkyl
optionally substituted by oxo, CO2R6, OR6 and/or NH2, S(O)nR7, ORS6,

w2 biRRRasand CO2R6; RS and R6 are each independenthy-$aieeiasbor342

from the group 13 WO 2006/005508 PCT/EP2005/007342 H, N, lower
alkyl substituted by oxo, CO2R9, OR9, andNRtOR11 5 aryl, which
optionally may be substituted by halogen heteroaryl, N-aryl, wherein the
aryl group is optionally substituted by (h) one or more halogen
substituentsiand aryl substituted by halogen or CF3; 10

N,

jower alkyl substituted by oxo, COaR®, OR®,
andNR"™R",

aryl, which optionally may be substifuted by halogen
heteroaryl, ’
N-aryl, wherein the aryl group is optionally substituted
by (h) one or more haiogen substituents, and

aryl substituted by halogen or CFa;

R’ is lower alkyl or aryt;
R? s 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 alkyt; and
nis0,1or2;or
the pharmaceutically acceptable salts or esters thereof.
in a preferred embodiment of the compounds of formula |, R? is phenyl,
preferably phenyl substituted by halogen, most preferably F, and OR?® wherein
R is jower alkyl. In a most preferred embodiment, R? is phenyl substituted by

one or two F molecules and one OR® group wherein R® is lower alky!,
preferably methyl.

14
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R7 is lower alkyl or aryl; R8 is selected from the group H, 15 lower akyl,
and lower alkyl substituted by NR5R6; R9 is selected from the group H
and lower alkyl; 20 R10 and R14 are each independently selected from H

woddgegseikyl; and n s 0, 1 or 2; or the pharmaceutically 3eqaaE07342
salts or esters thereof. 25 In a preferred embodiment of the compounds

of formula I, R2 is phenyl, preferably phenyl substituted by halogen, most
preferably F, and OR5 wherein R5 is lower alkyl. In a most preferred
embodiment, R2 is phenyl substituted by one or two F molecules and one

ORG5 lgrangiiven grefierres enbadimeint/ bf3bgreformitiyds offigrmuia\V &7
2006/005508 PCT/IER2O05/007342 In another preferred embodiment of

the compounds of formula I, R2 is as defined above and R'is 6N I R3 5
wherein R3 is selected from the group

L

whersin

R® s selected from the group
H,
CO.RS,
C(O)R?,
SO.R®, and
SONRRS,;

R%and R® are each independently selected from the group
H, and
lower alkytl;
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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H, CO2R6, 10 C(O)R6,: SO2R6, and 302NR5R6; R5 and R6 are each
independently selected from the group 15 H, and lower alkyl; or the
pharmaceutically acceptable salts or esters thereof. 20 Especially

wtislgeiadsage the compounds as defined above, wherein R2dgpRi0¥be7342
which is one, two or three times substituted with a substituent

independently selected from halogen, or 25 -O-lower alkyl. 15 WO

2006/005508 PCT/EP2005/007342 In yet another preferred embodiment
. of the present invention, there are provided the compounds of formula 1,

wheleipefRinstited ptefiRres Bdbodsfient obtrenytesdntinvsrdiono Heiy

SHOSERS W LBRGMin By SHPSIAN RS ted from

R'is

R3

R* s 3-fluorophenyl, which is optionally substituted with one or
two substifuents selected from
-F, and
-O-CHg;
R®  is selected from the group
H,
COLRE,
C(O)RS,
SOzRE, and
SONRR;

RSand R® are sach independently selected from the group
H, and
iower alkyl; or
the pharmaceutically acceptable salts or esters thereof.
Exampies of compounds of formuia | above include but are not

limited to:
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-F, and 10 -O-CH3; R3is selected from the group H, C02R6, C(O)R6,
15 S02R6, and S02NR5R6; R5 and R6 are each independently selected
from the group H, and 20 lower alkyl; or the pharmaceutically acceptable

V@ leooneseers thereof. Examples of compounds of formula babeyesisehde

but are not 2s limited to: 16 WO 2006/005508 PCT/EP2005/007342
4-[4-Amino-5-(3-fluorobenzoyl)thiazoi-2-yiamino]piperidine-1-carboxylic
acid tert-butyl ester,

4-[4-Amino-5-(3-f|uoro-4-methox3/b,enzo I)thiaz_oi-2;yla_m_ino]Piperidine-I -S
carb SR T PRERRo W A oleminolpiperidine-1-Carboxyic aci
sediiutt@siemethoxybenzoyl)thiazoi-2-ylamino]piperidine- i-caiDVAYM 0

lu tert-buy ester, 10
[4-Amino-2-(piperidin-4-)iamino)thiazoi-5-yl]-(3-fluorophenyl)methanone,
[4-ArftiHfofgoipmendifuen freEyiftisanksrylaminojpiperidine-1-
mebotipheabmBthgnanes,

4-{4-Amino-5-(2, 3-difluoro-6-methoxybenzoyi)}thiazol-2-ylamino]piperidine-
1-carboxyiic acid tert-bubyl ester,

[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yi}~(3-fluorophenyl)methanone,

[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yi}-{3-fluoro-4-
methoxyphenylimethanone,

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

1-[4-f4-Amino-5-(3-fluorobenzoylthiazo-2-ylaminojpiperidin-1i-yljethanone,

i4-Amino-2-(1-methanesulfonyipipeidin-4-ylamino)thiazol-5-yil-(3-fluoro-
phenyl)methanone),

1-{4-{4-amino-5-(3-fluorc-4-methoxybenzoyli thiazol-2-ylaminojpiperidin-1-
yilethanone,

{4-Amino-2-(1-methanesulfonylpiperidin-4-ylamino)thiazol-5-yi}-{3-flucro-4-
methoxy-phenyh)methanone,

4-{4-Amino-5-(3-fluoro-4-methoxybenzoyi)thiazol-2-yiaminoipiperidine-1-
sulfonic acid dimethylamide,

17
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15 [4-Amino-2-(piperidin-4-)Aamino)thiazoi-5-yi]-(2,3-difluoro-6-
methoxyphenyl)methanone,
1-[4-[4-Amino-5-(3-fluorobenzoyl)thiazoi-2-yiamino]piperidin-1-yilethanone

W(; %0610(}550 ﬁ'[‘@‘. G05/607342

[4-Amino-2-(1-methanesulfonyipipeidin-4-ylamino)thiazol-5-ylf-(3-tluoro-
phenyl)methanone),
1-[4-[4-amino-5-(3-fluoro-4-methoxybenzoyi)thiazoi-2-ylamino]piperidin-I-
yl)ethanone, 25

[4- Anp&nmﬁdd-ﬂdﬂnmtbanﬁmﬂ;opyﬁmpdﬂﬂﬂ—yﬂqﬁambﬁbﬂaanﬁsyﬂ}(@ﬁbmm&a-

‘ﬁ. aihansne

-5-(3-fluoro-4- metﬁoxybenzoyl)thlazol 2-yiamino]piperidine-i -
30 sulfomc acid dimethylamide, 17 WO 2006/005508

PCT/ﬁamwmﬁétﬁénémjm&pwmﬁmﬁmmimmwm &-

ino tizpazo 2 3 difluoro- 6-methoxyphenyl)methanone, and

[ PR 8§ulfonyl piperidin-4-ylamino)thiazol-5-yl)-( 2, 6- s
dlfluorophenyl)methanone In another embodiment of the invention, Ri is
10 R'r wherein R4 is S(O)" R7, wherein R7 is lower alkyl, preferably

methyh inddest saiosaRb R fs FANIGHaREamples of compounds of

formula | above include:
[4-Amino-2-(4-methanesulfonylphenylamino)thiazol-5-yl]-(2,3-difiuoro-6-
methoxyphenyl)methanone. —~

wherein R* is S{0),R7, wherein R’ is lower alkyl, preferably methyl.
Most preferably R* is ~S(0)2CHs.

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

The compounds disciosed herein and covered by formula | above may
axhibit 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 '

i8



20 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
wieseeespeunds, or mixtures of such forms, and is not linpteghEpasybs7342
one tautomeric or structural 25 isomeric form depicted in the formula
above 18 WO 2006/005508 PCT/EP2005/007342 In another
embodiment, examples of compounds of this invention include but are not
limited to: Al A20 AA0F ASOAy~FoFA6O0OpPF A719WO
2006/0G@sterembetiment expmales eicpmpornds of this invention include

but are not limited to:
>( d E

Ad

AT
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WO 2006/005508 PCT/EP2005/007342 F\N A330"N .00 A34 N CI\
A35F O\ 1/FSF A36 N 0 o ~/"ice 0 A37 N The compounds of the present
invention can be prepared by any 5 conventional means. Suitable

Wer ousdes3sgor synthesizing these compounds are providedPiEitRe2e65/007342
examples. Generally, compounds of formula | can be prepared according
to one of the below described synthetic routes. 23 WO 2006/005508
PCT/EP2005/007362 Ring Formation Compounds of the invention can be
prepared by the alkylati izati nber of thiourea

derivatives, as shownjin S eyHl, LUsing keactions that are known.
Among the thiourea derivatives that be UBed arg
nitroamidinothioureas} @6u, R. et at~Org. Prep. Prdgced. Int. 1998, 30,

93-96); 1- [(arylthiocathamoyl)amina]-3,5-dimethyipyrazoles (Jenardanan,
G. C. at at. Synth.




5

Commun. 1997, 27, 3457-3462); and

N-(aminoiminomethyi)-N-phenylthioureas to (Rajasekharan, K. N. et at.
Synthesis 1986, 353-355). Another thiourea derivative that can be used
wiordheopssgsaration of compounds of the invention by alkylgkefpdso07342

cyclization is N-cyanothiourea (Gewald, K. et al. J. Prakt. Chem. 1967,

97-104). For example, pursuant to is Scheme Il 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
formula 7. When not com
formulae (2) and (4)
Ni2FI C12S scheme l

are citefd_u

& BolR2

2006/005508 PCT/ER2005/007342 B

A33

o

around 65 C, to give
ially available, the starting materials of

enthe individual examples. 20 R1, R1,N

a compound of

25 3 scheme Il 24 WO

5 4 NHI2

The compounds of the present invention can be prepared by any

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.

23



R1.~ H2N-CEN R1I'HAN'C~-N R1,N"O 2S56 R27 scheme lll s
Alternatively, the compounds of the invention are also conveniently
prepared by reaction of a resin-bound substituted (aminothioxomethyl)
woarhsrisstethioic acid methyl ester of formula 9 with a brogiefRetavtneTasz
ketone of io formula 4 as shown in Scheme IV below. $ HCI NH R1~N
p~SNH2NHSI1 2COp/~SNNR1 SHH9 ONH2 N BrR24
RIN~ HS R27 scheme IVis

Ring Formafion

Compounds of the invention can be prepared by the alkyiation and
5  cyclization of a number of thiourea derivatives, as shown in Scheme lil, using
reactions that are known. Among the thiourea derivatives that can be used are
nitroamidinothioureas (Binu, R. et al. Org. Prep. Proced. int, 1898, 30, 83-96); 1-
[{aryithiocarbamoyi)amino}-3,5-dimethyipyrazoles (Jenardanan, G. C. et al. Synih.
Commun. 1897, 27, 3457-3462); and N-(aminoiminomethyi}-N'-phenylthioureas
10  (Rajasekharan, K. N. et al. Synthesis 1988, 353-355).

Another thiourea derivative that can be used for the preparation of
compounds of the invention by atkylation and cyclization is N-cyanothiourea
{Gewald, K. et al. /. Prakf. Chem. 1967, 87-104), For example, pursuant to

15 8cheme Il 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, fo give a compound of
formula 7. When not commercially available, the starting materials of formulae
{2) and (4) are cited under the individual examples.

20
NH, - éi)
1 2 d
scheme |
J, —
R2 R2
Br
25 3 4
scheme H
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25 WO 2006/005508 PCT/EP2005/007342 The resin-bound thiourea
derivative of formula 9 can be made by any conventional procedure
known to one skilled in the art of organic synthesis. For example, it can
we mosreasiently prepared by the reaction of a resin-bound pareraeisng7342
salt of formula 8 with an isothiocyanate of formula 2 in the presence 5 of a
base, such as a tertiary amine (e.qg., triethylamine or

- diisopropylethylamine) in an inert solvent, such as a polar aprotic solvent

(e.g., N,N-dimethylformamide). The reaction is conveniently carried out at
a temperature around room temperature. The resin-bound thiourea
derivative of formula 9 is then converted to the pmpduct of formula 7 by
treatment with a halomethylketone (for exangple, 240 bromomethylketone
of formula 4) in a suitable inert solvengsuch as a polar aprotic solyéyt
(e.gﬁ‘N,,N-dlmg_thzlformamldg) aﬁﬂte/ﬁpq@ﬂlre aroqnd room *f \
temperguré"ﬁ%eﬁai’htmg a mixture §ff st¢yeoisomers into fHe § ire
sterzeoi pmers 15 (when compound of formula I is chiral) TH& optioned
separation of isomeric structures of formula | can be carried out?according
to known methods such as for example resolution or chiral high 20
pressure liquid chromatography (also known as chiral HPLC). Resolution
methods are well known, and are™S dihzed 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

Methdiemativgs, e, semamyrdaef neineniiey e alsre Spvenienly vol. 1,
Mepiren by-rBaclish ofGadsiMsoRISSBBGUBY (aHABStHRB e’ -

carbamimidothioic acid methyl ester of formula 9 with a bromomethyl ketone of
formula 4 as shown in Scheme IV below.

HCI
NH .
SJ‘NH
Ry, &SN JNLH )SL ..
A R1
2 G 87 N7 N7
8 G H H
8
2 "
Br
4 " R1 /4‘{\(0
e
— N" s
- H
R2
7
scheme |V
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Converting a compound of formula | that bears a basic nitrogen into a
pharmaceutically acceptable acid addition salt 30 The optional conversion
of a compound of formula | that bears a basic nitrogen into a

v asspeesbiically acceptable acid addition salt can be effecied@¥20a5/007342
conventional means. For example, the compound can be treated with an

26 WO 2006/005508 PCT/EP2005/007342 inorganic acid such as for
example hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, or with an appropriate organic acid such as acetic acid,

citric Hegdeaintheengdciaionrethderbwitiient iaenmuis-fongerkesnadnibyany, or
%U&%&Q%@BG& %ﬁ&mﬂ@% akfmsml %b@ﬂ@?%&ﬂ&@ﬁﬁ&f& apid
-group,into a pharmaceutically acce #%lg{lg alkali metal salt 'I'_h(?%gﬁtl nal
SSATRE oS PE SHNETIETLY PSRRRIAY DAL BESREUDN oL A R TROLR
@nhnmpoirﬁtm_asa?hafﬁm&nni &aliitrasodgtiitevakaterntialrsala Can the wfésgtw
o B o S a T, OERA e (R Rafelgiati),
Ry aroRRIESevERt FREN B5 & BRtRE ARG Yr S Eﬂh%f%&’fqﬂ'l%em TBepids).
qaf@%&'tﬂnﬁ(i@bﬂméﬁi?ﬂw eaphalatestinatiparaceptaniarestesne |'

tion nver . 0 . .
e e R R R e
do e prstist pidamuiaieydrrrtivrstivitthe helamelbiliatons daeexemple, a
dp6rRBshERyiketone of formula 4) in a suitable inert solvent such as a polar

aprotic soivent (e.g., N,N-dimethviformamide) at a temperature around room
{femperature.

Separating a mixiure of stereoisomers into the opticallvy pure stereoisomers
{when compound of formula | is chiral)

The optionai 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
Resolufions” (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
1883, pp. 87-124).

Converting a compound of formula | that bears a basic nifrogen inio 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 freated with an
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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
w0Iene/00sses mineral acid (e.g., sulfuric acid) in an alcohol. RtpgrReets:
of preparing the ester, which 25 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 a‘gnents that may accelerate the reaction. Many such coupling

INQEIRSIS AR B5 SNesRmels RyateeHosicaedniymbrarsis acilysulfuric
aoiditds acil/ Wmmb?memaﬁﬁfmﬁwm@am?&e /alet{jwé 30
oxylat S r ohexylc ide is ysed as

e e S et Sl bl o

Q'E:?BQ/\HH@ the alcohol, dicyclohexyicarbodiimide, and the optional

presence of a catalytic 27 WO 2006/005508 PCTIEP2005/007342

amo tﬁ% oy, bf-ﬁiﬂ‘tﬁ.t |anBeAFicANe Bh AR Into
- g @ el galidichloromethane) at a

temperature between about 0 degrees and about room temperature,

preferaiply Siahol r
trlph %hos h|n&/%?g%i%cﬁc%c?fﬁgi?%&?zé%tfhteeggsua

ARl SRR A RSFERRGRLERRIY Boeeniahiaalkg! metabﬁaamnm
aifmdh@di iy cloamghiltnaphiesnanBotieidayhplzg dieacbesdate, darobe Rgdted with

f or an aro atl
ﬁ“&’t%’i%%ﬁmf LG i RO M ST i ees
Byprade: 2ok femperature, preferably at about 0 degrees. m
Compositions/Formulations

Converting a compound of formula | that beers a carboxyiic acid group into
a pharmaceutically acceptable ester

The optional conversion of & 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 fo 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 dicyclohexyicarbodiimide and triphenylphosphine /disthyl
azodicarboxylate. In the case where dicycichexylcarbodiimide is used as the
coupling agent, the reaction is conveniently carried out by treating the acid with
the alcohol, dicyclohexylicarbodiimide, and the optional presence of a catalytic
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In an alternative embodiment, the present invention includes
pharmaceutical compositions comprising at least one compound of
formula |, or a 15 pharmaceutically acceptable salt or ester thereof and
wthhaoplsddmaceutically acceptable excipient and/or carrier. gh@sfra0s/007342
pharmaceutical compositions can be administered orally, for example in
the form of tablets, coated tablets, dragees, hard or soft gelatin 20
capsules, solutions, emulsions or suspensions. They can also be
administered rectally, for example, in the form of suppositories, or
paaitbiGip rerledampheNminethdamioprydding iscindosr spivent such as a
ﬁ%@@ﬁé’@d’%ﬁér@@ﬁi@@ﬁ'(@@s &EW&W&%QVM'WBI@BG%W
&‘&%@ds of folﬁula |, and/or. the salts or est her of, é{iﬂ
RASESATS AR PATA SRS T Hﬁ% léfa By Tof
tmnpmﬂmmlimmsenmemmwmw@mhwmmgpmwmg
GelRoe iRy a@ﬂﬂ%e%yawi;'eanm&&fféamamt by treating

% armaceutlca preparations can be formulated h therapeut ically Inert,
BreifviS Bz aitehokHinkenviriosehins, et disthy agpicaterieete, in an
thm\micsatﬁfmam%mettwgltsmmumd@s&mhmméwwdrocarbon

B SRR e AR AR e e

tapeatatiackreietaiy alinbaiid draresand fats. Depending on the nature
of the active substance, no carriers are generally required in the case of
soft gelatin csu : bIe carriers for the manufacture of solutions
2RSSR S, saccharose, invert sugar and glucose.
Swtable s carriers for |nject|on are water, alcohols, polyols, glycerine,

Vee{le Ol VS HEURI AL RS SHISH BB fnacovtial

suppositories are natural or
compositions comprising at least one compound of formula | , or a

pharmaceutically acceptable salt or ester thereof and an a pharmaceutically
acceptable exciplent 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 pharmmaceutical compositions of the present invention comprising
compounds of formula |, and/or the salts or esters thereof, may be manufactured
in a mannetr 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 ineri, inorganic or organic carriers. Lactose, com starch or
derivatives thereof, talc, steric acid or its salts can be used as such carriers for

" tabiets, coated tablets, dragees and hard gelatin capsules. Suitable cariers for
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hardened oils, waxes, fats and semi-liquid polyols. The pharmaceutical
preparations can also contain preserving agents, is solubilizing agents,
stabilizing agents, wetting agents, emulsifying agents, sweetening

Wwocinisneieying agents, flavoring agents, salts for varying th 1SRl R0 7342
pressure, buffers, coating agents or antioxidants. They can also contain

other therapeutically valuable substances, including additional active
ingredients other than those of formula t. i5 Dosages As mentioned
above, the compounds of the present invention, including the compounds
éofvosialin capsulesafolidevegetaite oils ovaxer@tdfaiell Paglifadinyorohe

Aiserd i D g AR A IR O 8 el S RRRFEY SR ke of

defined as inhibjting the development of invasive cancer by either
SRILRRIBIHEaRH iR SHIRRIE AT RSHRE SrPBmRGH Rl SRbERNSSAN of
preupwdignaatecefisitiot, kacehaloeapiysorfferepimanth gliltesdntgbitigetumor

@m&&ﬁgﬁgtﬁgg s - andofaiEn 598@8 gﬁgé@@%g%? i 5rppounds

are particu in the'treatment 25 or ¢ olfd tumors, such
Kb orphelipifmARdTuratRbN SKilG s Bivstie supRRsiones are natural or

hetrpeditr) walfes!iftsune sehnfigusepegerd in accordance with this
invention means an amount of compound that is effective to prevent,

alleviate or 30 ameliorate symptoms of disease or prolong the survival of
the stibfepbhaehagR8issiEpaciiossca RIST EMRe0T/08ER40] rganis).
Rsinmingtigrabadpirary ierihsclReivg ABRKN bR eI in
tgv(vee%%ning agents, coloring agents, flavoring agents, salts for varying the
osmotic pressure, buffers, coating agents or antioxidants. They can also contain
other therapeutically valuable substances, including additional active ingredients

other than those of formuia 1.

Dosages

As mentioned above, the compounds of the present invention, inciuding the
compounds of formula |, are useful in the treatment or confrol of cell proliferative
disorders, inciuding chemoprevention of cancer. Chemoprevention is defined as
inhibifing the development of invasive cancer by either blocking the inifiating
mutagenic event or by blocking the progression of pre-malignant cells that have
already suffered an insult of inhibiting fumor relapse. These compounds and
formulations containing said compounds are particulardy 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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The therapeutically effective amount or dosage of a compound according
5 to this invention can vary within wide limits and may be determined in a
manner known In the art. Such dosage will be adjusted to the individual

WEaMIERRSIRLS in each particular case including the specificpeampsudnasisz

being administered, the route of administration, the condition being
treated, as well as the patient being treated. In general, in the case of oral
or parenteral administration to adult to humans weighing approximately 70
Kg, a daily dosage of about 10 mg to about 10,000 mg, preferably from
easad 2 0eiegnioationnf e toganeytinabi efiastiap propratés withouge skil in
#RRef limit may be exceeded when indicated. The daily dosage can be
administered as a single dose or in divided doses, or for parenteral
administration, it may be given as continuous infusion. 15 Combinations
The cmmmﬂwndpenmdw effentien amaytiiterdeddgecohatineiionnd according

{éﬂ{ﬂi‘iﬂ%ﬂﬁo‘% Q%]é? G@H tlon t fﬁﬂ&@%@'éﬁéy i3 \9aeMRiARE E A rRiner

eatments SUC er%p y or with cytostatic or CytOtOXIC

rsrdndberids %Mﬁ?ﬂ@, Wihisa Hﬁ%é’&ff&hb feaivicherbigridragienis in
é&@mpﬁtiﬂﬁl@h&mnﬁl@mm@tﬁ&lsp&um&mmﬂm(k)mmemwm@w the
et‘{g%c? mmP?rS merasel 'Qh‘b't%resr AuEha %-Cv%f]‘ ﬁ%’rﬁ ﬂ?b&‘ﬂ%

ractlng agen S SUCh as pacill axe ocetaxé r epo ormo

tigaters do @eas@nmm%msammé mﬂt&e@ ﬁﬂﬂﬁﬁ@i@t@@ serults
ﬁumgwagﬁqﬁgrs AR f&’@é@aﬁﬂﬂﬁ{?w@ﬁozﬁf

formula | may In combln tiop wit dulat 53
&aﬁggmeaab‘%ferﬁﬁmam@%%%% 8 %@3% ao%@%%a
apmbmahmmnmgbtmépppmlmm maycm)cmedsd)wim indimatiedh \Witkidaily
gb%éﬁjeségf? 63%%%:@@% a single dose or in divided doses, or for

parenteral administration, it may be given as continuous infusion,
Combinations

The compounds of this invention may be used in combination (administered
in combination or sequentially) with known anti-cancer treatments suchas
radiation therapy or with cylostatic or cytotoxic agents, such as for example, but
not limited to, DNA interactive agents, such as cispiatin or doxorubicin;
topoisomerase ! inhibitors such as efoposide: fopoisomerase | inhibitors such as
CPT-11 or topotecan; tublin interacting agents, such as paclitaxel, docataxel 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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above and the other pharmaceutically active agent or treatment within its

30 WO 2006/005508 PCT/EP2005/007342 approved dose range. For

example, an early cdkl inhibitor olomucine has been found to act
ORIy with well known cytotoxic agents in inducing BpHEFa&8/0p3342

Cell Sci., 1995, 108, 2897-2904). Compounds of formula | may also be -

administered sequentially with known anticancer or cytoxic agents when

5 concomitant administration or a combination is inappropriate. This

invention is not limijted. uenc inj iQn;

AT dod Bk i SR A el SRy S bR RS Hen
fovswnceasicameezisiicelrwBhivelhkpevwropdaioxplagents &y iRdusidactivity
Qﬁgﬁo%%k e'tmmigﬁ&igmidmai%ﬁmcd@y WR @Qﬁhﬁgg?a | n;ay
administration with anticanger a s. (Cancer to Research, .

alePe ERIBIE FRHGTTIN D b S AE e i RSB ey
syntivesizinpdtriaiudratiingptieecoomhyediondsinaforapuizito NEhisf invepiies int
IERHRE: i BRSSARMRS? ARdiNGRAGHI RS RSIUS bRl @Rd A Bet
intended to be limiting. It should be understood that there ma% be other

ReRsr
defineddyghe. Glainszanpienied:iiateidc 20tktaoiite lcdk inhibitor flavopiridol

55 SRS O BRI o SRS W sRHiKhES! Yo Marter

Research, 1997, 57, 3375).

Exampies

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

Example 1
4-isothiocyanatopiperidine--carboxylic acid teri-butyl ester

/ﬁ\ NH, Nags8
7~ A 0 U O IU
TONTONTY ¢ >r Y Y

\Q/ O 0

MW 178.22 MW 200.28 MW 242.34
CHNS CigHzoN;0, CoiHpN, 0,8

—

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. .
Thiocarbonyidiimidazole (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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N 'N+ MW 17822 MW 200.28 MW 24234 C7HBN?S CwH2DN2Q2
C"HION2(n2S z5 4-Aminopiperidine-1-carboxylic acid tert-butyl ester (5.0
g, 25 mmol) (Astatech, Inc) was dissolved in dimethylformamide (120 mL)
srali2eosMestte -15C. Thiocarbonyidiimidazole (4.8 g, 27 mmaty&kdioesinoirssz
dimethylformamide (100 mL) was added slowly at below -10C. The

mixture was stirred at room 31 WO 2006/005508 PCTIEP20051007342
temperature for 14 h. All solvent was removed under vacuum and the
residue was dissolved in methylene chloride (200 mL) and washed 2x

viampeehe s B A WAl SRIKGEY BE S FRMACLYIARE VPRU A0 RRIAUS
hexaassbiisauamiiigledasiotive s2iotiah)teeatedstit Rortatendfikerasent
through celite. Removal of solvent. . .

A58 hl‘"é‘é’;‘/’gcr"?aa[%%%%rﬁ ?ﬁgéq?[-cgrr%xy Eé/é?c%ﬂt}e?gﬁ%?ﬁ' ei?’esr 58.37%{:,6&5%%/? nd

yibidgcdation. trerimisyith Nertte anshififsecd iroughgaliie ERameiabo solvent
i ol oo ethanong (140
: [ 0 A solution of 1-(3; phenyl)ethanone (14.
91150 ?‘ﬁrﬂ'bl}ﬁ&%%c%% §8T§ﬁéﬁ&%%né¥a+@-15c was treated with a
solution of bromine (17 g, 105 mmol) in dioxane (120 ml-) drop wise over

0.5 h. This was stirred for 15 min gpgd t:0f 15 the solvent removed.

The residue was taken up in hexane mL), washed 2x
2.Bromo-1-(3-fluorophenyl)ethanone

gogalges

MW 138.14 MW 217.04
CgH,FO CeHeBIFO

A solution of 1-(3-flucrophenyl)ethanone (14.0 g, 100 mmol) {Aldrich) in dioxane
(250 mL) at 12-15°C was treated with a solution of bromine (17 g, 105 mimol) in
dioxane (120 mi) drop wise over 0.5 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 (MgSO4). Solvent was removed to give 2-bromo-1-(3-
fluorophenyl}ethanone.

4 NMR (CDCI3), 300 MHz) §3.71 (s, 2H, CHy), 7.30-7.77(m, 4H, Aromatic).
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water, and dried (MgSO4). Solvent was removed to give 2-bromo-1-(3-
fluorophenyl )ethanone. 1H NMR (CDCI3), 300 MHz) 83.71 (s, 2H, CH2),
7.30-7.77(m, 4H, Aromatic). 32 WO 2006/005508 PCT/EP2005/007342
FRAM0BU-[4-Amino-5-(3-fl uo robe nzoyl)th iazo I-2-yl ampODEpRE@SHDT342
n e-i -carboxyl i ¢ acid tert-butyl ester 5 NH, ONv5rNO HN S'E'Brj+
NH2CN F o IJ MW 242.34 MW 217.04 PAW 42N CHNHBrFOCHN 1

,~ MW 420.51 " ie 202S Ce e 2 z 0 0 C20H26FNa03S At 20C, a mixture

of 4-isothiocyanatopiperidine-I-carboxylic acid tert-butyl ester (2.4 g, 10
mmol) (Example 1) and cyanamide (0.42 g, 10 mmol) (Aldrich) in tert to
butanol (5 mL) and acetonitrile (36xakpeas treated with potassium

> T U ot B A RO R ooyt
added and the suspensmn \egiddarideubt 2$teSolvent was removed and

the solid residue purified by silica gel chromatography (60%-70% ethyl
acetate/hexane) to give 2.4

NH,
e o 0
~ F
SONNe 1 3
\’OTN + L 4+ NHCN
~F F
(&)
MW 242,34 MW 217.04 MW 42 N
MW 420.51
CyHiN,0,8 CaHBIFO CH,N, o”l‘o CooHaFN, 0,8

At 20°C, a mixture of 4-isothiocyanatopiperidine-1-carboxylic acid tert-butyl ester
(2.4 g, 10 mmol} (Example 1) and cyanamide (0.42 g, 10 mmol) (Aldrich) in tert-
butano! (5 mL) and acefonitrile (35 mL} was treated with potassium tert-butoxide
(1.0M/THF, 10 mL.,10 mmol, Aldrich) for 15 min. 2-bromo-1-(3-
fluorophenyl}ethanone (2.0 g, 8.2 mmol}(Example 2} was added and the
suspension was stirred for 2 h. Solvent was removed and the solid residue
purified by silica gel chromatography (60%-70% ethyl acetate/hexane) to give 2.4
g (57% vyield) of 4-[4-amino-5-(3-fluorobenzoyi)thiazol-2-ylaminojpiperidine-1- ‘
carboxytic acid fert-butyl ester.

" NMR (DMSO.gs, 300 MHz) §1.36 (m, 2H, NCHy), 1.41 (s, OH, 3CHa), 1.88 (m,
2H, NCHy), 2.88 (brd, 2H, NCHy), 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 (g, 1H,
Aromatic), 8.01 (brd, 1H, NH), 8.48 (brd, 1H, NH}, 8.70 (brd, 1H, NH).
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15 g (57% vyield) of
4-[4-amino-5-(3-fluorobenzoyl)thiazol-2-ylamino]piperidine-I- carboxylic
acid tert-butyl ester. 1H NMR (DMSO.j6, 300 MHz) 51.36 (m, 2H,
WEEEdds4ds (S, 9H, 3CH3), 1.88 (m, 2H, NCH2), 2.88 (brd,ptt/d¥sabtdb7342
3.6-4.0 (m, 1 H, CH), 3.87 (m, 2H, NCH2), zo 7.31 (t, 1 H, Aromatic), 7.38
(d, 1 H, Aromatic), 7.48 (t, 1 H, Aromatic), 7.51 (q, 1 H, Aromatic), 8.01
(brd, 1H, NH), 8.48 (brd, 1H, NH), 8.70 (brd, 1H, NH). 33 WO

2006/005508 PCT/EP2005/007342 Example 4 4-[4-Amino-5-(3-fl
uoro-4-methoxybenzoyi)thiazol-2-ylami no] pi peridine-| - carboxylic acid
tert butyl ester 5 NH, O N\ O N@E@%M} Bri/} NFizCN FuJ~S F

éﬁé ﬁ)é\f/é%%ggg’oz CS"@ 5 Cﬁgéspf{ QZ %g%?y a#“ﬁﬁ[%p%néme-’i-

uoro-4- methoxybenzoyl?ﬂmmﬂm)a&rﬁltmpmwdmar- carboxylic acid
tert-butyl ester was prepared starting from the bromination of I- io
(3-fluoro-4-methoxyphenyl)ethanone (Aldrich) according to, Example 2,

followed by the cyclizatiorpdescribed in Example 3 to glv
4A-[4-amino- 5-('?3[?007(0 4% RN s
methoxyBénYo hidzol-2-y plperldlne-l-carbot&ﬂc acid tert-butyl

ester.

o.—_.
MW 460.53

MW 242,34 MW 247.07 MW 42 i k
o CpyFN,0.8

C, M NO,8 CoHBIFO, CH N, o

4-[4-Amino-5-{3-fluoro-4-methoxybenzoyi)thiazol-2-ylamino]piperidine-1-
carboxylic acid tert-buiyl ester was prepared starting from the bromination of 1-
(3-fiuoro-4-methoxyphenyl)ethanone (Aidrich) according to Example 2, followed
by the cyclization described in Example 3 fo give 4-{4-amino-5-(3-fluoro-4-
methoxybenzoyl)thiazol-2-ylamino]piperidine-1-carboxylic acid tert-butyl ester.

M NMR (DMSO.gs, 300 MHz) 51.37 (m, 2H, CHy), 1.41 (s, OH, 3CHa), 1.80 (m,

oH, CHy), 2.78 (brd, 2H, NCHy), 3.32 (m, 2H, NCHy), 3.6-4.0 (broad, 1H, CH),

3.85 (m, 3H, OCHg), 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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H NMR (DMSO_ds, 300 MHz) 81.37 (m, 2H, CH2), 1.41 (s, 9H, 3CH3),
1.80 (m, is 2H, CH2), 2.78 (brd, 2H, NCH2), 3.32 (m, 2H, NCH2)03.6-4.0
(broad, 1H, CH), 3.85 (m, 3H, OCH3), 7.22 (t, 1 H, Aromatic), 7.45 (d, 1
WORRIMWERIE 7.48 (m, 1 H, Aromatic), 7.94 (brd, 1 H, NH), ®#B5Kkrabshd42
NH), 8.65 (brd, 1 H, NH). HRMS: (M+H)+: observed: 451.1813; calcd
for451.1810. 34 WO 2006/005508 PCT/EP2005/007342 Example 5
4-[4-Amino-5-(2,

3-difluoro-6-methoxybenzoyi)thiazol-2-ylamino]piperidine- 1-carboxylic

acid tert-butyl ester 5 NH, N~3 N O HNAI6 O/+ NHZCNF rll O,eN +
6rOTFNF MW 242.34 MW 25880vid 812 MW 468.53 C11H10ON20

2%@-&%&%@ Bl GHRNA QiR LAl %‘%&%ﬁé@f’s{%ﬁﬂm‘sﬁﬁdmde-

difluoro-6-methoxybenzoyl)thiazol-Z-ylamino]piperidine-I- carboxylic aci
tert-butyl ester was pré‘pﬁ?éﬁ%&?ﬁr@cﬂ)ﬁrm@{g'gﬁﬁﬁtion of I- to
(2,3-difluoro-6-methoxyphenyl)ethanone (Matrix) according to Example 2,
followed by the cyclization as described in Example 3 to give,,

. -~
-[4- -5- - 9 N o
4-[4-Amino-5 (ZN‘E,/S § Ja o
_ HNT s
>(OYN + 4 | P + NHON - é X
1] F
o T =
MW 242,34 AN 265,08 MW 42 by F -
CyiHygN,0,5 CohBrF,0, CHN, OJ\ o Louns

CoHoeF,N,0,8

4-[4-Amino-5-(2, 3-diffluoro-6-methoxybenzoyhthiazol-2-ylamino]piperidine-~1-
carboxylic acid tert-butyl ester was prepared starting from the bromination of 1-
(2,Bndifiuoro-s-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.

"H NMR (DMSO.g6, 300 MHz) 81.48 (m, 2H, CH>), 1.82 (m, 2H, CHy), 2.55 (s, OH,
SCH;:,), 2.75 (m, 2H, CHy), 3.38 (m, 2H, CH,), 3.6-4.0 (broad, 1H, CH), 3.81(s,
3H, OCHa), .92 {m, 1H, Aromatic), 7.50 (m, 1H, Aromatic), 7.6 (2x brd, 1H, NH),
7.8 ( brd, 1H, NH), 7.98 (m, 1H, Aromatic}, 9.0 (brd, 1H, NH).

LR-M8-E8(+/-): Compatible with 468 MW,
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difluoro-6-methoxybenzoyl)thiazol-2-yiamino]piperidine-1-carboxylic acid
tert- butyl ester. 15 1H NMR (DMSO.d6, 300 MHz) 51.48 (m, 2H, CH2),
1.92 (m, 2H, CH2), 2.55 (s, 9H, 3CH3), 2.75 (m, 2H, CH2), 3.39 (m, 2H,
Wik dEs30 (broad, 1H, CH), 3.81(s, 3H, OCH3), 6.92 (nmecirkp2o65/007342
Aromatic), 7.50 (m, | H, Aromatic), 7.6 (2x brd, 1 H, NH), 7.8 (brd, 1 H,
NH), 7.99 (m, 1 H, Aromatic), 9.0 (brd, 1 H, NH). 20 LR-MS-ES(+/-):
Compatible with 468 MW. 35 WO 2006/005505 PCT/EP2005/007342
Example 6 [4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fl
uorophenyl)methanone NN NHi HN5 HN S - F~N NN MW 420.51 MW
320.39 5 0 0 CZOHFN403S C15E11hNR0S

4-[4-Amino-5-(3-fluorobenzoyl)thiazol-2-ylami iperidine-I-carboxylic
i AT R R s TS AT (SR a5 PR S o
mixture of trifluoroacetic add (16 mL) and methylene chloride (30 mL).
After | hr, all io solvent Was removed and the residug,dissolved in
methylene chloride (869 mb). This was washediwith }0% Na2CO3 (50

mL), dried (Na2SQ#fartd€oncentrated to giw { solid. This was

triturated with ethylether g teree-to-give mg wield) of
[4-amino-2-(pipetidin-4-ylarho)thiazol-5-yl]{(3 fluorophenyl)methanone
N
51 MW 320.39
0)\ o gz\;vi-;:gN 10,55 CysHyFNOS

4-{4~Amino—5—(3—fiuorcbenzayl)thiazoi-z-yiamino]piperidine-@-carboxy!ic acid tert-
butyl ester (0.82 g, 1.95 mmol) (Example 3) was dissolved in a mixture of
tiifiuoroacetic acid (18 mL.) and methylens chloride (30 mL). After 1 hr, all
solvent was removed and the residue dissolved in methylene chloride (300 mL).
This was washed with 10% NayCQj3 (50 mi.}, dried (Na>804) and concentrated to
give a semi solid. This was triturated with ethyi ether and filtered to give 450 mg
(72% yield) of [4—amino-2-(piperidin-4-ylamino)thiazoi~5—y|}~(3~
fluorophenyl)methanone.

TH NMR (DMSO.gs, 300 MHz) 51.38 (m, 2H, CHy), 1.88 (m, 2H, CHy), 2.95 (m,
9H, CH,), 3.32 (brd, 2H, CHy), 3.6-4.0 (broad, 1H, GH), 3.78 (s, 3H, OCHa),
7.31 (t, 1H, Aromatic), 7.38 (d, 1H, Aromatic), 7.48 (, 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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15 1H NMR (DMSO_dc, 300 MHz) 31.38 (m, 2H, CH2), 1.88 (m, 2H,

CH2), 2.95 (m, 2H, CH2), 3.32 (brd, 2H, CH2), 3.6-4.0 (broad, | H, CH),
3.78 (s, 3H, OCH3), 7.31 (t, 1 H, Aromatic), 7.38 (d, 1 H, Aromatic), 7.48
Yolzédemosnasatic), 7.51 (g, 1 H, Aromatic), 8.01 (brd, 1H, Nhi:9e#@oibid 342
1H, NH), 8.70 (brd, 1H, NH). 20 LR-MS-ES(+/-): Compatible with 320 MW.
36 WO 2006/005508 PCT/EP2005/007342 Example 7 [4-Amino-2-(piperi

d in-4-ylami no)th iazol-5-yl]-(3-fluoro-4- methoxyphenyl)methanone) s

NHi NHi HN S HN S N 0- MW 450.53 H MW 350.42 0 0 C21H27FN404S
C16H18FN4028 4-[4-Amino-5-(3-fl uoro-4-methoxybenzoyl)th
iazol-2-ylamino]piperidine-I - carbenedipcig tert-butyl ester (0.30 g, 0.66

mmol) (Ex le.4 s.deprptected io.in @ man riped for Example
o 10 oive S0 TBCEA BRI BT A gestvaser ST 15 el
(piperidin-4-ylamino)thiapeitBopjddiudioatheethosy phenyl)methanone.
1H NMR (DMSO-dc,, 300 MHz) 81.36 (m, 2H, CH2), 1.75 (m, 2H, CH2),
2.88 (brd, 2H, CH2), 3.32 (M, 2H, CH2), 3.2-3.4 (brd, 1H, NCH), 3.78 (s,
3H, OCH3), 7.23 (t, is LI Aromatic), 7.48 (t, 1 H, Aromatic), 7.62 (t, 1 H,
Aromatic), 8.01 (brglr‘,‘jﬁlgl\ ), HN,QS

O--u
MW 350,42
CpyHyFN,0,S CreHioFN,0,8

I=Z

N o—
)\0 k MW 450.53

4-[4-Amino-5-{3-flucro-4-methoxybenzoyithiazol-2-ylamino]piperidine-1-
carboxylic acid tert-butyi ester (0.30 g, 0.66 mmol) (Example 4) was deprotected
in a manner described for Example 6 to give 220 mg (80% yield) of [4-amino-2-
(piperidin-4-ylamino)thiazol-5-yl}-(3-fluoro-4-methoxyphenyl)methanone.

'H NMR (DMSO.q5, 300 MHz) 51.36 (m, 2H, CHy), 1.75 (m, 2H, CHy), 2.88 (brd,
2H, CHy), 3.32 (m, 2H, CHy), 3.2-3.4 (brd, 1H, NCH), 3.78 (s, 3H, OCHa), 7.23 {t,
1H, Aromatic), 7.48 (t, 1H, Aromatic), 7.62 (f, 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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8.48 (brd, 1H, NH), 8.70 (brd, 1H, NH). LR-MS-ES(+/-): Compatible with
350 MW. 37 WO 2006/005505 PCT/EP2005/007342 Example 8
[4-Amino-2-(pi peridin-4-ylamino)th iazol-5-yl]-(2,3-difluoro-6-
wethosygsenyl)methanone 5 NHz NHi 0 HN AS\ O HNI~Se@ f2erbods/bo)ss2
N JI F/MW 468.53 H MW 368.41 0 0 C21H26F2N404S

C16H18F2N402S 4-[4-Amino-5-(2,
3-difiuoro-6-methoxybenzoyi)thiazol-2-ylamino]piperidine-l- carboxylic acid
tert-butyl ester (0.30 g, 0.64 mmol) (Example 5) was deprotected 1o in a
manner described for Example 6 to give 123 mg (52% yield) of [4-amino-2
(piperidin-4-ylamino)thiazol-5-yl]-&xardifld @o-6-methoxyphenyl)methanon

. IHN DMSQ-de, 300 MHz) 51.38 (m, 2H, 7 2H,
Chiz) 2SRRI e E e e A B
OCH3), 6.95 (m, IH, Arormesbpapireryiimethanarsmatic), 8.01 (brd, | H,

NH), 8.48 (brd, | H, NH), 8.70 (brd, | H. N H). LR-MS-ES(+I-): Compatible
with 368 MW. 38

N, NH,
N 0 N o
7\ _ N _
HN/LS o HN/LS P
YT O
EN F N F
Py J< MW 468.53 H MW 368,41
oo CarHagF N,0,8 CigH 1aF 008

4-14-Amino-5-(2, 3-difiuoro-6-methoxybenzovi)thiazol-2-ylamino]piperidine-1-
carboxylic acid tert-butyl ester (0.30 g, 0.64 mmol) (Example 5) was deprotected
in a manner described for Example 6 to give 123 mg (52% yield) of [4-amino-2-
(piperidin-4-ylamino)thiazol-5-yi}-(2,3-difluoro-6-methoxyphenyl)methanone.

TH NMR (DMSO.q6, 300 MHz) 51.38 (m, 2H, CHy), 1.78 (m, 2H, CHy), 2.91 (brd,
2H, CHy), 3.35 (m, 3H, CH & NCHy), 3.75 (s, 3H, OCHj), 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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WO 2006/005508 PCT/EP2005/007342 Example 9
1-[4-[4-Amino-5-(3-fluorobenzoyl)thiazol-2-ylamino]piperidin-I -yilethanone
NH,NizO OHNS-HNS-FNN Fi MW 320.39 MW 362.43
V3189 RENE0S C1TH7IFN40S 5 PCT/EP2005/007342
[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fluorophenyl)methanone
(0.10 g, 0.31 mmol) (Example 6) was dissolved in a mixture of
tetrahydrofuran (20 mL), chloroform (6 mL), and pyridine and cooled to
-10C. This was treated with acetél chloride (0.032 g, 43 mmol) and stirred
for 0.5 hr. at room temperature. s diluted with cold methylene
chi-pis AfiRovE-)3afdorsis8stbyllthikiis - NeRoSdasipe2iginAftgtidtyinmne
(Na2S04) 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-f|uor 3 A i ] 'Eﬂgerldml yllethanone.
15 'H NMR (DMSO , 1.41 (m, 1H, CH)
1.92 (m, 2H, CHZ){ 2. ; H 3.32 (s, 3H,
COCHS3), 3.6-4.0 (bryad, : 4.22 (d, 1 H,
NCH), 7.31 (t, 1 omatic), 7.38 (d, N

MW 320.39 MW‘362:%3 ~

C st FN,08 © CypHyFN,OS

[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl}-(3-fluorophenyl)methanone (0.10 g,
0.31 mmol) (Example 8) was dissolved in a mixture of tetrahydrofuran (20 mL),
chioroform (6 mL.), and pyridine and cooled to -10°C. This was treated with
acetyl chloride (0.032 g, 43 mmol) and stiﬁed for 0.5 hr. at room temperature.
This was diluted with cold methylene chloride (100 ml.) and washed with 10%
Na;COs(ag) (2x). After drying (Na:S04) 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-flucrobenzoyijthiazol-2-ylamino]piperidin-1-
yllethanone. '

*H NMR (DMSO.gs, 300 MHz) 51.28 (m, 1H, CH}, 1.41 {m, 1H, CH) 1.92 (m, 2H,
CHa), 2.75 (1, 1H, NCH), 3.14 ({t, H, NCH), 3.32 (s, 3H, COCHg), 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, Aromaltic), 7.51 (g, 1H, Aromafic), 8.01 (brd, 1H, NH),
8.48 (brd, 1H, NH), 8.72 (brd, 1H, NH).

HRMS: (M+H)+: observed: 363.1288; caled for 363.12886.
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1 H, Aromatic), 7.48 (t, 1 H, Aromatic), 7.51 (g, 1 H, Aromatic), 8.01 (brd,
1 H, NH), 20 8.48 (brd, 1 H, NH), 8.72 (brd, | H, NH). HRMS: (M+H)+:
observed: 363.1288; calcd for 363.1286. 39 WO 2006/005508
WU2he5b8ai5/007342 Example 10 PCT/EP2005/007342
[4-Amino-2-(1-methanesulfonylpipeidin-4-ylamino)thiazol-5-yi]-(3-fl uoro- p
henyl)methanone NHi NHi N O HN)"S HNS N N~ H MW 320.39 0=%$=0
MW 398.48 5 C16H17FN40S i C1JH19FN403S2
[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fluorophenyl)methanone
(0.09 g, 0.28 mmol) (Example Exampieetded with methanesulfonyl
flﬁhg%ﬂrﬁék%%ﬁ%%%aﬂ@@féﬂﬁﬁ% BIBIR -2 4 418 S 48 peldlefo-
methanesulfonylpipeidin-4-yPHMEIMRIPENERA- (3-fluoro-phenyl)methano
ne. 1H NMR (DMSO_d6, 300 MHz) 51.54 (m, 2H, CH2), 2.03 (m, 2H,
CH2), 2.88 (m, 5H, NCH2 & SCH3), 3.6-4.0 (brogd, 1H, CH),3.51 (d, 2H,
NCH2), 7.32 (t, 1H, afic), 7.38 (d, 1 H, Arofnajic), 7.48 (t, 1 H,
Aromatic), 7.52 (q, HHAfOmatic), 15 7,99:4prds TH, NH), 8.48 (brd, 1 H,
NH), 8.77 (brd, 1 H, NH). }
399.0956. 40 WP 2p06/005508 PCT/EP2Q05/0073%2

N
H MW 320,39 Om?lzo MW 208.48
€ gHgFN,08

[&Amino-Z-(p‘ipeﬁdinu&ylamino)thiazoi-5~yl}~(3—ﬂuoropheny})methanone (0.08 g,
0.28 mmol) (Example 6) was treated with methanesulfonyl chioride in a manner
similar to Example 9 to give 35 mg (40% vyisld) of [4-amino-2-(1-
methanesulfonyipipeidin—4—ylamino)thiazoi-‘é—yl]w(?:uﬂuoro-phenyl)methanone.

T NMR (DMSO_gs, 300 MHz) §1.54 (m, 2H, CHy), 2.03 (m, 2H, CHz), 2.88 (m,
5H, NCH, & SCHa), 3.6-4.0 (broad, 1H, CH},3.51 (d, 2H, NCHp), 7.32 (t, 1H,
Aromatic), 7.38 (d, 1H, Aromatic), 7.48 (t, 1H, Aromatic}, 7.52 {g, TH, 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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Example 11
1-[4-[4-amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperid in-1-
yllethanone NH, NHz HN SHN S LNJO_N N MW 350.42 MW 392.45
SUBRIEOFISESS2S 0 CL8H21FN403S 5 PCT/EP2005/007342
[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fluoro-4-methoxy-
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 10
[4-[4-amino-5-(3-f|uoro-4-metho>§5@@@%iazol-2-y|amino]piperidin-l-
yilefaqaciaind-sNMRud M hem S0 ey Hth B2 ety Rithiabid pdriin-1-
(m, 2H, CH2), 2.02 (s, 3H, COCI—!%I%ZG&, 1 H, NCH), 3.26 (t, 1 H,
NCH), 3.6-4.0 (broad, 1 H, CH), 37718 fM. 1H, NCH), 3.90 (s, 3H,
OCH3), 4.22 (m, 1H, NCH), 7.23 (t, 1H, Aromatic), 7.47 (t, 1 H, Aromatic),
7.50 (t, 1 H, Aromatic)NHZ.9-8.5 (brd, 2H, 2NH), 8.68 (brd, 1H, NH).
HRMS: (M+H)+: ols€rved: 393.1396; calc;l;%[ 3.X391. 41 WO

€

2006/005508 P 5/007.342-&xam
[4-Amino-2-(1-mthane % F
piperidin-4-ylainind)thiaze+=p-yl]-(3-fluoro-4- methoxy=phenyl) methanone
) - ) you
MW 350.42 Py MW 392.45
C,cHeFN,O,8 © CigHaeN,0,8

[4-Amino-2-(piperidin-4-yiamino)thiazol-5-yl}-(3-fluoro-4-methoxy-
phenyl)methanone (0.125 g, 0.36 mmol) (Example 7) was freated with
acetyichloride in a manner similar to Exampie @ to give 100 mg (77% yield) of 1-
[4-{4-amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperidin-1-
yijethanone.

TH NMR (DMSO.gs, 300 MHz) 51.38 (dm, 2H, CHy), 1.92 {m, 2H, CHy), 2.02 (s,
3H, COCHS3), 2.76 (t, 1H, NCH), 3.26 (t, 1H, NCH), 3.64.0 (broad, 1H, CH), 3.77
(m, 1H, NCH), 3.80 (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 383.1391.
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NH, NHz N O O HNAS - HN~S ~Q: N MW 350.42 0=$% =0 MW 428.51
C16H19FN4025 | G17H21FN40482 5
[4-Amino-2-(pipe(din-4-ylamino)thiazol-5-yi]-(3-fiuoro-4-methoxy-
whegdsnaetdganone (0.11 g, 0.31 mmol) (Example 7) was tregitgekpsabsoc7342
methanesulfonyl chloride in a manner similar to Example 9 to give 30 mg
(23% 10 yield) of
[4-amino-2-(1-methanesulfonylpiperidin-4-ylamino)thiazol-5-yi]-(3-fluoro-
4-methoxy-phenyl)methanon e. 1H NMR (DMSO-d6, 300 MHz) 81.46 (m,
2H, CH2), 2.01 (m, 2H, CH2), 2 Bramplete CH2 & SCH3), 3.55(m,
iﬂ%&%ﬁiﬂéﬁf@ﬁé’sd{iﬁng eti8in(@-RaEnfielRiazin 694 (6 Hdoro-4-
romatic), 7.47 (t, 1H, Aromatic), 7.5%%,r 1HhAromat|c), 7.9-8.5 (brd, 2H,
2NH), 8.71 (brd, 1 H, NEEHRSHPWITT Iy ed: 428.0982; calcd
for 428.0988. 42 WO 2006/005508 PCT/EP2005/007342 Example 13
4-[4-Amino-5-(3-fl uorg-4-methoxybenzoyl)thiazgi2-ylamino]pi peri di

ne-1- sulfonic acig \'NHéignyamide 5 NHi NH,§ J3/\3F
HN/H\S — ”NJ\S
N QO
k A3
| H

8 St Tf Q-
MW 350,472 o=g=0 MW 428.51
C1eH1gFN,O,S ? CyaFNO,S,

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

- ' NMR (DMSO.gs, 300 MHz) §1.46 (m, 2H, CHy), 2.01 {(m, 2H, CHy), 2.90 {m,

5H, CHo & SCHa), 3.55(m, 2HCH,), 3.6-4.0 {broad, 1H, CH), 3.91 (s, 3H, OCH3),
7.24 (¢, 1H, Aromatic), 7.47 {t, 1H, Aromatic), 7.59 (t, 1H, Aromatic}), 7.9-8.5 {brd,
2H, 2NH), 8.71 (brd, 1H, NH).

HRMSEL; (M+H)+: observed: 428.0082; calcd for 428.0888.
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F O_ FFN 0- FI MW 350.42 0=7=0 MW 457b5 C15H19FN4028
C18H24FN504S2
[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fluoro-4-methoxy-
Whagepaedpfanone (0.08 g, 0.022 mmol) (Example 7)) was tPeatepzmiioo 7342
dimethylsulfamoyl chloride in a manner similar to Example 9 except that to
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% vyield) of
4-[4-amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-yiamino]piperidine-1-s
ulfonic acid dimethylamide. 15 'ExXdiMBI¢ORISO., 300 MHz) 81.51 (m, 2H,

CH2), - 2,8 . 52
R ANl T R SN LN A S AR A
2H, 2NH), 8.71 (brd, 1HSNifpniaRRid dimethylaplide ved: 458.1331; calcd
for 458.1327. 43 WO 2006/005508 PCT/EP20051007342 Example 14
[4-Amino-2-(1-methanesulffonylpiperidin-4-yf ammzo)thiazoi-S-yi]-(Z,B- difl
uoro-6-methoxyp \“iﬁ‘ﬁbethanone 5 NH, NHu-HN %0 %F FFF

i
HN/L‘ 5 - (R, HI?I 8
O Q& O <
N o— N o—
H MW 350,42 0=5=0 MW 457 .55
CgtFN,O,8 N CigHaFNO,S,

SN
{4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fluoro-4-methoxy-
phenyl)methanone {0.08 g, 0.022 mmot) (Example 7) ) was treated with
dimethyisulfamey! chloride in a manner similar to Example @ except that
diisopropylethytamine 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-J4-amino-5-(3-fluoro-4-methoxybenzoyhthiazol-2-ylamino]piperidine-~1-sulfonic
acid dimethylamide.

H NMR (DMSO.gs, 300 MHz) 81.51 (m, 2H, CHy), 1.97 (m, 2H, CHz), 2.77 (s, 6H,
2x NCHz ), 2.89 (m, 2H, CHy), 3.52 (m, 2H, CHy), 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; caled for 458,1327.
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H MW 368.41 0= ~ =0 MW 446.50 C40H18F2N404S | C77H.F2N404S2
[4-Amino-2-(piperidin-4-ylamino)thiazol-5-yi]-(2,3-difluoro-6-methoxy-
phenyl)methanone methanone (0.05 g, 0.14 mmol) (Example 8) was
Wwealnditve 10 methanesulfonyl chloride in a manner similardonEpsesspéess2
9 except that diisopropylethyi 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-methoxyphenyi)methanone. 15 1H NMR (DMSO _ds, 300 MHz)
51.57 (m, 2H, CH2), 1.92 (m, 2H, CH2), 2.85 (m, 5H, SCH3 & NCH2),

3.53 (m, 2H, NCH2), 3.6-4.0 (bregd yé,-gH) 3.88(s, 3H, OCH3), 672
(m, 1H, Aromatic), 7.42 (m, IH Ar math xbrd IH

N
H, NfyAmis @l memﬁau BF&‘ ?%Pt*ﬂiﬁf&ﬂé’ﬁ
compatible with 446:ﬂ%r&6®ﬁ§ﬂioxﬂaﬁém¥im&{hmg 0.001 pM; K|
CDK4 =0.002 NM. 44 WO 2006/005508 PCT/EP2005/007342 Example
15 isothiocyanato-4-methanesulfonyibenzene _ Nis s+g/NH20/1cl
C100 MW 114.98 141.22 MW 213. 28N '8158 C?HsNOZS

CBH7NO262 5 HNAS\
h

MW 368.41 MW 44850
CygHaeFaM 0,8 CHagFaN, 0,5,

F

T2

[&Amino-z-(pipeﬂdin—4—y(amino)thiazo!-5—yi]-(2_,3*dtﬂuoro—6—methoxy—
phenyl)methanone methanone (0.05 g, 0.14 mmol) (Example 8) was treated with
methanesulfonyt chioride in a manner similar 1o Example 9 except that
diisopropylethyl amine was additionally used as a catalyst to give 50 mg (80%
yield) of [4-amino-2-(1 -methanesulfonylpiperidin-4-ylamino)thiazol-5-yl]+(2,3-
difiuoro-8-methoxyphenyl)methanone.

"H NMR (DMSO.46, 300 MHz) §1.57 (m, 2H, CHy), 1.82 {m, 2H, CHy), 2.85 (m,
5H, SCH3 & NCHz), 3.53 (m, 2H, NCH,), 3.6-4.0 (broad, 1H, CH), 3.88(s, 3H,
OGCH3), 6.72 (m, 1H, Aromatic), 7.42 (m, 1H, Aromatic), 7.6 (2x brd, 1H, NH), 7.8
(brd, 1H, NH), 7.98 (m, 1H, Aromatic), 9.0 (brd, 1H, NH).

LRILCIMS: (M+H): compatible with 446 MW.

Ki CDK1 = 0.001 uM; Ki CDK2 = 0.001 pM; Ki CDK4 = 0.002 uM.
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A solution of 4-methanesulfonylphenylamine (2.4 g, 14 mmol) was
dissolved in a mixture of water (30 mL) and hydrochloric acid (9 mL,
37%). This was treated drop wise at room temperature with thiophosgene
MOR@eaEENMol) with good stirring. After | h, the suspensiBOIvERS005/067342
filtered, washed with water and dried over to P206 to give 2.4 g (85%
yield) of 1-isothiocyanato-4-methanesulfonylbenzene . 1H NMR (CDC13),
300 MHz 53.09 (s, 3H, CH3), 7.41(d, 2H, Aromatic), 7.98 (d, 2H,
Aromatic). 15 Example 16 [4-Amino-2-(4-methanesulfonylphenylami
no)thiazol-5-yl]-(2,3-difluoro-6- nEX@BRBHSnyI)methanone NHi N O ~S\
+ e NHZCN F , LNY@hidearidit. 247 84 Afn0fb bigeAg O- =0 MW
439.46 C8H7NO2S2 CBH6BrFO CH2N2CHFNOSiBt62342 20
[4-Amino-2-(4-methanesulfonylphenylamino)thiazol-5-yl]-(2,3-difluoro-6-

methoxyphenyl)methanonge was-prepared starting from the) gahation of
1-(2,3- difluor-6-methoxyg ,@ gpne (Matriy) aing to Example
2, followed5y 25!WO 2006/005508 PCTIEP2005/087337 the

diaminothiazole formation described in Example ﬁd@lve a solid. This
was MW 114.98 MW 171,22 MW 213.28
CCLs C,HNO,S C,H;NO,8,

A solution of 4-methanesulfonyliphenylamine (2.4 g, 14 mmol) was dissolved in a
mixture of water (30 mL) and hydrochloric acid (8 ml, 37%). This was treated
drop wise at room temperature with thiophosgene (1.5 g, 13.2 mmol) with good
stirring. After 1 h, the suspension was filtered, washed with water and dried over
P,O5 to give 2.4 g (85% vield) of 1-isothiocyanato-4-methanesulfonylbenzene .

"H NMR (CDCI3), 300 MHz §3.08 (s, 3H, CHa), 7.41(d, 2H, Aromatic), 7.98 (d,
2H, Aromatic).

Exampie 16
[4-Amino-2-{4-methanesulfonylphenylamino)thiazol-5-y1]-(2,3-diflucro-6-
methoxyphenyl)methanone

Fa S"‘D

MW 242,34 MW 265.06 MW 42

P MW 430,46
CeH,NC,S; CeHgBIFO CHN, O-—?-—o

c ﬂ?H 15F2N30482

[4-Amino-2-(4-methanesulfonylphenylamine)thiazol-5-yi}-(2,3-diftuoro-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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purified by silica gel chromatography (2.5% methanol/methylene chloride)
to give 15 mg (12% vyield) of
[4-amino-2-(4-methanesulfonylphenylamino)thiazol-5-yl]-
¥ 30difleasos6-methoxyphenyl)methanone after trituration ofsbenpeses/onrzsz
fractions 5 with ether and filtration. 1H NMR (DMSO.d6, 300 MHz) 83.18
(s, 3H, SCH3), 3.68 (s, 3H, OCH3), 6.95 (m, 1H, Aromatic), 7.50 (m, 1H,
Aromatic), 7.74 (dd, 4H, Aromatic), 8.2 (brd, 1H, NH), 11.21 (s, 1 H, NH).
10 HRMS: (M+H)+: observed: 440.0545; calcd for 440.0545. Example 17
heAdtianinRtilancdetfarmstitio sigsplivetl dmExamapiinbiehei R 53JRL( Dhis wss
?ﬂ:‘i‘ﬁg@%&W@W&?%t@g}\éﬁ@x@!%M@éﬁﬁl@t%@%ﬂ@i&e@w'ggik/e
E- cr~ Hci 20 In a mixture of ethanol and k{?ﬂ-ﬂ%(an %DO L 1'_@%95
A0 SRR SE LB oy S SR A
tH PG roesinSRb oty raoyi Addniaind laéen ixturetiva obtiekeurafrasider

5 fter fillcation, the resin was 25 washed with dimethylformamide (3
fgg}%‘_‘%gﬁs{gﬁg%g%l (3x50 mL ), dichloromethane (3 x 50 mL ) and

ethyl ether ( 3 x 50 mL ). After drying the product resin in a desiccator for
3YARIDREOLBuNE2 ety ssethisaeg), me(waEHaIaHE6.95 (m,

Microanalysis indicated i1e Produeh Nad 2 eading RIINBP'YS (3%, 1n,
NH), 11.21 (s, TH, NH).

HRMS: (M+H)+: observed: 440.0545; calcd for 440.0545.

Exampis 17

[4-Amino-2-{1 -methanesulfonyi-piperidin-4-ylaminojthiazol-5-yi}-{ 2, 6~
difiuorophenyl)methanone

2-Methyl-isothiourea resin (34350-95)

. ' NH
o+ wim—aw“* o e

In a mixture of ethanol and 1,4-dioxane (500 mL., 1:4) was added Merrifield resin
( 50g, with loading 4.8 mmol Cl/g, Fluka) and thiourea ( 5eq, 82g, 1.8 mol,
Aldrich). The mixiure 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-methyi-isothiourea
resin was obtained. Microanalysis indicated the product had a loading of

3 mmol /g.
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46 WO 2006/005508 PCTIEP2005/007342
4-[3-(2-methylisothioureido)thioureido-piperidine-I-carboxylic acid tert-butyl
ester resin NHS O\~ NoYN'O O'N'vN MW 242.34 C11H18N202S 5
WA e@aobssentainer was charged with methyl isothiourea re o (RE2m@¥/007342
(Example 17a), a dimethylformamide solution of
4-isothiocyanatopiperidine-l-carboxylic acid tert-butyl ester (Example 1)
and 4 equivalents of diisopropylethylamine. The mixture was shaken
overnight at room temperature. The reaction mixture was 1o filtered and
thdbréduethispiimusidaiberiatteanratidereamhasvlis 2a@ ief-hutyl ester
isegropyl alcohol (3 x 30 mL ), dichioromethane ( 3 x 30 mL) and diethyl
ether( 3 x 30 mL ) and then dried in a desiccator for three days. The off
white product of 3.93 g was obtained with an analyzed loading of 30.8

mmol / g. 15 4-[4-Amino-5(Zy L
6-difluorob&nzoyl)th gyid\a‘g\ino-piperidine-l-carboxyl acid thTt-buity
esggr kBr ct~ N{N +/ F 55.==" 508.C o

MW 24234
CagHpNO, S

A 100 mL container was charged with methyl isothiourea resin (2.9 g} (Example
17a), a dimethylformamide solution of 4-isothiocyanatopiperidine-1-carboxylic
acid tert-butyl ester (Example 1) and 4 equivalentis of diisopropylethylamine. The
mixture was shaken overnight at room temperature. The reaction mixture was
filtered and the product resin was washed with dimethyiformamide (3 x 30 mL ),
isopropyt alcohol { 3 x 30 mL ), dichloromethane ( 3 x 30 mL ) and diethyi ether( 3
x 30 mL ) and then dried in a desiccator for three days. The off white product of
3.83 gwas obtained with an analyzed loading of 1.8 mmol / g.

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

MO

MW 235.03
CeHeBIF,0

MW 424.47
CigHpoFaNO5S

A flask was charged with a mixture of anhydrous dimethylformamide ( 10 mi. ), 4~
[3-(2-methyl-isothioureido)thioureidojpiperidine-1-carboxylic acid tert-butyl ester
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>Na O~'~JNNHZN\ O S MW 424.47 F CroH22F2N403S F 20 A flask
was charged with a mixture of anhydrous dimethylformamide (10 mL ), 4-
[3-(2-methyl-isothioureido)thioureido]piperidine-I-carboxylic acid tert-butyl

weiatoslobisi® 2006/005508 PCT/EP2005/007342 resin (0.68¢yydr0@s5/007342

mmol ), 2-bromo-I-(2,6-difluorophenyl)ethanone (0.616 g, 2.6 mmol, 2eq)
(Example 2), diisopropylethylamine, polymer bound (PS-DIEA, Aldrich) (
823 mg, 3eq ) and was shaken overnight. Scavenger resin, PS- Trisamine
(0.612 g, 2.5 eq, Argonaut ) was added to the reaction mixture. The s

mammmgtm@&mak%hwweﬁ@wmmmmiemﬂ%&Qkﬁ&ﬁ g,

%@mug%gﬁ' @éﬂ%@ﬂhﬁ@@%ﬂg@f%w@mﬁs Wl et RDes3
and the washing solution was com m%&ﬁ‘glth the oraﬁ @#flltrate

W‘EBH@%%B’EO%WU\%@'%%@W%%’SFQ IR Sife:
ahreanakedra iy, §). 2.56ey, Argddaaninsss@ed to the reaction mlxture The
Sl aReRrOVMLY é%‘¥$‘?%\}@9%ﬁ’ﬁ%ﬂ@%&ﬁ%@é&'tﬁ:@ﬁ%tsr&&%ﬂ%

es er was o alne s an off white solid (62% yield

[aeheartiisiae(dibe desin Mo mIARBSE ﬁ%l@‘}ﬁ’f%@mﬁ%ﬁo}aﬁéﬂ;}%éﬁ%ﬁBﬁ
vy Noltioh/whs Arigndd QifNthS briginal filtrate. The combined solution

was concenirated and purified by silica ge! chromatography. 0.276 g of 4-{4-
amino-5-(2, 6-difluorobenzoyl)thiazol-2-yiaminopiperidine-1-carboxylic acid tert-
butyl ester was obtained as an off white solid (62% yield).

[4~Amin0-2-(piperidin-4—yiamino)thiazol-S—yi]—(Z,&diﬂuorophenyi)methanone

(:u =l

Mw 338,38+37 F
MW 424.47 CygHyoF 2N, 08 HCH
CighpoFoN0sS

A flask containing 4-[4-amino-5-(2, 6-difluorobenzoyl-thiazol-2-ylamino]piperidine-
1-carboxylic acid teri-buty! ester (0.276 g, 0.63 mmol) was charged with of 4 N
HC1 (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 fthiazol-5-yl}(2, 8-difluorophenyl)methanone, which was used directly for

next step.
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F Fs MW 338.38+37 F / MW 424.47 C,5Ht8F2N,0S.HC1
CteHzzFzNaOas ~.. 15 A flask containing 4-[4-amino-5-(2,
6-difluorobenzoyl-thiazol-2-ylamino]piperidine- 1-carboxylic acid tert-butyl
Weteso@esresg, 0.63 mmol) was charged with of 4 N HCI (2 patr)yspzoos/007342
1,4-dioxane solution (10 mL). The mixture was stirred for 2 hat 20 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. 48
WO HRE/R055R8 IRAS4ERZPHMREBIZL-yiamino thiazol-5-yi]-(2,6-
gcfﬁmin%-z-(k-m%h%geguIfonylpiperidin-4-ylamino)thiazol-5-y|]-(2,6-

f ﬁ%’?%%h%nﬁglimrr?etﬁangne NNOppp HCINS +-S-Ct FO MW
338.38+37 F/ 0 MW 114.55 Ci5Ht6F2N40S.HC! - CH3CIOZS \10 O Na

~S\N N N
o )

|
+ m?“Cl
f
F Q
MW 338.38 + 37 MW 114.55
CygHyFN,08.HC CH,CIO,8
&
d \NO\ Newe
— N ,43 T o
MW 418.47 £ £

C1GH1EF2N403$

A fiask was charged with [4-amino-2-(piperidin-4-ylamino)thiazol-5-yl}-(2, 6-
difluorophenyl)methancne ( 0.25 g, crude product from step D }, anhydrous
dichloromethane { 1.5 mL } and methanesulfonyl chloride { 3eq, 155ul ). Then
Diethvlisopropyi amine ( 6 eq, 697 uL ) was added to the above mixture. The
reaction mixture was stirred at room temperature ovemight. The reaction mixture
was concentrated and the residue was purified through a silica ge! column. 0.38
g of [4-amino-2-{1-methanesulfonyipiperidin-4-ylamino)thiazol-5-yi}-( 2, 6-
difiuorophenyl)methanone was obtained as a light brown solid. The overall yield
for step D and E was 15%.

" H NMR (DMSO-~gs, 400 MHz): §1.45-1.57 (m, 2H, CHy), 1.95-2.05 (m, 2H, CHy),

2.82-2,90 (m, 5H, CH3, 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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N~Ip SMW416.47 F F / Ci6Hj3FZNaO3S 5 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 ),
wiohypdémassedichloromethane (1.5 mL and methanesulfony! aldonnectSeds42
155uL ). Then 1o 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
- fonGio k- Q.OSR M nE SR P PR ToeMa K1 8FRffoYMiazol-5-y 1]-( 2, 6-
difilljjorophenyl)methanone was obtained as a light brown solid. The overall
ield is for step D and E was 15%. 1H NMR (DMSO-d6, 400 MHz):
TR L A S B
CotifinGéiZhy, BB B phediiaiog)cd. 8ssdy torbael exemialifigd 7.14-7.20
| - r i Q.
%@?\,ﬁﬂ%@%}%ﬁ g%)fg%ffﬁéﬁ {Mod hhvA BEEIEIThd B& s BB2npblinds

% > ad, 1H, NH ). HR-MS (M+H)+ : Ob d: 417.0865:
earomiredgshrainyeisn and AR %%/absé&fﬁ@ﬂ%ﬁigg%gﬁwﬁ Ki

foxHfHRKd SRD3daliyGRK Kio:0B< I, 1683HHa0. 008 btefnably less than 0.5
%}?\ﬁ;rg]cﬁ&oal% \IICI-: '»&Eﬂ‘?&r&'ﬁﬁe%féP feSOHRR ‘é’]ﬂﬁ ,OJrH%ésréBKﬂQEQ %W.Q %M,

and cdk1 activity with Ki values of less than 10 pM, 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, G8T-CDK4 and cyclin D1
(cycD1) cDNA clones in baculovirus vectors were provided by Dr. W. Harper at
the Baylor College of Medicine, Houston, TX. Proteins were co-expressed in High
Five™ insect cells and the complex was purified on glutathione Sepharose resin
(Pharmacia, Piscataway, NJ) as previously described (Harper, J. W. et al. Cell
1993, 75, 805-816). A 6x-Histidine tagged truncated form of retinoblastoma (Rb)
protein (amino acid 386-9828) was used as the substrate for the cycD1-CDK4,
cycB;CDK1 and the cycE-CDK2 assays (the expression plasmid was provided by
Dr. Veronica Sullivan, Department of Molecular Virology, Roche Research Centre,
Welwyn Garden City, United Kingdom). The Rb protein is a natural substrate for
phosphorylation by CDK4, CDK2 and CDK1 (see Herwig and Strauss Eur., d.
Biochem. Vol. 246 (1997) pp.581-601 and the references cited therein).
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confirmed by a number of pharmacological assays. The exemplified 5
pharmacological assays which follow have been carried out with the
compounds according to the invention and their salts. The compounds of
e IR6E8 exhibited cdk4 activity with Ki values of less thete&piohs/007342
preferably less than 0.5 pM; cdk2 activity with Ki values of less than 8 pM,
preferably less than 0.5 pM, and cdkl activity with Ki values of less than

10 pM, preferably less than 0.5 pM. 10 Example 18: Kinase Assays Ki:
Measurement 15 This e}ﬁ)eriment was conducted using recombinant

hUFR&FRERSTPE ¢ Bie £2K 8 miately Was ErepikbroniraLe! epdii B ineysible
qonoplexe s GOWCYElinki(GSh. Cutls)waib KR etk S soyidatB{GAd puyifBition

| p | . :
LT S0 SORIER dEue) SO SRR Ut
\peEeiTeipiedrdiisionMixigeEEn Shedrsisovesdhasswashed igpy aral dmes ydth
Celbreatshiam, BRI Y IHBUTRE RSl hipreRERNAIPSSOESIM imidazole.

A R A LR A PRI L9 Y
et didédtamd (R Pididiv@ied RbdurlcBos-ER8) stk s iseteaytinditated for
bR e e aUA A (R idu ZmaYaBr &R { Landthe cycE-CDK2 assays

(the expression plasmid was provided by Dr. Veronica Sullivan,
Department of Molecular Virology, Roche Research Centre, Welwyn
GauidgriHaiprotdhitednsingtioteschibeRibpretelDis ) 0BKZabst GIEtcHORE

R 00 WV ose S BB P VAR TRRARRE R,

piate format. The assays were run at 3x their respective Kms for ATP.

in the CDK4 assay, test compounds were diluted fo 3x their final concentrations
in 25 mM Hepes, pH 7.0, 6.26mM MgClz, 1.5 mM DTT, 135 pM ATP. The DMSO
concentration was no greater than 4.76%. Twenty microliters were added to the
wells of a 96-well plate. The kinase reaction was initiated by the addition of 40 pl
Aweli of a solution containing 0.185 uM Rb and 2.25 pg/mi 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
ulfwell of 1.6uM anti-phospho-Rb (Ser 780) antibody (Cell Signaling Inc.) in 25

- mM Hepes, pH 7.0, 24 mM EDTA, 0.2 myg/m! BSA. After 30 minutes at 37°C, 156

pliwell of 3 nM Lance-Eu-W1024 labeled anti-rabbit IgG and 60 nM
Aliophycocyanin conjugated anti-His6 (PerkinElmer Life Sciences) in 25 mM
Hepes, pH 7.0, 0.5 mg/ml BSA were added. Following a cne hour incubation at
37° C, 35 ul of each well, in duplicate, were transferred to 384-well biack 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 conceniration of test
compounds reducing the assay control fluorescence read-out by 50%) were first -
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62Kd protein was under the control of an IPTG inducible promoter in an
M15 E. coil strain. Cells were lysed by sonication and purification was
waltieemstoby binding lysates at pH 8.0 to a Ni-chelated agarosgenbsmeys42
pretreated with 1 mM imidazole. The resin was then washed several times
with s incrementally decreasing pH buffers to pH 6.0, and eluted with 500
mM imidazole. Eluted protein was dialysed against 20 mM HEPES pH
7.5, 30% glycerol, 200 mM NaCl, and 1 mM DTT. Purified Rb fusion
paitelataidaks w@reeqdmmateﬁﬁ%mm@fmﬁ!mﬁamuw igaeiess ghd
%%%9’1 AEfAFR 18 ﬁ&ﬂ@%mﬁg@. anRirvalsslonsrbesi g, 4oBdding
CDK2, and CDK4 HTRF assays were set up. These were done in 96-well
@r%f%i‘ﬁ&"f&@%@gﬁ :well plate format. The assays were run at 3x their
respective Kms for ATP. In the CDK4 assay, test compounds were diluted

to 3x their fing| q_ﬁ%%’}g@'g%n 5ihé BMfERPRSiHRH b Sr S 8ilntration
MgClz, 1.5 m 135 M ATP. The DMSO concentration w ﬂ%%f%"e ATP.

greater than mfg‘%aﬂdéﬁtﬁfﬁrértﬂl@?s“@@?@%{’adgm@ww

96-well plate. The kinase reaction was initiated by the addition of 40 p1

Iwell of soI ntalnln 0.1851s /
P R B RS T Gt P et
Temgeit EﬁEiTpl‘Btamkczﬂwaﬂgmﬁout CDK4 were included. The plates

were incubated at 37C for 30 minutes with shaking. The kinase reaction

was terminated by the addltl well of 1. 6u
ST RN RS 505 SHB 5 G0 STGRAR G Ry, oMol
W@Waﬁ@M%E&%@%WN@MPmc@ﬂrﬁﬂﬁM%ﬁ dgeuMs

el FnMHAnseFHaH R 24 Bbaled @Bl daPAactEkaM: a reagent
concentration of 0.06ng/ul were used. Reagent concentrations of detection
reagents were adjusted between 3-12nM Eu-Ab and 60-90nM APC-antiHis 6 to

give signal to background ratios of at least 10 to 1.

Example 19
Tablet Formulation
item ingredients Mg/Tablet

1 Compound A ™ 5 25 100 | 250 | 500 | 750
2 | Anhydrous Lactose 103 83 35 |19 (38 |57
3 | Croscarmeliose Sodium ;6 6 8 16 (32 1|48
4 | Povidone K30 5 5 6 12 |24 |38
5 Magnesium Stearate 1 1 1 3 6 2]

Total Weight | 120 120 150 {300 {600 | 900

*Compound A represents a compound of the invention.

Manufacturing Procedure:

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

20

25 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 | of each well, in duplicate, were transferred to

VB8 200adipERick plates. The plates were read using either ViBGA/HR2045/007342
Victor V readers (PerkinElmer Life Sciences) using an excitation
wavelength of 340 nm and dual emission 30 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 51 % .
2006/005505 PCT/%%@%%@}EE@:%&%EJHD%%%P r&’éyﬁli g ovidone
665nm, normalized u

or eurof) readings at 615nm. For ATP competitive

inhibitors, the Ki vaRredfhiggeapalairatéoncdienimat ¥§Re following

equation: 5 Ki = IC5¢3 thSsanursiiereffre®isnia thecsiypsl aiditable milling
concentration (ATRpaipehkmh refers to the Michaelis-Menten constant for

the ATP. The CDKA il SRELARSIG HiREa SIANANY NS RXCERLPRSMAl 5

differences in reaggj,agg protein concentrations: 10 The compound and
enzyme buffers for\goth assa%s cont?;{'ﬁ_d 10mM M#Q?JZ For E I%‘(l and
CDKZ2, the respecti (—9?5%@3?1 TP 5%'5%% ere’? AR eSS
90uM. CDKI at a reagent concentration of 0.15ng/ul and CDK2 at a
reagent concentration of 0.06n d. Reagent concentrations of

detection 15 reagents were adjusted between 3-12nM Eu-Ab and
60-90nM APC-antiHis 6 to %ﬁ%gfﬁfeﬁ‘iﬁ"ﬂﬁ@}ound ratios of at least 10
L II

1 Evamnla.10. . Tahlot-akm atioun

item | = ingredients | mg/Capsule
1 Compound A 5 25 100 250 500
2 | Anhydrous Lactose 159 123 148 - -
3| Comn Starch "5 35 40 3B | 70
4 Tailc 10 15 10 12 24
5 Magnesium Stearate 1 2 2 3 6

. Total Fill Weight 200 200 300 300 600

[0100] Compound A represents a compound of the invention.

Manufacturing Procedure:;

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

Add ltems 4 & 5 and mix for 2 minutes.

Fill into a suitable capsule.
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Item Ingredients Mg/Tablet 1 Compound A * 5 125 [35 250 500 750 2
Anhydrous Lactose 103 83 19 38 57 3 Croscarmellose Sodium 16 32 48

4 Povdone K305 5 12 24 36 5 Magnesium Stearate 11 3 6 9 Total
Weightdad 20 150 300 600 900 20 *Compound A represatis/Er2065/067342
compound of the invention. Manufacturing Procedure: Mix Items 1, 2 and

3 in a suitable mixer for 15 minutes. 52 WO 2006/005508
PCT/EP2005/007342 Granulate the powder mix from Step | with 20%
Povidone K30 Solution (Item 4). Dry the granulation from Step 2 at 50C.
Pass the granulation from Step ﬁﬁ&@-ﬁ%&uitable milling 5 equipment.

Add the ltem 5to t ne mgled r@u{l}g.t}g&&%#&r&%gg%&r 3 minutes.
Step itable

Compress the qrandea‘ﬁoﬁ'}rom ep 5 .on asui press. 10 Example
20 Capisulelﬂémmul htion Itermimgdiiients mg/Capsulmg/@bmpourjd A * 5
25 100y260 5100 2 \b:%jﬁgﬁﬁ d'_?\uiuac +59 1431 1#8 =

2 PEG 400 10-50 mg

3 Lecithin 20-50 mg

4 Soy Oil 1-5 mg

5 Glycerol | 8-12 mg

6 Water q.s. 1mL

Compound A represents a compound of the invention.

Manufacturing Procedure:
Dissolve item 1 in item 2.

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

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

Sterile filter through a 0.2 um filter and fili into vials.
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10

15

3 Corn Starch 253540 35 70 4 Talc 10 1510 12 24 5 Magnesium
Stearate 1 2 2 3 6 Total Fill Weight 200 200 300 300 600 [0100]
Compound A represents a compound of the invention. 15 Manufacturing

W KeUFENBMix Items 1, 2 and 3 in a suitable mixer for 15 BF{EFI00HR4d342

Items 4 & 5 and mix for 3 minutes. 20 Fill into a suitable capsule. 53 WO
2006/005508 PCT/EP2005/007342 Example 21 Injection
Solution/Emulsion Preparation Item Ingredient mg/mL | Compound A * |
mg 2 PEG 400 10-50 mg 3 Lecithin 20-50 mg 4 Soy Oil 1-5mg 5
Glycerol 8-12 mg 6 Water g.s. | ml Compound A represents a compound
of the invention. 5 Manufacturifgx@mdediZre: Dissolve item 1 in item 2.

Add items 3, 4 angla Jpdie Edh AR B HSHE K BReIaRdIdhen

. tem ingredient mg/mL
1 Compound A* 1 mg
2 Glycofurol 10-50 mg
3 Lecithin 20-50 mg
4 Soy Oil 1-5 mg
5 Glycerol 8-12 mg
6 Water g.s. TmbL

Compound A represents a compound of the invention.

Manufacturing Procedure:
Digsolve 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 skilied 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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homogenize. Add the solution from step | to the mixture from step 2 and
10 homogenize unfit the dispersion is translucent. Sterile filter through a
0.2 pm filter and fill into vials. 54 WO 2006/005508 PCTIEP2005/007342
Example 22 injection Solution/Emulsion Preparation Item Ingredient
mg/mL 1 Compound A * I mg 2 Glycofurol 10-50 mg 3 Lecithin 20-50 mg
cl&mey Oil 1-5 mg 5 Glycerol 8-12 mg 6 Water g.s. | mL 5 Compound A
“répresents a compound of the invention. Manufacturing Procedure:
Dissolve item | in item 2. Add items 3, 4 and 5 to item 6 and mix until
1. dispgr%%&%dlgf ROSRYRN|EE. Add the solution from step | to the
mixture from step 2 and homogenize until the dispersion is translucent.
Sterile filter through a 0.2 pm filter andéﬁ into vials. 15 While the invention
has been illustrated by referencg fic and preferred embodiments,
those skilled in the art \ﬁifl\un%tal\ that pariations and
N™2 g

H
R2 .

wherein
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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. 55 Claims 1. A compound of the formula N 4 NH2 R1~O H
2 SR2 wherein 56 R'is 6N | R3 R3 is selected from the group
consisting %%1 H, CO2R6, C(O)R6, SO02R6, and SO2NR5R6; R5 and R6
are each in p'éndently selected from the group consisting of: H, and

Mgl

N
R3 .
R® s selected from the group consisting of:

H,
COR®,
C(O)RS,
SO,R®, and
SO,NR°RS;

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

H, and

lower alkyl: and

wherein
R? is phenyl, which is one, two or three times substituted
with a substituent independently selected from
halogen, or
-O-lower alkyl, and the pharmaceutically acceptable salts
or ester thereof.
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lower alkyl; and wherein R2 is phenyl, which is one, two or three times
substituted with a substituent independently selected from halogen, or
-O-lower alkyl, and the pharmaceutically acceptable salts or ester thereof.
57 2. The compound according to claim 1, wherein R2 is 3-fluorophenyl,
which is optionally substituted with one or two substituents selected from

2, -, SR OCIH3, 3 T campound of iy L slecte o the group

4-[4-AminoR4(3-flusBaproyhinpiz sliZcHagimsipiradiubSttageowtic one
acid tert-butyl ester .
4-[4-Amino-5-(3-f|L?(S%‘-’ﬂ-ﬁ%’&ﬁb%éﬁf&llﬁﬁﬁ?'&glg?ylamino]piperidine-l -
carboxylic acid tertfudyldester 4-[4-Amino-5-(2, :
3-difluoro-6-metho nzoyl)thiazol-2-ylamino]piperidine-1 - carboxylic
acid tert-butyl ester; [4-Amino-2-(piperidin-4-ylamino)thiazol-5-yl]-(3-fl
uorophenyl)metha no ne,

N [4-Aqm§]neo-%é£é0%rri1d%‘(‘é@?@?%ﬁ%@%’é@ﬁ? éjr%rﬁ);i%onsisting of:

methoxyp?n methanone, [4
4-i-Arlacib i Hlapobbeyik4y Rhishob@-Aametbipipehidind netrdaapic aai

tert-butyi esier

4-[4-Amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperidine-1-
carboxylic acid tert-butyl ester

4-[4-Aminc-5-(2, 3-difiuoro-6-methoxybenzoylthiazol-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-yiamEno)thiaiol~5-yi]-(2,3-diﬂu0ro—6-
methoxyphenyl)methanone, and

1-{4-[4-Amino-5-(3-flucrobenzoyl)thiazol-2-ylamino]piperidin-1-yljethanone.
4. The compound of claim 1 selected from the group consisting of:

[4-Amino-2-(1-methanesulfonylpiperidin-4-ylamino)thiazol-5-yl]-(3-fiuoro-
phenylymethanone,
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1-[4-[4-Amino-5-(3-fluorobenzoyl)thiazol-2-ylamino]piperid
in-1-yllethanone. 4. The compound of claim 1 selected from the group
consisting of: [4-Amino-2-(1-methanesulfonylpiperid
in-4-ylamino)thiazol-5-yl]-(3-fluoro- phenyl)metha none, 58
1-[4-[4-amino-5- (3 fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperidin-1-

h
o 3 SRS YRS R AR BT PR o-a-
yljetetrexyep henyl)methanone
4-[4-Amino-5-(3-fluoro-4-methoxybenzoyl)thiazol-2-ylamino]piperidine-1 -
sulfonic acid dimethylamide,
[4{Amimind-CH{hetbtdnasatioryipifmpdiitid-vigtaine)t) trad-@- sy B2 @difdior
I anone, and [4-Amino-2-(1
mé)tn]?etﬁ) eﬁtgsul Hﬁé}é%@né% 4-ylamino)thiazol-5-yl]-(2, 6-
difluorophenyl)methanone. 59 5. A pharmaceutical composition
i mpunt of a co d of
g R S Ao B R S et
supfhaicacidudisagtiotapoisiéion of claim 5 which is suitable for parenteral
administration. 7. The compound according to claim 1 for use in the
treatment of cancer. 8. The compound according to claim 1 for use in the

[4“_tﬁéaimeat(df-mmamﬁau®rgdmperﬁﬁmﬁeﬂaﬁwﬁwﬁiﬁﬁzyitﬁ-@ﬁifﬁ,$-ﬁh‘fiusm~6—
m&ﬁ@%ﬂ%mﬁm&hgh%?%, and

[4-Amino-2-(1 -methanesulfonyl-piperidin-4-yiamino)thiazol-5-yi}-( 2, 6-
difluorophenyi)methanone.
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or colon cancer. 10. The use of a compound according to claim 1 for the
manufacture of medicaments for the treatment of cancer. 60 11. The use
of a compound according to claim | for the manufacture of medicaments
for the treatment of solid tumors. 12. The use of a compound according to
claim 1 for the manufacture of medicaments for the treatment of breast or
colon cancer. 13. The process for the manufacture of a compound of
formula I according to claim 1, whereby a) a compound of formula 2

5. R'-NAQHg(ppds yticaledmitbsiticongooapdsif doas ala SCH2NNGrHEN] 40
[ . and.b) said caompeund of
o8 SRS LR S (e D AR 29 e

carrier or excipient.

8. The pharmaceutical composition of claim 5 which is suitable for
parenteral administration.

7. The compound according to claim 1 for use in the treatment of cancer.
8. The compound according to claim 1 for use in the treatment of solid
tumors.

9. The compound according to claim 1 for use in the treatment of breast

or colon cancer.

10. Theuseofa compound according to claim 1 for the manufaciure of
medicaments for the treatment of cancer.
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R (4), and to give a compound of formula |, wherein 61 R1 and R2 have
the meanings given in claim 1. 62

11.  The use of a compound according to claim 1 for the manufacture of
medicaments for the treatment of solid tumors.

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

medicaments for the treatment of breast or colon cancer.

13.  The process for the manufacture of a compound of formula | according

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

R.N=C=8
(2)

is reacted with a compound of formula 5

H:N-C=N
(5),

o give a compound of formula 6
i N
RKN)LN///”
' (6), and

b) said compound of formula 6 is further reacted with a compound of

formula 4

O

Br\/JJ\Rz
(), and

to give a compound of formula |, wherein
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R' and R? have the meanings given in claim 1.
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