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useful for inhibiting enzynes that nmaintain and repair
5 the integrity of genetic material. Mre
particularly, the present invention relates to a
series of aryl- and heteroaﬁyl-substltuted urea
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use as therapeutic agents, for exanple, in treating
cancer and ot her diseases 10 characterized by defects
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i ndi cati ons can be characterized, for exanple, by

single or nultiple local abnormal proliferations of
.cells, groupBAUKGROUNR QF THE ANVENT 62
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A large variety of diseases, conditions, and

disorders (hereinafter "indications") are characterized

as involving aberrantly proliferating cells. As used
herein, "aberrantly proliferating cells" (or "aberrant
cell proliferation”) means cell proliferation that
deviates from the normal, proper, or expected course.
For example, aberrant cell proliferation includes
inappropriate proliferation of cells wherein DNA or other
cellular components have become damaged or defective.
Aberrant cell proliferation also characterizes clinical
indications caused by, mediated by, or resulting in
inappropriately high levels of cell division,
inappropriately low levels of cell death (e.g.,
apoptosis), or both. Such indications can be
characterized, for example, by single or multiple local

abnormal proliferations of cells, groups of cells or
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2 tissue(s), and include cancerous (benign or

mal i gnant) and noncancerous i ndications. By
waledosnd2eon, all cancers (benign and mali gnanegT/US2006/011584

i nvol ve sonme form of aberrant cell 5 proliferation.

Sone noncancerous indications also involve aberrant

cell proliferation. Exanpl2es of noncancerous

i ndi cations involving aberrant cell proliferation

i nclude rheumatoid arthritis, psoriasis, vitiligo,
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danmaging agents in treating conditions involving
akbeFarnant BEPH InTratiner a6l b MasisesRtingssi tHan

cdlasi16@dproddddllsaichy ab Nplik and -8R0 BA; BNA LARGREisThe
oSk eClivity, of such agents for ‘aberrantly .. ..
They also can operate, for example, by introducing
lesions into DNA that perturb chromosomal structural
integrity. DNA damaging agents are designed and
administered in ways that attempt to induce maximum
damage and conséquent cell death in aberrantly
proliferating cells with a minimum damage to normal,
healthy cells.

A large variety.of DNA damaging agents has
"been developed to date, including chemotherapeutics and
radiation, and others are in development. Unfortunately,
the effectiveness of DNA damaging agents in treating
conditions involving aberrant cell proliferation has been
less than desired, particularly in the treatment of
cancer. The selectivity of such agents for aberrantly
proliferating cells over healthy cells (sometimes
referred to as the therapeutié index) often is marginal.

Moreover, all cells have sensing and repair

mechanisms that can work at cross purposes to DNA
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referred to as the therapeutic index) often is
worenogiteeb2 Moreover, all cells have sensi ng apPdI/Ds3as/011584
mechani sms that can work at cross purposes to DNA WO
2006/ 105262 PCT/ US2006/ 011584 3 danmagi ng agents.
Such sensing nmechani sns; Talled cell cycle
checkpoints, help to maintain the order of the
various cell replication stages and to ensure
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damaged A k®affle, the chemotherapeutic agent called
GEMZAR™ (gemcitabine, or 2',2'-difluoro-2'-deoxycytidine)
damages DNA by incorporating itself into DNA .during
synthesis. Left unrepaired, damaged DNA generally is
rendered incapable of sustaining life. In many targeted
cells, however, cell cycle checkpoints detect the
improperly made (or otherwise damaged) DNA. The
activated cell cycle checkpoints trigger cell cycle
arrest for a time sufficient to allow damaged DNA to be
repaired. This is one way in which aberrantly
proliferating cells are theorized to resist the cell-
killing effect of DNA-damaging agents such as
chemotherapeutics, radiation, and other therapies.

Other DNA-damaging agents cause tumor cells to
arrest in S-phase. Tumor cells have been observed to
resist certain chemotherapeutics simply by arresting in S
phase while the chemotherapeutic agent is being

administered. Then, as soon as the drug is removed, DNA
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proliferating cells are theorized to'resist the cell-

wardobiregeef f ect of DNA- damagi ng agents such asPCT/US2006/011584

chenot her apeutics, radiation, and other therapies.
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andleghasMwheitdaNlA) phase. The Gl, S, and G2 phases are
collectively referred to as interphase of the cell cycle.
During the Gl phase, biosynthetic activities of the cell
progress at a high rate. The S phase begins when DNA
synthesis starts, and ends when the DNA content of the
nucleus of the cell has been replicated and two identical
sets of chromosomes are formed. .

The cell then enters the G2 phase, which
continues until mitosis starts. In mitosis, the
chromosomes pair and separate, two new nuclei form, and
cytokinesis occurs in which the cell splits into two
daughter cells each receiving one nucleus containing one
of the two sets of chromosomes. Cytokinesis terminates
the M phase and marks the beginning of interphase of the
next cell cycle. The sequence in which cell cycle events
proceed is tightly reguléted, such that the initiation of
one cell cycle event is dependent on the completion of

the prior cell cycle event. This allows fidelity in the
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the nucleus of the cell has been replicated and two
w0 d@atioeed  sets of chronpbsones are forned. . ACEUS®DG/011584
then enters the &G phase, which continues until . ~
mtosis starts. In mtosis, _the 25 chronosones. pair
and separate, two new nuclei form and cytokinesis
occurs in which the cell splits into two daughter
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for example, arrest of mitosis and apoptosis.

Much of the current understanding of the
function of cell cycle checkpoints has been derived from
the study of tumor derived cell lines. In many cases,
tumor cells have lost key cell cycle check points
(Hartwell et al., Science 266:1821-28, 1994). It has
been reported that a key step in the evolution of cells
to a neoplastic state is the acquisition of mutations
that inactivate cell cycle checkpoint pathways, such as
thosé involving p53 (Weinberg, Cell 81:323-330, 1995;
Levine, Cell 88:3234-331, 1997). Loss of these cell .
cycle checkpoints results in the replication of tumor
cells despite DNA damage.

Noncancerous tissue, which has intact cell
cycle checkpoints, typically is insulated from temporary.
disruption of a single checkpoint pathway. Tumor cells,

however, have defects in pathways controlling cell cycle
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effectors, such as p53, that nediate a cellular
w0 e®pooRe2 for exanple, arrest of mitosis andPCT/US2006/011584
apoptosis. Miuch of the current understanding of the
function of cell cycle checkpoints has been derived
from 20 the study of tumoP derived cell lines. In
many cases, tunor cells have | ost key cell cycle check
points (Hartwell et al., Science 266:1821-28, 1994).
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impediment to DNA replication, the checkpoint proteins
Atm and Atr initiate a signal transduction pathway
leading to cell cycle arrest. Atm has been shown to play
a role in a DNA damage checkpoint in response to ionizing
radiation (IR). Atr is stimulated by agents that cause
double strand DNA breaks, single strand DNA breaks, and
agents that block DNA radiation.

Chkl is a protein kinase that lies downstream
from Atm and/or Atr in the DNA damage checkpoint signal
transduction pathway (Sanchez et al., Science, 277:1497-
1501, 1997; U.S. Patent No. 6,218,109). In mammalian
cells, Chkl is phosphorylated in response to agents that
cause DNA damage including ionizing radiation (IR),
ultraviolet (UV) light, and hydroxyurea (Sanchez et al.,
supra; Lui et al., Genes Dev., 14:1448-1459, 2000). This
phosphorylation which activates Chkl in mammalian cells
is dependent on Atm (Chen et al., Oncogene} 18:249-25¢,
1999) and Atr (Lui et al., supra). Furthermope,'Chkl'has'
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enhance the therapeutic index of both radiation and

W@ y®ba§262 chenot her apy (Gesner, Abstract at SRPCT/US2006/011584

Conference: Protein Phosphorylation and Drug Di scovery
Wrld Sunmt, March 2003). 15 In the presence of DNA
damage or any inpedi nent %o DNA repl i cation, the
checkpoint proteins Atmand Atr initiate a signal
transduction pathway |leading to cell cycle arrest.

beem stagirbeenpsbairoyd apleaypoth wedie (ocanhNA damege,
20 _radi ation (I R)

to_i.oniz

O N Pt S By e nrt Pral "BabeneEathi e ot r and
SphAndr £ 465, 1$66rg]|1é/15t rlasd PNfetbs gadesiuc8s dkn@@eRiloS bkhat
. INA radi atio i s a protein kinase that
llﬁg owASt reamcyfcr omcRP rgid/ or Atr in the DNA damage

checkp0| nfhesgredudids teamssiciticonhpat haviya (iSanchrz et
PP, 93005, SR A Ref e S e DAL R
1?ﬂ1bsmlh(§|0yﬁamm: iat Seppease th mgenttertbiaitl icause DNA

lanm | ;0 | at i ul travi ol et
P g‘%ﬁ"{:’nﬁﬁ%j %qﬁydgééyg(?e% a?%aﬁez% t ed30 supr a;
( %Joét ejl al. GahefeddvBiols; 1 14%9135923201}@)1 Thies et

aJphOSE@ﬂ@r )z?' §tA 0@9\“*1”4655%66 Va.zt ‘1‘%\ {‘t el an

cel | epen dent on Ofcogene,
Chege.- 24§7§5%4) 21153@@72b?@Mt%Of(luuSoetenacisn etsw@ir.a) Cancer

t k 262 PCT/ US20 584
o DT s ORI T RO
mogd tgring ‘El\?sen}egri wSyfggeyland W@ 1(1$akﬂﬁ1ez

anets-ghase aﬁiﬁs@n§§ pﬂ@%bﬁBHyia%&Eé Cééﬁgﬁ wBERR Products
regu?ates cycellnAmgglfzé agct:tllvnlt%/el(gilggcalete aclor:t rsglpra and
Sorensen et al., supra). Chkl also invokes a G2 arrest

by phosphorylating and inactivating Cdc25C, the dual
specificity phosphatase that normally dephosphorylates
cyclin-B/cdc2 (also ‘known as Cdkl) as cells progress from -
G2 into mitosis (Fernery et al., Science, 277:1495-7,

1997; Sanchez et al., supra; Matsuoka et al., Science,
282:1893-1897, 1998; and Blasina et al., Curr. Biol.[
9:1-10, 1999). In both cases, regulatipn of Cdk activity
induces a cell cycle arrest to prevent cells from

entering mitosis in the presence of DNA damage or
unreplicated DNA.

Additional classes of cell cycle checkp01nt
1nh1b1tors operate at either the Gl or G2/M phase. UCN-
.01, or 7-hydroxystaurosporine, originally was isolated as
@ nonspecific kinase inhibitor having its primary effect
on protein kinase C, but recently has been found to
inhibit the activity of Chkl and abrogate the G2 cell
cycle checkpoint (Shi et al., supra). Thus, because UCN-
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a role in the. At mdependent DNA danage checkpoi nt

wo e@dilog6z 0 arrest at S phase. A role for ChklPerusives/ 1584
phase mammal i an cells has recently been el uci dated
(Feijoo et al., J. Cell Biol., 154:913-923, 2001; Zhao
et 10 al., PNAS U S. A -99:414795-800, 2002; Xi ao et
al., J Biol Chem, 278(24):21767-21773, 2003;
Sorensen et al., Cancer = Cell, 3(3):247-58, 2003)
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pa%%%/uszod%%gffﬁg€§y§§ HEN ML 28084408264 ., Drug

. Resistance Updates, 6:15-26, 2003). Thus, Mack et al.

report cell cycle-dependent potentiation of- cisplatin by
UCN-01 in a cultured nonsmall-cell lung carcinoma cell
line, but do not identify with specificity the key cell
cycle checkpoint(s) targeted by UCN-O0l. (Mack et al.,
Cancer Cﬁemother. Pharmacol., 51(4):337-348, 2003).

Several other strategies exist for sensitizing
tumor cells to treatment with cell cycle affecting
chemotherapeutics. For example, administration of 2-
aminopurine abrogates multiple cell cycle checkpoint
mechanisms, such as mimosine-induced Gl arrest or
hydroxyurea-induced S phase arrest, allowing the cell to
progress into and through mitosis (Andreassen et al.,
Proc Natl Acad Sci U.S.A., 86:2272-2276, 1992).

Caffeine, a methylxanthine, has also been used to enhance

. cytotoxicity of DNA-damaging agents, such as cisplatin

"and ionizing radiation, by mediating progression through
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cells at high doses. At | ow doses, it nonspecifically
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Gl checkpoint (Tenzer et al., Curr. Med Chem
Anti Cancer Agents,.3:35- 5 46, 2003). UCN-01 has been
used in conjunction with™ Tancer therapies, such as
radi ati on, the anticancer agent canptothecin (Tenzer
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rC? - 348, 200\1(1}
Several ofh&! g?feld%letgaréshé%?s?e% 1§€ﬁ§??ﬁi2|ﬁ§01 REr
a2@l! sarid HeteabaByl - Wt ieakbdCytd£ RnbeGhifddSrived

BT rop A B CaBP L et pt &/ WEl TGy 78 Bk poi i
PrecihmitinsIs ,Pasem:h BpIlicamsbheNo HIJBY$8G1080) est or
oSy S AnEFS, S BhagE, AU ealg BHkAHGLTE co!
de$cr1bed in U.S. Patent Publication No. 2004/0014765,
U.S. Patent Publication No. US2003/199511, 'U.S. Patent
Publication No. 2004/0014765, and WO 03/101444;
methylxanthines and related compounds described in Fan et
al., Cancer Res. 55:1649-54. 1995; ureidothiphenes
described in WO 03/029241 and WO 03/028731; N-
pyrrolopyridinyl carboxamides described in WO 03/028724;
antisense Chkl oligonucleotides described in WO 01/57206
and U.S. Patent No. 6,211,164; -Chkl receptor antagonists
described in WO 00/16781; heteroaromatic carboxamide
derivatives described in WO 03/037886; aminothiophenes
described in WO 03/029242; (indazolyl)benzimidazoles
described in WO 03/004488; benzimidazole quinolinones
described in U.S. Patent Publication No. 20040092535 and
WO 04/018419; heterocyclic-hydroxyimino-fluorenes
described in WO 02/16326; scytoneman derivatives, such as -
scytonemin, described in U.S. Patent No. 6,495,586;
heteroarylbenzamides described in WO 01/53274; indaZzZoles
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30 Proc Natl Acad Sci U.S. A, 86:2272-2276, 1992).
Caf feine, a nethyl xanthine, has al so been used to

wenivanees2 . cyt ot oxi city of DNA-damagi ng agent SPCHUSIN0EG11584

cisplatin .and ionizing radiation, by nediating
progression through WO 2006/ $05262 PCT/ US2006/ 011584
9 the & checkpoint and thereby inducing cell death.
(Bracey et al., din. Cancer Res., 3:1371-1381, 1997).
dd(s}mfﬂ‘zbed ilgxhe/vcganaesefmeaffzaidl?classledszefllta‘e@rmhbéb SE)xlhe
e cyc abrogati on_exceeds c¢linjca accept apl e
DeEsShrt 5 IPEPRE( GOHPADI% BRAVABLIRT CeSEERBRY 1N

I"eve
wad @y D@0al 3y ,pavdnbhsenses dniteeiot hdeshi i Lkl aki. pase

ave been d sensitivity tqQ the :
e R e or e O s S e TRz de S B ochem:
dBBcphped Relo CONMUNGS; ﬁEHioﬁ&E ééscﬁiﬂﬁ@,lnbsédlacek

nst >, Pr, bl ens 0oCj vm th
?Ysenérgétreaogjﬁggt a% gen 1%ﬁ 33%@ nh| bitors
dhaveabewﬁschﬁspbpsEde Towp wdh Bgrlﬂéy&hrdumine kinases

d ibed in.
R R A T R b s 20 i
WPr@@/@$kﬂﬁﬁ paﬁeﬂplﬂandqimnesnd&bsrlﬁﬁﬂ5583 080, 15
0 b 6
geé???@i%%lggaﬂg§§%a&§n% % ilcjgé (!jolhlhr ﬁ@ 59@89%%%4437 65,
RS, CWWSPEIBM:%H!Q%WWO eSRO0BY4BYF51andU. S. Pat ent
pﬁyp&&@gﬂb%@o%'@s, 2004/ D01 %?ngln@gpe MO Q%/ 101444;

hyl xant hi nes and rel ate ounds described in Fan
aé%cml%ﬂentaééﬁeé?nﬁﬁess%@edgnsmo P99§/091255.

ur ei dot hi ab@eeér, %e%@édbgqmwnmxp%@gzélf@pd WO
03/ 028731, ﬁ yrrol opyridinyl carboxam des descri bed
e

efﬁe%"@sﬁ@és?% ctizg |1§‘é1ﬁ§ét€¥ﬁ<I°folqh§énucT}é%t9rcks§nt

1ﬁﬁéﬁfﬂ&ﬁddﬁﬂem9]€1ﬁy%§d 8Pt M. n2edBat ent No.
6, 211, 164; - Chkl receptor antagonists

SUMMARY OF THE INVENTION

The present invention relates to potent
and selective inhibitors of the chéckpoint kinase
Chkl that exhibit unexpected properties in
biochemical and/or cell-based assays. The present
Chkl inhibitors are useful in treating indications
involving aberrant cell proliferation, and as
chemosensitizing and radiosensitizing agents in the
treatment of indications related to DNA damage or
lesions in DNA replicafion. |

Therefore, one aspect of the present
invention is to provide compounds of structural
formula (I). Among other things, the compounds are

useful in a method of inhibiting Chkl comprising a
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25 described in WO 00/16781; heteroaromatic

carboxam de derivatives. described in WO 03/037886;
wa@npioaabizeophenes described in WD 03/ 029242; PCT/US2006/011584

(i ndazol yl ) benzi m dazol es described in WO 03/004488;

benzi m dazol e qui nol i nones described in U S. .Patent

Publ i cati on No. 20040092535-and 30 WD 04/ 018419;

het er ocycl i c- hydroxyi mi no-fl uorenes described in WO

02/ 16326; scytoneman derivatives, such as scytonem n,
stkes co f bedini mi b Srikgt ent elldect 48525860t of a

het er oaryl benzan des_descri bed in WO 01/ 53274;.
COTRRYR 4T VE5 DO0BH T0b28 9 TPETAUSI008P0 FTsRAdLVifyal
ideseLd bege + 0 YO 01/ 53268; indol acar bazol es descri bed

In Tenzer et al., supra; chromane derivatives

descri bedConpoup@s02£0705uEta pdul haness ddsactBedlin
£ ybtz et al., J. Med. Chem, Vol:2909-2919, 1999;

I ndenopyrazol es 5 described in WO 99/17769; flavones

described in Sedlacek et al., Int J. Oncol.

9:1143-1168, 1996; peptigle der i @<iHvBE of peptide

| oop of serine threoning| ki nasesl degsribed in WO

98/ 53050; oxi ngfol —NHet O 03/ 051838;

di azepi noi ndol onegjdescri bed i 0 WO 2004/ 063198;

pyri m di nexides bed in WO 2003f048843; urea

conmpounds described in 2004/ 01.4876; and

pyrrol ocar bazol es, benzot'uroi soi'ndol es, and

azacycl ORgRLARLURT eNes,escrl bedjn VP, 200091255

However, a need remains in thée art for 15 effective

and sel ed®’ e hbydidderor €1ofllki .CNFhECppakieHy, halo,

| Rventi o es; L Bl Se g rather s NaRrASgerUYMARY OF
oﬂTﬁ §”ﬁ0Eﬁﬁ$%§F$ﬁ§'p?%§%§ﬁ i n&gkfig%.relagés~to pot ent
C:aRdkgel ective inhibitors of the checkpoint kinase

R is a 6- or 7-membered saturated

heterocyclic ring containing one ring N-R* group and
either a second ring N-R® group, a ring oxygen, or a ring
sulfur, wherein R?, independently, is hydrogen, C;-salkyl,
CH,CN, or CH,CH,CN, and wherein R’ is optionally
substituted with oxo (=0); '

R! is hydrogen, C;.salkyl, OCj;salkyl, SCysalkyl,
N(RP),, NRPC(=0)C;-salkyl, or a 5- or 6-membered saturated
heterocyclic ring containing one N-R® group and
optionally ring substituted with one to three C;.zalkyl
groups;

or R® and R’ are taken together with the
carbons to which they are attached to form a 5- to 7-
membered saturated carbocyclic ring;

and R® is hydrogen or halo,

provided that at least one of R? and R' is
different from'ﬁydrogen, and that when R® is halo, R? or

R' is hydrogen,
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20 Chkl that exhibit unexpected properties in
bi ochem cal and/or cell-based assays. The present

w@hs/1032b2 bi tors are useful in treating indi cap€DOS2006/011584

i nvol ving aberrant cell proliferation, and as
chenosensi ti zi ng and raQ@ggeritizing agents in the 25
treatnment -of indications | ated to DNA danmge or

| esions in DNA replication. Therefore, one aspect of

the present invention is to provide compounds of
struct ural®Ff fpé‘raﬁil}ﬁ‘ée%ﬁca%‘oﬁﬁcét’hﬁlq Hied§S, the

prRARAYBSoArsH13atusefbrdd¥r @ met hod of inhibiting Chkl
conprising a WO 2006/ 105262 PCT/ US2006/ 011584 - 11
step of adMHiP§FerPrRCarPefthecProreninddvension is to
pRORRaE NEo oriidsU6 kU 8budQlvill Fobhh1d o(m . aﬁh&hdual

i n _need thereqf. Conpounds of fornula (I ) have a
WOEPECP LR 2RPGRREPRS: G0 ERRUREY 1 13 TRENOKIPE. NH |
inhRbidNndRdchKil.) R2 wherein R is halo, Cl_3alkyl, CN,
or CF3; R2 is hydrogen, C _3alkyl, CN, OCl_3alkyl,
hal o, or N(Rb)2r wherein Rb, |ndependently IS
hydrogen or 10 Cl_3alkylp R3 is &-6H2R° 7- nenber ed

saturated heteragyclic fling contlai ning one ring N-Ra
group and eitHer d8ofdNH T group, a ring
oxygen, or alr' g_

R N

R4
(IT) R?

wherein R' is halo, Ci_salkyl, CN, or CFj;

R® is hydrogen, Cj.salkyl, CN, OC;salkyl, halo,
or N(R”),, wherein R®, independently, is hydrogen or
Ci-salkyl;

R’ is a 6- or 7-membered saturated
heterocyclic ring containing one ring N-R® group and
either a second ring N-R® group, a ring oxygen, or a ring
sulfur, wherein R®, independently, is hydrogen, C;-zalkyl,
or CH,CN, and wherein R® is optionally substituted with
oxo (=0);

R* is hydrogen, Cj.salkyl, OCi.salkyl, or halo;

' or R® and R' are taken together with the
carbons to‘which they are attached to form a 5- to 7-
membered saturated carbocyclic ring,

provided that at least one of R® and R! is
different from hydrogen, .

or pharmaceutically acceptable salts,
prodrugs, or solvates thereof.

Another aspect of the present invention is to

.provide pharmaceutical compositions comprising one or

more compound of structural formula (I) or (II), and use
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sul fur, wherein Ra, independently, is hydrogen,
Cl 3al kyl, 15 CH2CN, or CH2CH2CN, and wherein R3 is

wopitsneRbl y substituted with oxo(=0); R4 is hpdr/osm®ne/011584

Cl _3al kyl, OCl1 3alkyl, SCL 3alkyl, N (Rb) 2, NRbC
(=0 Cl_3alkyl, or a 5- or 6-nenbered saturated
het erocyclic ring containiiBg-one N-Ra group and 20
optionally ring substituted with one to three

Cl _3al kyl groups; or R2 and R4 are taken together
owi tlli\etdfrenpocsalthens in ahielrapbeyiareraitneakedftanform a

menbered s rat.ed c cycljc ring; 25 and
B8t S SOBRoOP TR P8y Pae ari B VBSGE She. of
vRZo anglr R4 des adtﬁée&&lﬁutﬂd b@hhﬁﬁﬂf ager,s afdrébairahen
R5 is halq, ﬁ R4 |s hydr ogen, WO 2006/ 105262

dbﬁ?%éﬁéff@@ or pharnmaceutically

accept abl efe$alahethe1pracnj>reug3pfothe;qix\eateﬁs lheéletofon is

Anof h aspe of {he sent _iny tian owde
]govﬁln s%ofn%tcPruc %ransflolm?% ‘ie‘lll])s l\f\‘hacﬁu £
unddmyoiggplai chtmonissragamtiie usethdivthenrephotliof

privn e ooy
aj eontprimeg oA, sCluGatiell foemulad Sa:Irk)AIII haho,
combination with a chemotherapeutic agent, a
radiotherapeutic agent, or both, to the individual. A
nonlimiting indication treated by this method is a
cancer.

Another aspect of the present invention is to
provide a method of inhibiting or preventing aberrant
cell proliferation. 1In one embodiment, the method
comprises contacting a cell population comprising
aberrantly proliferating cells with at least one Chkl
activator in an amount and for a time sufficient to
substantially synchronize cell cycle arrest among the
aberrantly proliferating cells. Upon achieving
substantial synchronization of cell cycle ariest in the
cell population, the cell population is contacted with at
least one Chkl inhibitor in an amount and for a time
sufficient to substantially abrogate the cell cycle
arrest.

Another aspect of the present inentionis to
provide an article of manufacture for human
pharmaceutical use comprising:

(a) a pharmaceutical composition comprising a

compound of structural formula (I) or (II);
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10 or N(Rb)2s wherein Rb, independently, is hydrogen
or Cl 3alkyl; R3is a 6- or 7-nenbered saturated

whedoene2yrl i c ring containing one ring N Ra grpupUs2ede/011584

either a second ring NNRa group, a ring oxygen, ox a
ring 15 sulfur, wherein Ra, independently, is
hydr ogen, C1 3al kyl, or- @42€EN, and wherein R3 is
optionally substituted with oxo (=0 ; R4 is hydrogen,
Cl_3al kyl, OCl1_3alkyl, or halo; or R2 and R4 are
t aken togetkher a/viptah:khlge 20seni b:ﬁ:mlﬁﬁ)ng\h&m tﬂmey are
attached to form.a.5
ComPBOCg%: T i fu%)r%)r\l/lig%d ttrﬁgftmﬁ?g efz &ﬁ@gé?nﬁz and
iRfoilgingi dferramt f:ebbn bwyaridigeation; pdrad maceuti cal |y
accept abl e J alts, ond2:RLO odrugs, or solvates thereof. -
Anot her as&) ct ofc tnhe present invention is to provide
phar maceutdnodhec oaposedti aifs thenpréesitngnoretdon hore -
pgggg$§nd of structural forrmula (1) or (I1), and use WD
05262 PCT/ US2006/ 011584 13 of the conpositions
in a ther a(paéut ipdlanrmeaemncabfcmostmdmaidmprr,ism'her & n
[ [ [ e provi des a
cltoﬂglr)l%lﬁéeuﬁc rélne Jf?l ofib]%%u\i%f q?és&éﬁr@ﬂ di agnostic
interest. ®)Yeta @ackhee gt p@bvmenqarfé@emthe
cbﬂﬁ!@é‘ﬂﬂ{h i ubOc Pl oy de R HBLbRd: of 5ensitizing cells
in a subject undergoing a ch ermtjhera eutic or
repgiperherdFent Le 2 treatment Péraranlriddr@uaéapnoﬁelated

tgomlgﬁ%n@dg}:nbﬁgrlégﬂlqr&aggona conpound of structural
formula (I) or (11)

(c) a contalner
These and other aspects of the present
invention will become apparent from the following

detailed description.

DETAILED DESCRIPTION

. Compounds of the present invention have a

structural formula (I):

o O-CH,-R3
| _RS
/E TNH C-NH
R4
R2

wherein R! is halo, Cb3alkyl,.CN, or CFs;

R? is hydrogen, C;.salkyl, CN, OC;salkyl, halo,
or N{R®),, wherein R®, independently, is hydrogen or
Ci-zalkyl;

R’ is a 6- or 7-membered saturated
heterocyclic ring containiﬁg one ring N-R® group and

either a second ring N-R® group, a ring oxygen, or a ring
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10 conbination with a chenot herapeutic agent, a
radi ot herapeutic agent, or both, to the individual. A

wmoevbiles262 ng i ndi cation treated by this nmet hodP@BHUS2006/011584

cancer. Another aspect of the present invention is to

15 provide.a nmethod of inti I.bi ting or preventing.
aberrant «cell proliferati 8 I n one enbodi nent, the

met hod conprises contacting a cell popul ation

C risi abegrantl roliferating cells with at

S ggg eqi?ﬂr Rty é’teg‘ndePﬁl%m IEnBYAEoseRy forsdkyine

csmm CdJ:ensz:fQCﬁO sudbsiratdial RY 1%y6§lawﬂalzley cell cycle
erating cells. Upon

st a berrantly proli
Sggﬁ%ewthe;g) Wgﬁ s?éﬂ TR synchroni zation of cell cycle
arrest ingr'hes }q&iﬂogaﬁputpgaml t be,. gaej}iylpoggg[l abippis
Ng%{}t ac{mg% W E)E u | .east one Chkl inhjbitor in an
Ght VAnd PoraE e 25 8uPTil dniteRBeLe®statiittakiery
habengatcalthelnglJ:oxﬁ:l;allrﬁ.ngathSNTRaAQQbﬂerarﬁ:SpeCt of the
$ra Sent irr@pltlg sto ovide an article of
facture ?or %gi‘ﬁﬁc@tﬁ iTCalMi88 Comivdi ng:
g@@d;(sa) a phar rraceutl cal corrp05| tion conprising a
compound S ruct yr al r or
2006/ 1052%% Bt o@es%%fgg t‘gg%ti‘e(rb§‘ Splp‘él&%age
cayfwmrst tor whidh nchdyhatret hetacioapasi foon & ss-usef ul- in
ons_. i-nvol vi ng aberrant cell
mépnlr&ge%dg?%??gént@é (fq%()%%hc(gnf di%er. 5 Anot her aspecet
of the preehtR’ hgehydnrodrs orohapoovi de:

provided that at least one of R? and R? is
different from hydrogen, and that when R® is halo, R? or
R' is hydrogen,

or pharmaceutically acceptable salts,
prodrugs, or solvates thereof.

In one preferred embodiment, the compounds

have a structural formula (II):

O-CH,-R3

N Rq
(I1) R2

wherein R!' is halo, C;_jalkyl, CN, or CFs;

R? is hydrogen, C;.salkyl, CN, OCisalkyl, halo,
or N(R"), wherein R®, independently, is hydrogen or
Ci-zalkyl; 4

R’ is a 6- or 7-membered saturated
heterocyclic ring containing one ring N-R® group and ‘
either a second ring N-R® group, a ring oxygen, or a ring

sulfur, wherein R®, independently, is hydrogen, Cizalkyl,



(a) pharmaceutical conposition conprising a conpound
of structural formula (I) or (11); (b) a package

w0 pwenos2pr ovi di ng that the 10 conposition i s PSEUSI006611584
a chenosensitizer or radiosensitizer in a treatnent
of an indication related _to DNA | esions or DNA
replication; (c) a cont ai h3r. These and ot her aspects
of the present 15 invention will becone apparent from

the follow.n gtai led description. DETAILED

f)E%éﬁlN ‘%&ﬁﬁ?&ﬁ}na ot 9PhdOBRLSENTURSRIEHEREHEVe a
osbrMu{al formula (1): OOCH2-R3 5 N~ NHCNHRRL
N R4 (I) .20 R2 wherein Rl _is_halo, Cl-3alkyl, CN, or

CF3: R2 i & hyHrEgERIeRr-Baralyvl  CRE-gikvial Ryl haked o,
or N Rb)ZDr\ARéra@kinRRlbré Re@PENESH ENLr WS thyEROgEN or -
3a| or 7-nmenbered saturated
C?fré? P&CPRﬁgeycéﬁtealaﬁFﬁﬁh?ﬁ}é:or TGN R grdufy and
mmdrmard aamem@a rdaipolyBaigreugy, a ring oxygen, ‘or a .-

WO 2006/ 105 PCT/ US2006/ 011584 , - 15 ,sul fur,
\r/\,ilwggel n R ° Yﬁgeéﬁgﬁagnﬁyle?%t asis 8§eﬁ Bt Baliql

diCH2ENnto If rGh2IGHCEYengnd wherein R3 is optionally

or pharmaceutically acceptable salts,
prodrugs, or solvates thereof.

In one preferred embodiment of compounds of
formulas (I) and (II), R' is chloro, methyl, CN, or CFj;.
In another preferred embodiment, R? is hydrogen, methyl,
ethyl, chloro, bromo, dimethylamino, cyano, -or methoxy.
In more preferred embodiments, R? is different from
hydrogen.

In other preferred embodiments of formulas (I)
and (II), R! is methyl, chloro, fluoro, methoxy,
isopropoxy, dimethylamino, ' ~SCHj, —NHC(=O)CH(CHQ2,

—-NHC (=0) CH3, pyrrolidinyl, or 3,3-dimethyl- pyrrolidinyl.
In more preferred embodiments, R! is methyl, chloro, or
methoxy. In still another preferred embodiment, R? and R®
are taken together with the carbons to which they are
attached to form a five-membered or a six-membered,
saturated carbocyclic ring.

In still another preferred embodiment of
formulas (I) and (II), when R® is halo, R' is hydrogen.
In a preferred embodiment, R® is fluoro. In more
preferred embodiments, R® is hydrogen.

In one embodiment of formulas (I) and (II),
when R!' is cyano, R? is hydrogen and R! preferably is
chloro or methyl. ' In another embodiment, R® is fluoro, R*

is hydrogen, and R? is methyl, chloro, or bromo.



substituted with oxo(=0); R4 is hydrogen, Cl1_3al kyl,
OCl1_3al kyl, SC1_3alkyl, 5 N (Rb) 2r NRbC (=0)

w@008abRyt , or a 5- or 6-nenbered saturated. PCT/US2006/011584

het erocyclic ring containing one NNRa group and
optionally ring substituted with one to three

Cl_3al kyl groups; or R2 End- R4 are taken together
with the 10 carbons to which they are attached to
forma 5- to 7- nmenbered saturated carbocyclic ring;

and RS i sehyfsngenObrbabore@ridviydeshbs hial fatmheast -one
of R2.and R4 is  different from %rogen and t hat

(hhetPRe lild  haFbId9 Pyt 218 BT i SiTHy@Fog8n, or

phar maceuti cal | y acceptable salts, prodrugs, or

sol vates thereof Inmne prefer ’r’/xken‘qul ment, the
conpounds hav ructural fo Fa”(11): O OCH2-~R3
N/ NH-C-NHRl ?p (1) wherein Rl is hal o,
Cl1_3al kyl, CF3; R2 |§H en, Cl_3al kyl, CN,

OC1_3al kyI haI o or N(Rb)2 wherein Rb
independently is hydrogen or Cl _3alkyl;r?5 R3is a
6- or 7-nmenbered saturated heterocyclic ring

cont ai ni ng one ring N wup and either a second
ring NNRa group, a ri oxygen,. or a ring sulfur,
wherei n Ra, independen 7 is hydrogen, Cl1_3al kyl, WO

2006/ 105262 PCT/ US2006/ 011584

AN P
(—\ (ﬂN,cag
7) |

0]

. (CHp) 2CN CH,CN .
Q Y
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16 or CH2CN, and wherein R3 is optionally substituted
wth oxo (=0; R4 is hydrogen, Cl1_3al kyl, OCl1_3al kyl,

w@eoohabap2 or R2 and R4 are taken together w tPCT/82086/011584

carbons to which they are attached to forma 5- to 7-

menber ed sat urat ed carbocyclic ring, provided that at

| east one of R2 and R4 is~°different from hydrogen, or
pharmaceutically acceptable salts, . 10 prodrugs, or

sol vates thereof. In one preferred enbodi nent of

conpounds of fornul as and (I11), Rl is chloro,
met hyl, ON, or CF3. |Ijn anpther preferred. enbodi nent,

R2 is hydrogen, nethyls hyl, chloro, brono,

di met hyl am no, cyano, -or| nethoxy. 15 In nore :
preferred enbodi nents, is different from hydrogen.
In other preferred enbodi ments of fornulas (I) and
(1), R4 B8 mchyrereo;hl, otloe #dmrorg;-;akkyloX\includes

p t 0
R o T e Py BP0dbe Bl g ont =)
Ub%?ﬁ@ﬁléﬁﬁ?©n aqqmanoneeprem%Mnéd etrbpdli merndrpyR4 bsd
id8¥depla.chloro, or nmethoxy. In still another
preferred enbodi ment, R2 and R4 are taken together
with the calsohdst gefiined hewejinape fhemohedlogof orm a
bddmee- BRADES K, or a si x-nmenbered, 25 saturated
carbocyclic ring. In still anot her preferred
embodi nentC¥GMC"f dentiebngd 2san8N¢11), when R5 is hal o,

R4 i's hydrmgenuorbie8nhprefier ned: gopodi nRAL, B% s

Ll uoro. Ir}len%rble)re Egéleér{ e"(i\l/]eei'm:ggdrlneng?tls i. 5e -CH
ydr ogen. Y ’ 3

DNA-damaging agents that activate cell cycle
checkpoints generally are referred to herein as
"checkpoint activators."” DNA-damaging agents that
activate the checkpoint designated "Chkl" (pronounced
"check-one") are referred to herein as "Chkl activators."
Likewise, inhibitors of such checkpoints are referred to
herein as "checkpoint inhibitors" and "Chkl inhibitors,"
respectively.

As used herein, Chkl inhibitors are compounds
that are capable of at least partially abrogating at
least one cell cycle checkpoint activity of the Chkl
protein. Abrogation of a cell cycle checkpoint is
achieved when the cellular checkpoint mechanism is
overcome sufficiently to allow the cell to pass from the
cell cycle phase in which it is halted to the next phase
in the cell cycle or to allow the cell to pass directly
to cell death. Abrogation of a cell cycle checkpoint
permits cells to carry damaged or imperfect genetic
material to subsequent cell cycle phases, thereby

inducing or promoting cell death. Cell death can occur
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30 I'n one enbodi nent of fornulas (1) and (11), when
Rl 'is cyano, R2 is hydrogen and R4 preferably is

wa@hioenas26z net hyl . I n anot her enbodi nent, R5 iBCT/USNE)11584

R4 is hydrogen, and R2 is nmethyl, chloro, or brono.
WD 2006/ 105262 PCT/ US2006/.Q11584 - 17 Exanples of
preferredRSgroupsmfor1 fas (1) and (11) include,
but are not limted to, rN~-Me M"I CH3 NHON/Me N
ONH ONHO NHN,eCH3 fl OON., (CH2)

bé(cﬁf‘ﬁ %ﬁlﬁaﬂsalndlv@%m FPSPEOS PETIISIO06LDT1584 -

chBas{NbbheS AThusednpaiiN.oft Reet efveNGLn3akkybhkl
l(]ilgl;l‘{)udes strai ght chain and branched al kyl groups

AF?THg one

Chkl activator includes any known or after-
discovered agent having the ability to activate Chkl
kinase activity, and thus induce at least partial cell
cycle arrest. Chkl activators include agents capable of
arresting the cell cycle at any phase of the cell cycle,
which phase may be referred to herein as the "target
phase" for that activator. Target phases include any of
the cell cycle phases except mitosis, i.e., any of the
Gl, S, and G2 phases. Chkl activators useful in the
invention include DNA damaging agents, such as
chemotherapeutic agents and/or radiation. Radiation Chkl
activators include, but are not limited to, ionizing
radiation. Ionizing radiation includes elctromgnetic or
particulate radiation capable of producing ion pairs by
interacting with matter. Ionizing radiation includes x
and gamma rays, alpha and beta particles, neutrons and
charged nuclei. Radioation includes ultraviolet light,
visible light, infrared radiation, microwave radiation,
and mixtures thereof. Assays such as that described in
Example 8 can be used to determine whether an agent is a
Chkl actiﬁator.

"Inhibiting aberrant cell proliferation" means
retarding the rate at which aberrantly proliferating
qells proliferate or eliminating such proliferation
altogether. This inhibition can result either from a
decreased rate of replication, an increased rate of cell
death, or both. Cell death can occur by any mechanism,

including apoptosis and mitotic catastrophe.
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to three carbon atons, i.e., nethyl, ethyl, n-propyl,
and 5 isopropyl. "Halo" is defined herein as fluoro,

w@kioenas262 br ono, and i odo. "Cyano" is defined BST/ULENIG6/011584

"Trifluoronmethyl” is defined to nmean -CF3. 10 The
abbreviation "Me" is methyl, _i.e., -CH3. DNA-damagi ng
agents that activate cell cycl e checkpoints.generally
are referred to herein as checkpoi nt activators."

DNA- danegi, ents t ti e che o;, nt

desi gnat ed%&ﬁ%‘gw% rr‘?@% gi "R %ﬁg 5 argans
inbfibit bwg taberenet ncakl "pﬁhkulfaatatyam @slor thi kew ﬁe
i.nhi s qf .such. chec 0|nts are referred_to erein
oggﬂkpﬁﬁé’ p@%ntmg%ﬁ Ifgbrsre ANGUEERKTS i IrSIOFOI‘S " ‘
respecti vé’IIy1 vAso'UsmhdsemrthinChkli\ijmgi bub@ést,ara%

D t,are ca abl e.of at ast tially
wggfr;%gg{&?f}aé] el ngas etie g‘rel Itg%:yc ontceﬁ(gék 8?1\{5 can
bacused tyhegfapehei @nklly for otisionto Abetogat Iomnemimﬂna:tﬂs] I
tﬁ¥°ﬂ>1§ o EIRGEROLAToF Sy §d 0PN LG C%!e_k’g'f;ft

checkpoi'nt mechani smi's crren _
agepiow Etltﬁ@ ceh| be mgsak sirdf mvdwot he éEprw@lhb/laytie tghase in

p¥@wéﬁk'§bér§ahgjééﬁﬁ Qth%eQ§§£o£h§§ helﬁ?%hfﬁé%%tlop
cycle or to allow the cel pass direc |
oHerMPtoNsT 6§80 ¢ bt ot téleeféwrttbycl e checkpoint perni ts
cells L0 oakry; fAMRREd Obul SR LGl vgapeL g ot er i al
to subsequent cell cycle phases, er eby uci ng or
EYAUHRS 9§ €& vitesedl eephlabberts clalﬁléd@u%lm
cﬁiﬁﬂyeko53@2bfgﬂgd£ggao@@Q§15§4such %% fbﬁlénakfﬁﬁgéﬁﬁ'5”1

i ncl udi hg apoptosis and nitotic
samples from humans or animals. Such samples can be

obtained by methods well known in the art. Exemplary

_biological fluid samples include blood, cerebrospinal

fluid, urine, saliva. Exemplary tissue samples include
tumors and biopsies. In this context; the present
compounds can be in numerous applications, both
therapeutic and experimental.

"Radiosensitizer," as used herein, means a
compound, administered to a human or other animal in a
therapeutically effective amount to increase the
sensitivity of cells to electromagnetic radiation and/or
to promote the treatment of diseases treatable with
electromagnetic radiation.

"Radiation" as used herein includes; but is
not limited to, radiation having wavelengths in fhe range
of 1072 to 100 meters.

The term "container" means any receptacle and
closure therefor suitable for storing, shipping,

dispensing, and/or handling a pharmaceutical product.
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cat astrophe. The conpounds of the invention are Chkl

i nhibitors. Chkl activator includes any known or
w@bdoenes262 di scovered agent having the ability POI/US2006/011584

activate Chkl kinase activity, and thus induce at

| east partial cell cycle arrest. Chkl activators

i ncl ude agents capabl e of2l arresting the cell cycle at

any phase of the cell cycle, which phase may be

referred to herein as the "target 10 phase" for that

act i vat or Thd aregat "plaak&gelmflam:é apgnof infdyrmatéph

Cle hase gﬁ%ﬁ hcg]%8§£ prdvf%es QnMeggr#éEionG%f

pﬁgse I'vators "usef ul
hmmV@taldmtnnmtémteleDNAodaQ’aglaﬂ@r&g@mtb theictafasy and

o FhSIRLNGLRReUL 6 A0EL S 200 O d Bdlatben, Radi ati on

| va orsinclu not m t.ed to,
prhaomagiisg, eadirtient rommzke@n ddiferined dew]sidss

r&%,aq 191'59{]@&' & OJhe E?EEL‘ISH' at'ﬁ'ler %%'c@tabgn &sae&acbl e of

ucing 1on nteracting wmth matte
gﬂmazhln’glﬁam%ndﬂd ancth@le'élabeld'néogaﬁrmhqf%euansﬁh
D deta particles, neutrons and 20 char ged nucl ei .

{Gati on includes ul traviol et g vi sible I'ight,
i nfrared Fhelinnesent MveBviERre 1rn§éP eF omtl POFELRLRL ur es

sﬂéygagggmeé§§ﬁ%§gé%ﬁgt9§ctI@gmé¥%5%E|Eﬁg ééhpdaﬁagpéﬁk?

can be used term ne whether an agent is a
stgaqtpgedr fommite (&) ppEi AL aberEnPresfrt piryIs Pt i on”

ifPaRs het i NGakbRi & atSusdundy, Chuabest andilly active -
prollferatljgﬁ cells proliferate or ellmnatln%}liuch

15@“@’: Sf 8P al'f dheBgat feTRouRd o5 SRTBFTT SN EaAMFelul t

(1 therfyom agesdecreased gﬁ{ga.eofenaaaim@tu dR, can be
i ncreased rat Z%%’Of cell 30 de deat h

ORERIMEECES VhF ity RECHAR S OT 50 gaPﬁgtgrp%dgfcgng
sﬂBﬂé@Epécﬂﬁd@Sﬁﬁﬁﬂbels from either isomerically pure
starting material or use of a chiral auxiliary reagent,
for example, see Z. Ma et al., Tetrahedron: Asymmetry,
8(6), 883-888 (1997). Resolution of the final product,
an intermediate, or a starting material can bevachieved
by any suitable method known in the art. Additionally,
in situations where tautomers of the compounds of
structural formula (I) or (II) are possible, the present
invention is intended to include all tautomeric forms of
the compounds. As demonstrated below, specific
stereoisomers can exhibit an exceptional ability to
inhibit Chkl in combination with chemotherapeutic or
fadiotherapeutic treatments.

' Prodrugs of compounds of structural formula
(I) or (II) also can be used as the compound in a method
of the present invention. It is well established that a
prodrug approach, wherein a compound is derivatized into

a form suitable for formulation and/or administration,
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WD 2006/ 105262 PCT/ US2006/ 011584 20 "Preventing
aberrant cell proliferation” neans inhibiting

w@b@snes2s2 cel | proliferation prior to occurrePCEUSING/011584

inhibiting the recurrence thereof. "In vivo" neans
within a living subject, as 5 within an animal or
human. In this context, -agénts can be used
therapeutically in vivo to retard or elimnate the
proliferation of aberrantly replicating cells. The
t@ganreleéSHm @an abarug et i vwd,Vaa8Sbéerprajeltgkagtiicyt 0

e rrant cel | oliferation or _t
RETHFEL QA efE v i PSR e W a6 1 Fie - Ex
Phiysdtochemmisadupsbderai s wmgh@ubpzemund Esaapl gs of ex
' I ul,ati ons cul tures and
B\tglilngg%%%:alE’pdggnp g8y C%Pgdsrogirﬁfga' rEY99E6E . sanpl es
Musber damans 965) ankRnBl ssilSwemasanpties maanie ¢5emlstry
bt Al 0 known._in. the | ary
ok %?%%ﬁ%aﬁ%ﬁ%%% i n%m%cstl‘loﬁlél u‘a(éa%?"blod% SSFEbgngl nal
Df bg¢ d, chapities, 85aK19&2) Dreip| Hiyldteaswe sanpl Medi nkddide
ngnnrﬁia%g thggjfs In this context, the pLeSﬁn;O
ot

conpounds can be in numerous appllcatlons
t her apeut Fempadnéx pefr ithenpakselRadivesensnt cartain ase

oysrﬁrgréq%ru%bﬁioﬁ@?qfr(ﬁ]paconﬁ'ﬂgnﬁmncﬁ%rpaﬁl §?:$\§}§ Lo a

human or ot her ani ma In a erapeuti c effect lve
dafbifift FoNPAEFRABY tdRR bgemgmfmct ytoobreeidls ao

peb@alq.omagneth e f&%@dg‘%%ﬁ@%@é 2f%rt ngﬁBI@t & dNe

treatnent of di seases treatable wt ectronagnetlc
deLifadtives - 5?@&“%&|Qﬂ4de§saﬂge@ﬁ¢ﬁﬁﬁelnIFnél%Rkﬁﬁ but is

awedllaﬂﬂetieﬂytQ’iosf@(-g]@tl'l‘éa PAVIHY MeVvehepoihs:idLd Ren
be ué%d as a prodrug.

Compounds of the invention can exist as salts.
Pharmaceutically acceptable salts of the compounds of the
invention generally are preferred in the methods of the
invention. As used herein, the term "pharmaceutically
acceptable salts" refers to salts or zwitterionic forms
of the compounds of structural formula (I)'or (I1I).

Salts of compounds of formula (I) or (II) can be prepared
during the final isolation and purification of the
compounds or separately by reacting the compound with an
acid having a suitable cation. Suitable pharmaceutically
acceptable cations include alkali metal (e.g., sodium or
potassium) and alkaline earth metal (e.g., calcium or
magnesium) cations. In addition, the pharmaceutically
acceptable salts of compounds of structural formula (I)
or (II) that contain a basic center are acid addition
salts formed with pharmaceutically acceptable acids.
Examples of acids which can be. employed to form

pharmaceutically acceptable salts include inorganic acids
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of 10-20 to 100 neters. 30 The term "contai ner" neans
any receptacle and closure therefor suitable for
W@ @sileR262 shi ppi ng, di spensing, and/ or handl i POI/ES2006/011584
phar maceuti cal product. WO 2006/ 105262
PCT/ US2006/ 011584 - 21 The term "package insert"”
nmeans information acconpahying the product that
provi des a description of how to adm nister the
product, along with the safety and efficacy data

smeﬁyﬂsranEOcnlémwwtImgdmbysbmiéu1sdifphacnaamst and
ke an .infor i on_.tegardj use of

$ atient n med q} rgk
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s@scitie, " habehi cf(nhdacﬁhaﬁnacemdnhxmltlpgodwmmpléHNDf
SQIESen avention d ngludes all passible J0 oo oo

et €6i § 5 8t naU% iiso divds
1xM1ted|tucthyd¢odhmdnﬂda (hyd:mbidm1ﬂe Thedpebsdide,

nt i clud t _onl cem und but

Rt Pl Pl e R R A PG Oy

hyﬁnuﬂ@huphbSPMHtﬁﬂ @ce¢breora¢ip®ta,3ad9$haeﬂ,as a single.

%?ﬁR%EQHEBe 1da&any Q%g%gg§Pt§%§§grgkgher by resol ution

e finar rodu reospecific synthesis
cEfmrihprein ﬁenates,o redrtire gkl ydpat econsitar t ghgcmmhsmha@e,

héﬁﬁ%u@ffaﬁecméﬁéar%%@el | ALYk SRGEN e b O, | EreSee
Tetrahédron: Asyrmmetry. —8(6). 883-888

ma(lmw)a R@@#aﬁa'owaéﬁatﬁe m¢wneﬁpé§9@@teeo an

md s‘ltt%ﬁgﬁgééi FonaCHe , nébﬁ%yﬂ&né@lh%héke caf; b achieved
sui tabl e method known in the art Addltlonally

na]H%‘t@Piea??‘é)h@’W@neoﬁa@j@éﬁer@"@ﬁt?hep%%?ﬁﬁtﬁﬁﬁ}s of

pesfiietue Al 3R drbhb) i hatd ) é)l@:&@t@?sﬁi\j%ll%té he
present invention is i ntended to include al

pqggapaﬁﬁgfCt¥%ﬁq%§rgpcetate, trifluoroacetate,

glutamate, bicarbonate, paratoluenesulfonate,
undecanoate, lactate, citrate, tartrate, gluconate,
benzene sulphonate, and p-toluenesulphonate salts. 1In
addition, available amino groups present in the compounds
of the invention can be quaternized with methyl, ethyl,
propyl, and butyl chlorides, bromides, and iodides;
dimethyl, diethyl, dibutyl, and diamyl sulfates; decyl,
lauryl, myristyl, and steryl chlorides, bromides, and
iodides; and benzyl and phenethyl bromides. In light of
the foregoing, any reference to compounds of the present
invention appearing herein is intended to include
compounds of structural formula (I) or (II) as well as
pharmaceutically acceptable salts, solvates, or prodrugs
thereof.

Nonlimiting examples of compounds of the

present invention are:
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WO pwbhd262Chkl in conbinati on with chenot her apeRCT/TS06/011584
radi ot herapeutic treatnents. Prodrugs of conpounds of
structural formula 30 (1) or (Il) also can be used as
the conpound in a nethod 240f- t he present invention. It
is well established that a prodrug approach, wherein
a conpound is derivatized into a formsuitable for

formul ati on and/or adm ni strati qq, y1)2006/105262
PCT/ US2006/ 011584 - - 22 then (fel élsed as a drug in
vi vo, has been successfully | oyed to transiently

(e.g.,-bioreversibly) alter £he~NPhysi cochenica
properties of the conpound (see,| H Bundgaard, Ed.,
"Design of Prodrugs," Elsevierp”5 Arsterdam (1985);

R B. Silverman, "The HOrgaHic Ghem stry of Drug Design

and Drug ActiopN ¥\Presg, San . Diego, chapter
8, (1992); K M| ' et Med. Res. . Rev., 15,
83 (1995)). ds & th gsent i nvention contain

one 10 or nore tunctional grdqups. The functiona
groups, if desired or necessdry, can be nodified to.
provide a prodrug. Suitable prodrugs include, for
exanple, acid derivatives, such as am,des and esters.
It also is appreciated by those skilled in the art
that N-oxides can 15 be used as _a grodrug. Conpounds
of the invention can exi st as[égThs Phar maceutical ly
acceptabl e salts of the conpands of the invention
generally are preferred in the thods of the

i nvention. As used herein, the tjerm "pharmaceutically

o)
H H

H H
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forms of the conmpounds of structural formula (1) or
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prepared during the final isolation and purification
of the conpounds or separately by reacting the
compound Wi th an 25 acfd?having a suitable cation.
Sui t abl e pharmaceutically acceptable cations include
al kali metal (e.g., sodiumor potassiun) and al kaline

earth metal (e.g., calciumor nesi um cations. In
addi tion, the pharmaceuti call a @eptable salts of
conmpounds of structural fornu ) 30 or (I1) that

contain a basic center are acidjaddition salts forned
wi th pharmaceutically acceptabl ¢ acids. Exanpl es of
acids which can be.enployed t0 form pharmaceutically
accept abl e salts_inctude i norgani c aci ds WO

2006/ 105262 P ' 23 such as

hydr ochl ori c, I C, . B ric, and phosphoric,
and organic such %as oxa c,' maleic, succinic,
mal onic, and citric. Nonlimting exanples of salts of
conmpounds of the invention i nttude, but are not 5
limted to, hydrochloride, hydrobrom de, hydroiodide,
sul fate, bisulfate, 2-hydroxyethansul fonate,

phosphat e, hydrogen phosphateT/ébqhgte, adi pat e,
al gi nate, aspartate, benzoate, butyrate, canphorate,

canphorsul fonate, citrate, digP ate,
gl ycerol phsphate, 10 hem sul f ate,| hept anoat e,
hexanoat e, formate, succinate,. | onat e, fumarate,

mal eat e, met hanesul fonate,y nesityl enesul fonate,
napht hyl enesul f o '

At e, Mic
napht hal enesul f pnaty, oxal at §
persul fate, 3-phenylpropi ona

= N

noat e, pecti nate,
picrate, pivalate

Ci
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wo 2606307262 et hyl - pyrazi n-2-yl)-urea (LRVS ( ESPCT/US2006/011584

positive) me - 392.3) N OO HHN NN NBr 10

1-[ 5- brono- 2- R- (4- net hyl - nor phol i n- 2- yl net hoxy) - phenyl

]- 3-(5-methyl-pyrazin-2-¢t)=urea (LRVMS (ES,

positive) me - 438.0) WD 2006/ 105262

PCT/ US2006/ 011584 42 N OQJ O- HHI N NN1T1 'O N

1- (5-cyano- pyrazin-2-yl)-3-[5-nmet byl - 2- R- (4- net hyl -

nmor phol i n- 2-yl met hoxy) -phenyl] [-ur (LRVS (ES,

positive) me - 383.0) fINO /OH H MyN N

H H ?
N\\ N\WT/N
Jon
NC; N
A r

1-(5-cyano-pyrazin-2-yl)-3-[2-(1,4~dimethyl-piperazin-2-
ylmethoxy)-5-methyl-phenyl]-urea
(LRMS (ES, positive) m/e - 396.4)
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1—[5—chloro—2—R—(1—methyl—piperazin—2—ylmethoxy)—phenyl]—
3-(5-methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 391.3)
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H H O//
Ng\ N\wr,N
/E;'/ 0
N
Br

14 ..
10 1-[5-bromo~2-R-(4-methyl-morpholin-2-ylmethoxy)~phenyl]-
3-(5-methyl-pyrazin-2-yl) -urea
(LRMS (ES, positive) m/e - 438.0)



"(N5

1-[5-chloro-2-(4-nethyl-[1, 4] oxazepan- 2-yl net hoxy) -
wW@b@agbJ262 3- (5-net hyl - pyrazin-2-yl) -urea (LRMI/UESDN6/011584

positive) me - 406.0) WD 2006/ 105262

PCT/ US2006/ 011584 - 43_ @, I~ NH OO HH~ N /N

N Cl1

‘1-[ 5-chl oro-2-S- (5- oxo- nor phol i n- 2-yl net hoxy) - phenyl]

3- (5-nethyl -pyrazin-2-yl)-urea (LRMS (ES, positive)

me - 392.2) & OHH CN_:rNy NICL O 5,

N-[ 2-chl oro-4-[ 3- (5-nmet hyl - pyrazi n- 2yl )-ureido] -5-(S-

mor phol i n- 2-yl met hoxy) - phenyl ] - m de (LRVS (ES,

positive) me - 435.0) WD 2006/ 105262

PCT/ U82006/ 011584

Woaael

l—(5—cyano—pyra21n—2—yl)-3—[5—methyl—2—R—(4—methyl—
morpholin-2-ylmethoxy)-phenyl]-urea
(LRMS (ES, positive) m/e - 383.0)
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1-[5-chloro-2-(4-methyl-[1, 4] oxazepan-2-ylmethoxy) -
phenyl]-3-{5-methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 406.0)
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1-[5-chl oro-3-fluoro-2-(S-norpholin-2-yl net hoxy) - pheny
WO 2606307262 et hyl - pyrazi n-2-yl)-urea (LRVS ( ESPCT/US2006/011584

positive) me - 396.3) (-NH OO HH~ NN / O NS5

o - 43 -
1- [ 5- met hoxy- 2- ( S- nor phol i n- 2-yl et hoxy) - phenyl ] - 3- ( 5-
nmet hyl - pyrazin-2-yl)-urea (LRVS (ES, positive) me -
374.3) (NH OO HHJNyNyN (IN 10
1-[ 5- net hoxy- 2- ( S- nmor phol i n- 2-yl get hoxy) - phenyl ] - 3- ( 5-
nmet hyl - pyrazi n-2-yl)-urea '
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1-[5-chloro-2~S~ (5-oxo-morpholin-2-ylmethoxy) -phenyl] -3~
(5-methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 392.2)
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O .
H H
| N N\H/N
= 0
N NH
0

N-[2-chloro-4-[3-(5-methyl-pyrazin-2-yl)-ureido]-5-(S-
morpholin-2-ylmethoxy) ~phenyl]-acetamide
(LRMS -(ES, positive) m/e - 435.0)

4



(LRMS (ES, positive) me - 358.3) WO 2006/ 105262

PCT/ US2006/ 011584 45 ('"NH OO HHN NN / H3C O
W@L006/105262 PCT/US2006/011584

1-[4-chl oro- 2- (S-nor phol i n-2-yl met hoxy) - phenyl ] -3-(5

net hyl -pyrazin-2-yl)-urea,(LRVS (ES, positive) nfe -

378.3) (NH OO HH\ Nyﬁ\l /| OHBCNF CL 5,

1-[5-chl oro-4-fl uoro-2- (S norpholin-2-yl net hoxy) - pheny

[1- 3-(5-nethyl-pyrazin-2-yl)-urea (LRMS (ES,

positive) me - 396.1) O OHH _N NHN
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1-[5-chloro-3-fluoro-2- (S-morpholin-2-ylmethoxy) -phenyl] -
3-(5-methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 396.3)
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1-[5-methoxy-2~ (S-morpholin-2-ylmethoxy)-phenyl]~3- (5~
methyl-pyrazin-2-yl)-urea (LRMS (ES, positive) m/e -

374.3)
,/\NH

0]

) 0]
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| N N\H/N
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N .
r .
10 1-[5-methoxy-2-(S-morpholin-2-ylmethoxy)-phenyl]-3-(5-

methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 358.3) .



OH / HBCNF N 10

1-[5-cyano- 4- net hyl - 2- ( S- nor phol i n- 2-yl net hoxy) - phenyl
w0 2®@6(1&526kt hyl - pyrazin-2-yl)-urea (LRVS (ES, PpOBUS1006€)11584

me - 383.3) WD 2006/ 105262 PCT/ US2006/ 011584 - 46

~NH OO HHI N N¢yNNI HHCNON,CH3 d CH3

1-[ 5- chl or o- 4- di net hyl am4%-2- ( S- nor phol i n- 2-yl nmet hoxy

)- phenyl]-3-(5-nethyl -pyrazin-2-yl)-urea (LRVS (ES,

positive) me - 421.2) (-NH OO HHI M NNI O /

OHBCNNCH3 H 5 d H3C

N-[ 2- chl oro-4-[ 3- (5- net hyl -pyraFi/n\- Hyl)-ureido]'5-(S-
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1-[4~chloro-2- (S-morpholin-2-ylmethoxy) -phenyl]-3-(5-

methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 378.3)
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O
H H
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I \\ \Tr/
/J:: ;;f/ 0
H3C N F
Cl
1-[5-chloro-4-fluoro-2- (S-morpholin-2-ylmethoxy)-phenyl]-

3- (5-methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 396.1)

S

10 1—[5—cyano—4—methyl—2—(S—morpholln—2—ylmethoxy)—phenyl]—
3-(5-methyl-pyrazin-2-yl) -urea
(LRMS (ES, positive) m/e - 383.3)



nmor phol i n- 2-yl met hoxy) - phenyl ] -i sobutyram de (LRVS

(ES, positive) nfe - 463.2) OO HHI N: NyNNN H O
WOH3@6/MD3R62 PCT/US2006/011584
1- (5- met hyl - pyrazi n-2-yl)-3-[ 6-(S-norphol i n-2-yl met hox

y)- indan-5-yl]- urea(LRl\/?(ES positive) me - 384.3)
WO 2006/ 105262 PCT/ US2006 811584 47 N SO HH-~
NyN H3C N C

1-[ 5-chl oro- 2- (4- cyanonet hyl -t hi onor phol i n- 2-yl nmet hoxy

)- phenyl]-3-(5-nethyl -pyrazin-2< }{urea (LRMS (ES,
positive) me - 433.0) N NO|O HN- N /N
o

rm;w

l—[5—chloro—4—dlmethylam1no—2—(S—morpholln—2—ylmethoxy)— '
phenyl]-3- (5-methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 421.2)
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N-[2-chloro-4-[3-(5-methyl-pyrazin-2-yl)-ureido]-5-(S-
morpholin-2-ylmethoxy)-phenyl]-isobutyramide
(LRMS (ES, positive) m/e - 463.2)

S

10 1-(5-methyl-pyrazin-2-yl)-3-[6~ (S-morpholin-2- ylmethoxy)—
indan-5-yl]-urea

(LRMS (ES, positive) m/e - 384.3)
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1-{5-chloro-2-[4-(2-cyano-ethyl)-S-norpholin-2-

wQ kovetibiagy/ | - phenyl } - 3- (5- net hyl - pyrazi n- 2- yl ) - BCBHS2006/011584
(LRVMS (ES, positive) nfe - 431.0) WD 2006/ 105262
PCT/ US2006/ 011584 - 48 ,6-NH OO HH\ N-N./ OH3
NN Cl
1-[5-chl oro-2- (S nor phol i n-2-yl net hoxy) - 4-pyrrolidin-|

yl - phenyl ] -3-(5-net hyl - pyrazin-2-yl)-urea (LRVS

(ES, positive) me - 447.2) f/NPI\ HHI N N /N
O NI(r)~F ClL 5N O N@/B\\N
S

0
H H
N.. _N N
//[: ;;r/ 0
H3¢” N
c1

1-[5-chloro-2-(4-cyanomethyl-thiomorpholin-2-ylmethoxy) -
phenyl]-3-(5-methyl-pyrazin-2-yl)-urea A
(LRMS (ES, positive) m/e - 433.0)
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1-{5-chloro-2~[4-(2-cyano-ethyl) ~S-morpholin-2-
ylmethoxy]-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea
(LRMS (ES, positive) m/e - 431.0)
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1-[5-chloro-2~ (S-morpholin-2-ylmethoxy)-4-pyrrolidin-1-
yl-phenyl]-3-(5~methyl-pyrazin-2-yl)-urea
({LRMS (ES, positive) m/e - 447.2)
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salts, solvates (e.g., hydrates), or prodrugs thereof.
wab@eaaenzppunds of the present invention can bePCT/US2006/011584
t herapeutically adm ni stered as the neat chem cal, but
it 5 is preferable to adm nister the conpounds as a
phar maceuti cal conpositioR%cor fornul ation. Thus, the
present invention provides a pharnaceutica
conmposition conprising a conpound of the fornula (1)
or (Il1) together wth a pharmaceu{ically acceptable
di luent or carrier 10 therefor.éﬂfé\Hprovided is a
process of preparing a pharmacgutidal composition
conpri sing adm xi ng a compound off formula (1) or (I1)
wi th a pharmaceutical ly accept abl di luent or carrier
therefor. Accordingly, the present invention further
15 provi des pharnqgeutﬁca ormil ati ons conprising a

I
conpound of stru Pﬁrﬁu or (I1), or a
phar maceuti cal | y]l accept abl e sg prodrug, or solvate
thereof, toggiher th ofe or har maceutical | y
acceptable carriers and, option

1y, other therapeutic
20 and/or prophylactic ingredigfts. The carriers are
"acceptable” in the sense of begyng conpatible . with the
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ot her ingredients of the fornulation and not
deleterious to the recipient thereof. W 2006/ 105262
wERanbWE2606/ 011584 - 52 Conpounds of the i nvRCI/US2906/011584
exhi bit wunexpectedly high potency. Potency typically
Is expressed as the cquﬁntration of a compound
required to achieve a certain result. The greater the
potency, the 5 | ess conpound required to performits
intended function. In vitro potency typically is
expressed in terns of 1C50 val and neasured using
a dose-response assay. |C50 value an be neasured by
contacting a sensitive assay systedmw th a conpound
of interest over a range of 10 cdncentrati ons,
i ncluding concentrations at whic# no or m ninal
effect i s observed, tQ{oug hi §her concentrations at
which partial effgct i o to saturating

concentrations rch effect is observed.
Theoretical ly, ucD,ass s o
of 15 i nhi bj Qffpounds can &

dose-response effect
desCri bed as a

si gnoi dal curve expressing a degree of inhibition as
a function of concentration en plotted on a | og
scale. The curve also theoretNcally passes through a
poi nt at which the concentration is sufficient to
reduce activity of the 20 checkpoint enzynme to a | evel

ort Battbs &fldthkat (6f gt henyddistEey pnee phetivega mhaiest .
and maxi mal enzyne activi observed_in_the assay.
Thi's conclift EACPOIPTS UefPREB R T REVPRRT BTt 7§ o6

thEpapent f&tlilgn admibO8terddl hist the o¥atl Chémigallyebu®bhit

. 1 C50_val.ues .can be determne in nyenti ona

15pPot %ﬁﬁ%?a P2 %ﬁ%% gégagoﬁékzéﬁsq%gsgor

pharmaceutical composition or formulation. Thus, the

S

present invention provides a pharmaceutical composition

comprising a compound of the formula (I) or (II) together

with a pharmaceutically acceptable diluent or carrier
therefor. Also provided is a process of preparing a
pharmaceutical composition comprising admixing a compound
of formula (I) or (II) with a pharmaceutically acceptable
diluent or carrier therefor.

Accordingly, the present invention further
provides pharmaceutical formulations comprising a
compound of structural formula (I) or (II), or a
pharmaceutically acceptable salt, prodrug, or solvate
thereof, together with one or more pharmaceutically
acceptable carriers and, optionally, other therapeutic
and/or prophylactic ingredients. The carriers are
"acceptable"” in the sense of being compatible with the
other ingredients of the formulation and not deleterious

to the recipient thereof.
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cel |l -based assay techniques well known to those of
ordinary skill in the art. An exanple of such an assay

w0 goopnaszered i n Exanple 1 bel ow. 30 Preferabl ypCT/US06/011584

val ues are obtained by performng the relevant assay
at least twce, with the 50 G50 val ue expressed as the
average (arithnetic nean, or "nean") of the

i ndi vi dual val ues obtai ned. More WD 2006/ 105262

PCT/ US2006,Q1d284 or BRe Hwheh @Q|¥xh£ﬁE% assay is

repeated from3 to 10 (or rmre) times, with the 1C50
ungyRes e Ve Bigl Rodenkgy - meRet B¥CYt kgpigalied Sobt ai ned.

e:dsls RUELE! Rk Yoorldia 28883, iox RethbapoBth xaecfwté%f 8

times sufficient to generate a statistically 5
aqhdleiven |9 CREAAIT CBT Y& ueThe ILeg teL at RS tRATEN Gibt HbEs

lé@@oW%nmbgth9§€Ff¥édo&G'ﬁ@gﬁbﬁﬂ“lkg iRed P Hunction.

Compounds of e invention-exhibit unexpectediy |ow
In ast@r@apeégn%oﬁpré%éhm Yy axpregaed petiedmp Mg Chn

valhlelsO aPat ABEYurdPHROHAIS Hfsd-heshOnsd Vvt an, nehen
assayed as described in Exanple 1 below, , exhibit |1C50

valyegeSagf PR BRATUTEA BEOTANEACE 1AM 2| TR Vee @SE@Y ment s

sylseem Whan ab&mpohaa 8M interRishebvephodidmyt ot | ess
t han about 100, nM .in others | ess than ag]llut 50 nM -
copgeBitRaF$OPRs s AHAA BB TARCER TARE LAY 3t "By £ 8% s

mlhﬁﬂﬁ115fﬂbcmﬂlé5oﬁk%rﬁéﬁﬁﬂﬂhﬁbu@ﬁbﬁ£@ﬁﬁﬁﬂdhncb&&ratlons
vention exhibjt O val ues from

ounds_of th
= BREROE Tt G4BT - ST EBpBeS (07
congeankrboioex Hthiwvhisk| £ aidimin efpect nikd b:lbtsieﬁ:g'eehkl

naver oth prot ei n ki nas 20 .Sel ectivi t
gavgﬁ%agg{ otrs 97 r é ucYngetz 98 €25%TTREPS %ectseﬁﬁd?%r
inhhbitasi agnpdedapest iloe idegexibed as a 31gm01dal curve

expressing a degree of inhibition as a function of
concentration when plotted on a log scale. The curve
also theoretically passes through a point at which the
concentration is sufficient to reduce activity of the
checkpoint enzyme to a level that is 50% that of the
difference between minimal and maximal enzyme activity
observed in the assay. This concentration is defined as
the Inhibitory Concentration at 50% inhibition or ICs
value.

ICsy values can be determined using
conventional biochemical (acellular) assay techniques or
cell-based assay techniques well known to those of
ordinary skill in the art. An example of such an assay
is provided in Example 1 below.

Preferably, ICsy values are obtained by
performing the relevant assay at least twice, with the
ICs value expressed as -the average (arithmetic mean, or

“méan”) of the individual values obtained. More
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"Sel ectivity" is expressed herein as "fold
selectivity." In general, fold selectivity, as used
wheooeilos26i s the | C50 of a test conmpound for a PCT/US2006/011584
conmparison 7?5 enzyne divided by the 1C50 of a
conparator enzyme. In particular, fold selectivity for
a Chkl inhibitor, as use#herein, is the 1C50 of a
Chkl inhibitor (a test conmpound) for Chkl (the
conpari son enzyne) divided by the 1C50 for a
pnahpaﬂdnorteazyﬂeayCbmpapaabedehzynéstagbmns¢r3@nmhich
PO [ [ e lude at
eastqnﬁﬁlg' Iomr ngg%te ngg¥%§§%£§§%h5§gnC§§ H
viﬂqu qgﬁ@Amngphmqst Enbﬁer§ﬁI¥nﬂtﬂéGE§4ayI$§ pﬂ@tnrmed

= e R e R BB E s FoTnebh i RS
rﬁgﬂri(ﬂhéﬁn meianagCaA, vpler eiusikignasad stppedy meEodpr iotaimn
%/fAKEainaﬂ?’%ﬁ'f iR 9}@6@: cal ci um cal nodul i n-

depen ent kinase I, and ab yr03|ne ki nase. Assays
for deterﬁPﬁP¢EP43]9$ Fheutrvengrioa eskibis conpound

ur@e@er&ted@ywawaf@g%lwneoflf@s ihiyogd in  Exanple

are well known to t hose of i nary skill in
urtqa@e&ftﬁdlmohb@‘mms Vet reheO R et | GﬁmER‘Pﬁl tofttheeast
irAReME 0R0- FRbS SelRel \égtaegaﬁrbefdhenaﬁg&%@tl %q@w,

protein Kkinases tested. In some enbodi nents,

exlhﬁﬁllﬁl £6rs VBEu9® the gtesbnt IR 208N Bx hithi ?‘mﬁ

enbRaAsS neaboul e SO ﬁ‘rfadnd abgat erdd \iM, Y ini Brd Paimydiadheent s
at | east about select|V|t¥§ i n ot her

eGSR TeAP S bl Ao Ry ABoRkDER0 RSP ILer Gtk (9 P
in Blthbrsi Dgs £hklar0w@but heo afigr em@nt h obete r PR Bhan
arlAeReRnt oLt ds - commounds,of e, Lovent) of,
ingega@yonTexhibit ICso values from about 0.1 nM to about
5 nM.

Compounds of the invention exhibit selectivity
for inhibiting Chkl over other protein kinases.
Selectivity may be advantageous in reducing adverse side
effects and/or increasing therapeutic index.

“Selectivity” is expressed herein as “fold
selectivity.” 1In general, fold selectivity, as used
herein, is the ICs;y of a test compound for a comparison
enzyme divided by the ICsy of a comparator enzyme. 1In
particular, fold selectivity for a Chkl inhibitor, as
used herein, is the ICg of a Chkl inhibitor (a test
compound) for Chkl (the comparison enzyme) dividéd by the
ICs for a comparator enzyme. Comparator enzymes against
which compounds of the invention may be measured include
at least the following protein kinases: Cdc2, Chk2,
CTAK, EphAl, EphA2, Erkl, FGFR1l, FGFR4, IR, JNK1l, c-Kit,
p38alpha, p38beta, p38delta, Ros, Rse, Rsk2, Trka, TrkB,
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nmeasure cel |l -based potency of a Chkl inhibitor, an
assay was devel oped that allows one to neasure the

w@ewero2snt i on of Chkl inhibitor required to iPCIE8266/011584

the 20 growth-inhibiting effects of a DNA damagi ng
agent in a cell-based nodel involving aberrantly
proliferating cells. ThiB4neasure of cell-based
potency. is -expressed herein as an "ECTFS" val ue,
where "ECTFS" is the Effective Concentration of Chkl
protedn tldmatshal produicekiaadwo; kil abv2sr8enstotemi i on of

a po ti,on of ery ant.| roliferating. cells to the
kb?%své)hlﬂ-/?p‘ r]ﬂ'l_gi’t? g a&%’egbgggg’ acﬂlﬁ&uﬁ‘aﬁﬁgﬁn?}%uija@_ent .
d&taneerits kiakeel Bl echrid ab@ theosioncarinhmati on of  Chkl -

i nhi bitor _that regduc the ano of .DNA danmmgi :

agent reqalsrsgﬁsfoorr ﬁel‘rﬁﬁ?b?? itﬁg'tﬁ° oP1EEF| afoanﬂgsbﬁf
chmpdundBRoAppbt cantendrenad ot oemzlyrich atret Hescoitpadinds of

in i,0 xhi-bi expect ed| | ow,ECTES val.ues,
phdi ] 0 Mol LD WnHAPEREARE Y SHOREIED 81
ipotien@rt - WOCOMOBIrik36 262 tRETL8A006N024B84i t -atbbleast

a a - ‘ b, r ' .
ot QAR OE R ATy B0 Y IR e ol g
kimanssutgstbdne Trhatomienkinbpd Eneptowt Fhisl Sgukitas lof)
I ; | Y Pk RE 16 st | tyvn yal pes,
i A GRSk R L Y
sefiqddtitankingter sePRILREN Potedndgaahdahaxt cliyfods
. s&ek ihARLDI 1 OrS A Brbb8SREE s @ 9BEsBNAUNRT 1M fo14

exanpl e. of an assay useful to nmeasure ECTFS  val ues
sqlectd¥dFybee IHiDiAApPeCB bk tBei afpyemarHiipned)
prRAY Us8SseF 22 Jreamn col on carcinoma cells as the

popul ati on of aberrant I¥ proliferating cells,
genci t abi Tee SPPPHBIBNAL ddtfadivE EgRmt ¥ b tact i vat or

urRxghea 6P hlitth potency in a cell-based assay. To
measure cell-based potency of a Chkl inhibitor, an assay
was developed that allows one to measure the
concentration of Chkl inhibitor required to increase the
growth-inhibiting effects of a DNA damaging agent in a
cell-based model involving aberrantly proliferating
cells. This measure of cell-based potency is expressed
herein as an “ECrps” value, where “ECys” is the Effective
Concentration of Chkl inhibitor that produces a Two-Fold
Sensitization of a population of aberrantly proliferating
cells to the growth-inhibiting effects of a DNA damaging

agent. ECgrs is calculated to be the concentration of

- Chkl inhibitor that reduces the amount of DNA damaging

agent required for 90% inhibition of cell growth by half.
Applicants have found that the compounds of the invention
exhibit unexpectedly low ECqs values, corresponding to

unexpectedly high cell-based potency.
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of the invention as the Chkl inhibitor. The popul ation
of aberrantly proliferating cells is cultured and
w@bdoomest6l5 to grow in a suitable growth nmedi uPCT/US2006/011584
Subsequently, the cells are subjected to the DNA
damagi ng agent over a range of concentrations. After
a predeterm ned anmount of 35t+nme, the DNA damagi ng
agent is renmoved, and the cells are subjected to a
Chkl inhibitor over a range of 20 concentrations and
for a pr emh&mmﬂemdtnéttmmbe meesteat 63 ehe
d_cel.l en are .harvested a Iatlve
SHRHERE GRS S e R SRR
caapoahd zetbragahast i Bhikdi tisnbirbirtipro fals08 eo fiscaldnt) r eibr
nd_t ed on a | og/ raph_of DNA damagi ng
BE R RS BuRAERE BB O8. TRerrive BhPF SRR aPd
£61908eesjialzangon lat))thelT @4, okl 1l swe n&iiteiczatk anking of
deriyv fromthe nce. bet.ween. t he, amount . of DNA
Rl S TR R L e e
respedl tiopng ahth&t W t hout Chkl i nhibitor for each

[ ' d. Th
Chonen 2 enoRxdhpidior 3 LONP e 266l ncklSRE 8312
vebreeny geisonikhed JfroIEetaslehsﬂul@quon Briedim wthdh

IS 585Ul o0, 20001 AR502 PETI 152300 011564

Preferab ECTFS val ues are obtal ned perform ng
pewiel ssisay o4t ab@a@tnttlm peclivfertntting ECTRS vgaalmgetablne

asextmee%ﬁ@d d@lﬁaéﬂ?g %@ﬂtg’éhipeaéﬂ@'a\ﬁbguaénd/aé S Fean? fom

obt ai ned. Mfte preferably, the assay is repea

of thye F@vestion rﬁﬁ é&het Chks 1W%lq4tt°ﬁe ECEPopailgsion

o OUNA04 195p £ FERAR18E AN MA! UESE ORLRIRed a1 Mo
preferably, the assay is performed a nunber of tinmes

L S Py 2t HuARdeaggoWth ghediiuat-i c SrPseFuEntdBr ethean
cIGEarneakuBjedtsdd1@oStAki BitA Clmaging agent over a

range of concentrations. After a predetermined amount of
time, the DNA damaging agent is removed, and the cells
are subjected to a Chkl inhibitor over a range of
concentrations and for a predetermined period of time.
The plates of cultured cells then are harvested and the
relative number of surviving cells is counted: The data
is normalized against Chkl inhibitor alone as control,
and then plotted on a log/log graph of DNA damaging agent
concentration vs. relative cell survival (100% equaling
1.0). The fold sensitization is derived from the
difference between the amount of DNA damaging agent
required to. achieve 90% growth inhibition with and
without Chkl inhibitor for each concentration of Chkl

inhibitor used. These data then are plotted on a graph

. of Chkl inhibitor concentration vs. fold sensitization,

from which ECrps is calculated.
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met hods known to those of ordinary skill in the art.
10 All conpounds that were subject to an ECTFS assay
wezivohierd ECTFS val ues of | ess than about 100PCTINE2006/011584
contrast, structurally simlar conmpounds that are
previously known exhi bi t EE€TFS val ues of about 11, 000
nM I n sone enbodi nents, conpounds of the present
i nvention 15 exhi bit ECTFS val ues of |ess than about
500 nM i npidaeRs] I@%/Fs Vhane/bond -30Q:ind4 Wy ot hers
| ess than about 20% n in others |ess than about
PEEOARILPH Brhérsay ed’s kavgh tubeen WHOD ke Ferrotirdis
ekB88stBaNafte ROaAMf itheOt REE$1alLSTat Hah abtne30

nM and_in others |ess than about 20 20 nM or less .
MPRENPEBEETANY nkhe rs5ay deherPembsHifrent 3 t9 k& (OFan

m3beYt t Sméd/ WERRPONE U, AN a PhAT dBHRIMskaak s CAHP QRiahi 8BS

suitable for use in the present invention include

thfoRlUGh i nefle dlaStyRrPARFRReNntt RS2 8RRH nisst er ed
pePfem@d L£ifumbblVer ARt nk e S8R Ghieidiended

ur pose. re _specifically, a "therapeutically

SE??@%‘H?F&M%@&M SR aIren BfieantGuite, sHFH1% i St o5 ieRbat
mathodsli kichmakostiidsy iofy oaain&ndimtmgmn ﬂsedtaa:t.

all eviate e _existing tons of .the indication.

Deterninafﬁgncﬁﬁp%¥npﬁeFg%gfk?§ﬁﬂﬁd%3§FFeE?i§ﬂ359¥3annunt
as sayweddhimittkidnEChe veapabi 6f tdesaf thhasebski lload hm. the

art, .e cially in light.of. the detailed disclosure
T SR Her i 6128051 Tso6 5 PR RS 008 0 £ 1884 -
pEavidus laddnbiorextd tite EChk| va Infeisb bff oaboutphar, e@oenti cal
£ UES B08 0 d N 2ok BUERGL Ok G301 BEeLOr Tyl ARY o4O

1 ol og I 'y acti nts, as

I ncl ude i cal l ve age suc
exjyitoli ¥€sss Vyhpdsokitnésss grtwat labbatt B0@, nMot Her others

less than about 300 nM, in others less than about 200 nM,
in others less than about 150nM, in others less than
about 100 nM, in others less than abut 50 nM, in others
less than about 30 nM, and in others less than about

20 nM, or less than about 10 nM, or in other embodiments
less than about 5 nM.

Compounds and pharmaceutical compositions
suitable for use in the present invention include those
wherein the active ingredient is administered in an
effective amount to achieve its intended purpose. More
specifically, a "therapeutically effective amount™ means
an amount sufficient to treat an individual suffering an
indication, or to alleviate the existing symptoms of the
indication. Determination of a therapeutically effective
amount is well within the capability of those skilled in
the art, especially in light of the detailed disclosure

provided herein.
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5 hematopoietic factors, or m xtures thereof, to
reduce adverse side effects that can arise from or

wheoocaeReri ated with, adm nistration of the PCT/US2006/011584

pharmaceutical conposition alone. Alternatively, such
biologically active agents may be included in the
phar maceuti cal 10 conposi t3%nm of the invention to
pronote a desired therapeutic effect. Adjuvant
biologically active agents wuseful in pharmaceuti cal
conposi ti of8 ¥dittien; hoethg ¢irkli hvhikletorhbut are not
HaPraR@ utca ofl Roxs L o -3,
IJI L-4, IL-5, #L%EOIS%,S%ZLO-%!!%FngYe%i{Af%,C%TSLFL- 11,
formplated. §3 inqluge bjelagicalily]getive kgenits, 18uch |dN,
ok 1GeCHF1 yMaIgnGHEs, QELRT LRESIDORYIRLI N, stem
cell factor, erythropoietin, angiopoietins, including
hERGEPPOAREL @ fakigrs; PRguixtuzea/ bhexens hiwaneduce
a@R@irepok edid Neddekc@ sPOhYPERIH 484 s¥apith aloepdot hel i a

20 gr,ovvth factor (VEGF), angiogenin, bone norphogenic
a5F8Farhed iEilp- pnimipleatigopol timymhe rmgrpus caEMP- 6,
cBMPo £ it Bdr-2.onBVP- 81t VR tlQe1 BMsddh BMP0d2ca -13,
BWP- 14, BWMP-15, BMP receptor |A, BMP recéeptor 1B,
3GFATR 2RI SGYnBEr tRF 31T 1pakke ehasmecgryi et r ophi ¢
chbapb ot ti@b o lthar ynvendilapRbCpf dt@d af @e8PEOY
t Xté’k(ia&‘&'(i, ng#ceg :}gﬁro hi| chenptactic factor 1,

¢yt OkThetS fddcsl- YERhi PLotshisiaddyi ecthes graepts
usyfuki ive-ghactmeedut nedlt roppbk i ehePicacthe {aediiod,

. i al | ] h f dothelin 1
L AOHGE R A58 hof iR eb3 B0 O BPotal s viwF, Ti-

epl der’ma
lpelkrpHil-3at Tkatt ant-5,f threpl mst7, grees hif-axt ar-(6GF)

(S Do F T, BT, Gk o
1FN netNder iGre8F nerg-¢j5ii, cGRacs by theoepbpoidiirgl isalem\WO
céggxyégyé%§2ef§§%é§§%§%§ég}1§ﬁgﬁopoietins, including
Ang-1, Ang-2, Ang-4, Ang-Y, and/or the human
angiopoietin-like polypeptide, vascular endothelial
growth factor (VEGF), angiogenin, bone morphogenic
protein-1 (BMP-1), BMP-2, BMP-3, BMP-4, BMP-5, BMP-6,
BMP-7, BMP-8, BMP-9, BMP-10, BMP-11, BMP-12, BMP-13, BMP-
14, BMP-15, BMP receptor IA, BMP receptor IB, brain
derived neurotrophic factor, ciliary neutrophic factor,
ciliary neutrophic factor receptor cytokine-induced
neutrophil chemotactic factor 1, cytokine-induced
neutrophil chemotactic factor 2, cytokine-induced
neutrophil chemotactic factor 2, endothelial cell growth
factor, endothelin 1, epidermal growth factor,
epithelial-derived neutrophil attractant, fibroblast
growth factor (FGF) 4, FGF 5, FGF 6, FGF 7, FGF 8, FGF
8b, FGF 8c, FGF 9, FGF 10, FGF acidic, FGF basic, glial

cell line-derived neutrophic factor receptor 1, glial
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- 58 cell line-derived neutrophic factor receptor 2,
gromh related protein, growh rel ated protein,

w@e@atibs26e] ated protein, growth rel ated prot ePer/US2006/011584

heparin binding epidermal growth factor, hepatocyte
grow h factor, 5 hepatocyte growh factor receptor,
insulin-like growth factdt 1, insulin-like gr ow h
factor receptor, insulin- like growth factor II,
insulin-1ike growh factor binding protein,

cqdelr dtiTuSPEd VR oMU Hopde 6r fadtauk ertaptethidi targuth

réfﬁgéHWpﬂd%%Kﬁ”1@réﬁgﬂ Qbﬁg£86fﬁyaE%Enr ’réﬁ%@%%

grow h 10 factor_nerve growth fact or ?ecept
PEREFG T GFRIWER- Belatrsl PaPES P ﬁle@arpnab,m:alggr owt h
ed b @al @Iraﬁ@m@acgfoqwt hepéé&éﬁe arom@tﬁl ;derived

endot helial cell row h ~factor, atel’et der'i ved
hepadRay tea gt gyth pﬁ%ﬁtéwreffea%wqred 1ngwbmﬂ1f1@ctgrom-.h

£t T, Phabel £-1tald Yedwa OMdtokast Okp i, l%s‘%h%e' et
deri ved gr owth factor AB, platelet derived growt h
Likgc gPYENc RaFtPT dilat épétliJeRe liikedogpwiit H acxetoPiBBing

pri@'téﬁﬂ ekedef i A 1@ QWbDth Ao ECOPE i Eh@h@lﬁ) v
|ve§il gromhfa%tor receptor, pre-B cel rowtﬁ
fa§iti°ﬁu| EPRG R ISP ISP B, LA ot BRERRtoLy é‘ﬁFé’@I I9TPHER OF

fak@eephetvye &&ﬁmﬁﬁaﬁebm f&:@rt@wt hné@fdt%pﬂﬁzb TG,
G- 5, | atent TGF 1,

neYERt BP Ry SRR §ZOMREr TBEREE ng R 6PER SKPVCTGE

fabicadi zg }p)la]ieejeﬁt bekivédnmidothetl 851 selflagiekthecept or
osi.,s fa [ ecept.or

cobYBE, At DR OR o BRI Or LoeoRt oL YR L
grva‘shufwtcendbtchehnal pgaﬁmﬂtelt tlaeiwsd gamreithCBad®biCan,
B e A el B BB e O o ertvar
grﬁmhrufaxetc(rl B ghdin{ Ipyataallscu danukmd coopwthafadtor BB,
plgkgﬁgp &é}f#ééibkéa¥h factor receptor, platelet derived
growth factor receptor, pre-B cell growth stimulating
factor, stem cell factor, stem cell factor receptor,A
transforming growth factor (TGF), TGF, TGF 1, TGF 1.2,
TGF 2, TGF 3, TGF 5, latent TGF 1, TGF, binding protein
I, TGF binding protein II, TGF binding protein III, tumor
necrosis factor receptor type I, tumor necrosis fFfactor
receptor type II, urokinase-type plasminogen activator
receptor, vascular endothelial growth factor, and
chimeric proteins and biologically or immunologically
active fragments thereof.

The compounds of structural formulae (I) and
(II) also can be conjugated or linked to auxiliary
moieties that promote a beneficial property (or mitigate
an undesirable property) of the compounds in a method of

therapeutic use. Such conjugates can enhance delivery of

the compounds to a particular anatomical site or region
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30 noieties that pronote a beneficial property (or
mtigate an undesirable property) of the conpounds in

wa@20vetibrac2 of therapeutic use. Such conj ugat eSPCHIS2006/011584

enhance delivery of the conpounds to a particul ar

anatomi cal site or regi on WO 2006/ 105262 ‘

PCT/ US2006/ 011584 - 59~ 8P Tnterest (e.g., a tunor),

enabl e sustai ned therapeutic concentrations of the

conmpounds in target cells, alter pharnacokinetic and
ophmtpecerty n@nte, pt opwrdt)es enkbldhesusteiped idss raprditac

bR E Lol BET AR UL RAE: £ AR ! Ko &1 AN o

e corrpoun Sui t auxi | 1ar leties I NC ude
plﬁ@rmc‘eo«’dme@lcaml@cpfam@sodmhmgnpemopdesw@rof the
, { i.had S. C I
O ARER | SRy qf xR AR RS R SN0 G Plrecy
prafife|of @hessmrtlmndc,s | i Gahtablo auxdépany SnCiJnEttJ@ISget

lﬁgidase OreodO ek LRSHES am%%egc% tahligo 9&{5&1&@@ X

I ncl udefatty acid of l'i pid noi et i es at pronote
PO} Yrfipstidelsut ¢ of- arfdytdodips akechhfast meneekwind by

aﬁ@irzﬂfalecsehha S5y &Egneergaaa{@moeaeél -andddturG@ncer
Res 3229, 2001) rrmul ati ons of the present

ox rﬁb@fﬁhe&ﬁcc%‘l%}@s 5 ZEFPRFLFBridd tRRIAL s¢Hddard manner

cidudshe begat ANt fie hOQ:L MM iGat eﬂcﬂhé@aﬁa&%y skgh as
orally, parenterally, transnucosall

o5 IHFRLEALE LI GT S BEERAFS wlﬁitge-ﬁaﬂqsh)and/or

ug tXeC Al Yhe%@nﬁ:&ﬂﬂﬁ”&&' Yard&ctllhy, (vé@, d.ghal ation
nas eep, | ung 1 nhal_ation)._ 20 Parenteral

BaseY ShC Rl ol LaReed ke ne2s) i 2d g 1 o

i nt ravenommumattﬁaasteflahe priseapei hismdah, can be
i ntra ul ar ecal

b :
=P AL PP RA, 1" SAPRRES B IaREr o Pa L P ARES CBn be
thecdadpkcesdd dissangsa bhugh 9 esalle, t esiuritgual lli ke

transmucosally (e.g., sublingually or via buccal
administration), topically, transdermally, rectally, via
inhalation (e.g., nasal or deep lung inhalation).
Parenteral administration includes, but is not limited to
intravenous, intraarterial, intraperitoneal,
subcutaneous, intramuscular, intréthecal, and
intraarticular. Parenteral administration also can be
accomplished using a high pressure technique, like
POWDERJECT™ (Powaerject Pharmaceuticals, Plc, Oxford,
England) . ' '

For oral administration and for buccal
administration, the composition can be in the form of
tablets or lozenges formulated in conventional manner.
For example, tablets and capsules can contain
conventional excipients such as binding agents (for
example, syrup, acacia, gelatin, sorbitol, tragacanth,

mucilage of starch, or polyvinylpyrrolidone), fillers
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25 PONDERJECTT' (Powderject Pharmaceuticals, Plc,
Oxford, England). For oral adm nistration and for
wheweabs26adm ni stration, the conposition can bRCT/NS1006€011584
formof tablets or |lozenges fornulated in
conventional manner. 30 For exanple, tablets and
capsul es can contain cenMentional excipients such as
~binding agents (for exanple, syrup, acacia, gelatin,
sorbitol, tragacanth, nucilage of starch, or
(£ YAk 1By wctﬁcc&ne)sugfakl I ﬁ&o@y&@@ﬁiw%@alulose,
PCT/ US2006/ 011584 . - é exanpl e, lactose, P'gar,
M3 2§ CEAFShal F?%%I%IPF’BFBQ Fe' R SEr8LEe Ly, TMRrdFaRTS
(PO sHRe, oma@wgmuhpls)aeakau; Cs&létaili:(i@lrd e|>tarrlalhel
si.um st ear at e, aric acid, talc pal yet hyl ene
PG ARV e T i) CrURdiAFBr AESPEEFoAE LG e,
ef0iple @baéﬁdﬂ sxrarlsmdbunssaﬂmrstglr)tﬁobn%@nat@) hwetti ng
ent s ex e, sodium |.aur at.e e
et s5eRhe bLrh S amPAE T LR ot Rt KR
tdbletisheaarbe dddteidnaticweliyng cm;rmﬁundas ofetth&nptvasemt
10 |gyent|on can be incorporated into oral liquid
ratlons such' as aqueous or oily suspensions,
solut|onsAlmnnﬂaﬂlaa$y,sqwmnnnndsroelth@rpxesbnt exanpl e.
r.._formul ations talnln hes npounds can
1q¥en rgsgﬁ 23 %°r8°ra Foduct gaicgh c{)ution with
pnmiaelatcbpnasmoztm@rs squtaalbds eweliilgl eubpdroriengse. Such
L. quyi p Ison cQ vent
TS it AL S e L
Moyeoverel f@,wui@tlneﬁhybntwmgl tbese gtampeyddsugan be
px%éreﬂﬂedggéag 'd%'g ngﬁg?yﬂﬁwoﬁgkkyu% with water or

hydr oxypr opyl ul ose
other suitable vehicle before use. Such liquid

preparations can contain conventional additives, for

. example suspending agents, such as sorbitol syrup, methyl

cellulose, glucose/sugar syrup, gelatin,
hydroxyethylcellulose, hydroxypropylmethylcellulose,
carboxymethylcellulose, aluminum stearate gel, and
hydrogenated edible fats; emulsifying agenﬁs, such as
lecithin, sorbitan monooleate, or acacia; nonaqueous
vehicles (which can include edible oils), such as almond
0il, fractionated coconut o0il, o0ily esters, propylene
glycol, and ethyl alcohol; and preservatives, such as
methyl or propyl p-hydroxybenzoate and sorbic acid.
Preparations also can be formulated as
suppositories, e.g., containing conventional supﬁository
bases, such as cocoa butter or other glycerides.
Compositions for inhalation typically can be provided in
the form of a solution, suspension} or emulsion that can

be administered as a dry powder or in the form of an
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20 carboxynet hyl cel | ul ose, al um num stearate gel, and
hydr ogenat ed edi ble fats; emulsifying agents, such as

wo e@otibi2e2  sor bi t an nonool eate, or acaci a; nonECIER2986/011584

vehi cl es (which can include edible oils), such as
almond oil, fractionated coconut oil, oily esters,
propyl ene 25 glycol, andgethyl al cohol; and
preservatives, such as nethyl or propyl

p- hydr oxybenzoate and sorbic acid. Preparations also

a£20:02 [DHILALEH A% : SUIPHSLINIR, €ubhn 0L ONt A1 N NG

convent i onal supposi tory ases, suc¢h as cocoa butter

dpeh berrdi ffupsene teane ¥ @éﬁp@mandWQerUilmJ ation
typical |y ¢a8.he mop\er%%gdéfhalt %rtngﬁgwénsa S san.

suspenS| on, oOr emul si on that can be adm ni stere as.- a
CERVeBVRIEIL GAURAUS T MONARBEOY YAbizdes/ 1956 as eye

dR;Jé US2006(s013588nerrt £1 10886050 ardS bAGt &s CUW eld gpal

égélant ‘such as di chl orodifl uorf onet hane or
the|

THrf PuBPEHEA tRh@1asTepi At And OF r BFTERRAT R

formul ati aaai 0M11SL €ORYESNHRRB! 02RO YS-ent
nonaqueous vehicl es, such as eye 5 drops, creans,

iRyefimeaR $an| Bej EpEwlatgdpERY ;admigd s5ration Rwe form of

uajémcﬁqatoedcehaﬁﬁﬁus aatfasloror TRFRGARE: orf¥ldidd onal | iz
ositions of, the present_invention can be

LHRIRICR GA7 BE LRI SOFR PbrPIPenEhpREL | T rions
ofGitulIHiOMS LAfosiwr EQuBthatvedisibe] df4 iddredoheBigan
<Seylinhe LALME! SURpenel onse Rolul Loy oo i
addyfarllddtspbens sge rdgentsuc hahisesissferdiy N ot hes taadtiilviezi ng,
P BOETR U BAEOAR O PRSP B,
s1mt:b5>1$u vehbtke vehiccl, esterple, sveooberfpe ogarxfr ee
beVR@tr r)use.

A composition of the present invention also
can be formulated as a depot preparation. Such long
acting formulations can be administered by implantation
(for example, subcutaneously or intramuscularly) or by
intramuscular injection. Accordingly, the compounds of
the invention can be formulated with suitable polymeric
materials (e.g., water-soluble polymers) hydrophobic
materials (e.g., an emulsion in an acceptable 0il), ion
exchange resins, or sparingly soluble derivatives (e.g.,
a sparingly soluble salt).

For veterinary use, a compound of formula (I)
or (II), or a pharmaceutically acceptable salt, prodrug,
or solvate thereof, is administered as a suitably
acceptable formulation in accordance with normal
veterinary practice. The veterinarian can readily
determine the dosing regimen and route of administration

that is most appropriate for a particular animal.



before use. A conposition. of the present invention
al so can be fornulated as a depot preparation. Such
wo o0vg/108262 i ng formul ati ons can be adm ni st er edP@IUS2006/011584
i npl antation 20 (for exanple, subcutaneously or =
i ntramuscul arly) or by intranuscular injection.
Accordingly, the conpounds2of the invention can be
formulated with suitable polynmeric mnmaterials (e.qg.,
wat er - sol ubl e pol ymers) hydrophobic materials (e.g.,
ARSI 1SiQR abfl e 2By 20£L RPaBL £t Qdmbouh8Y £ ersliRRge
resins, or sparingly soluble derivatives (e.g., a
igphidsgIBpts Grgbret sél“tl)t?dFB‘?' R&EtEp | hAY§SERE, Show
AR OIPONGrf Z6er Bpbaindns. or (11), or a
pharmaceutically acceptable salt, prodrug, or solvate
thereof, is admnistered as a suitably 30 acceptable
formul ation in acceymEmmgcwktuony mal  veterinary
practice. The veterinarian can readily determ ne the
dosi ng reginmen _and rout f admnistration that |s
nost apprgb?i 5?%‘3?‘8}dsa°ga$}f? dfiesrm n"frr"?ééfn?t &an be
p2EHH6/e0 b6 2hPCHd LISRAMG/ 83158k i62chdnesal Fitnsaqt ahke
TG Aness0l conpqunds.and. methads, 1gclude, but are
Hot A M ted to, pets, Fi $tockS show “Hhi el and
dezoyr idpeec heeasn SMNBHEDIrEpMMEdHOPSAD £ Fdeerco meoierdd  of

HRES SR ol clbgpal ok e
10 susiregriygrythsi resciisedof oz prigpapeenht WK amhi bitors
adlasgrihedoher &F . f %Ec@ﬁo?,r gd by 9&{& gzeg}regggg al
chene

synthetic schenmes. For exanple, Ceneral
ang hselirked ipdenewienitdl, ofo @nevidephanidiraphenyan

ether product. Reduction of the ether under standard

conditions provides an arylamine that is used to produce

15 a compound of the invention.

General Scheme 1

OH oR oR
O,N O,N H,N
R R R

Alternatively, reaction of a halo nitrobenzene with an

alcohol in the presence of a strong base, such as sodium
20 hydride or potassium bis(trimethylsilyl)amide, also

affords nitroaryl ethers, as illustrated in General

Scheme 2. These ethers then are reduced as indicated in

General Scheme 1.
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activated formof an al cohol, formed in situ or
prepared and isolated i ndependently, to provide a

wodsopizenyl et her product. Reduction of the BCTES2006/011584

under standard conditions provides an aryl am ne that
is used to produce 15 a ggnpound of the invention.
Ceneral Schenre 1 OHOR OR OGNI &N 14 2Ny L R R
R Alternatively, reaction of a halo nitrobenzene with
an I | iy the presence of a strong base, such as
Gegs Fgmg%gﬁlc?pi de or potassium
bi s(trinmethylsilyl)am de, also affords nitroaryl
ethers, as illustXated in General &henme 2. These
et hers then aPeN¢educed as i ndi%H in Ceneral
Scheme 1. WD 2008(205262 PCITUS20 11584 - 63
Ceneral Schene 2 O RP N 02N gR R Conversi on of
A Ay ARS8 PR 0A0 e B0 CUCA LY aug B
several syn iC sc enes. , an arylam ne
acbaavée lvxeacuiee@fw'seheaabwyaxzhaem &mhbatﬁrate Foryield a

R T

cajdbdindt® tio jvijld & wrea as illustrated in Genexral

Scheme 3.

General Scheme 3

R ' R
0 H H O
N N O HoN N N__N
G — 1JX
N
R R

Alternatively, as outlined in General Scheme 4, heat
induced decomposition of an acyl azide produces a
reactive aryl isocyanate which then is allowed to react

with an arylamine to yield the desired urea.

General Scheme 4

-R' .R'
(o] O H H O
NS N HzN NN, N
Ly — ATx
N N’ o
R R

Another approach, illustrated in General Scheme 5,
utilizes phosgene or a phosgene equivalent to couple two

arylamines and provide a urea.



RR 10 Alternatively, as outlined in General Schene

4, heat induced deconposition of an acyl azide
w@e@dnees2 a reactive aryl isocyanate which theeI/US2006/011584

allowed to react wth an arylamne to yield the

desired urea. General Schene 4 O0. HH OR N~ N3 H2N

N. NN 15 R R Another apffoach, illustrated in

General Schenme 5, wutilizes phosgene or a phosgene

equi valent to couple two arylam nes and provide a
Ggpegal\rpew6/°105262 PCT/ US2006/ 011584 - 64 Gener al

Scheme 5 OR J~N NHa + 2N\ -~ N\7TNWH 0" R \ R N

I "1 N Oi R R AbQRreviations used in the Sypt heses

descri hednhgrein ghe b (h), mn (m n) er
squar § Chch 5 (psi)[ j3at urat—eel—()sat W& H20) ,

dei dti 2ed (DI), isopropyl alcohol i num

on carbon (Pt/QC), nik®rogen (N2), hydrog_en ( ,

pal | ad! umpwbréﬁibﬂfbr(éa(ﬂs@i, in ptrd |s%'ﬁh@§é:§jeje§§3ct12i®ed
h gnesn um syl fgsj c‘éﬁr hydrochloric acid (HC1),
BT SR opy| PaBlt F%tep Y BEADF IURES M1 Bhe
(66l 0y | Ser (fGH2E1 235t th omgtsf mﬁzwl&lomr@ahgm? ,

. (Me a h%( Xi tetra of uran
TR NS pyt VT doRE=t M) racarben (BE/S
nitrogen (N;), hydrogen (H:), palladlum on carbon (Pd/C),
platinum oxide (Pt,0), magnesium sulfate (MgSO,),
hydrochloric acid (HCl), diisopropyl azodicarboxylate
(DIAD), methylene chloride (CH,Cl,), chloroform (CHCls),
methanol (MeOH), ammonium hydroxide (NH,OH),
tetrahydrofuran (THF), N-methylpyrrolidone (NMP), acetic
acid (AcOH), NaOH (NaOH), EtOAc (EtOAc), ethanol (EtOH),
dimethyl sulfoxide (DMSO), deuterated dimethyl sulfoxide
(dg~DMSO), sodium carbonate (Na,CO;), deuterated
chloroform (CDCl;3), sodium bicarbonate (NaHCOs;), sodium
hydride (NaH), TEA (TEA), cesium carbonate (CS.,COs),
carbon dioxide (CO;), palladium hydroxide (Pd(OH),),
sulfuric acid (H,S0,), nitric acid (HNO;), sodium chloride

(NaCl), sodium sulfate (NaySO,), and dimethylformamide
(DMF) .

Preparation of Compounds

The following compounds of the present
invention were prepared using the general schemes
disclosed above. Additional coﬁpounds of the invention
can be prepared using the above general schemes, and the
following specific syntheses, by a judicious selection of

starting materials.
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acid (AcOH), NaCH (NaOH), EtQOAc (EtQAc), ethano
(EtOH), dinethyl sulfoxide (DVSO), deuterated

walrewetibseb2 sul f oxi de 15 (d6- DMSO), sodi um car boP@r/&S2006/011584

(Na2C33), deuterated chloroform (CDCL3), sodium
bi car bonate (NaHC03), sodggm hydride (NaH), TEA
(TEA), cesium carbonate (CSSCO3), carbon dioxide
(C02), palladium hydroxide ('Pd(OH)2), sulfuric acid
cg;-%§? qnitric acid (HNG3), sodium chloride 20

(Na sodium sul fate (Na2SO»4), and di et hyl f or mam de
(DMF). Preparation of Conpounds_The foll ow ng
conpounds of the present -invehti'Qp were prepared
usi ng the general schenmes 25 @.sc¢l osed above.
Addi ti onal conpounds of the invéntion can be prepared
usi ng the above general sche 7 and the follow ng
speci fic syntheses, \py @ judi gi ous sel ection of

starting materi al 62 PCT/ US2006/ 011584
- 65 .Conmpound 1 ~ 0]
[

NO NC
1- [ 5- Chl or 0- 2- S- ([ 1N4] oxazepai}- 2- yl met hoxy) - phenyl ] - 3-
(5- methyl -pyrazin-2-yl)-ureaCb Step 1:
1-2p5A0HI@ o~ aeb hY | PNk BEpan-AMIaERhe Ry HdHeN A ] -3- (5=

mé%h§¥ uenesulfngfe salt (20.0 g, 79

-pyrazin- ) -ure

Step 1: 2-Amino-5-methylpyrazine.
Aminomalononitrile p-toluenesulfonate salt (20.0 g, 79
mmol) and pyruvaldehyde l-oxime (6.88 g, 79 mmol) were
combined in a flask. 1iPrOH (140 mL) was added, and the
resulting yellow slurry was allowed to stir at room
temperature for 18 h, during which time a yellow
precipitate accumulated. The mixture was filtered and
the precipitate was washed with iPrOH (2 x 50 mL) and DI
H,O (20 mL), then lyophilized to give 2-amino-3-cyano-5-
methypyrazine N-oxide (10.7 g). .

The pyrazine N-oxide was suspended in MeOH (22
mL) and AcOH (5 mL). To this, 5% Pt/C (1.6 g) and Darco
KB-B (8 g) were carefully added. The mixture was allowed
to absorb H, at 60 psi for 18 h. The reaction was
quenched with 25% NaOH (34 mL) and purged with N, for 30
min. The mixture was filtered through a bed of wet
celite and washed with MeOH (4 X 100 mL). The filtrate
was concentrated in vacuo to a quarter volume. The
filtrate was diluted with EtOAc (150 mL) and washed with
5% NaOH (30 mL) and back extracted with EtOAc (2 x 70
mL) . The organic layers were combined and washed with
sat'd NaCl (20 mL), filtered, and concentrated in wvacuo

to give an orange sticky solid (5.16 g).
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mol ) and pyruval dehyde 1-oxine (6.88 g, 79 nmol) were
conbined in a flask. iPrCH (140 nL) was added, and the

wo e®al1oi2ey yel l ow slurry was allowed to stir arCT/oS00d/Q11584

tenperature for 18 h, during which tinme a yellow

preci pitate accunul ated. The m xture was filtered-and

the precipitate was washedbwith i PrOH (2 x 50 nL) and

DI H20 (20 nmL), then lyophilized to give

2- am no- 3-cyano- 5- net hypyrazine N-oxide (10.7 g). 15

The pyrazistepNeoxi (-Maasy SpheRerited-in) AP 22 adil)

and}B{AcCH (5 m?). To this, 5%Pt/C (1.6 g% and Darco
PRERY (B e Fe BHIBTUPET R RtRIEER 21986 (Rt k¢ e Hagmol)
wad lmm@dabsoﬁ%g@(ﬁa 8%6)( piﬁn%gd L%dhcongdrﬁ@ﬁddlt\:lgn

S enched w t 0 and purged wt

u‘\PI%r‘r =2 Oﬁ?ﬁsrTﬁé(rﬁi’k‘E%r@&ag‘Lfi?%é’iﬂ‘&})t %’P&Jgﬂdadbed
feflovedd kgelphbayanch Mashiednstd h(eVROhL( 45% d@P1yl). The

filtrate vvasg’soncentrat ed in vacyo,to a quarter

IRBGRS FHET #7190 S2ME5 DI HEFREFRE B RELTH0 L)

Tran dnivetsired was t Sit i :5%dNaOH{SBEorl) Nd Trek taxt r act ed
with Et QAc (2 x .70, ?5 cnd rganic |ayers were

TSI R d 2and A wvﬁtgha'%sams &I%ﬁg%ﬁb( )r%ﬁé

arfhiyidrenesd ethnd Cohaantr ah@dstiirreadcad 0% dgove 3anmbiiange
Sti ; ' . 2006/,105262 .

Thﬁc?%%ﬂ%g%%gig_‘g%ﬁ}lqs-%hgggpéfye%qi%raglon’ washed with

DI BlMet AY I py)r a&xidnehyt ) Carbahi slaciahd phéryl vedeer. 2
-fé%'np- s pet LN 16_9g,_ 4 I S

Ve ssoIQ\(/)egl?E %%Qt}éé ﬁ%_)(ﬁ,g%stalgr?e‘ghgngg fz:lélo d to 0C

pawegar N2. To this, pyridine (4.8 nL, 59 nmmol) was
added 5 §oll oped (hy_p ox%laeﬁyiﬂ{m]%xg@ega%u;-5t9

mmol ), dropwi se, over 15 mn; causing a precipitate to
cappery Ll iFhacif xtanrtePihy! stitrered e @@ FGmll reunghen t he

bottom flask were added (S)-(+)-benzyl glycidyl ether,
(1.31 g, 7.9 mmol), 3-benzylamino-propan-l-ol (1.3 g, 7.9
mmol) and 10 mL EtOH. The mixture was heated to 40°C for
15 h. The reaction was cooled and concentrated in vacuo
and the resulting oily product was used without further
purification. The diol was placed in a 250‘mL round
bottom flask and dissolved in 75 mlL dry pyridine. The
solution was cooled to 0°C and toluene sulfonyl chloride
(5.27 g, 27.7 mmol) was added in one portion. The
mixture was stirred for 6 h, carefully maintaining the
reaction temperature at 0°C. The cold reaction was
gquenched with 50 mL sat'd aqueous NaHCOs; solution. An
additional 20 mL of water was added and the mixture was
extracted three times with 100 mL portions of EtOAc. The
combined organics were dried éver Na,S0, and concentrated
in vacuo. The alcohol then was purified by column

chromatography using a 25-50% gradient of EtOAc and
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reacti on was quenched with 0.25 M HC1L (40 nlL) and

anhydrous ether (50 nL), and stirred at 0C, for 30
wWores/14262The preci pitate was isolated by filtrBtT/082006/011584

washed with DI H20 (20 nlL) and ether (2 x 25 nL), and

dried under vacuumto give the product (7.4 g) as a

white fluffy powder. Step 3:

(S)-2-Hydroxynet hyl -[1, 4] oxa zepane-4- 15 carboxylic

acid tert-butyl ester. To a 250 nL round bottom fl ask
hesé@fl@s agldechd Shubdd : bengd yakyaédyl. #t beos t&é-%ﬁl g,

mol ), 3-benzy| am no-propan-1-ol (1.3 g, 7.
alﬁﬁ%@} ahP DEIAPWEPEH The nmixture was heated to 40C

for 15 hphelh@chRELHIAN MBS LH& 6Gh 30dmE oMt ed in
vacuo 20 and the resulting oily product was used

cogiefol? 9°Grt hEP tHUSORPe af FHHESITHEXEREE Wats pl aced in

cafe 2201 Pladindssbpt | am | @skoagd di ssahwed. i nHd nl
dry pyridine. The solution was cooled tQ_ Oce?ind

repefiRhe"aUITERYEIchT o FdEOT (B BNy, then A
sl@ﬁﬁ@dwéfhlQﬁﬁrBGﬁttéﬁpefgﬂﬁr35aﬂmXéﬁﬂr&ewas 5t rred for 6

h, carefully maiptaini t tion er at ur
repes Lohe oA PERLLT G abedguLRE REt W o BECR
ex OEACHLLS ﬂ‘ﬁ?dd@%lﬁ@é uvitan.50AnL pelthidnenalf 200mt. omeat er
ded and the m t.ure was Na[%bractde% thre ée@s

CORPTIES GO S 1651 PPERS GFEPERE. PR
un&é £ ar @sumer ehdrcadd@mdhlaﬁSﬁ}ﬂs amkemonp enm rm@ﬁl anidn
PLETO Gt anhy LI T 2o OO et Sh PO RS $5d wo
théO&kﬁltﬂ.ﬁSﬁﬁ%ePéZTlQEZOﬁG/P@]@S&ﬂ 426 617: OhéfR amesl asandhe
on R TS Y ATt bt e
2 days at Wthh point the reaction was deemed to be done
by LCMS analysis. The solution was neutralized with
sat'd aqueous NaHCO; solution and extracted using a 3:1
mixture of CHCl;:iPrOH. The combined organics were
concentrated under vacuum and the crude product was taken
on to the next step. A

The crude amino alcohol was dissolved in 100
mL dry CH,Cl,. To this solution were added TEA (1.59 mL,
11.5 mmol) and di-tert-butyl dicarbonate (5.74 g, 5.74
mmol). The solution was stirred at room temperature for
18 h, then quenched with sat'd aqueous NaHCO3; solution
and extracted three times using 50 mL portions of CH,CI,.
The combined organics were dried over NayS0O, and
concentrated in vacuo. The product was purified by
column chromatography using a 25-50% gradient of
EtOAc/hexanes. This yielded 0.240 g of the oxazapane
alcohol as a yellow oil.

Step 4: (S)-2-(4-Chloro-2-nitro-
phenoxymethyl)-[1, 4] oxazepane-4-carboxylic acid tert-



cooled to OC. To the cold, stirred mxture was 5
carefully added 95% wt. NaH (0.29 g, 11.5 mol). The
w0 e@etida2 was stirred at OC for 15 min, then aPdDUSTHOE/ 11584
slowly warmto roomtenperature and stirred 6 h. The
reaction was carefully quenched with 50 nL of water
and extracted three tiTe$ with 50 nL portions of
Et OAc. The 10 conbi ned organics were dried over Na2SO4
and concentrated under vacuum The crude product was
butagerstipri n B GH5AnWL poumkdothon Ware aldyléri)genati on

d t ti 0
S R R T I L I B LA
1.150r ogenat | Ird vids mbudrat ClBOlpsi Ther sqsutziqlvaysasat whi ch

t . thgo t t
cohlepl £poB-qRRE hPDNIRS (AI0RG 1 T £Y bl g
addqealed@rgpmm Mol pikbwrantsestiaceedarsilng & 3£10°C

and ﬁ%%&énﬁi‘é@% bl OHys 6y §%§b' NRLL OTgRALCS,We' €

concentrate der “vacuum and t he crude product was
sepakeaied2angrthep agheonextavare pasTeet xaqi@e amiaso Wakkohol

| v [ [ ution
20088 G3o Vot %o}@qneatog%%lggzggge ot | but y|

Naﬁ%@@@é‘nﬁ?’é‘:%‘b‘twe@ updey VR The FBIdet itRFwiase

th%h' &ré@ddﬁésdl%@ tgnperatde ool 2k k&R, sbhen igHepghed
sat' aqueous NaHCO3 sol ution and extracted

adfﬂﬁidegsftq%éo u%"”n@ 58 - AP Pt GRe brcllererZnifre-
pheashi neck o8 Q;G)n|10§4V\&B@l)drl @ﬂlevsfld\!ﬁe@@&lawd solution

concentrated in vacu g oduct was gurlfl ed by
theg| §am *&?ﬁ%%g?%tﬁ/ °U§FH§; Bt o5 BGoF GRATFAL YT 30
cobl Act bexane sempbrstyie dpeén@hedOrixnfsot he exawapang
ang cohol as el |l ow oil

Sfxﬁrigf?ﬂﬂ98¥8e2t}W??(yltﬁt%8 éﬁ portions of EtOAc.
Thphppedyaetiagl pukifilddxaz epasi- dhoaidiagybphyacisting e t

10-35% gradient of EtOAc/hexanes. This sequence of steps
yielded 0.120 g of the nitrophenyl oxazapane as a bright
yellow oil.

Step 5: 1-[5-Chloro-2-([1,4]oxazepan—2-(S)-
ylmethoxy)-phenyl] -3- (5-methyl-pyrazin-2-yl)-urea. 1In a
25 mL round bottom were placed nitrophenyl oxazapane
(0.120 g, 0.31 mmol) and Pt,0 (0.007 g, 0.03 mmol) in 5
mlL MeOH. A helium balloon was attached, the flask was
evacuated using an aspirator, and backfilled with H,
three times, then allowed to stir under H, for 2 h. The
reaction was filtered through celite, washing the celite
pad twice with 20 mL portions of MeOH. The solution was
concentrated in vacuo. The crude aniline was dissolved
in 5 mL of dry DMF. To this solution were added TEA '
(0.005 mL, 0.34 mmol) and (5-methylpyrazin-2-yl)carbamic
acid phenyl ester (0.07 g, 0.31 mmol). This mixturé was

stirred 18 h at room temperature. The solvent was
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WD 2006/ 105262 PCT/ US2006/ 011584 - 68 butyl ester.
To a 50 nL round bottom were added oxazapane al cohol

W@ 0108405262 1.03 rmol ), TEA (0.21 i, 1.545 rmetd/pszneol1ssd

10 mL dry CH2Cl12. The solution was cooled to 0C and

met hane sul fonyl chlori deGéO. 10 mL) was 5 added

dropwi se. The mixture was Stirred for 1.5 h at 0C and

t hen quenched, cold, with water. The | ayers were
sep%ggt ed and the aqueous |ayer was extracted once

LR8It (laseys . anth - NCoABF Adde diafanedss st eedrined

1ovar ENeESGhaRdseeacenty %b@ddum%ou\éaﬁgﬁgbbﬁge E:I'r ude

mﬁsgl. ate 1(%:1hen was dissolved' in 5 nL dry . To
SPHPEL8B ut 176 “RE8PIGRI W ecsPEes T Fe:30: 2nd6 mol )

candedtedted at2rBihEes dieeRake (0. 2ld gg:aﬁ;bgo%m%lgge

This bri (sn yellow solution then was heated to
UGRErRTGHTS e Pl ((hludSd EBoFtP (5o gefed 1 ni

corO@Rt A4t tri itashRtetithadfd M Wonatigitid® & dcig
SPxtle {gd .hreg t%rres with 50 nL portions of EtQOAc.
e Product- SRSVl i fiREdTBFCH AL Wash FEHREFY rafpipomsi ng
tempdh36e goadi antatofhECRAE{ hexanes. adhésus amigoge of
s Vvielded 0.12 f the nitrophenyl oxazapane as
sGhion H Bt il dofuetely achel sis. Ve
m:'g_;ct{@e(:ma@r ex2r5\4¢tled4]t(hxaéepﬁﬁbsl2-v~(i$}r 10 mL polrtions of
V. -p - 3: {5~ et - pyr.azi n- 2- -urea. In
Sl e, Bhac B b prEAgEcS were
theragapade oveéD. Ne00g ,an@, 8dnormt Da tand uRE2O 5087, Jrhe
£ Q3 1ol ) 1 & hel i.um bal 1. oon S
©at tached, t%e fsclhaegkw\%/gs . él\?gc?&atlgdﬁﬁésﬁcn@ng
fiddysirest shrovgid haeRf iun| Sl twieich fE2tet hrveshtingesith hemn
mIAldfOWRBALO Sild MAdEr b, 2 Rord 061 §35LLON, yas
filtered through cel i?%?l({/vg’;aﬁi ﬁgbf%ue&}:lé'l %tréedpgﬁg\etla’f/vi ce
vaguuR - 20Thi s pidiienns viedMetHO.PRE godfitihendeasred
urea as a fine white powder. ‘H-NMR (300 MHz, d¢-DMSO) &
10.83 (br s, 1H), 8.39 (dd, 1H), 8.18 (s, 1H) 8.04 (br s,
1H), 6.99 (dd, 1H), 6.82 (d, 1H), 4.25-3.98 (m, 2H),
3.90-3.76 (m, 1H), 3.38 (d, 1H), 3.13-3.06 (m, 2H), 3.00
(dd, 1H), 2.54 (s, 3H), 2.06-1.89 (m, 3H). LCMS (ES,

positive) m/e 392.3 (M+1).

Compound 2

O
NH

Y0
- cl

1-[5-Chloro-2- (R-morpholin~-3-ylmethoxy)-phenyl]-3- (5-
methyl-pyrazin-2-yl)-urea
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concentrated in vacuo. The crude aniline was dissolved
Min 5 nm of dry DMF. To this solution were added TEA

w@ 2000065261, 0.34 mmol ) and PCT/US2006/011584
(5-nmet hyl pyrazin-2-yl)carbam ¢ acid phenyl ester
(0.07 g, 0.31 nmol ). Thisygnxture was stirred-18 h at
roomtenperature. The soI vent was WO 2006/ 105262
PCT/ US2006/ 011584 - renoved under vacuum and.the

resi due edi ssol shed
with sat' agugou?&%%eéﬁlﬁoﬁg%ﬁqu% \é\% CS were
cafrbhastly e rachg2 sent-dnvd ylceatent r flced avolestuced bath)
r [ S e ith 3
sOLESH S ﬂagpsasflv o, L sf%ac%%ﬁ 1HBS QY o € LN

2 and'to this was ad concentra ed
buty¥ |affradét P acidd.32Upoel Addi dronTBF &40 dnl)alvas

addiild %%I%%S%\é?é' m1l B ﬁﬁagé%&lo\?{aﬁns& hEred AL LRl -

temperature f at “‘which time sat'd aqueous
deivitsSieorPvies Addein wrder aoritiagenr abeeerhgre 8. Afterl0

swfglwge f‘&@slel’ft rad %gthh&@@ Jémd%w i A pertions
m xture of CHCI3:iPrOH The conbi ne

cqsvrtglme@"s fagr 80 Gt iaRAed dvat REbEDAT drRnmeoTREeer at ed

addder a@euum . Iha, o2f it 30kbistiHEN 1% E mmo1)
trituated in EtOAc and fi teredthrou%_llﬁarremm
theny pegd 2Afeter AAEEShShET TR 0 11B. nihefSoRubien vas

némlr{aQ:L&@lil Hy vase tlaan eughl o diicedsUAgREousy 3 HPat LRI S
%uence élael ded 0. OZON%F?of t he deS| red urea as a
Sqql nRH20 B )Diee) asidedo. 83

ar(dOl‘ths sﬂall‘l)ltlc&l 3&3( ddirddd , fo& 18 fusn, liherB+B4 (lﬁfyeS;s

wef@ §e§6r‘§téfg rﬁ}‘wlﬁlgue%u%&a(y&r%?ﬁ e’gtrf§t§d0g’lfﬁl 2H) |
CH3CDO (3 ddZOltl'rI)) , antd ths, c@&if)ined 0GganBO Yde HwerkCMS

dr9g§'(M8§8balggé PQf%eré% 3 &ﬁ%lglltegn% so?uglon was

concentrated to a.white solid (0.46 g).

Step 2: 3-(4-Chloro-2-nitro-phenoxymethyl)-R-
morpholine-4-carboxylic acid tert-butyl ester. To a
cooled (-78°C bath) stirred solution of 3-hydroxymethyl-
S-morpholine-4-carboxylic acid tert-butyl ester (0.13 g,
0.60 mmol) and 5-chloro-2-fluoronitrobenzene (0.11 g,
0.66 mmol) in dry THF (40 mL) was added potassium
bis(trimethylsilyl)amide (2.4 mL of 0.5M solution in THF,
1.2 mmol) dropwise over 15 min under a nitrogen
atmosphere. After stirring an additional 15 min, aqueous
saturated ammonium chloride (10 mL) was added and the.
bath removed to allow the solution to warm to ambient
temperature. After stirring for 1 hour, water (15 mL)
and CH,Cl, (10 mL) were added and stirred for 5 min and
the layers were separated. The aqueous layer was
extracted with CH,Cl; (2 x 10 mL) and the combined organic
layers were dried (MgS0QO,), and filtered. The filtered
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O') NH O;NNYNNOOC 7?5
1-[5-Chl oro- 2- (R nor phol i n- 3-yl net hoxy) - phenyl ] - 3- (5-

woreaohgtds2py r azi n- 2-yl ) -urea WD 2006/ 105262 PCT/US2006/011584

PCT/ US2006/ 011584 - 70 Step 1:
3- Hydr oxynet hyl - S- nor phol i ne -4- carboxylic acid
tert-butyl ester. To a codlled (0OC bath) solution of
nor phol i ne- 3-R-4-di carboxylic acid 4-tert- butyl ester
(1.00 g, 4.32 mmol) in dry THF (40 nL) was 5 added
spdnanen( 4ayeconcegitravedotata grliow THR, 4.26 m)mtl)at

0 n3t,nos
RPCBEEE By RoGhR Ul A LSRR e
h§t<fir7ﬁisr1§t01é@nﬂl ‘Alediof affend addivhonadll®whoal anbiemt .

enperature. Acetic acid (14.3 nL of 1M aqueous
solution, 14.3 mmol) 10 then was added. After stirring
for 1 h, tHersdlut Bofﬂwafsimnéu@hmﬁoz-@bebyxwhet}aww-tR'—on
met:pﬁesﬁﬁé-@%%u§5m Lg@ltaeceeﬁg% %@gbon ale,

ution

D chl or onet hane % e SO
s%asr%@.?%&m@ro 53n{‘¥rcftlh>éﬁ 2h@ln@f@hsnomnethyl) -R-

aled 4-thepaqye te d 5
R EHR1 TAsnBVERl b B Rer MK RIELE BT >

Omféﬁ emm%llr) dd MREBOK Midhaasi pededEt.Fhe0 020 ared. 088

mBO1 U | OV asROREE NSk @del O ﬁaéwlbta%k@iié*d (&t‘%ﬁ ) -
Step 2. 3- (4-Chloro-2 nltro-phenox
Toor § deXatarPoxy At eEcPH T EMY. GFyF %st%ﬁe To a 70

s@nﬁii&ﬂu (w-a‘éS@:Lbﬁéfléd &:tvlerrlr']@:jp§@|dﬂ |C‘éﬂé@f§ Tlnd the g
- roxynet h S- nor phol | ne-4-car boxylic aci
ffiﬁ%%%&hﬁép &8 %?n?ﬁﬁFf§p§° g{%e the prodgct as a yellow

“oil.

Step 4: 3-{4-Chloro-2-[3-(5-methyl-pyrazin-2-
yl) -ureido]-phenoxymethyl}-R-morpholine-4-carboxylic acid
tert-butyl ester . .A solution of the yellow o0il and (5-
methyl-pyrazin-2-yl)-carbamic acid phenyl ester (0.13 g,
0.57 mmol) in dry DMF (2 mL) was prepared and TEA (0.074
mL, 0.53 mmol) was added. After stirring for 24 h, the
reaction was concentrated under reduced pressure, then
redissolved in water (10 mL) and EtOAc (10 mL). After
stirring for 15 min, the layers were separated and the
aqueous layer was extracted with EtOAc (2 x 10 mL) and
combined organic layers were washed with brine (10 mL),
then dried (NapSOy) and filtered. The filtered solution
was concentrated, then purified by column chromatography
eluting with EtOAc/CH,Cl, (1:1) to afford a yellow oil
(0.8 g).

Step 5: 1-[5-Chloro-2-(R-morpholin-3-
ylmethoxy) -phenyl] -3~ (5-methyl-pyrazin-2-yl)-urea. To a
stirred solution of’3—{4—chloro—2—[3—(5—methyl—pyrazin—2—
yl)—ureido]—phenoxymethyl}—R—morpholine—4—carboxylic acid
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0.60 mmol ) and 5-chl oro-2-fl uoronitrobenzene (0.11 g,
0.66 mol) in dry THF (40 nlL) was added potassi um

whe®eteizeet hyl silyl)am de (2.4 nL of 0.5M sol upC¢DOS1006/011584

THF, ?5 1.2 mol) dropwi se over 15 mn under a
nitrogen atnosphere. After stirring an additional 15
m n, aqueous saturated “afkfroni um chi ori de (10 nm.) was
added and the. bath renoved to allow the solution to
warmto anbient tenperature. After stirring for 1
tapurbutigk @sters (AL oV diid CErfie1 06 (MI) Wep edadded

gﬂﬁlééfag&ctlf OLcBanH ANd  hbeed AY8L$iNETS 1senalAt ed.

e aqueous |layer was - extracted wth ci2’ (2 x 10
sqia)tﬂem vafe teeAbRACH BY gaMPeus |Rpfassivpr @ erate

(Ofmd 'tﬂ%&&c T%eﬁl Lianed YO 20064 105267
PCT/USZO 6/ 011584 - solution was concentrated to

lavews | Ry eoisePapa bed gé)nct [rhe aGRROUFUARTREVEY ewiuafted

wEEH QRicagr @epba/ 18l HE) DY Wd f&onﬁﬁmwgﬁh@éclégeﬁé vt&e
afford a |1 ght eIIow0|I 5 195 5 Ste
dr¥$ﬁrﬂ¥9394lckﬂn g-15RERBx Y ﬁ}ﬂ}er¢@'S°lUtl°n was

cHREIHIO d e, 4t Rak wzylﬂl%dasydc&ﬁﬁﬁn BHE-¥ha @sfr@dphyl0 a
stirred solutlo

VAR GH SR 2 URP AT SHan 6t hgl9TioRd @ pale vellow
élplropmi lorses4g;:ar PexyMRC (300 MHzer B o) &si@r24£ O¢sl,7 g,

15 035 2P0 Py e & 174sK® nad avicalt b, WHen 219
(:b,acllqi | I7ed4vvi(djrdn, H) f or. .bhr e, i3Her aBLmnscbnAfd er1H),

u 0] er a
S R S a R N R R R

1) ve .4h3e (py oBliCt ARMS yebl qvtbsinciihre) ipbe S7p H:(M+1) .
3-{4-Cnhl oro-2-[ 3-(5-net hyl - pyrazin- 2-

yl) -urei do] - phenoxynet hyl } - R- nor phol i ne- 4- car boxyl i c
Cepgiogind 3

=
LT

1-[2-(1,4-Dimethyl-piperazin-2-ylmethoxy)-5-methyl-
phenyl]—3—(5—methyl—pyrazin—2~yl)—urga

Step 1: 1,4-Dimethyl-2-(4-methyl-2-nitro-
phenoxymethyl)-piperazine. 4-Methyl-2-nitro-phenol (0.95
g, 6.20 mmol), (1,4-dimethyl-piperazin-2-yl)-MeOH (0.98
g, 6.82 mmol), and triphenylphosphine (1.79 g, 6.82 mmol)
were combined in THF, stirred for 5 min, then treated
with DIAD (1.38 g, 6.82 mmol). The reaction was allowed
to stir overnight. Concentration under vacuum afforded an

orange oil which was dissolved in EtOAc and extracted
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tert-butyl ester . A solution of the yellow oil and
(5- nmethyl-pyrazin-2-yl)-carbam c acid phenyl ester

W@ 2008309262 0.57 nmol) in dry DMF (2 nl) was prROHDUSH06/011584

and TEA (0.074 20 nL, 0.53 nmol) was added. After
stirring for 24 h, the reaction was concentrated
under reduced pressure, "th&m -redissolved in water (10
m.) and EtQAc (10 nl). After stirring for 15 min, the
| ayers were separated and the aqueous |ayer was
witdt rzi¢t eghagushHEL GAclut2 or . 10The aqardul Swasindy nedre

ed t.,h bri 0 \ n
PR B UEGF SRS cat ke et el SRt ol
umiaisl doaient r ahedrestdiennpuaqvﬁecsds blyxcui:elrwas extracted
r.aph e I Et OAc/ CH2C 2
12{1{ o ‘gcg)?gpl gl'\}ve oéci%b gd%£§'am§0 eé%:rac‘%s we grle%
ovey NGCRPor (ﬁlgi:eRemrph@‘.iomneatrated in vacuo to give a

bJ}’AvJ}PtquXy) FEQ yéﬂroﬁa%ég??ﬁ@’ I py&(@éfi r?'éﬂzbllz'l)r ega}ave-ro

a stirred so t1on
1.3 ncdhitbeodesideq srydt Ayhepyr azi n- 2-

yl)-ureid henoxynet hy _carboxylic
AR i S i

ymethopiyt) y P-Bstiurl -phesygymine .CHICH 20 {8 tHy)l -Was( 4added
me—:ttrh|yfl|—l2QhQ@E@él’f‘er@%%e&%@plpﬁﬁ:&gin@ttlr fd2ng S 3hgst he

sol Ution was treated feous pot 5ssi-um’car bonat e
med) uFPEn It ARG L Vst it HeRH c(75t Fén 384 rraptesr W3ighni n.

sath@ 2qhayes sarRing ubePRi gt & aRdut {\6n agigaus Hayer was
extracted with CH2C12 (3 x 10 nL). The conbi ned

migtyzRi LeFaferdtRdfe HHRA-RYSD)3 - GnamPL) t ¥REd. The

addieldt er eHe seddiilitORgWASrm GRRGERAbhahBthuld @B spunhbi;ed by
col unmm _chr omat o wth MeOH CH2C12

tof $07 £00 4 PHRYC ORI G alPoRE 10hL0) aEOT6H83 o)
1nd|r|cblﬁ/8 {RBO0 -z i G- mAMEDiaS hBd2ZedrS,conkihed?. 96nd br
re%bt%gg’wég.7%l$%éd xgthi%éggc andlé ueg%sl%azco3 and the
layers were separated. The organic layer was washed with
saturated NaCl solution and dried over splid anhydrous
Na,S0,. The mixture was filtered and concentrated in
vacuo to afford the desired aniline.

Step 3: 1-[2-(1,4-Dimethyl-piperazin-2-
ylmethoxy) -5-methyl-phenyl]-3-(5-methyl-pyrazin-2-yl)-
urea. 5-Methyl-pyrazine-2-carboxylic acid (691 mg, 5
mmol) was stirred in toluene (15 mL) and treated with TEAZ
(765 mL, 5.5 mmol) followed by diphenylphosphoryl azide
(1.0 mL, 5.0 mmol). The resulting solution was stirred
for 30 min, then used directly.

A solution of 5-methyl-pyrazine-2-carbonyl

. azide (1.0 mmol) in toluene was heated at 90°C for 10

min. The reaction flask was removed from the heating
bath and the brown solution was treated with 2~(1,4-
dimethyl-piperazin-2-ylmethoxy)-5-methyl-phenylamine
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(s, 1H), 7.04 (dd, 2H), 3..94 (m 3H), 3.71 (br d,
1H, 3.43 (m 1H), 3.23 (m 2H), 3.34 (br m 2H)
wQ2@®6/102262 m  1H), 2.43 (s, 3H). LRMS (es, posPCT/u8)006/011584

me 378.3 (M+l). 15 Conmpound 3 N HHQMN NYN

.JNY O - 74 -

1-12-(1, 4-D net hyl - plpera2|n 2-yl met hoxy) - 5- nethyl
phenyl ] -3-(5-met hyl -pyrazin-2-yl)-urea Step 1:

(é 45 Q}mai m’lmmgl 4 nﬁatehxfllagkr\batsr cfe%grned to th%enol

phenox met hy perazine. 4-Methyl-2-nitro
h¢ gt gug lgat}B azxe‘ ted at1402C %nrnrét Ryl Ths mc}xialr? Was2

a1¥ddea M donQ. +88, %11@e§2dm:33 veagge product as a
trlphenylphqsphlne 1.79 g, 2 mmol ) ~ were conbi ned

tam poydeny | rREME 0dd08 Wiy, CtDﬁén) t& d&+-88 (sv t b, BHAD

g(d 88, G, @})SZSWDH 3thg)reqadd i@n wasypl '@\Qedgfd%ﬁ 49
stir overnlgh ““concentration under vacuum afforded an

Hbr ahge G lwhiith 3weds (@ sd3olRed 4-8 POy dnd Bxt Raét ed
(V0 2006/,1052362s PG/ W$20864 04,584 nj, 73. 4M(tsh %M agueous

HC1 solutlon The aqueous mashes wer e i ned

2 yiastied 3u - ER ORe ("anél't‘f‘b'atze& et h3s o‘”vd 2NGloHms At i |

H)b.aS|IQ2MSTh@s&¢Sp6§1Iﬂ3Qe§iQIHﬁ@LB?85m3)@t yrelyas extracted
wi th Et OAC and the conbi ned organic extracts were
dried 5 over Na2SO4, filtered and concentrated in
cagewmd @ give a brown oil. Flash chromatography (1%
MeOH i n CH2C12) gave 1.0 g of the desired aryl ether.
Step 2: 2-(1,4-D nethyl - plpera 2-
yl met hoxy) - 5- et hyl - phenyl am Ha- Di met hyl - 2-(4- 10
nmet hyl - 2- ni t r o- phenoxynet hyl ) i er azi ne (1.02 g, 3.65

o)

AL
/J[N;r’ ° Cl
Cl

1-[4,5~-Dichloro-2-(S-morpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl—pyrazin—z—ylf—urea

Step 1: (S)-2-Hydroxymethyl-morpholine-4-
carboxylic acid tert-butyl ester. In a 500 mL flask were
combined (S)-benzyl glycidyl ether (15g, 91.4 mmol), MeOH
(10 mL), and 50% wt. NaOH (30 mL, 365 mmol). To this
mixture was added 2-aminoethylsulfate (25.8 g, 183 mmol)
in portions. This heterogeneous mixture was heated to
40°C at which point the solution becomes homogenous. The
temperature was maintained at 40°C for 4 h. The ieaction
was cooled slightly and additional solid NaOH (14.6 g,
365 mmol) was added along with 50 mL toluene. The.
biphasic solution then was heated to 65°C for 12 h. The
reaction was cooled to room temperature, the layers were

separated and the aqueous layer was extracted once with
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woreoobaeeebecane turbid. Zinc (0.24 g,

nmol ) was dissolved in NeOH (75 nL) and treated with
sat' d aqueous ammoni um chl oride solution until the

added. The resulting warmreaction m xture was al |l owed
15 to stir for an additional 30 mn at which tinme LCMS
i ndi cate that starting maf’értal had been consumed. The
reaction was diluted with Et OAc and aqueous Na2CO3 and
the layers were separated. The organic |ayer was
ThemhedIwkohuensat ufhe e@lorﬂai@edsgrgﬁtrim lapdrslirvedeover

r 2 2504, I it red
wg%égo%ﬁlgg%?r%l%g C%’WLJC\}(?vacucIf g Q]?t g’ tﬁﬁaﬁ%js‘l re
ofinthe necmisiregsl 3quech- Kayﬂsmﬂetmluspepetazpﬁ 22 w1th

ﬁwasgoma SdTelgh- Ayl adedd htheé”a“fﬁﬂ 76 )
rea. 5-Me -pyrazi ne- Carb oxy I'C acliad (89
PQBth)Oﬁvd%t%q r r € |qpﬂbeh§ér\@rs(arﬁcm)lemddme®tcmbr

N¥dd) 3BA céd&ntHated- Pn r@HQ:l(U)O %9 %y084 g the
di phenyl phosphoryl azi de ?ﬁ
dee5iR 4 | TRERGILGDE oS vt OPEREE eolil f or 30 m n then used

d| rect I . TﬁeS@L:H&é %@ﬁw@lﬁetg}sdauexr@;g %B%o

(1 in toluene was
C"lﬁéfl?- m‘ﬁoo'Fﬁe) raé‘ﬁ‘cff Bn(¥q -ds Rlya&7 f%ﬁﬁ@éd FF@mdtlh’eert—

b\h@alt |dlg:ar%‘hat§ndl5 e Hr 9eNpH0l UtiaQna ¥asq tar@@&r%n\@ehh

b%lﬁ?é? tﬂﬁneﬁlaﬁéi’%z‘i’% “B2y93t hdk§) FS2 FetHy Mash&iiiraafine
aN‘QoZﬂOGfe]x@EZ@EuP@W&SEQOﬁ/ O3B 4uenched 4viltth 235 Go, 1. 0

m‘g% The flask was_returned to the heating bath and
s &R A0 ?%?3 FOhUtHe Rt 3Pl hpnalaPPomdgwaker

w0 Glddetichandf thé exsatrisowgry esdﬂ%&aﬁéﬂducfh@%xagaﬂ:@ﬁ
la%z%vz\:d%as drlyclyRoJer anM—'czitou(l:chll goﬁ ]égmg:gn rat%d '_IQ ’
vacuo and purified by flash chromatography (20%
EtOAc/hexane) to give the desired N—Boc—O—behzyl
morpholine as a pale yellow oil (5.536 g).

The purified diprotected morpholine was
dissolved in 50 L absolute EtOH and Pd(OH), (1.26 g,
20%wt, 1.8 mmol) was added. A hydrogen belloon was

attached and the flask was evacuated using an aspirator

and backfilled with H, three times. The reaction was

stirred under H, for 30 h. The mixture was filtered over
celite, rinsing the celite pad thoroughly with EtOH. The
filtered solution was concentrated down under vacuum to
yield of the desired N-boc-morpholine alcohol as a pale
white solid (3.918 g).

Step 2: 4,5-Dichloro-2-nitro-phenol. A 250 mlL
roundbottom flask charged with 3, 4-dichlorophenol (3.053
g, 18.7 mmol) in 50 mL CH,Cl, was cooled to 0°C in an ice‘
bath. To the stirred solution was added concentrated

H,SO; (1.56 mL, 28.1 mmol). The solution became turbid.

3. 65 nMoPQT/WaX06/011584



584 (s, 1, H , 8.2 (m 3, H, 6.8(m 2, H , 4.2

(dd, 1, H , 3. 9 (t, 1, H ,. 3.1(d, 1, H , 2.8
w@bkoedos2e2 H , 2. 6 (m 2, H , 2.5 (s, 3, HCT/UR046/011584

(m 1, H , 2.4 (s, 3, H , 2.3(s, 3, H', 2.25 (m

1, H , 2.2 (s, 3, H , 2.1 (m 1, H. LRV (esi,

positive) nle 385.30 (MFLY® 10 Conpound 4 ( NH OHH

O NNINCI N C
1- £4t 5- D chl or o- 2- ( S- nor phol i n- 2-yl met hoxy) - phenyl
Tp- 8hi5-mpptysA Hggr adfed Xopcpniratedtdes 1(1 (SmL, 18.7
dag i ; .ho ' '
Yt oot er Phrarti” tD TrLE el ol e
beLyvheifzy| THryEragticn Was sabgedofor Aeronin 'atvdCEl, (10
tﬁbﬂ, c88teHAPLH anNaLH K3Q, Tha é”@eﬁ)d’ﬂé‘al )Nltéﬂ-gl gg@ini%s

' m xture was added 2-am noethyl Sulfate (2
5 Hfpl YPhe daysre; e SPRrgahed ansyEheoaduenua dayenayas

cheaieted R 4QEhats Wi Q@R nt Tﬁ@%é@iﬂghoergsﬁﬁ@s
honoge s. The tenperature was mai ntai ned at 40C for

no
WATR. A (PSSt PBRYITRIS dBeid SPRepRtunptadduadett i onal

v&ehin MaOPuel4i6dgusindPT1HER! dh i taddesh@)y oM th 50

E tﬁlbuene. The, . bi phasic, solution then was heated to
g@tcf §POPS S, ASTREVSIS ), &2c¥ 1ot Vide 881 e 1 rxrihenol

10 a$ eaqerigthtr gellilbe $aliRT S 1WRDE g)separated and the
once with WD 2006/ 105262

P/ Usz008 B 1384 147§ beh RS " brerasio e o
y bertibioxgd -ohgapnl - 3-ayfe e twel oy nsashed-yhy-aa-dd .mes with
Pge%arp'edggrc ioggfné)fi:olwhléoproc-:@deux%Hfor Compound 1, Steps
4 and 5, using 4,5-dichloro-2-nitro-phenol and (S)-2-

15 benzyloxymethyl-morpholine-4-carboxylic acid tert-butyl
ester. 'H-NMR (300 MHz, de-DMSO) & 10.42 (s, 1H), 10.29
(s, 1H), 8.93 (s, 1H), 8.42 (s, 1H), 8.21 (s, 1H), 7.32
(s, 1H), 4.18-3.41 (m, S5H), 3.03-2.66 (m, 4H), 2.38 (s,
3H) LRMS (ES, positive) m/e 412.2 (M+1).

20 Compound 5

(\N/
oj)
o]
H H
N._N__N
PO
= o]

N// N
1-(5-Cyano-pyrazin-2-yl)~3-[5-methyl-2- (4-methyl-
morpholin-2-ylmethoxy) -phenyl] -urea

Step 1: 5-Bromo-pyrazin-2-ylamine. A solution

25 of pyrazin-2-ylamine (6.66 g, 70 mmol) in CH,Cl, (20D mL)

was cooled to 0°C, treated with N-bromosuccinamide (12.5
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of the conbi ned aqueous | ayers was adjusted to pH 12
W th, aqueous NaOH solution and extracted four tines
wowRah/17 26 5 portions of Et QAc. The conbi ned PCTHII006011584
were dried over Na2SO4 and concentrated in vacuo to
yield 10.084 g of the desired norpholine as an opaque
oi | . The crude norpholife’product was di ssolved in
CH2C12 (100 nmL) and TEA (12.1 nm, 87.5 nmol) and
di-tert- 10 butyl dicarbonate (15.9 g, 73 mmol ) was
gaddedmaelomraniadtowsa ttee wgomeratioom dEmEepaigeme. THae
r t om r :
réﬁéﬂiﬁ%nc i Eh ﬁﬁ%én%twég dﬁrg%eggggﬁﬁ%ﬁ@j !
dsbumdo‘mltmdddmw@nélﬂz% rﬁ’éOWatﬂe)r angayaghedddwitid t he

1bay§&§%¥]\@{j%a38@%gi§9io TheTﬂEgﬁg%&rd‘;’l%er@ygépg@§t | ed

over rous Na2s concentr vacuo an
apdripe e‘ﬂfwlﬁl hayer Wﬁﬁﬁog%@prﬁﬁt( g0eguepdidfdxane)

sb POl ¥8, té?fénd@%ié&%d&ﬁ‘aﬁh%mﬂgsomﬁﬂ&%‘r ¥€ 8nqa
pal e yel low oi | (5 6 g). The puri f1ed di protfected

cCopfPhoTatre Wader 2€Fdd4°§§loP’Ué§iSIFrrP 50 Theapedtdie "&SOH and
t%ﬁ@ 1(nl E%@Ag (5P and- élm&iu‘é’eswé'éjded A

hydr ogen | oon was attached and the flask was

P’é“%/%%ﬁfa"taet@du@’nbhearﬁdﬁ’éﬁll%t%? hexP5adRPP 1M withe H2

pidd 88 dd e Sas THE dLAGH@ V@S um Hol §iedq under J12+f ar 30
h. The m xture was filtered over 25 celite, rinsing

t3heWeidt e pad thoroughly with EtOH The filtered

sol uti on wasp cmm%nhmahedpﬂﬁammndeeamwﬂl@ gield
of the desir hoc- nor phol.i ne al cohol as a (pIa}I e

BRI G Lo PR, o, gtihed TR Coffe:
idg i (ahl3ogo @ - Nintmoq) phﬁﬁf&ssﬁnﬁﬁ@aﬁide 3 .raounrgbat som

fl sk char %&E \]I\B chI aro he %?:{1%3%&3 (Ioggsw 7
0 lag ImmoIo thndsl&—rdmebnsel umama \gﬂSOaﬂzleﬁinciﬂonaenmat ed
(15 mL). The resulting mixture was sti;red for 40 min,
then heated at reflux (155°C) for 2 h. The reaction was
cooled to room temperature, then allowed to stand
overnight. The precipitate was separated by filtration
and the filtrate was concentrated to dryness in vacuo.
The orange-colored residue was taken up in EtOAc and
hexanes and an initial precipitate was formed, then
separated by filtration. Upon standing, additional
precipitate formed in the mother liquor and was collected
by filtration. The solids were combined to yield 0.10 g
of a bright orange solid. .

Step 3: 2-{2-[3-(5-Cyano-pyrazin-2-yl)-
ureido]-4-methyl-phenoxymethyl}-morpholine-4~carboxylic
acid tert-butyl ester. 2-(2-Amino-4-methyl-
phenoxymethyl)-morpholine-4-carboxylic acid tert-butyl
ester (0.087 g, 0.270 mmol) was prepared from 2-amino-4-

methyl-phenol according to methods of Compound 3, Steps 1



H2SO4 (1.56 nlL, 28.1 mmol ). The sol ution becane
turbid. WD 2006/ 105262 PCT/ US2006/ 011584 - 76 To

wao bios/106282 ur e was added concentrated HNO3 (1. 2rei/pS286/T711584
mol ), dropwi se and carefully to maintain a
tenperature below 5C. dhg reaction was stirred for 30
mn at 0C, then cooled with an ice bath and quenched
with 150 nmL 5 H2O. The | ayers were separated and -t he

aﬁﬂ%%rﬂgaieﬁ Rk %%B&P%&%h%‘i“iﬁem&—t&x%ﬁx@ &zcla

e conbi ned organlcs wer e ‘dried over anhydrous
tep> SOt Ic 6AteNt fRcPd raf drecondinduhe are mpucmcwmipng

céﬂﬁﬁﬁ&&foﬁ%ﬁ oOnARRY éﬂ@%o%o@?@{m@ﬁ%@%ﬁdﬁ}s diQat)

to yield the desired ™ nitrophen 10 as bright yell ow
m%ré;lyld—Z(-;{uygg—@enogt -eplB:was combined with triphosgene

((5]- -d2b %r,Dochb Qﬁn%l% ('%oi@érﬂg‘oﬁ HlL? and Hunig's base

Inethox - (5- et yra2|n 2-yl)-urea.

((rldp afed %gdmﬁlﬁg £8 tﬁ‘élrﬁ?eéicé LT dreme@mm for

2554ARS %hangm%edé%agtﬂe& v@sCtEL:QﬁQfgfr@dt rtﬁﬂlﬁﬁl , and
(S)-2 15 beqééiox%neth - nor phol i ne- 4- car boxyl’i ¢ aci d

cangpylap Py © &P UEFPNNR'7(83§® fPrRtaigdreVBOamE neo. 42
py(r%,zﬂa@)-Z d&rihithSielld. .o 9;;3 0527 Hﬁﬂol)s 421(:( S.altiaﬂun
big §gi5e E%Yfgﬁlywmléésé%?s@ mmsih) JJR:\“@F( éé "ﬁas. hieh
hadll ®edh2s?ifMink) at207QXEfp£QiJ:ndo5milh\l Orhlé tHe & hilonNuwhs NN

1#8& C¥anq§p ra g §4 met hyl -
ot P vy HEERoNSS - BHiaAgH] FEF if 1 b room
temperature. A precipitate formed and was collected by
filtration to yield the desired product (0.043 g).

Step 4: 1-(5-Cyano-pyrazin-2-yl)-3-[5-methyl-
- (morpholin-2-ylmethoxy)-phenylj-urea. A slurry of 2-
{2-[3-(5-cyano-pyrazin-2-yl)-ureido}l-4-methyl-
phenoxymethyl}-morpholine-4-carboxylic acid tert-~butyl
ester (0.043 g, 0.0918 mmol) in THF (2 mL) was treated
with HC1 in dioxane (4M, 0.11 mL) and stirred foxr 20 h.
Additional HCl in dioxane (4M, 0.25 mlL) was added and the
reaction was heated to 50°C for 18 h. The reaction was
cooled and concentrated. The resulting solid was A
suspended in ether, and the suspension filtered and air
dried to afford the desired product as the HCl salt
(0.042 g).

Step 5: 1-(5-Cyano-pyrazin-2-yl)-3-[5-methyl~
2- (4-methyl-morpholin-2-ylmethoxy)-phenyl]-urea. A
solution of 1-(5-cyano-pyrazin-2-yl)-3-[5-methyl-2-
(morpholin-2-ylmethoxy)-phenyl]-urea hydrochloride salt
(0.0104 g, 0.129 mmol) in MeOH (1 mL) was cooled to 0°C
and treated with an aqueous solution of formaldehyde

(0.12 mmol) followed by sodium triacetoxy borohydride
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Step 1: 5-Brono-pyrazin-2-ylamne. A solution 25 of
pyrazin-2-ylamne (6.66 g, 70 mmol) in CH2C12 (200 nlL)

wo®eteabrd to 0C, treated with N-bronpsucci naP@TES2006/011584

(12.5 WD 2006/ 105262 PCT/ US2006/ 011584 - 77 g, 70
mol ) and allowed to warmto roomtenperature. The
resulting reaction m xtur’@ was stirred overnight, then
diluted with additional CH2C12 (200 niL) and washed
with 10% aqueous Na2CO3 solution. The | ayers were
(@Fagt ©d29% mamd )t.heThe ganictibayess versiteddwifiolr $ath d

cl | ut | t dri hyd
RO AT EEr b hdCBncaer STRUURIES [ educed
chyoessivigeaphite sresiidieawes: Meakein URHACR,)EtHAACyi(vE0 tik) |
PRlrsthe 20300 ) Pa b et ¢ ot e 40 cHitnair

precrpitate was drie
DMEOUBM1NE99i & d 15. BY, g1 ®f (bar st ab, sl 4 &.9SHep 2, H),

- Ad NQ- pyrazi ng- 2-c ond trile..5-
83 ot KPR i (et ek b TP $Blspdr
3.i%dmge 4( 1HB, g3-©.(8, ntp|Y),, BePasdi uln dhankd@ ((d.,4%4, g,
6. 5 ) it etr aki
By r%r%hér%r?%ho%dh%ﬁg) 831 1240 ) 0. 5B 208a4 i )
H)and LRBSc (e~ osdtd88) gu/e0323. #PoIN+in DVF (15 nl).
The resulting m xture was stirred for 40 min, then-
heated at reflux (155C) for 2 h. The reaction was
Copgered fo room t enper at ure, then allowed to stand 20

overni ght. The precipitate was separated by filtration
and the filtrate was concenw to dryness in vacuo.
The orange-col ored residue s taRin up in Et CAc and
hexanes and an initial precig? e was forned, then
separated by filtration. Upon gtandi ng, additional 25
precipitate formed in the otQier |iquor and was

col |l ected N. _N_ _N
Ty
N
Cl

1-[5-Chloro-2-([1l,4]oxazepan-2-ylmethoxy)-phenyl ] -3-(5-
methyl-pyrazin-2-yl)-urea

Step 1: 3-Benzyl-2-chloromethyl-
[1,3]oxazepaﬂe. A solution of 3-benzylamino-propan-l-ol
(14 g, 88.0 mmol) and epichlorohydrin (81.4 g, 880 mmol)
was heated to 40°C. After stirring for 3 h the reaction
was cooled and excess epichlorochydrin was removed by
evaporation in vacuo. Sulfuric acid (10 mL) was added
slowly, then the reaction flask was placed in a preheated
0il bath at 150°C. Stirring proceeded for 1 h, then the
reaction was allowed to cool to room temperature and
quenched with the addition of ice. The mixture was
adjusted to a basic pH with 10% aqueous Na,CO; solution
and extracted with EtOAc (3 x 300 mL). The combined

organic layers were dried over anhydrous MgSO,, filtered,



by filtration. The solids were conbined to yield 0.10
g of a bright orange solid. Step 3:
wWQ@2¢ogA)26x 5- Cyano- pyrazi n-2-yl ) - PCT/US2006/011584

ur ei do] - 4- met hyl - phenoxynet hyl } - nor phol i ne- 4- car boxyl i
c 30 acid tert-butyl ester. 2-(2-Am no-4-nethyl
phenoxymet hyl ) - mor pholi B#@- 4- car boxylic acid tert-butyl
ester (0.087 g, 0.270 mmol ) was prepared from
2-am no-4- et hyl - phenol according to nethods of

and G@ppedndnder Steaiset YW 2006Y.105R6 2r RUNLUSR0 06¢ DildE84

- 78, Aan usj n L0 .
Wa52P‘ﬁ§aF&>?§né¥h@a-%brdﬁﬁ%’f‘?tn°eq-rﬂ’8¥r 709('3/%8((? aci d
hex&ﬁé!s 7 out gl /ext ¥, Ofprgparec fiocdr dingh @ Lhegipk ocedure
Otin'pound 2, Step 1 using the correspondi ng acid)
Yel%\ﬂ?ﬂ 2+ et hyl - 2-nitro- phenol . It was conbined with
t ri phosgenep 2 :( 02629-ghldxot@-nirbt9-phegiogamee {1y IH-) and
S . I n re ty
(2 P R P e R A S i s
stitredskelneion rfodglramocamitira-peerel dlld 3$| @it i Hif

78C t
mmof §, £} 0RO PAT AT oz AP LoPE ST adrER 2OD! 12 e
g, POSQt mmmbt i Islicweid) am UeoqEy272nedloramethpl t 1 i),

(1, &“’1; % é‘ﬁ‘ebe strbaatml Aas L8C-fd 30 gl A 12
acC

I on was lowed to warm then was stirred for 16
h themtai dovied t’fé?nﬁ@Pét tiP eTom BB BR Ut G AEH WHRP was

w1t1‘é°ﬂz% ﬁée@'zéb’ mL ' |ahaa§d)9rhc}u%oﬁbeh£izcb§1es&lﬁﬁji@ﬂ presiuct

mL) 1- ('Bh@g%@wlgﬂensgb?{gteg [agdnféleehﬁrganlc layer was
was]fecﬁ ng?ig%ﬁlr}fez H'rﬂEHh@O%Z&) =RPRYBYbEs LMgﬁQ, #ndl urry of 2-
cyano razin ur el
Conﬁﬁ@%%\}%t%l‘ﬂaq%r phol§ rFéyﬁi) CBFB%%}% w(?sa&"‘dé[’tfeﬁd Bt v
fla%téﬁré@a&ﬁg}a@hyo (00180 mMExahebNETd#s)( 2ol was480 eat ed

Owth HCL in dl oxane (4M 0.11 nmL) and stirred for .
of Qolzhght orange oil

The oil was taken up in CHyCl, (5 mL) and
cooled in an ice bath. The alpha chloro ethyl
chloroformate (0.18 mL, 1.65 mmol) was added. The
reaction was stirred for 2 h, then 2N aqueous HCI1
solution was added. Stirring was continued for 10 min,
then the mixture was concentrated to dryness. The
resulting residue was taken up in MeOH and refluxed for 2
h. The reaction was concentrated under reduced pressure
and the residue was taken up in 2N aqueous HCl solution
(75 mL) and washed with EtOAc (2 x 50 mL). The pH of the -
aqueous layer was adjusted to a pH of 11 by the addition
of solid NaOH. The resulting basic solution was
extracted with EtOAc (2 .x 50 mL) and the combined organic
layers were washed with brine and dried over MgSQ,.
Filtration and concentration in vacuo afforded 240 mg of

product as a light yellow oil.



Addi tional HCl1 in dioxane (4M 0.25 nL) was added and

the reaction was heated to 50C for 18 h. The reaction
woa®e/1e26t ed and concentrated. The resulting sPCT/US2M06011584

suspended in ether, and the suspension filtered and

air 25 dried to afford the desired product as the HCl

salt (0.042 g). Step 5+ 81 -

1- (5- Cyano- pyrazin-2-yl)-3-[5-net hyl -

2- (4- et hyl - mor phol i n- 2-yl met hoxy) - phenyl ] -urea. A

sol uti on ahelo{b-wasraspyled ri-nZC)lLleS(BEnmEI hyHerr 2 30

cASHEd Cote, B T G BB 3 e SHOF Sits beeat ed
di@aﬂﬁmamd (oreat efl, v tekxlammamueowmsaéa&um 6fas .

eh 0.12 foll
o] PR 25, A G e oo, geses 1§ XHetai 1utea
w PG/ AdBP006h81 1EBEL, - (1D mL). @ﬁdgqamagammmio» The

oSSR TS B Lo o Lol PSRRBRESEALT B 12,
divedaH dwerCMgEdy) flidtgred drtk copreutucdtess vadeki tedsedd d
OssQJ]li% ?)gurlﬁil\ﬁ]%(n“'wgs%%hlev%éﬁ?g@gf]% }10 90 (S 1’

cl(zsa,ma]toglﬂ)aphﬁ 07 (InhekankfEt@GAD {t glye H;52 @y, @)f( rlrhe4

prggdélc(t a@ SE'_B]whlg) ’f{)gm (dH) 1, ;D(i 1,7 I(-I;j ,11 lg)(i,
. BRAS Jeesi2- (éoémmGzreﬁ)-Chﬂergﬁ??l%@X&MEI}lylle

[10@]'%9;%Qgp§né l é\l%ar%o'ilyﬂlg ac : (i New—%t]ylo ester.

Prepared from 2-(4-chloro-2-nitro-phenoxymethyl) —

[1,3]o£azepane-—3—carboxylic acid tert-butyl ester (0.252

g, 0.65 mmol) according to the procedure for Compound 3,

Step 2 to give 150 mg of the product as a clear oil.

Step 4: 1-[5-Chloro-2-([1,4]oxazepan~2-
ylmethoxy)-phenyl]-3- (5-methyl-pyrazin-2-yl)-urea.
Prepared from 2-(2-amino-4-bromo-phenoxymethyl) -
[1,3]oxazepane-3-carboxylic acid tert-butyl estér using
according to the procedure for Compound 2, Step 4 and
Compound 5, Step 4, to give 0.175 g of product. -'H-NMR
(400 MHz, CDCl;), &6 8.65 (br s, 1, H), 8.3 (s, 1, H),

8.25 (s, 1, H), 6.98 (dd, 1, H), 6.8 (d, 1, H), 4.08 (m,
3, H, 3.8 (m, 1, H), 3.35 (s, 1, H), 3.25 (d, 1, H), 3
(m, 3, H, 2.5 (s, 3, H), 1.98 (m, 2, H). LRMS (esi,
positive) m/e 391.90 (M+1).
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WG 2000804291 - pyrazi n-2-yl)-urea Step 1:

N CI
1-[5-Chloro-2-([1, 4] oxazepan- 2-yl net hoxy) . - phenyl ] - 3-(

3- Benzyl - 2-chl oronet hyl 15 [ 1, 3] oxazepane. A sol.ution
of 3-benzyl am no-propan-1-ol (14 g, 88.0 mmol) and
epi chl orohydrin (81.4 g- 0-mmol) was heated to 40C
After stirring for 3 h the reaction was cool ed and
excess epichl orohydrin was renoved by evaporation in -
compoand Sul furic acid (10 nL) was added 20 slowy, then
the reaction flask was placed in a preheated oil bath
at 150C. Stirring proceeded fo%/i h, then the 4
reaction was allowed to cool t m t enper at ure and
quenched with the addition of-Neesr The m xture was
adjusted to a basic pHwth 10%Jagueous Na2CO3
solution ?5 and extract thoEt OAc (3 x 300 nmL). The
conbined organic | ﬁ mﬁﬁ qr |ed over anhydrous
MySOH41 filtered, PCT/ US2006/ 011584 -
80 and dried un N gsure. The resulting
residue was purified by flash|chronmatography (70:28:2

hgganeﬁaﬁT%C% /ZN'§§4SEESQQZI° a@ meghgkéa-phenyl]ggt
(EkmékﬂyﬂamymazlmHZ4y1)pheeaxynethyI)- [1, 3] oxa

zepane- rbaxylic agid tert-hutyl ester.. To a.

RERRR. -k L2 R e R e
1£bikbdnydhﬁ acudwﬂastesﬁtgi)ewwnx adQEde;mzinaﬁzﬁn

te |) f

c%f Oﬁ%;% iggﬁl %ét% fnS%oxa fgbgﬁéh 00 mL
of elaclt m@/ma@tel waedccml,e@D 1@ Boride batht ked arémsﬂ to
wf%ﬁ”séfidrﬁgaﬁtEHPGBaEHEf%ﬁgHjHy gugggution of di-tert-

butyl dicarbonate (21.6 g, 992 mmole) in dioxane added

dropwise from an addition funnel. The reaction pH was
adjusted to pH>10 as needed during the course of the
reaction. The resulting mixture was allowed to stir for
3 h, then diluted with water until homogeneous and
acidified with concentrated aqueous HCl until the pH was
between 2 and 3. The solution was washed with ether then
the pH was adjusted with NaOH until pH was 6.5 to 7. The
solution was allowed to stand several days and the
resulting precipitate was collected by filtration to give
piperazine-1, 3-dicarboxylic acid l-tert-butyl ester as a
white solid (9.7 g). ‘

A slurry of piperazine-1,3-dicarboxylic acid
1-tert-butyl ester (4.62 g, 20.0 mmol) in CH;OH (100 mL)
was treated with aqueous formaldehyde (40 -mmol) and
formic acid (70 mmol), then heated at 65°C for several
hours. Upon completion by HPLC, the reaction was allowed

to cool and was concentrated in vacuo.

PCT/US2006/011584



with Et QAc (200 nL) and 10% aqueous Na2CO3 sol ution
(200 nL). The layers were separated and the organic
wo agpenodzes washed with brine, dried over anhyP@DUS2006/011584
MySO4 and .5 concentrated in vacuo. The crude product
was purifi ed by flash chromatography (70:30
hexanes/ Et OAc) to give 4883ng of a |ight orange oil.
The oil was taken up in CH2C12 (5 nL) and cooled in
an ice bath. The al pha chloro ethyl 0 chl oroformate
(0.18 nlL, ThebTenndhe wams takleedip 'EJmeTHFeamicwolms in
St for then 2N. ueous, on was
23 éédegI I?rrt%ﬁ'n %esa%eocﬁtwll%ue ? fOB °§Oi heh the
ammximmm lvwkudenctenmmt (éda Dommloyh.esgxftihel hr.esdhél ng .
-LESLENe was haken,up, |1 ACOH ahd, reblbuxed, for g5 h.
& reaction was Content d Under educedepressure
5 suibded hEor emi ddéJ.Watsnatlalé‘@nmmp [ rﬂ‘f@l\lraqqem tidn was
[ ( t
c#ﬁieé%lﬁgfant Zéeh%éﬁ@%ﬂ’s%ggg?h%sﬁé udt e %9'62%
139 ayuedis Ad@Ht fohutisin 46! 78 INa)G—lanﬂihﬁzCr @gal:m n§ bBasic
S on Aas t { AG ¢ ¢ and
0 ﬁééqﬁ')n’ol nedsg%gga(mvls%% %gyél{r’égv@ g\wgs g%j&&]vm@%% brhlen
fhHdratie pneestrdySDandeR| vaeeun 619 ghdecHeptuda i on in
10 Yasuo af fondad: Qler PELONCE RS 2|$%9ri§ llow
DO SOoaT: Desed Bt o 00n) Gl o584 =The oi |
Ciekd 2 Hi S0 VG PROSIFICES @3Yfaijow CtJHerfO FPe%l ed with
TEA (0. 116+8},20. aal{snnekayr@lql)dmetﬁﬂ ~hiazin-2-

di carbonate (0. 181 The reacti on was

Ve R CEhety H s Bt bR RS B R4 fon

pEiddierd a2 cok8in@dd tthenglko&e@izk? fo08ompdurdn B Washgd
wth 10% ueous Na2CO3 sol uti on gloo n.), . The _
15 3(ﬂ%ﬁﬁﬂ%¥mﬁ 9@} %Wﬂgthyl—plpera21ne arboxyllc acid

tert-butyl ester, and the procedure for Compound 5, Step
4. 'H-NMR (400 MHz, ds~DMSO) & 10.24 (br.s, 1, H), 10.1
(s, 1, H), 9.7 (br s, 1, H), 9.42 (s, 1, H), 9.12 (s, 1,
H), 8.2 (s, 1, H), 8.08 (s, 1, H), 6.91 (d, 1, BH), 6.82

20 (d, 1, H), 4.6 (d, 1, H), 4.4 (m, 1, H), 4.1 (m, 1, H),
3.6 {(m, 6, H), 3 (s, 3, H), 2.4 (s, 3, H), 2.2 (s, 3, H).
LRMS (esi, positive) m/e 371.40 (M+1).

Compound 8

(\NH
o)
N N R
PO
& N

25 1-(5-Cyano-pyrazin-2-yl)-3-[{5-methyl-2- (morpholin-2-
ylmethoxy) -phenyl]-urea



dried over MpSO4r filtered and concentrated under
reduced pressure. Purification was achi eved using
wo b@shos26hr omat ogr aphy (7: 3 hexane/ Et OAc) to gPUBUHRG6/011584
ng of the 10 product as of a white foam Step 3: 2 -
(2 -Am no- 4 -chl oro-phenoxynet hyl) -
[ 1, 3] oxazepane- 3-carboxy$4c acid tert-butyl ester.
Prepared from 2-(4-chl oro-2-nitro-phenoxynethyl) -
[ 1, 3] oxazepane- 3-carboxylic acid tert-butyl ester
(0. 252 1%r@pabedSacmmidingcrordhiengrooedireprioeedure for

Conpo -Stp2tog|ve150 t as a
ComgPEREt o1 STeBReh HrHH i g TonBp LS 2
pheyloet hdxdey)mphe«mm » (6B40B0 Dy - &)-}&QﬂZﬂsn 2, ym%] 7|u;3e21

Prep e 2-(2-am nox4- oxy et
(s, x’az{er?a e’ 3£t tfo%yf3 ggam ‘d ? ? % {ﬁ? estHe
3.8usunr)g 1,a600r 8i. Ag (0 It,h&) pr dc2diw,e 1f oH) Cohrg?oun!d, Z, Step

4 _and , Co d product .

Vo 2y Iglxuxfpf Fﬁogp SLR'%%%%'E)" 5‘%%%’ ) ’B}‘ZS"’& Oﬁ% . 8.3
(MHi3. 1, H , 8.25(s, 1, H), 6.98 (dd 1, H, 6.8 (d,

1, H, 4.08 (m 253, H , 3.8 (m 1, H , 3.35 (s, 1,

H, 3.25 (d, 1, H, 3 (m 3, H, 2.5 (s, 3, H, 1.98
Compgpngl %) . LRVS (esi, positive) We 391.90 (M+1l): WO

2006/ 105262 PCT/ US2006/ 011584 - 82 Conpound 7 rNH

,.»,INHHO N NuN JI NJ O '

NH
1-[5-Met hyl - 2- (1 - et hyl - pi peréfzji\)- 2-yl met hoxy) - phenyl ]

-3-
O

o _
Cl

1-[5-Chloro-4-methyl-2-(S-morpholin-2-ylmethoxy)~phenyl]-
3- (5-methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 1, Steps 4 and 5 using 2-hydroxymethyl-S—
morpholine-4-carboxylic acid tert-butyl ester, prepared
usiﬁg the procedure for Compound 4, Step 1 and 4-chloro-
5-methyl-2-nitro-phenol, prepared according to the
procedure for Compound 4, Step 2. H-NMR (300 MHz, dg¢-
pMso) & 10.32 (s, 1H), 10.21 (s, 1H), 8.75 (s, 1H), 8.29-
8.10 (m, 2H), 7.06 (d, 1H), 7.18 (d, 1H), 4.12-3.42 (m,
SH), 3.29-2.63 (m, 4H), 2.48 (s, 3H), 2.25 (s, 3H). LRMS
(ES, positive) m/e 392.2 (M+1) .
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(5-nmethyl -pyrazin-2-yl)-urea 5 Step 1:
3- Hydr oxynet hyl - 4- et hyl - pi perazi ne- 1l-carboxylic acid

WO 2006A026Y | ester. Piperazine-2- carboxylic acPdr/2m06011584

154 mol) in a slurry with 200 mL of 1:1 H20/di oxane
was cooled in an.ice Qa%g and treated wth solid NaCH
(11 g) followed by a soldtion of di-tert 10 butyl
di carbonate (21.6 g, 99 mol e) in di oxane added
dropwi se froman addition funnel. The reaction pH was
Compdpndt €8 to pH>10 as needed during the course of the
reaction. The resulting m xture was allowed to-stir
for 3 h, then diluted with wﬁmeruntil honobgeneous
and 15 acidified with concentyatkd aqueous HCL unti |l
the pH was between 2 and 3. The sol uti on was washed
with ether then the pH was adfusted with NaOH unti
pH was 6.5 to 7. The psolyti&h was allowed to stand

several days and 1Rg N{ g, precipitate was
collected by filtrat)onlto w 20
pi perazi ne-1, 3-dieg ox?l icg€ith 1-tert-butyl ester as

a white solid (9.7 g). Aslgry of
pi perazine-1, 3-di carboxylic acig 1-tert-bu er
1—[(54.cef5059-‘2m@h¥+6|2y<Pﬁ’“‘é¥§tﬁl|l(‘1cojoyl}ﬂ‘3t%°%gg F?{é% £
3- (Wb BguesHss fiorreldehyten (40. Mol ) and 25 formic acid
70 nmmol ), then heat eg.at t%5%h£3°£r§§ev£{r§| fopours. Upon
conpl et i OFFARFSHPEECOTHERT edcti'on®was al lowed to cool
cOn%BGnBas , Congantar ahadsi as irar 2o hy M 2006/M35R62
CT/ US2006/ 011584 . - 83 The SLuer WasHizaken up in
morpHE ARE- Lo RRP AV & CanbF L8 st ﬁ?bﬁhgﬁ) treated with a
g1yealyti eshef ddilchitemt-hhuyd rmhelry dpsdRg itheTRECCEIUTS
mol) . Alter 1 h . the .reaghiQd-¥eseflyjiauediteowarmto
fox gaﬁ&?@ﬂﬁe?’at ep &Iﬁdgnd £aGhld e 3}
phenol, prepared according to the procedure for Compound
4, Step 2. 'H-NMR (300 MHz, de-DMSO) & 10.32 (s, 1H),
10.21 (s, 1H), 8.75 (s, 1H), 8.29-8.10 (m, 2H), 7.06 (d,
1H), 7.18 (d, 1H), 4.12-3.42 (m, 5H), 3.29-2.63 (m, 4H),
2.48 (s, 3H), 2.25 (s, 3H). LRMS (ES, positive) m/e

392.3 (M+1).

Compound 11

I/\NH

o)

o)

N NN
AT ¥
N/ 0 cl
Cl

1-[4,5-Dichloro-2- (R-morpholin-2-ylmethoxy) -phenyl]}-3-(5-
methyl-pyrazin-2-yl)-urea
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5 stired for an additional 30 mn. The reaction then

was cooled in an ice bath and quenched with H20 (0. 75
workgocaeite2 15% aqueous NaOH sol ution (0.75 nl), PpantSidBen11584

again (3 x 0.75 nmL). The salts were renoved by

filtration and the filtrate concentrated under vacuum .

to, give the crude 10 proB®ct. Chromatography over

silica gel (2.5% MeOH in CH2Cl2) gave the product as

a yellowoil (0.70 g) . Step 2:

1-[5- thh}kega(qdrﬁgqgﬂdipgpborthg prRcedure for

YIS Y) SRUBEYA larks (S3EhlY RYIAThBe Ry ¥LY. ur ea.

according to the p oce npound 3
mquhg}qgg -4-carboxylic acid tert-~ butyl ester and 4, 5-

a SV IRERYL s hs AR N reBhP&ﬁ J&‘id'hga%ooéﬂé' c acid

tert-butyl ester, and the proce ure npound 5,
plsweqﬂune fom RIR}FP‘{WBD dvHBter62 @)NIQ? 1030 MHgn, . de— 1
Dﬂfﬁca 29 4§S(s l—i)d_)b 19 Zg ?é 51{-1),’ 8"@)% f)% 41%—1)(5’8 '13&
(%, glﬁ)(,dS 21 K&; B1)g2 72(32( ds., 11H)H) 4 4863 (41 Gm, I—i'r)H),4 4
3(6‘3 2166"')(m 44%6(@ 3B ('5') %H)’S Gﬂxﬂfs I(\?/Es"')pos?iéﬁre)?’m/@

osi'tive)
4lﬁf?:§Mr14@ (M) . conpound 8 | NH O H HO N J O-NN

~ 25

(5- Qyano- pyrazi n-2-yl)-3-[5-met hyl - 2- (nor phol i n- 2-
¢ R?éi’% 2¢) - phenyl ] - urea WO 2006/ 105262

PCT/ US2006/ 011584 84
‘/\NH
o)

~N
o

1-[4,5-Dimethyl-2- (morpholin-2-~ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea

Prepared according to the procedures for
Compound 1, Steps 4 and 5 using 2-hydroxymethyl-S-
morpholine-4-carboxylic acid tert-butyl ester and 4,5-
dimethyl-2~-nitro-phenol, prepared according to the
procedure for Compound 4, Step 2. H-NMR (300 MHz, d¢-
pMso) & 10.02 (s, 1H), 9.89 (br s, 1lH), 8.85 (br s, 1H),
8.27 (s, 1H), 8.91 (s, 1H), 6.84 (s, 1H), 4.18-3.97 (m,
3H), 3.69 (t, 1H), 3.43-3.26 (m, 2H), 2.97 (t, 2H), 2.33
(s, 3H), 2.18 (s, 2H), 2.12 (s, 3H). LRMS (ES, positive)
m/e 372.3 (M+1).
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Prepared according to the procedures for Conpound 5,
Steps 1 through 4, using 4 nethyl-2-nitro-phenol.

WO Bbobliws262400 MHz, CD30D)
1, H , 7.9 (s, 1, H ,
, 53.8(m 1, H, 3.
(m 2, H, 2.3 (s, 3,
369. 30 (Mt1l). Compoun
0

Cang{dur(dh1@r 0- 4- net hyl - 2- ( S- nor phol i n- 2- yl et hoxy) - pheny
[]- 3-(5-nethyl-pyrazin-2-yl)-urea Prepared accordi ng
to the procedure for Corrpoung/I\ teps 4 and 5 using
2- hydr oxynet hyl -S - nor phol i ng- 4-'¢ar boxyl i c acid
tert-butyl ester, prepared 5 g the procedure for
Conpound 4, Step 1 and 4- chlor '
5-met hyl - 2-ni tro- phenol,,
procedure for ConpondN4
DMSO) S 10.32 (s, llH)
8.29- 8.10 (m 2 N VIS 18 (d,- 1H),
4.12-3.42 (m 0 5H), 32926 (m 4H), 2.48 (s, 3H),

1160@#&9526%’%??&@55%0%)%E'/Sm!pfg‘%i%vg’)a‘slvnﬁéﬁﬁ@g glh%?'](]NH

3-({5-methyl-pyrazin-2-yl)-urea

6.8 (m 2, H , 4.2 (m 4, H
(m 1, H, 3.5(m 1, H, 3.2
"H)8 ERMS (esi, positive) me

d9( NH OHHO NNYNNC

ed according to the
p. 2. 'HNWR (300 MHz, d6-
3, 1H) , 8.75 (s, 1H)

Prepared according to the procedures for
Compound 1, Steps 4 and 5 using 2-hydroxymethyl-S-
morpholine-4-carboxylic acid tert-butyl ester and 5-
chloro-4-methyl-2-nitro-phenol, prepared according to the
procedure for Compound 4, Step 2. 'H-NMR (300 MHz, de-
pMso) & 10.26 (s, 1H), 8.82 (s, 1H), 8.19 (s, 1lH), 8.17
(s, 1H), 7.10 (s, 1H), 4.21-3.96 (m, 2H), 3.90-3.86 (m,
2H), 3.54 (dt, 1H), 2.98 (d, 1H), 2.84 (t, 2H), 2.36 (s,
3H), 2.21 (s, 3H). LRMS (ES, positive) m/e 392.1 (M+1).

Compound 14

(" NH

0]

Jon
4
N
CN

1-[5-Cyano-2- (S-morpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 1, Steps 4 and 5 using 2-hydroxymethyl-S-

morpholine-4-carboxylic acid tert-butyl ester and 4-

S 8.80 (s, 1, H , BCTUSZ086/011584



OO HHNNY N NC

1-[5-Chl or o- 4- net hyl - 2- (R-nor phol i n- 2-yl net hoxy) - pheny
wO 260630262 et hyl - pyrazi n-2-yl )-urea 5 Prepar edPCT/US2006/011584

according to the procedure for Compound 1, Steps 4

and 5 using 2-hydroxynet hyl -

nor phol i ne- 4- car boxyl ic, prepared from(R)- benzyl

gl ycidyl ether acid tert-butyl ester usi ng the

procedure for Conpound 4, Step
hyd&oxmﬂ@roatSOTMﬂﬂ?pnlErhlQréuemerﬁﬁmﬁﬁﬂ°rdbP8péPeBhe

acc rece of or 1 Caumpoyndo MHz St®Rp 2. -
Pmcﬁd%rr%% ?gﬁ ‘K?t‘réb%"%dg D|\/5c5,e 6 10. 32 g 11 10,21

pMs(, SLED. 48, e (s, LEH) 1f33.®9-(s, 1) mB8-57) (PF. 86 14, -
8. 53%_')(s %ﬁis(g 211"% ‘15}2 734‘132 ((im 115)"9 7 %329(d2 68) (m
5 4. zpneslr.tlrlvd)nm eml,s BYE-3. z-'Mlgm ' 2®bnp%u'-'rﬂd <1i ,| 1NP+r &¥Ho
' tive) m/
(d’mi%ﬁ '5 ch?o qé“ C%Hrmr pLhjolsr r(rE% y‘ll)orrselt I%Lg;(ey) Inpl?enyl ]-3-
369.2 (Mstlhyl - pyrazi n-2-yl)-urea WO 2006/ 105262
PCT/ US2006/ 011584

Compound 15

" ONH

0]

0
H H
N. _N.__N
/[\j\n’
= 0
N
Cl

10 1—[5—Chloro-4-ethyl—2-(S—morpholin—Z—ylmethoxy)—phenyl]—

3- (5-methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 1, Steps 4 and 5 using 2-hydroxymethyl-S-
morpholine-4-carboxylic acid tert-butyl ester and 4-

15 chloro-5-ethyl-2-nitro-phenol, prepared according to the
procedure for Compound 4, Step 2. 14-NMR (300 MHz, d¢-
pMsO) & 10.33 (s, 1H), 10.19 (s, 1lH), 8.66 (s, 1H), 8.33-
g§.01 (m, 3H), 7.05 (d, 1H), 4.29-3.39 (m, 5H), 3.29-2.91
(m, 2H), 2.89-2.70 (m, 2H), 2.58 (q, 2H), 2.49 (s, 3H),

20 1.17 (t, 3H). LRMS (ES, positive) m/e 406.1 (M+1).



- 86 Prepared according to the procedure for

Conpound 1, Steps 4 and 5 using 2-hydroxynet hyl -
woretophaed2she- 4- car boxylic acid tert-butyl esterP@nuiS200&5011584

di chl oro-2-ni tro-phenol, prepared according to the 5

procedure for Conpound 4, Step 2. 1H NWVR (300 MHz, d6-

DVMBO) 6 10.42 (s, 1H), 10829 (s, 1H), 8.93 (s, 1H),

8.42. (s, 1H), 8.21 (s, 1H), 7.32 (s, 1H, 4.18-3.41

(m 5H), 3.03-2.66 (m 4H), 2.38 (s, 3H). LRWVS (ES,
cagsounde)é me 412.2 (M+l). 10 Conpound 12 1| NH O HH

O J N NuN N .

1-[ 4, 5- D net hyl - 2- (nor phol i n- ZgyLngt hoxy) - phenyl ] -3-(5

- met hyl - pyrazi.n-2-yl)-urea Pr Ned according to the

procedures for 15 Compound 1,0 ps 4 and 5 using

2- hydr oxynet hyl - S- nor phol i ne- 4-Jcar boxylic acid

tert-butyl ester and 4}% Hlmsﬂo yl

prepared according NO t

Step 2. "H-NI\/R(S gﬁz
9.89 (br s, (b|03

8.91 (s, 1H) 6 84 (s, 4.18-?.97 .(m 3H), 3.69
(t, 1H), 3.43-3.26 (m 2H) 297 (t, 2H), 2.33 (s,
1%Clﬁl.om-@smeﬂhi)xy-z.—l(g-(ls;prmﬂ)in—BRWBnQE&xmosi tive)

o 513735 Mbly1 92008/ 1053362, BT/ US2006/ 011584 -

5 Prepared according to the procedures for

-2-ni tro-phenol ,
edure for Conpound 4,
O 6 10.02 (s, 1H),
20 8.27 (s, 1H),

Compound 1, Steps 4 and 5 using 2-hydroxymethyl-S-
morpholine-4-carboxylic acid tert-butyl ester and 4-
chloro-5-methoxy-2-nitro-phenol, prepared according to
the procedure for Compound 4, Step 2. ‘H-NMR (300 MHz,

10 de~DMSO) & 10.11 (s, 1H), 10.05 (br s, 1H), 8.64 (s, 1H),
8.19 (s, 2H), 6.91 (s, 1H), 4.29 (s, 2H), 4.16 (m, 1H),
4.09 (d, 1H), 3.87 (s, 3H), 3.75 (t, 1H), 3.44-3.17 (m,
2H), 3.01 (t, 2H), 2.39 (s, 3H). LRMS (ES, positive) m/e
408.0 (M+1).

15 Compound 17

ATE
N

_N

~
1-[5-Dimethylamino-2- (S-morpholin-2-ylmethoxy)-phenyl]-3-
(5-methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for

20 Compound 1, Steps 4 and 5 using 2-hydroxymethyl-S-



10

L5

Compound 13 ~NH OHHO N NNOI ~INCd
1-[4-Chl or o-5-net hyl - 2- (S-nor phol i n- 2-yl net hoxy

w0 2@baeseb] - 3- (5-nethyl - pyrazin-2-yl) -urea 5PCT/US2006/011584

Prepared according to the procedures for Conpound 1,

Steps 4 and 5 using 2-hydroxynet hyl - S-

mor phol i ne- 4-carboxylic 28 d tert-butyl ester ‘and 5-

chl or o- 4- net hyl - 2-vitro- phenol, prepared according to

the procedure for Conpound 4, Step 2. 'H NWR (300
mohfblhpldﬁeim—-ﬂ\ﬁ@)cyﬁiid;OacZﬁi (t=rtibiityB.e8xefsantHi- 8. 19

il oo ot Pfirod depotiadgtohn
prac8duft, FOH)GorPoB6d(4, St 2.2. HENMR, (3¢ MHRNBie(-ES
YOF %h§§?+f1§mf?§élcﬁﬁﬁ5@ (orC2MPARNd g4l AH Q) H H O
8.19[ GsCyanp; 27.(75- e phiol j 1620y (et THXy )6 BAeiiyd), - BH] 5-
BB o Y bty T Bt F g P F 2”&
1H2; hgdBOXysetan)l,- 3-76-2.63 (m, 2H), 2.41 (s, 3H). LRMS

(ES, positive) m/e 387.4 (M+1).

Compound 18

(\NH
oj)
nrryr
N
Br

1-[5-Bromo-4-methyl-2-S— (morpholin-2-ylmethoxy)-phenyl] -
3-(5-methyl-pyrazin-2-yl)-urea '

Prepared according to the procedure for
Compound 4, using 4-bromo-5-methyl-2-nitro-phenol,
prepared using the procedure for Compound 4, Step 2. 'H-
NMR (300 MHz, d¢-DMSO) & 10.31 (br s, 1H), 10.19 (s, '1H),
8.63 (s, 1H), 8.41 (s, 1H), 8.20 (s, 1H), 7.07 (s, 1H),
4.13-3.94 (m, 3H), 3.87-3.74 (m, 2H), & 3.52 (td, 1H),
3.00 (d, 1H), 2.69 (t, 2H), 2.42 (s, 1H), 2.25 (s, 1H).
LRMS (ES, positive) m/e 438.2.0 (M+1l).



10

15

?0 nor pholine-4-carboxylic acid tert-butyl ester and 4
WD 2006/ 105262 PCT/ US2006/ 011584 88
wWhaws09326B- ni t r o- benzonitrile, prepared accor dP@US®06/011584
the procedure for Conpound 4, Step 2. 'H NWR (300
MHz, d6- DMSO) 5 10.43 (br s, 1Hi), 10.30 (s, 1H),
8.62 (br s, 1H), 8.53‘(9§, “1H), 8.21 (s, 1H), 7.48 (d,
1H), 7.33 (d, 1H, 5 4.20-4.11 (m 2H), 3.94-3.73 (m
2H), 3.51 (dt, 1H), 3.00 (d, 1H), 2.77-2.61 (m 2H).
ComgitBrd H®, positive) W 369.2 (M+1). Conpound 15 ~NH
OHHO NNy NNC 10 1- [5-Chloro-4-ethyl-2-
(S-nor phol i n-2-yl met hoxy) - ph Nh -
3- (5-net hyl - pyrazin-2-yl)- ur?gm; epared according to
the procedure for Conpound 1I7NSteps 4 and 5 using
2- hydr oxynet hyl - S- nor phol i ne- 4- car boxylic acid
tert-butyl ester and 4,15 chl®ro-5-ethyl -2

-ni tro-phenol, prepar dlicg ng to the procedur e‘
for Conpound 4, ljfep 2. I H (300 MHz, d6- DVMSO 6
10. 33 (s, 1H), N (sO 1H .66 (s, 1H), 8.33- 8.01

(m 3H), 7.05 (d, 1H), 4.29-3139 (m 5H), 3.29-2.91

1- é{l—])lv’]e li-%Igrch)%%?h%%iélrlb[% etl‘?ox?ls —E)Hen%w-d-z(ﬁg (s,

(ES,” positive) We 406.1 .
me{ MRy \A@iR0D6Y 10322 PCT/ US2006/ 011584 89

Prepared according to the procedure for

Compound 3 using 2-hydroxymethyl-morpholine-4-carboxylic
acid tert-butyl ester which was prepared from the
corresponding acid according to the procedure for
Compound 2, Step 1. 'H-NMR (400 MHz, CDsOD), & 8.90 (s,
1, H), 8.6 (s, 1, H), 7.9 (s, 1, H), 6.9 (m, 2, H), 4.2
(m, 4, H), 3.8 (t, 1, H), 3.7 (s, 2, H), 3.5 (d, 1, H),

''3.2 (m, 1, H), 2.6 (s, 3, H, 2.3 (s, 3, H. LRMS (esi,

positive) m/e 358.20 (M+1).

Compound 20

NH
o:rJ
wyr
N
Cl

1-[5—Chloro—2—(morpholin—Z-ylmethoxy)—phenyl]—3—(5—
methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 3 using 4-chloro-2-nitro-phenol and 2-

hydroxymethyl-morpholine-4-carboxylic acid tert-butyl



10

15

Conpound 16 ~NH OHHO NNT NI NO d
1-[5- Chl or o- 4- et hoxy- 2- ( S- nor phol i n- 2-yl et hoxy) -

W@ b@ngdJ262 3- ( 5- met hyl - pyrazi n-2-yl)-urea 5 Preper/Es2006/011584
according to the procedures for Conpound 1, Steps 4
and 5 using 2-hydroxyneth I-S— nmor phol i ne- 4- car boxylic
acid tert-butyl ester an '

~chl oro-5- et hoxy-2-nitro- phenol, prepared according to
the procedure for Conpound 4, Step 2. 'H NWR (300 Mz,

e i0ed GwIDMIOWaB ﬁzﬁeﬁzﬂre(ds i) thél@:c&&e@bpn@j,ngll-@qicﬁ 64

8. 9 4 A
=520l e Blrlye Bof ooz, Gepeb (P 2R
NHR]) (430 4423, TP:qDN, 52870 3(=011¢t H) 2H) .5 As391(sH) 3H).

L , Lt . 08 1),. d.17
oL 55, byl e o050 (Bl A, o (
HL, [3-Di bt Byl i nd-2- (@S- Boriphold .6 Isy| detihoxy)LEMSeny| ]
(281, (PodELYE) - RYL 3¢ 58 Yhd 1! €2

Compound 21

IT

1-[5-Chloro-2-(S-morpholin-2-ylmethoxy)-phenyl]-3- (5~
methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 4 using 4-chloro-2-nitro-phenol. H-NMR (400
MHz, d¢-DMSO) & 10.35 (s, 1, H), 9.4 (br s, 1, H), 8.55
(br s, 1, H), 8.25 (m, 2, H), 7.22 (m, 2, H), 4.2 (m, 3,
H), 4 (4, 1, H), 3.8 (t, 1, H), 3.4 (4, 1, H), 3.2 (d, 1,
H), 2.8 (m, 1, H), 2.45 (s, 3, H). LRMS (esi, positive)
m/e 378.30 (M+1).

Compound 22

NH

\i

5



Prepared according to the procedure for 20 Conpound
1, Steps 4 and 5 using 2-hydroxynethyl-S WO
wWQR®614126262 PCT/ US2006/ 011584 90 PCT/US2006/011584
nor phol i ne-4-carboxylic acid tert-butyl ester and 4-
di met hyl am no- 2-nitro-phenol, prepared according to
the procedure for Conpouddl 4, Step 2. 1H NMR (300
MHz, d6- DVsO) 6 10.11 (s, 1H), 10.05 (br s, 1H), 8.69
(s, 1H, 5 8.19. (s, 1H, 7.75 (s, 1H), 6.90 (d, 1H), .
16[ Mgy 1 -PH)( S -mdr 13 n3 2 -y hme thdiky ) 3pbény¥ 1] ~3IH)5- 3. 14
+ 93 _ , 2.80 (s, 6H), 2.76-2.63 (m
m“zﬁ}%’ll;‘gyff%(lgﬂ 2%%). (ES, positive) W 387.4
(Mrl) . Corpepaded &adcoXHin® tb Hhe pnsbt:'wLN:e IEd¢ O 10 Br
ol
Cgmrﬁf[‘%cﬁlp%éﬁg r(ﬂbgn nl%y ?a‘gpﬂg}% :t;qe%r%ﬁa r_empea){-‘é'(]i_
2-acidorahipigned - t hléi-yblMBcéélQﬁ @lHzor dewmouﬁdla,sz{mg 1,
r th n|t I L r r sipg the
Hﬁrglcd;glgrgjr?gr our?d%g ’agfnso E?—I? ﬁﬁe/% '?%o%’w%ﬁ
H)d6-8ONMB@s 6110181 QJ@r (s, 1H)H) ,1(7 28 (s; UHH), &.83 (fs,

1"}9), 96 %1 (ﬁms 11?;)' & 37 g§,74l‘il')l_|) 3. gzoim, é-i;)(3 19,

(113 G?o (Hd ﬁHer22'694 (:t2 -2B)) (5.2, 342HQs 21249 (sz 5 B,
LRMd (esiQ LEVB{FY nPeshbsVve) (:8)438.2.0 (Mrl).

Compound 23
(\NH

0O

AT

N NN
LY
N/
Cl
1-[5-Chloro-2- (R-morpholin-2-ylmethoxy) -phenyl]-3-(5-
methyl-pyrazin-2-yl) -urea
Prepared according to the procedure for

Compound 4 using (R)-benzyl glycidyl ether and 4-chloro-
2-nitro-phenol. IH-NMR (400 MHz, de-DMSO) & 10.45 (s, 1,
H), 9.6 (br s, 1, H), 9.3 (br s, 1, H), 8.7 (br s, 1, H),
8.3 (s, 1, H), 7.19 (m, 2, ), 4.2 (m, 2, H), 4 (4, 1, H),
3.84 (t, 1, H), 3.41 (4, 1, H), 3.21 (d, 1, H), 3.02 (m,
2, H), 2.5 (s, 3, H)
LRMS (esi, positive) m/e 378.30 (M+1).



WD 2006/ 105262 PCT/ US2006/ 011584 - 91 Conpound 19 NH
0 HH ;>NYN
waz2qosAdshyl - 2- (nor phol i n- 2- yl nmet hoxy) - phenyl | PGF/{152006/011584
met hyl - pyrazin-2-yl)-urea 5 Prepared according to the
procedure for Con'poundgg usi ng ,
2- hydr oxynet hyl - nor phol i’ie- 4- car boxylic acid
tert-butyl ester which was prepared fromthe
correspondi ng acid according to the procedure for
Compompdudd 2, Step 1. 'H- NWMR (400 MHz, CD30D), 8 8.90
(s, 101, H, 86 (s, 1, H, 7.9 {s, 1, H, 6.9 (m 2,
H, 4.2 (m 4, H, 3.8 (t, @H 3.7 (s, 2, H, 3.5
(d, 1, H, 3.2 (m 1, H, 216 (5, 3, H, 2.3 (s, 3,
H. LRVS (esi, positive) m8~358.20 (M+1l). Conpound
20 rNH 0 HH Q NYNyN J11, &150
1-[ 5- Chl or o- 2- (m)rpho i n- -yDrret hoxy) - phenyl ] - 3- ( 5-

nmet hyl - pyr azi n- 2- pared according to the
procedure for nt%ﬂ/6N

4-chloro-2-nitr IOan.

hydr oxynet hyl - rp ollne 4-carboxylic acid tert-butyl
[

1—[5—Chloro—2-R—([1,4]oxazepan-Z—ylmethoxy)—phenyl] -3~ (5-
methyl-pyrazin-2-yl)-urea
5 Prepared according to the procedure for
Compound 1 using (R) -2-hydroxymethyl-[1,4]loxazepane-4-
carboxylic acid tert-butyl ester. IH-NMR (300 MHz, d¢—
pMSO) & 10.83 (br s, 1H), 8.39 (dd, 1H), 8.18 (s, 1H),
8.04 (br s, 1H), 6.99 (dd, 1H), 6.82 (d, 1H), 4.25-3.98
10 (m, 2H), 3.90-3.76 (m, 1H), 3.38 (d, 1H), 3.13-3.06 (m,
2H), 3.00 (dd, 1H), 2.54 (s, 3H), 2.06-1.89 (m, 3H).
LRMS (ES, positive) m/e 392.3 (M+1).

Compound 25

Y
j
N
Cl
15 1—[5—Chloro—2—(1—methyl—piperazin—z—ylmethoxy)—phenyl]—3—
(5-methyl-pyrazin-2-yl)-urea
Prepared according to the procedure for

Compound 7 using 4-chloro-2-nitro-phenol. H-NMR (400

MHz, dg-DMSO) & 10.35 (br s, 1, H), 10.2 (s, 1, H), 9.84
20 (br s, 1, H), 9.6 (s, 1, H), 8.31 (s, 1, H), 8.21 (s, 1,



WD 2006/ 105262 PCT/ US2006/ 011584 92 ester which was
prepared fromthe corresponding acid according to the

w@eweaezse for Conpound 2, Step 1. 1H NWVR (40BCTIVHE2006/011584
cb3oDb), 6 8.70 (s, 1, H, 8.5 (s, 1, H, 8.4, (s, 1,
H , 705(m 1, H , 4.2 (m 4, H , 3. 8 (t, 1, 5 H)
, 3.5 (d, 1, H , 3.2 ¢mps2; H , 2.6 (s, 3, H . LRV
(esi, positive) me 378.50 (M+l). Conpound 21 (NH OMH
HO NNUN d

1)1- BSo&hRr o, 210 $ B0sPh@l,i 0, 2ny| netdzoxy) - phemy/ [3.3- (5-
{0 nethyl -pyrazin:2-yl)-urea Pre}Par‘ed acc?rdj ng to the
(Mar §ceBlr €3 fGr 3cofbound 4 (§si fg 1) -~ LRMS (esi,

pck1€8Lef OnZs Yolir @oplenol.. ' H NVR (400 Mz, d6-DMSO) S
10.35 (s, 1, , 9.4 (br s, 1, H , 855 (br s, 1,
H, 825 (m.2, H, 7.22 (m 2, 14), 4.2 (m 3, 15 H), .

cohpbndl2eH), 3.8 (t, 1, H, 3.4 (d, 1, H, 3.2 (d, 1
H, 228 (m 1, H, 2.45 (s, 3, H). LRM5 (esi,

positive) nle 378.30 (M1). ound 22 NH of 0 HH
N~-NYN N O NH
/N
R
o
N
5 Ci

1-[5-Chloro-2-5S-(l-methyl-piperazin-2 -ylmethoxy)-
phenyl]-3-(5-methyl-pyrazin-2-yl)-urea
Prepared according to the procedure for

Compound 7 using S-piperazine-2-carboxylic acid and 4-

10 chloro-2-nitro-phenol. !H-NMR (400 MHz, CD;OD) & 8.80 (s,
i, H), 8.28 (d, 2, H), 6.99 (s, 2, H), 4.17 (m, 3, H),
3.1 (d, 1, H), 2.92 (d, 2, H), 2.84 (t, 1, H), 2.5 (s, 3,
H), 2.45 (m, 2, H), 2.42 (s, 3, H). LRMS (esi, positive)
m/e 391.30 (M+1).

15 Compound 27

i

0]

PR
N
Cl

1-[5-Chloro-4-methyl-2-S-([1, 4]-oxazepan-2-ylmethoxy) -
phenyl]-3-(5-methyl-pyrazin-2-yl)-urea



WD 2006/ 105262 PCT/ US2006/ 011584 93
1-[5- Met hyl - 2- (S-nor phol i n- 2-yl net hoxy) - phenyl ] - 3- (5-
woreaohgtds2py/ r azi n- 2-yl ) -urea Prepared accordi ng POT/UR®06/011584

procedure for Compound 4 using (R)-benzyl glycidyl
ether and 4-nethyl- 5 2-nitro-phenol. "H NVR (400 MHz,
dé-DVMSO) 6 10.20 (s, 1,-H6 - 10.1 (br s, 1, H ', 9.89
(br s, 1, H , 9.5 (br s, 1, H , 87 (s, 1, H , 83
(s 1, H , 798 (s, 1, H , 6.9 (m 1, H , 6.8 (m

, Apt@arkd Hbcordiy Homché, prdcaduzelfor(m 2, H)

Ccmvg%&l us b 4R T & Y0 2 RS5O (P?’&S‘f?&omfacﬁs :
wdgﬂﬁ?%giﬁngﬁEbﬁﬁgﬁagrNﬁglh?]%;ochur% for Compound 4, (5

| X n - -
SRt Py - T {200, P s RO Tt B0 e claH iy Go. ¢ he

5 (Pr qcaedumgzﬁors, @cpnmoanzi4t4(s+sumg (R)abem;l\//léﬂ?l,ygl dyl
et or0- I

S et S RISy, IR0,
(m;, 14, , H)3,.18 Fd,(szH)s 2185 Hm, 18)3 2373 %(’S'Ep?tﬂ §939m
(sg’ z%‘" ig% '1§ 21 (%édﬁélh)‘m'sz '(}*H%Msz,"Eﬁ):

po(s&',ti%;e) I‘D'l/é.% @edM#Ipositive) me 378.30 (M),

10 Compound 28

(" NH

o

PO
s,
N
Br

1-[5-Bromo-2- (S-morpholin-2-ylmethoxy)-phenyl]-3—(5-
methyl-pyrazin-2-yl)-urea
Prepared according to the procedure for
15 Compound 4 using 4-bromo-2-nitro-phenol. 'H-NMR (400
MHz, de-DMSO), & 10.30 (s, 1, H), 8.63 (br s, 1, H), 8.43
(s, 1, H), 8.22 (s, 1, H), 7.15 (m, 1, H), 7.05 (d, 1,
H), 4.08 (m, 3, H), 3.82 (m, 2, H), 3.47 (t, 1, H), 3.17
(s, 2, ), 3 (4, i1, H), 3.07 (s, 3, H), 2.68 (m, 2, H).
20 LRMS (esi, positive) m/e 423.90 (M+1).



WD 2006/ 105262 PCT/ US2006/ 011584 - 94 Conpound 24
fINH OHH NNYN NOC
wa2q06A@bDr 0- 2- R- ([ 1, 4] oxazepan- 2- yl net hoxy) - pPerny52006/011584
]-3-(5- nethyl-pyrazin-2-yl)-urea 5 Prepared according
to the procedure for ( ound 1 using
(R) - 2- hydr oxynet hyl -[ 1, 4] oxazepane- 4- carboxylic acid
tent-butyl ester. 'H NWVR (300 WMHz, d6- DMSO) 6 10.83
(br s, 1H), 8.39 (dd, 1H), 8.18 (s, 1H), 8.04 (br s,
Comggunck 289 (dd, 1H), 6.82 (d, 1H), 4.25-3.98 10 (m
2H), 3.90-3.76 (m 1H), 3.38 (d, 1H), 3.13-3.06 (m
2H), 3.00 (dd, 1H), 2.54 (s, P’FD‘NHZ- 06-1.89 (m 3H).
LRVS (ES, .positive) me 392. %Wl). Conpound 25 r NH
NHHO NNN d 15 T
1-[5-Chl oro-2- (1- et hyl - pi peraZi n- 2- yl met hoxy) - phenyl |
-3- (5-nethyl -pyrazin-g-yH)-ufea Prepared according

to the procedure i® usi ng
4-chl oro-2-vi tro-jphepol .41 (400 MHz, d6-DVMSO 5
10.35 (br s, 1, FANZ10.2 (s,F ' H), 9.84

Br

1-[5-Bromo-2-R- (R-morpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 4 using (R)-benzyl glycidyl ether and 4-bromo-2-
nitro-phenol. !H-NMR (400 MHz, de-DMSO), & 10.30 (br s,
1, H), 8.65 (br s, 1, H), 8.43 (s, 1, H), 8.25 (s, 1, H),
7.18 (dd, 1, H), 7.03 (d, 1, H), 4.03 (m, 2, H), 3.82 (m,
2, H), 3.52 (t, 2, H), 3.19 (4, 1, H), 3 (4, 1, H), 2.76
(m, 2, H), 2.43 (s, 3, H). LRMS (esi, positive) m/e
443.90 (M+1).

Compound 30

N/
o:]/J
wyr
s
) N
Br

1—[5—Bromo—2—s—(4—methyl—morpholin—z—ylmethoxy)—phenyl]-
3- (5-methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 4 using 4-bromo-2-nitro-phenol and the
procedures for Compound 2, Step 4 and Compound 5, Steps 4
and 5. !H-NMR (400 MHz, CDCl;), & 11.43 (br s, 1, H),



?0 (br s, 1, H, 9.6 (s, 1, H, 8.31 (s, 1, H, 8.21
(s, 1, WD 2006/105262 PCT/US2006/011584 95 H), 7.08
W@ 206205268 , 4.58 (d, 1, H), 4.42 (d, 1, H), 3.FCT/83006011584
H , 3 (s, 3, H , 2.44 (s, 3, H . LRVS (esi,
positive) me 391.40 (Mklg. Compound 26 rNH ~NHH O
NN N~ M O5d 8 - '
1-[5-Chl oro-2-S-(1- et hyl - pi perazin 2 -yl nmet hoxy) -
phenyl ] - 3- (5-net hyl - pyrazi n-2-yl)-urea Prepared
9 e ol=di Ag Hb: t hieb procddulter for33 Cenpburil -7 8ui g, 1/
I ne- 2gcar lge pcig ,apd
H)Shﬁop?qém ?rol?f)heéggll)gy gf—l-?l\i 1{3](, % (rﬂ :p C[Bé 5 ° (8' 80
1(gh), B-0g) (dg. 28 H)d, 2273Hfd, 61r9<!3I (52 9y, 34 117 r(m
. ( 3,2602 4% 84 (t, 1, H),
2%5(@(,3’1 3ui, @';221 (sg')3 P ’8 :%t "ﬁ, H’é} 20 L
(esi, p05|t|ve) V\é 391 30 (I\/H) 15 Corrpound 27 fINH
cdagdudaO31N N\yN O N C

NH

Y
SO
Br

1-[5-Bromo-2-([1, 4] oxazepan-2-ylmethoxy)-phenyl] —3- (5~
methyl-pyrazin-2-yl)-urea

Prebared according to the procedure for
Compound 6 using 4-bromo-2-nitro-phenol, which was
prepared according to the procedure for Compound 4, Step
2. 'H-NMR (400 MHz, CDCl;), & 8.72 (br s, 1, H), 8.48 (s,
1, H), 8.45 (s, 1, H), 7.11 (d4, 1, H), 6.75 (d, 1, H),
4.02 (m, 3, H), 3.8 (m, 1, H), 3.21 {d, 1, H), 2.97 (m,
2, H), 2.51 (s, 3, H), 1.92 (br m, 2, H). LRMS {esi,
positive) m/e 436.00 (M+1).

Compound 32

()

T

O

Br



1-[5-Chl oro-4-net hyl -2-S- ([ 1, 4] - oxazepan- 2-yl met hoxy) -

phenyl ] - 3- (5- net hyl - pyrazi n-2-yl)-urea WO 2006/ 105262
wWEMN6WB2606/ 011584 - 96 Prepared accordi ng tBCT/I82006/011584

procedure for Conmpound 1 using

4-chl or o- 5- net hyl - 2-ni tro- phenol which was prepared

according to the procedur®® for Compound 4, Step 2.

1H NWMR (300 MHz, d6-DVSO) 6 10.2 (s, 1H), 8.62 5 (s,

iH, 8.27 (s, 1H), 8.24 (s, 1H), 7.32 (m 1H), 7.18

Ls":}—BJ:H)n 0-2-09-18: 9y 1L, 8H)xa Z2pd -3+ ¥BngthoxiH)

"
Al gkt dileny 1 B 10 T

LRI\/BP(:ﬁ&r@@lcx:pvé;ngﬂt@ 4:@6 Qrfécmdll)re Tk Conpound

C(%\%[OémgHG o %{% rmrp r?%?ﬂoxy) brYyIﬁ 193. (5-

preEtedyirep foa zEommuyid) 5ur%’ae£Pr56pai‘féd\mﬁbd6ﬂll MEzto t he

d 1
S el %“? (o512, RIPHRR (RETASE - Tk, e E>Ms'&
6.7%. 30, (3, H), H4-19%.83 Lbri)s, 41 ()1, 81)433.@5 M, B)
8. 22 465 ml, - H7 %15 oL, 4. 08
H)(,m% 4&3&))} 33H)1 er)n 3 Ml_D(Jd ) HZ ?@e(éj'_‘)’, 1H)H),(
253 s B (8 B 330 Hh0s 2. 3 (9 3288 m (@, 24) . a0

H)LRVER{8S (s DO ots|1\6§)7eml§/él?4%19@0(w-il])) WO 2006/ 105262
BT US2006] 011584

Compound 33

(/\N/\\g
N
oj)
Lrr
o
HsC~ N
Ci

1-[5-Chloro-2-5-(4-cyanomethyl-morpholin-2-ylmethoxy) -
phenyl]-3-(5-methyl-pyrazin-2-yl) -urea
1-[5-Chloro-2- (S-morpholin-2-ylmethoxy) -

phenyl]-3-(5-methyl-pyrazin-2-yl)-urea (0.189 g, 0.5
mmoi) was suspended in DMF (2 mL). Potassium carbonate
(0.104 g, 0.75 mmol) and bromoacetonitrile (0.035 mL, 0.5
mmol) were added and the reaction mixture was heated to.
" 80°C for 8 h. The reaction mixture was allowed to cool
to room temperature and quenched by addition of H,0 (10
mL). The resulting solid was collected by filtration and
recrystallized from MeOH to give the product as a white
powder (0.072 g). 'H-NMR (400 MHz, de-DMSO) & 10.46 (br
s, 1H), 10.26 (br s, 1H), 8.63 (br s, 1H), 8.31 (d, 1H),
8.17 (s, 1H), 7.10 (d, 1H), 7.03 (dd, 1H), 4.14 (dd, 1H),



Conmpound 29 NH O(r) HHNNYN-~ OI / Br

1-[5-Brono- 2- R- (R-nor phol i n- 2-yl met hoxy) - phenyl ] -3-(5
woreaohgtds2py r azi n- 2-yl )-urea 5 Prepared accor di Pgr/us20pérel 1584

procedure for Compound 4 using (R)-benzyl glycidyl

et her and 4-brono-2- nitro-phenol. 'H NWR (400 MHz,

d6-DVBO), 5 10.30 (br s,100-H), 8.65 (br s, 1, H,

8.43 (s, 1, H, 825 (s, 1, H, 7.18 (dd, 1, H, 7.03

(d, 1, H , 4.03 (m 2, H , 3.82 (m 10 2, H, 3.52
4(a9 (Ad,HR) 3.3%94-d,.01, (i) ,1H,(8,.9173H5 @&, 76H)(nB. &L

AT ool 7 PreTd T8 RN R B e
21+ E(bBr anIR)-,SZ’(éHGnEEhyBH)n;DQpBQI i(hd 2-3H)vetzhd8y Xt phenyl
14)0 trTfe 5| ced’ I.pocy %m N; n%lo)ljlr%grjﬁ f’{ epared accordi ng

4- br ono- 2-ni tro- phenol and the procedures for
CO%&%ng,,z, Step 4 and Compound 5, Steps 4

(" NH

S

!
Lrr
X O
HsC” °N
Cl

1-[5-Chloro-2- (thiomorpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 2, Step 2 (using 2-hydroxymethyl-thiomorpholine-
4-carboxylic acid tert-butyl ester obtained from
thiomorpholine-2,4-dicarboxylic acid 4-tert-butyl ester
according to the procedure for Compound 2, Step 1), and
the procedures for Compound 3, Step 2 and Compound 2,
Steps 4 and 5. 'H-NMR (400 MHz, d¢-DMSO) & 10.48 (bf s,
1H), 10.27 (br s, 1H), 8.62 (br s, 1H), 8.31 (d, 1H),
8.21 (s, 1H), 7.12 (d, 1H), 7.03 {dd, 1H), 4.36 (t, 1H),
4.12 (d4d, 1H), 3.24 (dd, 1H), 3.10-3.17 {(m, 1H), 2.99
(dd, 1H), 2.94-2.98 (m, 1H), 2.89 (ddd, 1H), 2.71 {ddd,
1H), 2.46-2.48 (m, 1H), 2.44 (s, 3H). LRMS (esi,
positive) m/e 394 (M+1). |



10

15

0

‘.0 and 5. 'H NMR (400 MHz, CDC13), 6 11.43 (br s, 1,

H), WD 2006/ 105262 PCT/US2006/ 011584 - 98 9.02 (s,
wazoobfos282 6 (s, 1, H), 8.33 (s, 1, H), 8.2 (s,PAr/Uusidpe6/011584

7.12 (d, 1, H , 6.76 (d, 1, H , 4 (m 3, H , 3.8

(t, 1, H, 3.02 (d 1, I—g 2.73 (d, 1, H, 2.51 (s,

3, H, 2.3 (t, 1, br (s, 3, . 2.08 (t, 1,

H . 5 Conpound 31fINH OHHO N NuNO | | Br

1-[5-Brono- 2- ([ 1, 4) oxazepan- 2- yl net hoxy) - phenyl ] - 3- ( 5-
Campolpt- B§razin-2-yl ) -urea Prepared according to the

procedure for 10 Conpound 6 using

4- br ono- 2- ni t ro- phenol , which

to the procedure for C(HrpoHndQL

MHz, CDC13), 6 8.7
8.45 (s, 1, H), |11ﬁF’N
(m 3, H, s.sn,mﬁ H ©

2, H,2.51 (s, 3, , 1. 92 (br 2, H. LRVMS (esi
positive) me 436. OO(I\/H) Conpound 32 O HH O N N
1-N5-Methyl-pyrazin-2-yl)-3-[3-S- (morpholin-2-ylmethoxy) -

@r epared according
ted 2. ' H NMR (400

8 (s, 1, H,
(d, 1, H, 4.02
1, H, 2.97 (m 15

5,6,7,8-tetrahydro-naphthalen-2-yl]-urea

Prepared according to the procedure for
Compound 3, Step 1 (using (S)-2-hydroxymethyl-morpholine-
4-carboxylic acid tert-butyl eéter prepared from S-
morpholine-2,4-dicarboxylic acid 4-tert-butyl ester
according to the procedure for Compound 2, Step 1 and 3-
nitro-5,6,7,8-tetrahydro-naphthalen-2-0l, prepared
according to the procedure for Compound 4, Step 2, and
the procedure for Compound 1, Step 5. 'H-NMR (400 MHz,
dg-DMSO) & 10.092 (br,1i,H), 10.05 (s,1,H), 8.60 (br
s,1,H), 8.17 (s,1,H), 7.86 (s,1,H), 6.68 (s,1,H), 3.97
(m,1,H), 3.89 (m,1,H), 3.78 (m,2,H), 3.31 (t,1,H), 2.98
(d,1,H), 2.63 (m,6,H), 2.44 (m,1,H), 2.41 (s,3,H), 1.68
(m,4,H) .

Compound 36

NH

N _N__N
~N
/[j\n/
N
C
1-[5-Chloro-2-S- (morpholin-3-ylmethoxy)-phenyl] -3~ (5-
methyl-pyrazin-2-yl)-urea



10

15

~ NI ~. J OBr W 2006/105262 PCT/US2006/ 011584 -
99 1-[5-Brono-2- (4-nethyl-[1, 4] oxazepan- 2-yl net hoxy) -
W@ b@agbJ268- ( 5- net hyl - pyrazi n-2-yl)-urea PrepaP@Us2006/011584
according to the procedure for Conmpound 6, using
4- br ono- 2- ni tro-phenol, and by the 5 procedure for
Conpound 5, Step 5. 'H NWR (400 MHz, CDC13) , 5 8.25
(s, 1, FD 8.23 (s, 1, H, 7.1 (d, 1, H , 6.72 (d,
1, m , 4.19 (m 1, H) 4 (m 1, H , 3.95 (m 2,
H), 3.42 qmpasedlacwrdz@gozomhe prorq)eduze g88otm 1, H),

C0T8§§S&t%}gﬁ§%? mbrg élfﬁ% 338 Eud{céQH%x EEH?C#% 4-2 ?,

p05|t|ve) me 451.9
te@orpotnd %G(INI\ Re-NDIRH (H0© Mikg-YIdv-PUSOIND &0 -R3C Cl
Ch C hyl gyror
(srﬁﬁéﬁ)r]bgéé()é%ls-lgﬁ? %@r”Pdaz'Ekl tﬁ_.‘i rt’da?g'a'(ﬁéi wih reg hoxy) -
(sl B) €hT otd- @ @SHirer phtA .M,yf t Hoxpy- 2. 1.8},

3.QEGQ§4',1,§>,( 55 Ryt 3)6'2P1¥)f azi_ @3215&)5@@;@ (.489 g, 0.5
mol

was ‘'suspended i n " “Pot assi um
(s;8aHbenate (0.104 g, 0.75 nnol) and bronpacetonitrile
(0.035 n, 0.5

Compound 37

0O

N
K/rNH

P
YU
JOR!

N
1—[5—Methyl—2—R—(morpholin—3—ylmethoxy)—phenyl]—3~(5—4
methyl-pyrazin-2-yl) -urea

Prepared according to the procedure for
Compound 2 using 4-methyl-2-nitro-phenol. 'H-NMR (400
MHz, d¢-DMSO) & 10.08 (br s,1,H), 9.76 (br,1,H), 8.17
(s,1,H), 8.03 (d,1,H), 6.90 (d4,1,H), 6.80 (d,1,H), 3.88

(m,3,H), 3.70 (br 4,2,H), 3.41 (m,1,H), 3.20 (m,2,H),
2.82 (m,2,H), 2.43 (s,3,H), 2.24 (s,3,H).

Compound 38
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20

mol ) were added and the reaction m xture was heated
to ?0 80C for 8 h. The reaction m xture was allowed to

W@ owb/103262 r oom t enper at ure and quenched by addPCT/082006/011584

H20 (10 nlL). The resulting solid was collected by
filtration and recrystallized fromMOH to give the
product as a white powdel3 ((0.072 g). 'H NVR (400 MHz,
- d6-DMBO S 10.46 (br ?5 s, 1H), 10.26 (br s, 1H),
8.,63 (br s, 1H), 8.31 (d, 1H), 8.17 (s, 1H), 7.10
1-(drcAdro2-03 (mddphdHn- 2¢yléeththXHﬂhﬁnV[ﬂ26965105262
PCT/ Uszooqby%l584 1%;) gdd 1H), 3.96-4.01 (m
tri g uogonqthy lgpyrarin sy é‘fe (d, 1H), 3.72 (d, 1H)),
3. 64 (tdEréHEl)redZaSEO:{d]rngdtolﬂ)e pdcedufbrfdr 1H),
2.43 (s, 3 H) f .. (esi,
COBBQPPigvéo 5}39534%7%%)&‘1‘—3*‘]55 BS {fféflﬁﬁ%‘é‘%ﬁq@o N

pyY¥abliy—N-yB3hideC brepared accordlng to the method of

2-(t I 2=y r@t 3-(5
bk, (21l ool ol (BB
mompﬁoeﬂm@m-fmbb&yﬂ:mmm tg,rts’pewlz gafFsirng 1H- NMR

t b
(dfe]ﬂi(sd@mg% by ég’lbt di ﬁe lfa‘; NEss, 41857 Pexy] i ?bsac'l‘ﬁ),

utyl 0
8.08i ¢her phiv /i r$e72 Abglj chﬂboﬁy??c(l%m dH+t dr PBhPs

' 1H§St$rl9a§cﬁd(lmn96}-l9 ti‘%zprzo%d%ecf r C%m@l”@gs?, Step

the procedures f mpound 3, Step 2 and
posgnpoﬂhdw_’e 4ﬁ8 SMepk- 4 and 5 'H—NI\/R (400 MHz,
d6- DVSO) 6 10.48 (br s,

Compound 39

[ NH

Y

NC

1-[4-Chloro-5-methyl-2-S- (morpholin-2-ylmethoxy) —phenyl] -
3-(5-cyano-pyrazih-2-yl)-urea

Prepared according to the procedures for
Compound 5, Steps 1 through 4 using 5-chloro-4-methyl-2-
nitro-phenol prepared from 3-chloro-4-methyl-phenol
according to the procedure for Compound 4, Step 2. H-
NMR (300 MHz, CDCl3) & 10.39 (br s, 1lH), 9.05 (bxr s, 1H),
8.74 (s, 1H), 8.68 (s, 1H), 8.18 (s, 1H), 6.91 {s, 1lH),
4.04 (m, 4H), 3.78 (m, 1H), 3.19 (d, 1H), 2.97 (m, 2H),
2.78 (m, 1H), 2.36 (s, 3H). LCMS (esi, positive) m/z

403.16 (M+1).
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20

1H), 10.27 (br s, 1H), 8.62 (br s, 1H), 8.31 (d, 1H),
8.21 (s, 1H), 7.12 (d, 1H), 7.03 {dd, 1H), 4.36 (t,

wdakdos/102642 (dd, 1H), 3.24 (dd, 1H), 3.10-3. 17PCTHUSDBH/011584
2.99 (dd, 1H), 2.94-2.98 (m 1H), 2.89 (ddd, 1H),
2.71 {ddd, 20 1H), 2.46-2.48 (m 1H), 2.44 (s, 3H).
LRVS (esi, positive) m¥E4B394 (M1l). WO 2006/ 105262
PCT/ US2006/ 011584 101 Conpound 35 O N NNJ~J OH
H3C N :

cokpbhnliettyl - pyrazi n-2-yl) - 3-[ 3- S- (nor phol i n- 2- yl met hox
y)- 5,6, 7,8-tetrahydro-naphthal en-2-yl]-urea 5
Prepared according to the proc%duhﬁofor Conpound 3,
Step 1 (using (S)-2-hydroxynethyl r phol i ne- '
4-carboxylic acid tert-butyl prepared from S-
nor phol i ne-2, 4-di carboxylic acijd 4-tert-butyl ester
according to the proce f oroConpound 2, Step 1 and
3 10 nitro-5,6,7, Netﬂ,ﬁhyﬂro papht hal en- 2-ol
prepared accor di t e p ddure for Conmpound 4,
Step 2, and I\/}—Q‘?C g] duCe f Eappound 1, Step 5.
"H NVR (400 .~ do-DMsO) 5 1D.0Y (br,1, H) , 10.05

(s,1, H , 8.60 (br s,1,H, &17 (s, 1, H, 7.86
1-(1S-thiTo-64-68 thoxl 1) (S-HcIPhoki g1y IMethaxed-(m 1, H).,

phﬁgyg %§]a§d%Tn%n§% %&h%ét%?)—ugé, (? % g% ?n?34 "

Conpound Bep@red according to the procedure for

Compound 1, Step 2 (using 5- amino-pyrazine-2-carbonitrile
prepared according to the procedures for Compound 5,
Steps 1 and 2) and the procedures. for Compound 1, Steps 4
and 5 (using 2-hydroxymethyl-S-morpholine-4-carboxylic
acid tert-butyl ester and 4-chloro-5-methoxy-2-nitro-
phenol, prepared according to the procedure for Compound
4, Step 2). 'H-NMR (300 MHz, d¢-DMSO) & 10.82 (s, 1H),
9.93 (s, 1H), 8.95 (s, 1H), 8.81 (s, 1H), 8.14 (s, 1H),
6.93 (s, 1H), 4.25 (s, 2H), 4.13-3.98 (m, 2H), 3.83 (s,
3H), 3.61 (t, 1H), 3.41-3.19 (m, 2H), 3.17-2.91 (m, 2H).
LRMS (ES, positive) m/e 419.1 (M+1).

Compound 41

(" NH

1—[5—Chloro-2—S—(morpholin—z—ylmethoxy)—phenyl]—3—(5—

cyano-pyrazin-2-yl) -urea



10

~NH HHONYNYN NJ OC '.0
1-[5-Chl oro- 2- S- (nor phol i n- 3-yl net hoxy) - phenyl ] - 3- (5-

woreaohgtds2py r azi n- 2-yl ) -urea WD 2006/ 105262 PCT/US2006/011584

PCT/ US2006/ 011584 - 102 Prepared according to t he

procedure for Con'pound185u3| ng

nor phol i ne- 3-S-4-di carboxylic acid 4- tert-butyl

ester. 'H-NI\/R(4OO I\/Hz d6 DVSO) S 10 22 (s 1, H ,

9.96 (br, H , 8.18

5 (s, 1, ﬁ)repave<€)@%ﬂrd2n9 |4)° @“3 ©ﬁ°‘f‘?ﬂu”§ fﬁ)‘ 3.70 (br

n%ou?aoﬂ)m s3e 22(ms!:,nld) 5- &nﬁi’o—(pm:azthe 2-c&3b(dmt$;2el-|)

(s npound 37 cﬂJ Hﬂ lg UN 10

preparpsl mplggg:o (%r BROFTHSSy Fﬁﬁt TEA D ényl] - 3-

e(pg- 1meirddy 129 pYhazZine %ﬂ@dww foEr epap@thddGorstiepg 40

the procedure for

Co
andy Sd IR0 S PO HTEY L FRRCLBE TR i) b
aciHOt@&t@%ht 11estﬁr,ada 16ch sro-2-niro-shekip 105 (844, H),

d 0 (d, 1,
v i RESO, G cisy dbs: (il 1157 fiie iy 5090 ey
1H)3- 8296M (3, HLH) 2. 4B 953, H)),, B.24 (63, BH)H) 7 10 (m,
1H), 3.96-4.24 (m, 4H), 3.68-3.78 (m, 2H), 3.3 (m, 2H),

3.0 (m, 2H). LRMS (esi, positive) m/e 388 (M+l).

Compound 42

o

Y

oyr
s
NC N
Cl

1—[5—Chloro—2—S—(4—methyl—morpholin—z—ylmethoxy)-phenyl]—
3;(5—cyano—pyrazin—2—yl)—urea

Step 1: 1—[5¥Chloro—2—(morpholin—z—
ylmethoxy)—phenyl]—3—(5—cyano—pyrazin—2—yl)—urea.
Prepared according to the procedure for Compound 1, Step
2 (using 5-amino-pyrazine-2-carbonitrile prepared
according to the procedures for Compound 5, Steps 1 and
2) and the procedures for Compound 1, Steps 4 and 5
(using 2-hydroxymethyl-S-morpholine-4-carboxylic acid
tert-butyl ester and 4-chloro-2-nitro-phenol) to give

0.27 g of product.

Step 2: 1-[5-Chloro-2-(morpholin-2-
ylmethoxy)—phenyl]—3—(5—cyano—pyrazin—2—yl)—urea (0.276
g, 0.73 mmol) was suspended in DMF (5 mL) and treated



Conpound 38 (NH OH !4NSNrN O FNFCO W

2006/ 105262 PCT/ US2006/ 011584 -103 1- [5-Chloro--2-S
W@ pwspbiabi n- 2- yl i net hoxy) -phenyl] -3- (5- PCT/US2006/011584

trifluoronethyl-pyrazin-2--yl) -urea Prepared

according to the procedure for Conpound 1, Steps 2

through 5, using 5-tritlugsonmethyl- 5

pyrazi n-2-yl am ne prepared according to the nethod of

Mesel U S. Patent No. 4,293,552 and

oo . L S Yl el
vl PR P e (RLPTE o By E RP g SRRV,
idlige ((9s 046HL, D.T8 (bel) 1HThe BigBuyhdeceme 8. 73

b : 7 bEem 923,73
nepgregiiohs S 3l St tily o dRop benporatile, St i
ThESZ efaElipn Gaspoiendhgd wWih Ohe pdditienydNwarero429 i

m‘?-c[a%ﬁgh@%f%-c tethi 2238 (Rehe ?ﬁ-c.z}fcy:ﬁ3ﬁ%ltjﬁ8§¥§?i pheny
29 pﬂn . The combined organic layers were concentrated-
under reduced pressure and the residue was triturated

with EtOAc. Filtration provided 0.214 g of the product

as a white solid. !H-NMR (300 MHz, de-DMSO) & 11.01 (s,
1H), 10.16 (s, 1H), 8.86 (d, 2H), 8.27 (d, 1H), 8.17 (s,
1H), 7.18 (m, 2H), 4.25-4.06 (m, 2H), 3.95 {(m, 1H), 3.83

(d, 1H), 3.61 (t, 1H), 2.8%9 (d, 1H), 2.65 (d, 1H), 2.18

(s, 3H), 2.02 (td, 1H), 1.83 (t, 1H). LRMS (ES,

positive) m/e 403.0 (M+1).

Compound 43

s

v

w1
PR
s
N
Cl

1-[5-Chloro-2-(S-4-methyl-morpholin-2-ylmethoxy) —phenyl] -
3-(5-methyl-pyrazin-2-yl)-urea

‘ Prepared according to the procedure for
Compound 42, Step 2 using 1-[5-chloro-2-(S-4-methyl-
morpholin—Z—ylmethoxy)-phenyl]—3—(5—methyl—pyrazin;2—yl)—
urea. ‘H-NMR (300 MHz, de-DMSO) & 10.54 (br s, 1H), 10.24
(s, 1H), 8.73 (s, 1H), 8.30 (s, 1H), 8.27 (s, 1H), 7.12-
6.93 (m, 2H), 4.17-3.81 (m, 4H), 3.59 (t, 1H), 3.91 (4,
1H), 2.64 (d, 1H), 2.43 (s, 3H), 2.18 (s, 3H), 2.03 (td,
1H), 1.82 (t, 1H). LRMS (ES, positive) m/e 392.1 (M+1).
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25

30

15 3-(5-cyano-pyrazin-2-yl)-urea Prepared according to
the procedures for Conpound 5, Steps 1 through 4

w@2006goRexrhl or 0- 4- met hyl - 2- ni tro- phenol prepaP€dU$20061011584

3-chl oro-4- et hyl - phenol according to the procedure
for Compound 4, Step 2. "H 20 NMR (300 MHz, CDC13) S
10.39 (br s, 1H), 9.05_(bs7s, 1H, 8.74 (s, 1H), 8.68
(s, 1H), 8.18 (s, 1H), 6.91 is, 1H, 4.04 (m 4H),
- 3.78 (m 1H), 3.19 (d, 1H), 297(m 2H), 2.78 (m

1H), 2.36 (s, BWMUW) mz 403.16
(M+1) . WO 2006/ 1 11584 - 104
Compound 40 NH OHHO NN\yN OONCNC

1- [ 5- Chl ot ompleurelshofytRe (J'Swrmrtphol tzﬂn Deyugedhry) -

tlpeaq:ny lézlnd:_sLt %g)n% yl%Qf%lQXB Zé&%a%lt) g%l%dlprf%[}%Eggn 5

accor pr oce ure
Fc(msawpaeanﬂm@ qwrtp@znde Qarcéaeb@netirw egrotmngatedthe

eift da%f)%@% &?ﬁé&% I%ffogsgyé %g%mund 5 Steps 1

and e procedures. o npound 1, Steps 4 and
crfsen(qmamgpeuhwrm#euhgd i rivepiokRa RentE & [seRgEFE 10

r?cﬁ' &’ Eepygﬂ'o&l%&cg{:l&gdln‘h'lglathBHs St ARSIy 2-nitro-
pr epar accordi tl%szot e procedure for

@mmné cgllst dpcipdingt e( 3pohwrpns FRIDIIEERT 6

5%% (SInlﬁaneréi gghésprééant BofBotifds ihin8+81 (s,
aberrantly péollféigtlng cells, both cancerous and
noncancerous. For example, compounds of the invention
can be used to enhance treatment of tumors customarily
treated with an antimetabolite, e.g., methotrexate,
gemcitabine, or 5-fluorouracil (5-FU).

Use of compounds of the present invention can
result in a partial or complete regression of aberrantly
proliferating cells, i.e., the reduction or elimination
of such cells from the cell population. For example,
when the population of aberrantly proliferating cells is
tumor cells, compounds of the invention can be used to
retard the rate of tumor growth, decrease the number of
tumors, and/or induce partial or complete tumor
regression.

Compounds of the present invention can be used
in vivo or ex vivo when no aberrant cell proliferation
has been identified or when no aberrant cell
proliferation is ongoing, but when aberrant cell
proliferation is suspected or expected. Compounds of the
present invention also can be used when aberrant cell
proliferation has been previously treated in oxder to

prevent or inhibit recurrence of the same.



6.93 (s, 1H), 4.25 (s, 2H), 4.13-3.98 (m 2H), 3.83

(s, 15 3H), 3.61 (t, 1H), 3.41-3.19 (m 2H), 3.17-2.91
W@ 206268262 LRVS (ES, positive) mle 419.1 (M+1)PCT/US2006/011584

Compound 41 (NH ONNNO NNOC

1-[5- Chl or 0- 2- S (nor phol i n- 2-yl met hoxy) - phenyl ] - 3- (5-

20 cyano-pyrazin-2-yl)-unea WO 2006/ 105262

PCT/ US2006/ 011584 - 105 Prepared according to the

procedure for Conpound 1, Step 2 (using

5- am no- pyhazhdEncd o6& BRAI pFddedt @ﬁe&afleﬂa acapEdiey to

.the procedures for Conpound 5, Steps and 2) and t he
agipighiethiedd opoft C%Hf%ﬁﬂ%&eﬂtlgﬁkﬁyseﬁfgc%ﬂﬂf SMOSEngE @

p e SBHH @RKTet A bSdmr ahol:bxm@rrf’atqahboxw i acid
tert-butyl ester and 4-chl oro-2-nitro-phenol).

CheIthViBOF s § (ALY b§° 3py) indiyigpat nRed téeﬁ?)ofbs
Aﬂ@nnagslg%lg@ a lidthod 8% {Be pidsent. En{é‘ntlibh'l) 7.10 (m
C%rl% 393 l?h’?é’ﬁri)lonLﬁf/Sa (§5r69§3§§$?3‘,195 e\f\geggg\(/e

amdvnl) .of anpeastl ohd brlsef) HHA1OinAidr NG & (r)l C

individual in need thereof, in combination with an
antibody, e.g., herceptin, that has activity in
inhibiting the proliferation of cancer cells.

Cancers, therefore, are susceptible to
enhanced treatment by administration of a present Chkl
inhibitor in combination with a chemotherapeutic agent or
an antibody. Cancers treatable by the present invention
include carcinomas and sarcomas that are characterized by
solid tumors, and cancers of the myeloid or lymphoid
systems, including leukemias, lymphomas, and other
cancers that typically lack a tumor mass, but are
distributed in the vascular or lymphoreticular systems.
These cancers include, for example, colorectal cancers,
head and neck cancers, pancreatic cancers, breast
caﬁcers, gastric cancers, bladder cancers, vulvar
cancers, leukemias, lymphomas, melanomas, renal cell
carcinomas, ovarian cancers, brain cancers,
osteosarcomas, and lung cancers.

' Compounds of the present invention, therefore,
are useful in cancers mediated by Chkl activity. More
particularly, Chkl activity is associated with forms of
cancer including, but not limited to, adult and pediatric
oncology, growth of solid tumors/malignancies, myxoid and
round cell carcinoma, locally advanced tumors, metastatic
cancer, human soft tissue sarcomas, including Ewing's

sarcoma, cancer metastases, including lymphatic
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wAa2406A@&bDr o- 2- (nor phol i n- 2-

1-[5-Chl oro- 2- S- (4- met hyl - nor phol i n- 2-yl met hoxy) - pheny
[]- 3-(5-cyano-pyrazin-2-yl)-urea .5 Step 1:

yl met hoxy) - phenyl ] - 3- (5- cyano- pyr azi n- 2-yl ) - ur ea.
Prepared according to the procedure for Conpound 1,
Step 2 (using 5-am no-Pp irne-2-carbonitrile
prepared according to the procedures for Conpound 5,
Steps 1 and ;0 2) and the procedures for Conpound 1,
mStepsadeandsBrampusi egll carcinoma, particularly of the

2-hy X hyl_- hql i ne-4-c 0 ' i_d
nEgly SR UL o A Aot "I RN BRT 5r3h 1
cOrg¥ngmaf praducell g oRanti¢s, Ghicdndingg (modphple n- 2

th - n =3:-{:5-.C - LRz, 2r Yl ) - .
nigloffR "SI partidinaCYBN0s BURALBYELY | Melffa
atueat @_ﬂtmnm&YE%ZBE‘ZJkP@IﬁUS‘Z}@Wi@llmﬂhOCYI@G W th

u n :
LBGREREL ARSI Gl ede. Rouiorlidlhy, RAGORLDN
1 aphembac i ugaan whgnEmese doedy resoiityehpeedt ure for 4
e ' n ' t ENely
1 npn el PaTine MARIHENIIE (g, s afid hG el
ceHo1e FROmag 3cytanepus F. cghk bwbonad Bedgsie' s ayer s

1 YRS ok GRIM-HBEEE n WA §hph&fAIC b @SS HI ehaNdatdiean
residue was triturated” with EtOAc.. Filtration
COF bR d - T PI2GCHTI (tHBOBF odRRIASMadd g€ dvhi T2 €8T 4.

pr&ANVR Qe , MEc1 @8rgVBRA 16 ddi10kaksindfh Hba dédl
(s,.1H), 8.86 (d, 2H), 8.27 (d, 1H), 8.17 (s, 1H),
PR D AFSTHORESR8Ba nrigES diBSLGAG f tomdy
céicerd,Hcol3nb¢afder,lidblo2e8Ba) thanbdy, ZndodXypdH),
a%%%q%ta}t‘(;aa ws\g?‘n Aﬁé%ze(:%% pé’é_g:ﬂas]i'se: gghcg’e@ﬁi Ic_ R(’:\élsnc(e%:?’
liver cancer, urological cancers (including bladder
cancer, such as primary superficial bladder tumors,
invasive transitional cell carcinoma of the bladder, and
muscle—-invasive bladder cancer), prostate cancer,
malignancies of the female genital tract (including
ovarian carcinoma, primary peritoneal epithelial
neoplasms, cervical carcinoma, uterine endometrial
cancers, vaginal cancer, cancer of the vulva, uterine
cancer and solid tumors in the ovarian follicle) ,
malignancies of the male genital tract (including
testicular cancer and penile cancer), kidney cancer
(including renal cell carcinoma, brain cancer (including
intrinsic brain tumors, neuroblastoma, astrocytic brain
tumors, gliomas, and metastatic tumor cell invasion in
the central nervous system), bone cancers (including
osteomas and osteosarcomas), skin cancers (including
malignant melanoma, tumor progression of human skin

keratinocytes, and sgquamous cell cancer), thyroid cancer,

PCT/US2006/011584
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15 Compound 43 N OHHO N NuNJ O N
1-[5-Chl oro- 2- (S 4- net hyl - nor phol i n- 2-yl net hoxy) - pheny

WO 2606307262 et hyl - pyrazi n-2-yl ) -urea Prepared aPCDUS1006011584

to the procedure for 20 Compound 42, Step 2 using
1-[5-chloro-2-(S-4-nmethylyio -

nor phol i n- 2- yl met hoxy) - phenyl ] - 3- (5- net hyl - pyr azi n-2-y
l)- urea. "H NVWR (300 MHz, d6-DMSO) 6 10.54 (br s,

3 .1H), 8.27

FpEingppedthn, S nedtie bty “potllondiy Brele il 5.8
maiignaft wleyral def DesipE), mes@ighellonkhf) Wikmy3s( t,pmc??s,,
oa 3 . 1. «mlH) . LRVB ,

S e s BEs s NPT e SoaE PR |
heRERYSPRRIG VL PB84 and KappeERARRITIa@aVETHODS Conpounds

of the i NYERLLOGERDDEhESEEdht likSRhe ¢0Rdh L Lo
i nvol ving aberrant cell proliferation. For exanple,
be hesDnpd idd csams Hel a8s €811 8- poticrndisgsetpretable with

rhdedensutinc1ebE pobt Qfrer adt af iR ANEOhedplastic
chenot’herapeuti c agent used in the treatnent of
iSRRG LeRd 98t A RILINAREI FYRIER-i GRY] RARCRTPBRIS

céIV®) ViFgiia@ukAr yddtment! bipldy¥ ldidicRgohbigsecis humans
and ot her nimals. In general, theg presenf conpounds

TGN FOCROR? 4T TARGPF IR At e BRI TS BBk X-Tay

r&@neEious 18nd to 10™° m), ultraviolet light (10 nm to

400 nm), visible light (400 nm to 700 nm), infrared
radiation (700 nm to 1.0 mm), and microwave radiation (1
mm to 30 cm).

Some cancer treatment protocols currently
employ radiosensitizers activated by electromagnetic
radiation, e.g., X-rays. Examples of X-ray-activated
radiosensitizers include, but are not limited to, the
following: metronidazole, misonidazole,
desmethylmisonidazole, pimonidazole, etanidazole,
nimorazole, mitomycin C, RSU 1069, SR 4233, E09, RB 6145,
nicotinamide, 5-bromodeoxyuridine (BUdR), 5-
iododeoxyuridine (IUdR), bromodeoxycytidine,
fluorodeoxyuridine (FUdR), hydroxyurea, cisplatin, and
therapeutically effective énalogs and derivatives
thereof.

Photodynamic therapy (PDT) of cancers employs
visible light as the radiation activator of the
sensitizing agent. Examples of photodynamic
radiosensitizers include the following, but are not
limited to: hematoporphyrin derivatives, PHOTOFRIN®,
benzoporphyrin derivatives, NPe6, tin etioporphyrin

(SnET2), pheoborbide-a, bacteriochlorophyll-a,
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noncancer ous. For exanple, conpounds of the invention
can be used to enhance treatnent of tunors customarily

w0 e@atiextox t h an anti nmetabolite, e.g., methot rBXEUS2006/011584
gencti tabine, or 5-fluorouracil (5-FU). 15 Use of
conmpounds of the present jnvention can result in a-
partial or conplete regr ion of aberrantly
proliferating cells, i.e., the reduction or
elimnation of such cells fromthe cell popul ation.

nephtlekAfPYaninagheRbERRLQRYPOLAES OrF i BRbERREMEYFNine,

aﬂﬁotl.ﬂaé%ﬁélhﬂg:aqu srisctdQet UARTofeldnS, a6LIPALRYSs Of £
the invention can be used to retard the rate of tunor

the o%®Me- decr ease the nunmber of tunors, and/or induce

partial OrRLABBLALE: {ANFY caf O GRRIARst CATDOYRAS Of
the present invention can be used 25 in vivo or ex

CORIRNGREPP 116 thpar FhptarsMticat by i Fidestivn am@unpeeh

ohd €t i hé Ll Qmpdhigss Nth aRREEESL €flthe PRRL I {QRELI OGS, S .
ongoi n but when aberrant cell_ , proliferation is

SUR FRRIERAPIIS dRFLREERE, BYfpBEhdsiTEftefhEo, FRupagnds

thmwémealta@ £AB0 RRH1838En LN AheEeABi t LAb ks 36 the
proliferation has been preV|oust regied in order to

Lo IertSor /i FATBPI YR dbrteRRRETH (the
t RO chDS2527) RG$£U52Q06b631584oxygeh080 EH@'mEE@@ﬂ ?f
sent . i nventj.on conp n1n| ion 0O
S Ry N T e
otrﬂmﬂnduﬂ'adumtmomﬁnrrmdlanlmmxtbﬁaothbentﬁéma@a@@tﬂaally
eq} t o _an |n %I [ need t hereof.. .5 \

o fiSaivs Colpgul CBFLE SRt TR firease-
Exaouires @ admhicsttarlattﬂlemapéu‘@ct haeeapeudn’r Olaihilyods that

caerI fbeegtds\é% J.ﬂnp&%un%ftlgh Lf@l’?’tra%%sgﬁg§§mer@ include,

tor to an
but are not limited to, 5-fluorouracil (5-FU),

leucovorin, oxygen, carbogen, red cell transfusions,
perfluorocarbons (e.g., FLUOSOLW®-DA), 2,3-DPG, BWl2C,
calcium channel blockers, pentoxifylline,
antiangiogenesis compounds, hydralazine, and L-BSO.
Chemotherapeutic agents that can be used in
combination with a compound of the present invention to
treat a cancer include, but are not limited to,
alkylating agents, antimetabolites, hormones and
antagonists thereof, radioisotopes, antibodies, as well
as natural products, and combinations thereof. For
example, an inhibitor compound of the present invention
can be administered with ahtibiotics, such as doxorubicin
and other anthracycline analogs, nitrogen mustards, such
as cyclophosphamide, pyrimidine analogs such as 5-
fluorouracil, cisplatin, hydroxyurea, taxol and its
natural and synthetic derivatives, and the like. As

another example, in the case of mixed tumors, such as



i ndi vidual in need thereof, in conbination with an
anti body, e.g., herceptin, that has activity in 10
w0 nivsho26g the proliferation of cancer cells.PCT/US2006/011584
Cancers, therefore, are susceptible to enhanced
treatment by administration of a present Chkl
inhibitor in conbinatienlWt-h a chenot herapeutic agent
or an antibody. Cancers treatable by the present
invention 15 include carci nomas and sarconas that are
adehRRGlcehbagdo PYtheS Blrkdst UMcse 8¢l ARSI imflddée
myel oid or | ynphoid systens, including |eu

IAnGRIGR PR P~ AR oA AN SRS T AR TATSTEES P IT ck a
cetll:i@or tﬂ%sﬁomﬁélﬁncﬁrc%n ﬁésidrﬂllbiiEEQIedil irhetomas_m&taronor

nphor eti cul ar syste canc i ncl fbr
Wlé%‘aﬂﬁ%’ro&bij%r%rct sery Pér yntﬁggﬂ ecﬁgg #@gﬁs
5 offamcienti Com@fzesrzﬁnnbbpasﬁtlcx:@meemolsgasicﬂm@mr S,

bl adder canpcers, vul var euk
usiey Rph Gad "L Het EHo mESmPP R v %g’l Fhoé rc%r’fgr?a%sme ovari an
mdeRNGeRS, ebgaj nsma;m@vr 8r Pidiestiensastonesfearced ung
cancers. of th r.esen v.ent i,on,
hergdfe Sy eggj'ér?%t @?&Fﬂﬁoﬁ’ﬁ Cich ncergainedl%%t "‘ed by Chkl
Ad@dtivinky . chanethquapentit aarde_,n,tsCthftalctumltfnﬁ IS
associ at ed h .forns of t not
10 inventeed coclidd ioihel apd Ahbapl i trsde B IO of
raﬁdloll_dottnﬁli s/maimb@daae» eza tunptobdodurts.r eist cel |
ool fgh20Re LOGALLY BRYARGRL LIETBhSnodRIABERIL &
uman soft tissue sarcomas, i nclud Ewi ng' s
ag&artsonaef@hnmarma‘mpdstﬂ%@ylmﬁcpawquyﬁéhaﬁ & WO

preggg/ 1953%{) 13482998{ 0 1384 ne- £dPbwitRt RSLBRES,

squanous carcinoma, particularly of the head and
15 neck, esophageal squanpus cell carcinom, oral
TABLE 1
A) Alkylating agents G) Natural products
i) Nitrogen mustards i) Antimitotic drugs
mechlorethamine ii) Taxanes
cyclophosphamide paclitaxel
ifosfamide vinca alkaloids
melphalan - vinblastine (VLB)
chloroambucil vincristine
ii) Nitrosoureas vinorelbine
carmustine (BCNU) Taxotere® (docetaxel)
lomustine (CCNU) estramust.:i.ne
semustine (methyl-CCNU) estramustine phosphate
iii) Ethylenimine/Methyl-melamine iii) Epipodophylotoxins
triethylenemelamine (TEM) etoposide
triethylene thiophosphoramide ({(thiotepa) teniposide
hexamethylmelamine (HMM, altretamine) iv) Antibiotics
iv) Alkyl sulfonates actimomycin D
busulfan daunomycin (rubidomycin)
v) Triazines doxorubicin (adriamycin)
dacarbazine (DTIC) mitoxantroneidarubicin
bleomycin
splicamycin (mithramycin)
mitomycin €
dactinomycin
aphidicolin
v) Enzymes
L-asparaginase
L-arginase
B) Antimetabolites 1 ' Radiosensitizers
i) Folic Acid analogs metronidazole
methotrexate i misonidazole
trimetrexate desmethylmisonidazole
pemetrexed (multitargeted antifolate) pimonidazole
ii) Pyrimidine analogs etanidazole
s-fluorouracil nimorazole
fluorodeoxyuridine RSU 1069
gemcitabine EO%




carci noma, bl ood cell malignancies, including nultiple
nmyel oma, | eukem as, including acute |ynphocytic

wo ewkaos2e; 5 acute antil ynphocytic | eukenm a, cPCDORIM06/011584
| ynphocytic |eukem a, chronic nyel ocytic |euken a,

and hairy cell |eukem a, effusion |ynphomas (body
cavity based |ynphonas),li3hyni c | ynphoma | ung cancer
(including small cell carcinoma, cutaneous T cell

| ynphorma, Hodgkin's 10 | ynphoma, non- Hodgkin's

['ynphoma, cancer of the adresat i cortex,

ACTHpTeOE G itincE 1A DR &L, BRBSPME] [CEl | Galdies 5,  Dreast
cancéraza¢Yﬁ’<9F1Efd| n}? smal |l cell carjci norraSRa?ﬁa duct al

Gal,CibiB s AT S AT8St i nal cancers (FRELIRTEN, :aine
st omaedrcag@moere, col on cancer, col or ectgldoaRgeidinand

pol y§shis ad¥oci ated with col orgctal rESPresyeyfidine

panc&ea&ﬁgléiiéff}m}eﬁ{ (pentlobdé€in) cancer|, urol ogi cal cancers
(1 nclexpdhye dquamhéradereaqmwm such as primary
supest o ttloe L afET, tunors, invasive transitional
cel | C(ara@rzmoﬁazem)t he bl adder and nuscl e-i nvasi ve

C)bl ada@&%ééﬁw@m cancer ’I)i 20 Piatini@% cooxlrdina:iofn 1
the {aBiks genital tract (including Gyanimn oordination conplexes

car civermmsanpri mary peritoneal epithel icatborlizeopl asns,
. . . all

cervical carcinoma, uterine endgnetri iﬁthrﬁ@ﬁé{ﬁ&%’

vagi nal cancer, cancer of the VL| va, ub®kin@oneCancer

and solid tunors in the ovarian |f lel%&%&ﬁw
mal i gnanci es of the male genital t458C tue ki{c}gl%qh{ggderlvatlves
testicul ar cancer and penile cafn cer) Nkl!eeméyyccmceenmm

(including renal cell carcinoma, brai BeXAEEH S cuppressant
, (| ncluding intrinsic brain tunmrs, netﬂlfoeslhbasi.ﬁ'n’ﬁm)

D)t Bi.g ogzL%al resyonse moda 1er§50 t he CEEn{ r a| % § (§y§ %m

bonecveepiicers (including osteomns andimstieesarzonas) .

Bski SRR et o) Rt s
ski re 1 Lng mal i gndﬁt neh opOtrphyrin derivatives

progressi on of human skin Photofrin®

benzoporphyrin derivatives
Npe6

tin etioporphyrin (SnET2)
pheoboride-a
bacteriochlorophylli-a

naphthalocyanines
phthalocyanines
. zinc phthalocyanines
F) Hormones and antagonists L) Radiation
i) Adrenocorticosteroids/antagonists X-ray
prednisone and equivalents ultraviolet light
dexamethasone ] gamma radiation
ainoglutethimide ) visible light
ii) Progestins infrared radiation
hydroxyprogesterone caproate microwave radiation

medroxyprogesterone acetate
megestrol acetate
iii) Estrogens
diethylstilbestrol
ethynyl estradiol and equivalents

iv) BAntiestrogen

tamoxifen
v) Androgens
testosterone propionate
fluoxymesterone and equivalents
vi) Antiandrogens
flutamide
gonadotropin-releasing hormone analogs
leuprolide
vii) Nonsteroidal antiandrogens
flutamide
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keratinocytes, and squanous cell cancer), thyroid
cancer, WD 2006/ 105262 PCT/ US2006/011584 - 110

WO edobna2bast onma, neur obl ast oma, peritoneal ef f RET/U8Z006/011584

mal i gnant pl eural effusion, nesotheliom, WIns's.
tunors, gall bladder cancer, trophobl astic neopl asms,
hemangi operi cyt oma, and Kaposi's sarcoma. 5 A conpound
of the present invention also can be used to

radi osensitize cells. Diseases treatable with

radi ation include, but are not limted to neoplastic
diseases Elzenpies and chrio ginardpetuti fror sgeretred Ciaaic erreus

p?%ﬁﬁ % q;%glgn treat junce ngs?e%sgﬁgona%getlc 10

SUER™ 5 ganna PRGFAT ST L
1ﬁ@IuQe,rﬁnh akbopl €,1 GaiPptoohddirg nprbopaavxnm ol et Ilght

t 400 ht ,
ijsfﬁ%'r arnl.en 0 dauaor n?ciln(,7§89!>§ul% Icg.:[x Og ré%'?ogu rﬁ7 h%n?/e
betal ggamena)( 1irimotteraldn bmromrﬁanechmmume]at rfent

£ Joortcr ectrong ﬁ?t,' et %g’QL%Y {e,d'zééﬁfééééc?e%rés t'Vat ed

fkﬁdatahypeacazaeutﬂﬁlneadgem@ﬂﬁﬂunmzerBemqnﬂamﬁaL but are
iﬂggrlé 1%5? tf%&#%}%caﬁ°' H&kel”eﬁé é&%@i,e

m soni azo nefh m soni dazol €, plnDnldazoIe
tachsiadazokad tfpﬁnﬁnealzepellyancﬁwénﬁe @Gn9gsI88l SR

digﬁﬁ%tlﬁgg oRB:l43me NI coti nam de, 5-bronodeoxyuri di ne
- 1 ododeoxyuri di ne (1UdR),

br ormdeox%y%?fcﬂrﬁéncewh@? SdEoRYEFFRIF ridVERUARP,
M&&ueeathélpy@s@hhnlnml%% bhera@petitii gal |y

effective analogs and derivatives thereof
compnGdyRRNTELR Mg aP Py drrneafE ef & tdiesl &9%Fh

paclitaxel. Compounds of the present invention also are
useful in combination with pemetrexed, alone or further
with cisplatin, carboplatin, or other platins. A present
Chkl inhibitor also can be administered in combination
with gemcitabine and pemetrexed.

A present Chkl inhibitor administered in
combination with gemcitabine can be useful in the
treatment of, for example, pancreatic carcinoma,
leiomyosarcoma of the uterus, bone sarcoma, metastatic
nonsmall cell lung cancer, extremity and trunk soft
tissue sarcoma, renal cell cancer, adenocarcinoma, and
Hodgkin's disease. A present Chkl inhibitor administered
with pemetrexed can be useful in the treatment of
mesothelioma.

Compounds of the present invention also can
potentiate the efficacy of drugs used in the treatment of
inflammatory diseases, conditions, or disorders
characterized by aberrant cell proliferation. Examples

of inflammatory diseases that can be treated with
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visible light as the radiation activator of the
sensitizing agent. Exanples of photodynam c 30
w0 awboneessi ti zers include the foll owi ng, but aPEI/ns1006/011584
limted to: hematoporphyrin derivatives, PHOTOFRI N(r),
benzopor phyrin derivatives, NPe6, tin etioporphyrin
(SnET2), phe‘oborbide-d}1650feriochlorophyll-a; WO
2006/ 105262 PCT/ US2006/ 011584 - 111
napht hal ocyani nes, phthal ocyani nes, zinc phthal c
campvines ofaridet Reesdutinventiprefincdndive utal ags moatd

141 [letptd y eSrRlmat i %&%ﬁri@i@f;nsgg%ﬁgﬁéan be

admnistered in 5 conjunction wth a | erapeltically
vigrifld v deaepant s ofr anghenatosis e SYBRPBLATIR $At addi ti on
jiwrinte @HdoniBhLBIH AR 5 CQRROUDES.ANC ! LghRg, but
not limted to, conpounds that pronote the

R WESTFHAISon SBE) r adir6sEment iofa arshrbtihe Ve aenpt's
greRI1DmAYERAYNESq td1Rt o084 rlvaibesf Loy e Ws

~therapeutics, nutrients, and/or oxygen to the target
imgainos URERERSE e r difiPi &S agBifitls 2phabnheindh i a Gkatintor
meMHoR re¥atel, t BadtcRddbhbopmiRdi abhon, t Yath &S s
therapeutically effective conmpounds, for treating
typdradl Yol "oERRr itdedseiretdynpredndireddivti ot
dahBgeapeuhhebagist SOthRetAds ithaki 415 if ahebeo £i68ing
. conj unction WI(S h rt%di osﬁﬂffi tizers include, but are
imgyre) CRlL8dT PSP PUGTHUT JOFE E8RELVE [F8uc o,
byoxygee, scanbagerreqeflesed ] tPsanshsibs sl vitiligo

RN AREE I e RN R R S
coabtihangbogehesis psonpbemds They doapazde ofamthd - B SO
oo SYEER A SHEU SoBHBIE S35 R0, B8 o a5,
psbowalen, and increase the therapeutic index of this
treatment regimen. In general, compounds of the present
invention potentiate control of inflammatory disease
cells when used in combination with immunosuppressive’
drugs.

The compound of the present invention also can
be used in methods of treating other noncancerous
conditions characterized by aberrantly proliferating-
cells. Such conditions ‘include, but are not limited to,
atherosclerosis, restenosis, vasculitis, nephritis,
retinopathy, renal disease, proliferative skin disorders,
psoriasis, keloid scarring, actinic keratosis, Stevens-
Johnson Syndrome, osteoporosis, hyperproliferative
diseases of the eye including epithelial down growth,
proliferative vitreoretinopathy (PVR), diabetic

retropathy, Hemangio-proliferative diseases, ichthyosis,

and papillomas.
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treat a cancer include, but are not limted to,
al kyl ati ng agents, antinetabolites, hornones and 25

w@nitagen2sst s t hereof, radi oi sotopes, anti bodi eBCT/EHS2006/011584

wel | as natural products, and conbi nations thereof.
For exanple, an inhibiLtg{gconpound of the present
invention can be adm nistered with antibiotics, such
as doxorubicin and other anthracycline anal ogs,
nitrogen BHELAdRy G AR L CYGHANANIAR doenk -
pyrimdiné a diogs Stch as 5- T uor our aci , cisplatin,
imidricmorupéathd guaiseahdinvtentioat 4s aflesgnibegntiheKeegan

der.i vatj.ye nd .t |k X , 1n the
ot of O SRRTTHRCE, Mo redsgiigbifog agnee 1N ¢
séaféhw©20@61OZQQ%&4whicnlﬂs_bﬁﬁ@doear@iSumﬁioﬁﬁsﬁheal
Apbrlel%%tt’io\qh%& 1ot UBRY Sod 2lsUdR:1eq september 17,

onadot r opl n-'dépendent’ and “‘gona ot ropi n-1 ndependent
2008, | ghet hat tonptiwedogare i atiichi 52 emPrPRTESAUPEL i on
re¥plogupr Q‘géxf&e%ﬁmag% £l i1 bS¥ PhE el ReRt tdel

analogs 5 o H). Qther antineopl astic protocols
prigid/fedetipe inwdvef sghedrhing egniebipriderwictha afdther

adti§atsrent . g Mdalhb¥ot Ko fhpeut 4EISEINON dn@dbathen, al so
referred to herein as "aé}unct_antlneoplastlc )

inpgdditori @scordiRgditei bhRlIPTSRERSt hRYeeii-c Agehbiss

med$OlY! akN1dde el BURDtAAN vaRekUde hBdimmResrafdat a
ant agoni sts thereof, radioisotopes, antibodies,

doggt 8REl TPF RIUCAES, SHAF CiitbitRat PARES (HEPEGRE 1B anpl es

sydlcneBamph hesmpauiteel agand sruset uln igkoraibedsing
enplo§ing compounds of the,k present inventign gre
celilst oHPPR IHE FOPFoRR R A HPe. PRAZS PABR-PRAFation,

atAllkykat bRg @gantiah@)i e Usaladflnisiedred to abrogate

" the cell cycle arrest and induce therapeutic cell death.

The method is useful with any Chkl activator, and finds
application in treating or preventing cancerous and
noncancerous conditions involving aberrant cell
proliferation.

A population of aberrantly proliferating cells
can be contacted with one, or more than one, Chkl
inhibitor of the invention. If more than one Chkl
inhibitor is used, the Chkl inhibitors can be contacted
with the cells using the séme or different methods (e.g.,
simultaneously or sequentially, for the same or different
durations, or by the same or different moldalities) as
determined by the skilled artisan, e.g., an attending
physician (in the case of human patients) or a laboratory
experimentalist (in the case of an in vitro or ex vivo
procedure) .

A population of aberrantly proliferating cells

also can be contacted with one or more Chkl activator.
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i) Nitrogen nustards i) Antimtotic drugs
mechl oretham ne ii) Taxanes cycl ophospham de
weawbiloasel ifosfam de vinca al kal oi ds el phedBNS2006/011584
vi nbl ast ine (VLB) chloroanbucil vincrist ine ii)
Ni t rosour eas vi nor el bi rﬁ]7 carnusti ne (BCNU)
0

Taxotere(r) (docet axels mustine (CCNU) estranus

tine serustine (methyl-CCNU) estramus t ine phosphate
iii) Ethylenim Met hyl -mel am ne Jii
TP BBAbBI I DEO LIRS SLTEy | ChealEunthe TR
ac€li oposisecdr ibet hyhenetddhiwvdphosiphareddsdes {ngi chepajme
t epi.posi de xgmnet hyl nel.am ne ( HVM. tretamgine) iv)
xR BRRT e R Al SIS o 5 HEPERuby o CHeD
cohtsytfah aswindanyitbihtdrukibdeayci n) v) Tri azines

doxor ubi GlRelAMELATY Y p-JCA NACERE (PTLL, aLtoxan
ronei dar uSi &R bl eomycl R spli canycin (m thranycin)

appliedytco nced ld popuhamymisn exaphvei cdornexayp Egzy hhe

L- asparagin - [ e . [ ites H)

PreRYT 6sen |()tu?]z%§r ggrll?g%o"{g%?:s ié%l%aoggfs)@%g{lroni dazol e

infiethat fex ataceirsbng dadwoloptinal msthegivdeeand/or dosing

fogegf’é‘x‘r?ﬂ‘i}’éﬂgﬁ%i gaé}‘ﬂtf inhibitor for a given
indication, cell type, patient, and/or other treatment
parameter. | This information can be used for experimental
purposes or in a clinic to determine protocols for in
vivo treatment. Other ex vivo uses for compounds of the
present invention will be apparent to persons skilled in
the art.

As appreciated by persons skilled in the art,
additional active or ancillary agents may be used in the
methods described herein. As also appreciated by persons
skilled in the art, reference herein to treatment extends
to prophylaxis, as well as to treatment of established
diseases or symptoms.

The amount of a compound of the invention
required for use in treatment varies wiﬂth the nature of
the condition being treated, and with the age and the
condition of the patient, and is ultimately detexmined by
the attendant physician or veterinarian. 1In general,
however, doses administered for adult human treatment
typically are in the range of 0.001 mg/kg to about 100
mg/kg per day. The dose can be administered in a single
dose, or as multiple doses administered at appropriate
intervals, for example as two, three, four or more
subdoses per day. 1In practice, the physician determines

the dosing regimen suitable for an individual patient,
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penetrexed (nmultitargeted antifol ate) pinonidazole ii)
Pvri m di ne anal ogs et ani dazole 5-fl uorouraci

wopewonezet e fl uorodeoxyuridi ne RSU 1069 gentPCHDFI966/011584
EO9 WD 2006/ 105262 PCT/ US2006/ 011584 113 TABLE 1
cyt osi ne ar abi nosi de. (AraC cytarabi ne) RB 6145
5-azacyti di ne SR4233 7, 31 Bdlfluorodeoxy cytidine
nicotinamde iii) Purine anal ogs 5-bronodeoxyuri di ne
6- mer capt opuri ne 5-i odode oxyuridine 6-thioguanine

aid obeRlednsAgft Varirs VXAt Rheprdere weigheo)gredf seagense

%p@%%mc@m%%&% hyd&ﬁgymyé' aBdesl ne, LEHNA)
| udarabi ne phosphat e eoxyaden03|ne
eXeNRbR ¥bide the- DiW)296) cType ButTdpdivdderasenfhamess ors

exdsMpigeldign ﬁ@&ﬁe@gﬁntlgwef g ffhesi-8 ﬂ\ér:ﬂ% &hi Nipgm

coordi nati on corrp exes tOpOt ecan Ci Sp atin
speh rt@ et hédar BeplsoPs 8% athe|nnsisant attatdckaedi one

m toxantr eBgrhéd cFUkSki Lef £hIp8ati Y Aty W I'Sheddrt)

Met hy Ih¥9ra2|ne derivatives
Chkl inhibitor, at any dose, is for a time sufficient to

achieve substantial abrogation of the cell cycle
checkpoint. Typically, though not necessarily, such
times include up to about 72 hours to about 96 hours,
depending upon various factors. In some embodiments, it
is desirable or necessary to administer Chkl inhibitor
over a period of up to about several weeks or more, as
determined by the attending physician or technician.

Thus, a present Chkl inhibitor typically can be

" administered for up to about 1 hour, up to about 2 hours,

up to about 3 hours, up to about 4 hours, up to about 6
hours, up to about 12 hours, up to about 18 hours, up to
about 24 hours, up to about 48 hours, or up to about 72
hours. Persons skilled in the art appreciate that the
ranges of time expressed herein are merely exemplary and
that ranges and subranges within and outside those
expressed also are within the scope of the invention.
Chk1l inhibitorst of the present invention can
be administered over a plurality of doses. For example,
the Chkl inhibitor can be given at a frequency of: four
doses delivered as one dose per day at four-day intervals
(g4d x 4); four doses delivered as one dose per day at
three~-day intervals (g3d x 4); one dose delivered per day
at five-day intervals (gd x 5); one dose per week for
three weeks (qwk3); five daily doses, with two days rest,

and another. five daily doses (5/2/5): or, any dose
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N- et hyl hydrazine (MH) procarbazine iv)

Adr enocortical suppressant mtotane (o, p'-DDD)
w@reegb2set hi m de D) Biol ogi cal response nodi PCEDS208§/011584

Cytokinas G CSF interferon (a, (3, y) GWCSF

interleukin-2 E) Differentiation agents K)

Phot osensiti zers retineiti®aci d derivatives

hemat opor phyrin derivatives Photofrin(r)

‘benzoporphyrin derivatives Npe6 tin etioporphyrin
rdgStEh2 e t PRRONGS itdepa afidpetibeshkor aplyl | - a

‘napht hal ocyani nes pht hal ocyani nes zinc
CIRUREE88¢ani nes F) Hor nbnes and antagoni sts L)

Radi ation i) Adrenocorticosteroids/antagonists X-ray

predni sone and equi val_en | traviolet |ight

dexanet hasone ganma r£EE§§&§ﬁ ai nogl ut et hi m de

visible light ii) Progestins infrared radiation
Exhwglexgpr ogest erone caproate m crowave radi ation

medr oxypr ogest erone acetate nmegestrol acetate iii)

De%%&&ggggi?on ddfe%}!o' %Hzggséf (Hhkl Inhibitors

Human Chkl cDNA was identified and cloned as
described previously in International Application
Publication No. WO 99/11795, filed September 4, 1998. A
FLAG® tag was inserted in frame with the amino terminus
of the full-length Chkl. The 5' primer contains an EcoRI
site, a Kozak seguence, and also encodes a 4FLAG® tag for
affinity purification using the M2 Antibody (Sigma, St.
Louis, MO). The 3' primer contains a Sall site. The
PCR-amplified fragment was cloned into pCI-Neo as an
EcoRI-Sall fragment (Invitrogen, Carlsbad, CA), then
subcloned as an EcoRI-NotI fragment into pFastBacI
(Gibco-BRL, Bethesda, MD). Recombinant baculovirus was
prepared as described in the Gibco-BRL Bac-to-Bac< manual
and used to infect Sf-9 cells grown in CCM3 medium
(HyClone Laboratories, Logan, UT) for expression of
FLAG®~tagged Chkl protein. 4

FLAé®—tagged Chkl was purified from frozen
pellets of baculovirus-infected SF9 cells. Frozen cell
pellets were mixed with an equal volume of 2X lysis
buffer containing 100 mM Tris-HCl1 pH 7.5, 200 mM WNaCl, 50
mM B-glycerophosphate, 25 mM NaF, 4 mM MgCl,, 0.5 mM .
EGTA, 0.2% TWEEN®-20, 2 mM sodium vanadate, 2.mM DTT, and
a cocktail of protease inhibitors (Complete mini, .
Boehringer Mannheim 2000 catalog #1836170). Cells fhen

were dounced 20 times with the loose pestle of a dounce
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w0 bwesyirest er one and equi val ents

et hynyl estradi ol and equivalents iv) Antiestrogen
tanoxi fen v) Androgens testosterone propionate

flutam de gonadotropin-rel easing hornone anal ogs

| euprolide vii) Nonsteroidal antiandrogens flutam de

WD 2006/ 105262 PCT/ US20082811584 114 Exanples of

chenot herapeutic agents that are particularly useful

in conjunction wth radi osensitizers include, for
hewegwl e rc angt otmecifmgedaabofd atliOnx & Lol dtoum,.

r | terfer | R beta,

TQQW a%l% @gtxgg%(%{r%a ghgc)i( v&:ﬂﬂ:ehalo ﬁ?g?lélrr?rbu ﬁmes 8%
50Imrd)rgjlmca,@el pH(SrEFLﬂ)O,llHEE@dDY 0ami, TRigporloddendsi ne,

m»lfa'nxﬁ‘agé;’j{ & t%?nié‘%ﬁgyéhr%' ”%‘m&?‘é%{ %RHF&:} ”%? di 0

not ecan doc axe t axe
Na@botasdan, Thadcehwmapbani ez I“yBSélfeﬂewitlvé-‘arml@gls and

oh o_
vORRHV 8 i +0% %ﬁg?‘rpoun d‘.ﬁfﬂ@’ ﬁ%@fe QMatsh ey

present i nvention, °c € present invention
2Qw el e EGIA) nl I@brﬁﬂTﬁa@n@nlqungéhemm pErotgprenme or

edrdder %&hcﬂéamphg,gg;@lthegomgeuwén&ftot e present

I nventi on al so are in conbination wth

%@Wéttﬂ’e%é_é,mam#@t@h fhird Herforwidt h- ci Bt dpipure of
r&SAPARRE L Bat Ot HYN @h s P AL AP i nfoPE€SENIMn and the

flow through collected. The resin was washed with 10
column volumes of 20 mM Tris pH 7.5, 150 mM NaCl, and 3
mM N-octyl glucoside. FLAG®-tagged Chkl then was eluted
from the column with 6 column volumes of cold 20 mM Tris
pH 7.5, 150 mM NaCl, 3 mM N-octyl glucoside containing
0.5 mg/ml FLAG® peptide (Sigma, 2000 Catalog # F-3290).
Three fractions were collected an analyzed for the
presence of FLAG-tagged Chkl.

The assay for Chkl kinase activity that
includes 100 ng purified FLAG®-Chkl (150 pmol of
ATP/min), 20 pm Cdc25C peptide (H-leu-tyr-arg-ser-pro-
ser—met—pro-ﬁlu—asn—leu-asn—arg—arg—arg—arg-OH) (SEQ ID
NO: 1), 4 pm ATP, 2 pCi [*?P]y-ATP, 20 mM Hepes pH 7.2, 5
mM MgCl,, 0.1% NP40, and 1 mM DTT. Reactions were
initiated by the addition of ATP-containing reaction mix
and carried out at room temperature for 10 min.
Reactions were stopped by the addition of phosphoric acid
(150 mM final concentration) and transferred to A
phosphocellulose discs. The phosphocellulose discs were
washed five times with 150 mM phosphoric acid and air-
dried. Scintillation fluid was added and discs were
counted in a Wallac sqintillation counter. The assay was .

incubated in the presence of a broad range of

Vi) Anti andrPQEDNS2006/011584
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Chkl inhibitor also can be adm nistered in conbination
W th gentitabi ne and penetrexed. 20 A present Chkl

woO pdochd26r admi nistered in  conbination with PCT/US2006/011584

genti tabine can be useful in the treatnent of, for
exanpl e, pancreatic carcipygma, |eionyosarconma of the
uterus, bone sarcomm, netastatic nonsmall cell |ung
cancer, extremty and trunk soft 25 tissue sarcomms,
r ange LGLN d__Hodgk S
A S L e T g RO
vpémet fexeth&:ammbeuu@sffaﬂ qaﬁlcuh@tetd.eaﬂ%@ntomounds of

S 0 t iopn_al so
B LPERLRIR oI REU Oy Rhe, 8= SGRTbAt BN CE Vel
inr shengssayfof laés atimat cbpudi %@@sré‘s conditions, or
di sorders characterized by aberrant cell
proliferation. Exanples of inflammatory di seases that
Examob® 2reated with WO 2006/ 105262 PCT/ US2006/ 011584
- 115 conpounds of the present invention include, but
saliéchDityy imted to, rheunatoid arthritis (RA),
psortasrs, vitiligo, Wgener's granul onat osi S,
system c- ogg uvem I eﬁghr onic arthritis CA), and
system ¢ gu*},n LRI Fe it TSI PHESERT . “T‘feéﬁﬂféhtweﬁ

tastdd i ﬁde,seV‘écgﬁﬂ'Bﬂ’y,S w1gnamhnkpmt @HieS combel iddn of t en
i nvol ves uppressi ve thera |es

BERE % SE, FRELFudionrr BRE LY deRsERabr e
esygphexho$plkam dek2 STAK, rEpmmnmhAtzypEﬂed | yraERAYcCe,

E N o R Bt R e PrUTY T FHORSERE o1 {eatiang oo

RéemMReEkZGellkkAr efleR, metemllamreezxsepmttem_e quaase
c 8 I‘}%Bef qQJi-gngY bP&S& S 430daL ds J 824 Te AL gy fiS Ol A 6, and

calcium calmodulin-dependent kinase II, and abl tyrosine

kinase.
The ICso value of a compound versus Chkl was

measured as described above. The ICsy value of the
compound against comparator enzymes was measured ﬁsing
the SelectSmart™ (MDS Pharma Servies, Bothell,
Washington, USA) proprietary technology platform with
either a modified ELISA procedure or fluorescence
polarization. All inhibitors tested showed at least a
20-fold selectivity for Chkl over the tested comparator
enzymes.

Alternatively, assays for determining ICs, for
each of these kinases have been previously described in
the literature, including U.S. Patent Publication No.
2002-016521 Al, and PCT/US95/00912, filed January 23,

1995, both of which are incorporated by reference here.
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commonly are treated with ultraviolet radiation (U
in conbination with a psoralen. The conpounds of the

wa2oopnerent invention enhance the killing effertT/U82006/011584

and a psoralen., and increase the therapeutic index
of this treatnent regir N, Ln general , conpounds of
the present invention potentiate control of

i nflammat ory di sease cells when used in comnbination
Wit h inyunosuppre ssive 20 drugs. The conpound of the
ESPERLR+3i nvention al so can be used in methods of
treating other noncancerous conditions characterized
chylabesedRdsnyprort i heteaimingtiaeldss. Such conditions
ECac| Valyedwif ghkl nbihikinvoked to, ?5 atherosclerosis,
restenosis, vasculitis, nephritis, retinopathy, rena
di sease, l.iferative skin di rs, . .QSQriasis,

kel oi d che?l.lln—éo,asaec RS a‘ifzgkg‘, §trg§i'§?1]s-°5%hnson
afyediddimy tes teRPAMBAIrk 1 diy RRIPEH IRt IBAE msh SERERS
of the _eye including epithelial down growth, W
tBeoPPRdAdY W& Hhe SO uRsh &P Sl z&itHlFeY | lruman

: h | - prl it dye dise

chEEl ﬂ%‘t?i %:el']!gn Q‘%Ia&ﬂolg%ﬁ‘{aél%%n\zédoa 05065 29 ECrrs
vECTEUS260681esY ol 1bihé ngOme Yirdiefler rregbardintertt of

dm ni_s LN - Chkl _ inhibitor of the present,
TRfene: SHtLe LABIE B8 T RE G Lop e A don
wappkiyaghieen zNa. PRCHeWB2MA/HREQE8beld hed-eiBEpt erer 17,

2004, which is based on U_S. Provisional 5 Application
coppPyPdNgas 68p503Vveds inf 08¢ Jépedhydr SIAfoxighs, the
e,di sc e ch s i HPO Y.
B R S A A iR
aproVPfer at HEA9i medlee werke dbitrigedd diroms that IATCOf a

aggkkaintained in growth medium consisting of RPMI

containing 10% fetal calf serum (FCS), pen/strep,
glutamine and other supplements. Gemcitabine
hydrochloride was obtained from Qventas and
dissolved in phosphate buffered saline (PBS) at

50 mM and stored at -20°C. 3H-thymidine was obtained
from Perkin-Elmer.

HT29 cells were plated onto 96 well cell
culture plates (Corning) at a density of 1.3x10° per
well and allowed to adhere overnight. The following
day, the gemcitabine was initially diluted 125-fold,
followed by 5-fold dilutions in 1.2 ml Titer Tubes™
(BioRad) in growth medium. The final dilution
series concentrations were: 11, 20, 4, 0.8, 0.1s,
0.032, 6.4x107°, 1.28x107!, and 5.12x10™° nM. The
diluted gemcitabine then was added to the cells for

2 hours. The gemcitabine then was washed out and
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activator (e.g., a chenotherapeutic agent) and a Chk
10 inhibitor according to the present invention. In

W koos/103e2 hod, at | east one Chkl activator i s PCT/US2006/011584

adm nistered at a dose and for a tine sufficient to
i nduce substantial synchronization of cell cycle
arrest in proliferating- s ls. Upon achi eving
substanti al phase synchroni zation, 15 at | east one
Chkl inhibitor is adm nistered to abrogate the cel

tReCl & Al &St ifuse dhesanail i Ghverd®l dn dgath.  The

netho I's useful wth any Chkl activator, and finds
agjojed cat i e |¢ellrseatfom924)rhqmm/.enth?crﬂglwmr@03 and

SBRO or U0 GO RSP bt o O RET A gms = 108

@MY ferdknaivel | snh st de Landaciegd v tdthene, or
nmore t han one, Chkl i nhi bitor of the invention. If

impred tivgn wate WPlhhrﬁlblﬂi‘%ﬁd i X el in He- hRl
TP I SN, 08 SO art At Ao ﬂmf&w&ié sUskDng
ere ods (e.g., sinu

t'he 'sane or d t aneousl y
2Q15, sequEsit iy, .49t ramcsmrma)mw.i f farwrityduwat i ons,

or by the sa or different lities) a 4
hGUES) T Dy e 10t 2ah SELt ore Tibatedndi ng
wRRY:S i1GiMy (%%hpmaagg ¢brhupaRopaki, etheh Frcken at

| aboratory 30 ekxperinentalist (in the case of an in

—Vi0€o orThex pliakes rtrh%led\lﬁree) thrvwsshand i egsted
[.i f d
SRR, S P B o AR et

MBEEFUPA GG (Bﬂa]t‘&&lbte—r 1(PErdifn mimen)han Minerd@kint™
2%8%{9‘&% \Hﬁf‘}? hé"hz%elz‘)gj&’gi r‘i’%‘cst It?gcée%{'ré‘ ch%lg‘?ffer ent
pTRtRedwe r@eRIuaitlel @h desey Rt glte reader
(Perkin Elmer). The data was normalized to cells
treated with the Chkl inhibitor according to the
invention alone; then plotted on a log/log graph of
gemcitabine concentration (uM) vs. relative cell
growth (100% equaling 1.0). The increased fold
sensitization at 90% growth inhibition was derived
for each concentration of Chkl inhibitor used, which
then was plotted om a graph of Chkl inhibitor
concentration vs. fold sensitization. The ECgps
value then was calculated.

Chkl inhibitors of the present invention that
were subjected to the assay have measured ECrs values of

less than. about 1000 nM.
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context of Chkl inhibitors above. 5 Conpounds of the
present invention can be applied to cell popul ations
W@2006i185262 For exanpl e, the present conpounds PENUR®06/011584
used ex vivo to obtain information concerning the
opti mal schedul e and/or dosing for adm nistering a
Chkl i nhibitor for a gi-van410 indication, cell type,
patient, and/or other treatnent paraneter. This
information can be used for experinmental purposes or
Ekghﬁqgl4n|c to determ ne protocols for in vivo
ment. Qther ex vivo uses for conpounds of the
resent invention will be apparent to persons skilled
C kt ﬁﬁ?%qﬁ§°5ﬁt°fﬁEP%nﬂ5F€8P ti&y lBBrsons skilled in:
PRNCH 288 o agents may be
used |n the nmethods descrlbed hereln As al so

appr eci at ¢ Rempeis¥date Tt ethd Anhi®ialilon ref exmgnce
herein to treatnment extends 20 to prophylaxis, as well

bysat sorpeanse Rt SheePEASIENthdaveditions Sensi SyaRT ons
t%??e@@&u@equ 2CQEROYNG 19f, f '%%ﬁle?%e&é 'dﬁi—dﬁﬁg&iﬁﬁd

use in freatnent varies e nature o
agamds t il lsecay be datcetiataddimitthie phesgg:ee &fd at he 7?5

p%@&q{%i&ﬁloﬁn}g%&ét LGAT ex UL d SoULLERBL 8l Y% o ‘?ﬁ‘i*a%&@h ned
y e attendant physicran or veterrnarian. In
oyenertainicafoiietamagdngsaaent ni Sedlede¥dredaddl € human

ad{ & mBM&ﬂJ '@érac,slmﬁ h,»% n«@mgempéroq&% ny/ kg

to about 100 day. dose can
pPlatiishiagee pegvn nlfa Péﬁpﬁgll64@00<216§énlég B3 rﬁ!ﬁstrl BO& doses

Uﬂﬁ’ﬂ“ﬂérﬁ‘b@i&@ﬂn alnARRIOORE VAL estx‘éﬂt%fnyéiﬁ fcfzorl seasaael e as
t wo, three, four or nbfe subdoses

3brcac1tn @e huph@i Hifds ilacuha ber éflfﬁhné§ d%lf‘slnlﬁg teggeden
catl irdh@el Bhy afbiRdby dual DaldseBE, 1nterest, such as

HeLa, ACHN, 786-0, HCT1l6, HCT15, SW620, HT29, Colo205,
SK-MEL-5, SK-MEL-28, A549, H322, OVCAR-3, SK-0V-3, MDA-
MB-231, MCF-7, PC-3, HL-60, K562, Bx-PC3, Mia-PaCaZ2,
H810, H226, H2126, and MOLT4. All cell line designations

refer to the following human cell lines:



WD 2006/ 105262 PCT/ US2006/ 011584 118 and the dosage
varies with the age, weight, and response of the
w@20obilezbar patient. The above dosages a ire PBXEDRI086/§11584
of the average case, but individual instances exist
wher ei n hi gher or |ower_ qggages are nerited, and 5
such are within the scope™of the present invent ion.
Contact of the cell population with a present Chkl
giphibitor, at any dose, is for a time sufficient to
achi eve subst ant i af*8Hr8gaidespeasicinema cel | cycl e
A%}H“bckpoi nt. Typi caFfsel eHeneghreigiomaecessarily, such
799 % i nes i ncl ude upetxd aboukcarRiddaurs to about 96
HeUl6s, dependi ng upmyn ¥ardiQbea factors. In sone
swabodi nents, it is.dgsk r essary to . .
e i I R
cAloyt several weeks or "nmpre, "as . deterfined by the
ndi ng physi ci an” 6f PEORATLT AT 15 Thus, a present
|

e &ﬁ nhi bitor typPTEPPSR can be adninistered for up
SKHELHSUt 1 hour, ~ uprlienasomeladohaurs, up to about 3

A%{8urs, up to aboutluhghoucspomsp to about '6 hours, up
H32® about 12 hours,brdpckd caDeidiad & NRESa UP tO about

OVeAR+®OUrsS, up to ahfulif8 RS rcHodP to about 72 20
he art %gpreci ate that'the

skhoeHss. Persons skidlLed ] gﬁeljgaé:iaﬁc.la{uroe merely exenpl ary

vphaaes;of tinme expressed
wcAnd that ranges %ﬁaasstuﬁ?%'h"@é‘?wq‘ﬁi n and outsi de
those expressed A§0°arERiceRFHRe scope of the

BCihvention. Chkl i MAPRIA 6r 3GPorifd npras dmen inprentdssn

urSAN 25 be adni ni sPer€q over a plurality of doses. For

cs&xanpl e, theChkl “rnmi BF YBiS CE¥elgihm@hzat a
requency of 1 fouf"UdServedepsrrsseeursndne dose per

MOIgf4y at four-day i F‘étrev%g‘gph%’hﬁ?&iﬁ Yyukeppar Tdoses
del i vered as one 4¥%&°BListday at

Cells are treated with media containing
chemotherapeutic drugs alone or chemotherapeutic drugs
and a Chkl inhibitor. Cells are incubated for
approximately 5 days before growth is measured by
determination of levels of 3H-thymidine uptake.
Chemotherapeutic drugs include etoposide, aoxorubicin,
cisplatin, chlorambucil, 5-fluorouracil (5-FU). The drug
concentration necessary to inhibit cell growth to 90% of

‘untreated control cells is defined as the GIgg.

Compounds of the present invention can be
tested with additional antimetabolites, including
methotrexate{ hydroxyurea, 2-chloroadenosine,
fludarabine, azacytidine, and gemcitibine to assess
therein ability to enhance killing of the agents.

Compounds of the present invention can be compared t§ one
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woe®k/163262 t hree weeks (gwk3);

three-day intervals (g3d x 4); one dose delivered per
day 30 at five-day intervals (gd x 5); one dose per

two days rest, and another. five daily doses (5/2/5);
or, any dose WD 2006/ 105262 PCT/ US2006/ 011584 119
regi mnen determ ned to be ]a2g§pfopriate for the
ci rcunst ance. EXAMPLES Exanple 1 5 Determ nation of
| CSO Val ues of Chkl I nhibitors Human Chkl cDNA was
APGEREET PB P RFSEPEnethanreddbs et e DHiEi@dPoosl gréatal
datenBaki onalorBRRbE £EE AR BubLi£aliqn No. WO
99/ 11795, filed Septenber 4, 1998. A ‘FLAG(r) tag was
i nserted i1 BASAEIoR HFhehabakd b aferthienGBKLO of the -
ihHhibiteprgtde Gl i ndd&2on EB'QﬁﬂaﬁEH“HTl@§nQ COR
site, ,a Kozak sequence, and al so encodes A r) tag
rpgiatienan peptieFEedati on using the M2 Ant| body
(Sigma, St. Louis, MJ). The 3 primer contains a Sall
Esi te Tge PCR- an‘pl ified fragnment was cloned into
as an L5 EcoRI-Sall fragnment (Invitrogen,
Carl sbad, CA), then subcloned as an EcoRI - Not |
Sénaghird Aszhyg pébasédBarel chklG bco- BRL, Bet hesda, MD).
IRetitpmanttivatyl OvViAnimaelwasdelyr epared as described in
the G bco- BRL Bac to Bac manual and used to infect
Sf-9 cell r m_!
Labor atorl%eg 9 QE#E or ‘}eéxprgsél'_%%s' Sveloped to
mER NS )Cltkéggeblllaﬂ«qr proteity iFLAGHe)tt tigyed nCell swas
f£ro I fq b Vif fected
e R v CE O SRRt AL W O
meRfHHe Féeuabibity e ylspgkl inhibitor to block Chkl

function in the tumor model, and to allow for assessment

of conditions that facilitate access of the Chkl
inhibitor to the molecular target.

The ability of selective Chkl inhibitors to
abrogate a chemotherapy-induced checkpoint is measured
using a quantitative immunofluourescent assay that
measures mitotic index by monitoring histone H3

phosphorylation on serine 10 (H3-P), a mitosis-specific

‘event (Ajiro et al., J Biol Chem., 271:13197-201, 199%6;

Goto et al., J Biol Chem., 274:25543-9, 1999). The assay
protocol is as follows. Tumors from rodents treated or
untreated with Chkl activator (in the present study,
chemotherapy agent) and/or Chkl inhibitor, are excised
and paraffin‘embedded. The tumors are cut into 6 micron
thick slices and mounted on glass slides. The paraffin
is removed from the slides by 3 minute successive
treatments with xylene, 100% ethanol, 95% ethanol, 70%
ethanol and deionized water. The slides then are heated .

to 95°C in 10 mM sodium citrate for 10 min followed by a

five daily doseRCT/NA1006/011584
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5 buffer containing 100 MM Tris-HC1L pH 7.5, 200 nM
NaCl, 50 mM B-gl ycerophosphate, 25 nM NaF, 4 mM

vanadate, 2.nmM DTT, and a cocktail of protease

i nhi bitors (Conplete m ni,,, Boehringer Mannhei m 2000
catal og #1836170). Cells J\f%wen O were dounced 20 tines
with the | oose pestle of a dounce WO 2006/ 105262 .

CT/.US2006/ 01,1584 en| zer C ri fuged
REE80%0 B Pt e nocihe STRAS e miRckea et 30
nﬁrrﬁmﬁsheﬁlm'tlt bukGee ok 20 mhunesurﬁn s'éQuﬂMaﬂhyZ% ne pH

| owed oM Tri s 7.5,_ 150

BB SE PG THVERR: e oRioER Rt Ghieh S 1PFs 5 nac
avashinThe @:.d]ﬂ%rnTrt'Lhem XD N SRET) Wi t ITh25af ol pidspho
v.al unmes,. of H7_5 1530 Na %,
BEREERE 1 5 ot R e BRRF A it TROCOR chce
diilnte@r bt2¢sen thbl Bleck Phefet eatceddcyabatedtdmﬂrh W

i.nity, reS|n n batc or 4 h. .The
sli_OLH %r%gf)?@’e %’OPgsl nT and Ilggsate g Wear?%\?g 1E)Jcﬂlees'd |’ﬂl8 a
:La,'onPBﬁﬁ arthe secohdany tamtobghycoidrﬂ(etyedntil'haabasl n vvas

ARG AogFSLUT R IR 06 30l 2o
TEDAG(The tdgged Chim atxtﬁewawlasd etivuttced inf Pbm‘tm CtH whn

O\f’” bh GPI‘?HI{lu'EﬁPYm(é‘ )Ofl Cﬁ*gs&gt?/lbyfkére}c? 59&H1?185'

150 mM Nad , octy ucosi cont ai ni ng
(ﬁ§$h1_l$|_<’w@(e|d) apép@lwe(dstgnatamcf@rcaﬂamug i tTIR- 3290) .
s1haes {HACkiraNga Wl £ Rl hert edian aﬂabﬁéﬁdax{& rrt(otulﬂ%ed

presence of FLAG tagged Chkl. The assa

Wtha‘é%ctééﬂlwfiyW%zalftor:zeaitn#:lftrdé@%oo %blcﬂﬁﬁ iFteed
vféﬁgﬁrﬁsﬁa@kklﬁégédeH@e Af cré9d¥PY.N) rheOpdredriGgeCor

tlde (Hleu-tyr-arg-ser-pro-
°§% n%'talﬁ‘leg yi & d&3-H é&té§ Vrrglatd var iR arekadH) (DRBEQ

stdined) cells are quantified using Metamorph software

(Universal Imaging Corporation, Version 4.6).

Example 6

Selective Chkl Inhibitors Abrogate DNA
Damage-Induced G2 and S Phase Checkpoints

Previous studies demonstrated that selective

-Chkl inhibitors substantially abrogate the DNA damage-

induced G2/M and S phase checkpoints.: In the former, DNA
damage is induced by ionizing radiation (IR), whose
target phase is the G2 phase. In the latter, DNA damage
is induced by chemotherapeutic agents whose target phase
is the S phase. See published U.S. Patent Application
Publication 2003/0069284 and references cited therein.
Briefly, Chkl inhibitor abrogation of
IR-induced G2 DNA damage checkpoint is assayed by mitotic

EGTA, 0.2% TWEEN(r)-20, 2 nWwEDUS006/011584



NO 1), 4 pmATP, 2 pCG [32P]y-ATP, 20 mM Hepes pH

7.2, 5 mvM MCl21 0.1% NP40, and 1 nM DTT. Reactions
wowree/1PB6i niti ated by the addition of ATP-contBCHUSIP06/011584

reaction mx and carried out at roomtenperature for

10 m n. Reactions were st$ ed by the addition of

phosphoric acid (150 nmMftinal concentration) and

transferred to phosphocellulose di scs. The

Qlt&%gpt;_g se discs were Wwashed five times with

150 %Eosp‘%wgcrl c h%?ﬂowtﬁrlk’ 164§ cHelaceshk s laaei on
dac

iprgidd ahed wiide @ 0andads Sﬂﬁi meaba@éwrﬁc@dvl R &
[ ncubat ed in the

SehntE! nt er ass was
pr Ssenc{éﬁ%éé)rbeg(ri%a%r? aﬂ‘d’& YRPS pegabive, they
apC¥FUSPRCHIOVElg4in -G221 Noeeagﬁmer athie@n$s of addi !y o

val ue for the conpound

d
chEéH{:I'QE ougf?an&{ﬁgg‘oaﬂgl%qubattﬁg favehe ithmt 37°

Jas cal SRR
Csubj 'Bee exfldig ipheofigsmpdaxbi bi :ts?die|31§5@dvi% l’lﬁ%p a1ibe

tBS8 d 'E’?&‘ b 0.nM 5 Exanp
Sel 3€%ﬁ tS%éaCE g%h%gll t% a’bl?estthénp’F‘Je%‘é??ts ithwent i on

PLRYeNtiqg dfenofraelfacthet tyrogtidsh iG§kin@s diheng
TP d SR of, hef IIovmn rotein kinases

aas CO, g ar at gr%ﬁlllorﬂecggg?r}és g‘?f SC?AK EphAl ,

SRS vepfRkl F@mtosei:wladdela £3NKE., h C-dfid £hp38al pha,
aM&M@st@@%ﬁlé&trﬁé atlaﬁm’ washe% JI{)%@O’\}I kggs

tein ki nase A, proteln I'nase

(0]
‘%"otrSFHSR?I?\%Féje ig/ Akp-ml TRSMaBK] PIDSELricabed um
ageabnoduhé nogfaperdentakd nased Lo and Al Ayres) ne
I

| C50 val ue of a conpound Ve

prrré’s §ea°£c§ FEEELFrRRiditiePE. (The) |BBD ivalibeted dﬂ‘le

ice for 20 min. Cells are pelleted, the fix solution is
aspirated and the cells are resuspended in 0.5 mL of PRS.
Mitotic spreads are prepared by pipeting 100 pL of the
fixed cells onto a glass microscope slide and flooding
the sample with 1 ml of fix solution. Slides then are
air dried, stained with Wrights stain (Sigma, St. Louis,
MO) for 1 minute, followed by one wash in water and one
wash in 50% MeOH. The presence. of condensed chromosomes
and lack of nuclear envelope identified mitotic cells.
Chkl 1nh1b1tors result in an increase in the number of
mltotlc cells in the presence of irradiation, thereby
demonstratlng abrogation of the IR-induced G2 arrest.
This checkpoint abrogation results in an enhancement in
the activity of CyclinB/cdc2, which is required for
progression of cells into mitosis. Cells treated with IR
followed by Chkl inhibitor thus progress into mitosis
with damaged DNA. These experiments confirm the

hypothesis that Chkl is involved in the IR-induced G2



conmpound agai nst conparator enzynes was neasured using
the SelectSmartT' (MDS Pharnma Servies, Bothell, 20
wae®hitegoon, USA) proprietary technol ogy pl atfBeTUS20061011584
either a nodified ELI SA procedure or fluorescence
polarization. Al inhibi{sgs tested showed at |east a

20-fold selectivity for | over the tested

~conparator enzynes. ?5 Alternatively, assays for
each of these ki nases have been

Exdgifltizni ng 1 C50 * for
previously described in the literature, including
U_S. Patent Publication No. 2002-016521 A, and

ChisdTAnBeBy try 2, Takéw PR dyustnyo23, 1995, bot h~of which

Cele iRcErdizssenceyof hkiehceitetice WO 2006/ 105262

inparXeRoarath Temey Modefl>?  Exanpl e 3 Cel | - Based Assay
for Determ nation of ECTFS Values of Chkl Inhibitors
Cel | - base6h ROk&RCH inhihitors 5 according to
the inyention was ;?geg%g%r br{/gyr?gésﬂ?‘?%d“mﬁﬁea%i ity

engFAITRY dHBoliReR (49 19BN SRT ¢ imeomdT 20mbrseon £0RE CF THHIR
e ECTFS val ue was

and eh11dvate tbog8eid 2aBhngy,3 An r
5 okl oang raby; s MIle en are fireated cni

wi qEriy OW Nng
TRHTBTr VEREOY 740t BIL ke GhilednhOmi thir, WaS0 mg /kg

gemyirttatesiez od &bacﬁfahﬂegéré@%rt'hb%o ‘}ﬁ%ﬁégn -c:hl(I e conpound

inhvkt%sl do'r3§°| V%ld [ n.k100A> di met hyl sul Toxi"de O at a
Stock ‘cORdent MeYkEngeRcitiebineahdo stisreed thtres’ @Gys HT29

apage] los Meye Dhinai ned frétrhe AF GQunANd 0Bk ptained in
m consi sting of RPM 15@%&%#51%6”58%

b %@%E di Lk o
v ek _8%? “SerlinPt FES)Y 'pérPstermnd geucatiEnenand
resgilier is uppiceredsy. g £Rrah WabhPein tumors compared to

gemcitabine alone.
To assess the diffusion of Chkil inhibi tors

into tumor tissue, plasma and tissue levels of Chkil
inhibitor are measured. Using an Alzet pump, 500 mg/kg
Chkl inhibitor is administered to HT29 tumor-bearing mice
in a continuous delivery system over a 24 hour period.
Plasma samples are taken, then tumors, kidney, liver,
spleen, and lung are harvested. Time points are
collected at 1, 2, 4, 8, and 24 h. Tissues are extracted
and levels of Chkl inhibitor are quantified. This
experiment demonstrates that a Chkl inhibitor penetrated
into normal and tumor tissue,treaches a level of about 15
UM in tumor tissue, and peaks in spleen tissue at 8 h at
about 20 pM. Thus, Chkl inhibitors were readily taken up
by the proliferating cells and are useful, in conjunction
with Chkl activating chemotherapeutic agents, as

therapies for the treatment of proliferative diseases.
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hydrochl ori de was obtai ned from Qventas and di ssol ved
i n phosphate buffered saline (PBS) at 50 mM and stored

W@e0062@262 3Ht hym di ne was obtained 7?0 from PCT/US2006/011584

Per ki n-El mer. HT29 cells were plated onto 96 well cell
culture plates (Corning) at a density of 1.3x103 per
wel | and all owed to adherl@Ooverni ght. The fol | owi ng
day, the gentitabine was initially diluted 125-fold,
".5 followed by 5-fold dilutions in 1.2 m Titer

Ekabp3en8 (BioRad) in growth nedium The final dilution
seri es concentrations were: 11, 20, 4, 0.8, 0.16,

0. 4g<e1 f3 1 28)&1 % and 5.12x10-5 nM The
Dés on Tom b reated
wgI ﬁﬁﬁg 1b1%grg J“a%mc %m&ﬂﬂ?d to the cells for 0

washed out and WO

2006/105262 PCT/ US2006/ 011584 - 123 the diluted Chkl
i nhi bitor Bf deherninemn effiwacicadgdddsecof Hthkdel | s for

SSAL0KSE. PN okl Bl o B8, Aol
daeeodeperdans tchec@qdrm:eﬁbmaam sorirglatedivinhed
aﬁtFe&qof g, Ji &o%r Iapsénse 3@%%&1&1@ id nal

ution series” of : 0.09, and 0.03
pprfosES@nt y- t WO hours Iater the cells in each well
were | abehgde i a]I}e lew%]aﬁrbé& RO fQfnok? BRUES,

then frozen at 10 -7 | at es then were thawed
agd dt R Ve stié@vedntd %e\J\EPI f‘?lf I]toeldap)’Pat e“éhe( MYMoE S0 B)

tH81 Siafe GRIrde appi&kin¥cph gt ﬁo@&WeSt&Em(aﬁ%f kicRe El ner)
M.croscintT" 20 (Perkin Elnmer) then pL was added

tﬁﬁ@t??]é“’lp?ha%@cw’eﬁ%m@oaﬁt Ele Jffta (F68 @%Gfﬂ picdilgwed

by €@Eier inhibitor at 50 mg/kg, 200 mg/kg, or 400 mg/kg.
Gemcitabine pretreatment time is 32 h in this experiment
as determined by a cell-based assay that indicated this
timepoint as optimal for this type of tumor. Analysis of
tumor volume in each treatment regimen indicated that
treatment of HT29 tumor bearing mice with the described
therapy slows tumor growth greater than gemcitabine
alone, with either 200 mg/kg or 400 mg/kg Chkl inhibitor
plus gemcitabine again showing dose-dependent effects of

the Chkl inhibitor.

Example 9

Assay to Determine Whether
an Agent is a Chkl Activator

To determine whether an agent is a Chkl
activator, the phosphorylation state of Chkl can be
measured using phospho-specific antibodies to specific
phosphorylation sites on Chkl. Serines 317 and 345. have

been shown to be phosphorylated after treatment of cells
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15 (Perkin Elnmer). The data was normalized to cells
treated with the Chkl inhibitor according to the
w0 povenoi2zen al one; then plotted on a | og/l og greiusfoo6/011584
gencti t abi ne concentration (pM vs. relative cell
growth (100% equaling 1.0). The increased fold 20
sensitization at 90% gro h Tnhibition was derived
for each concentration of Chkl inhibitor used, which
then was plotted orr a graph of Chkl inhibitor
wj:tﬂﬂcie:mirzatngonadfsatifomﬂ dUQ‘em;\'ritdlEat i adti a thlva , ECT FS val ue

h¥ ro§%| 0 hcégéﬁ JN' Eﬂg%i Q&Q%%éyéhﬂg %Mﬁﬁ&?e”t

nve re sub ecte assay
tmsﬂraeddéca'ﬁcs gmdq;@@bmhe | dsis1 ehaal. ,atﬁﬁnea@?@(v nM WO

2 US / 4 4 4 Chkl
l%qhﬁ{ﬁltqgf%g 05&& é?lgge%tp%ﬁ\/e#t%l%on har??e Killing
2bf41C8144 38y BerLobegathenas eToalemohma-afattlhat t he
abdfl di.0f of Chklog:315¥021 CAMMOUNG! PladdgcPlgsent

I nvention sensitizes targ s to the killing
Gaidsedevof 1 E)WW@legZO%erﬂaéielc@t | &l oa-b&icdeubat ed

chdh ! gpﬁ%@@sﬁsqfl a005 56N +Cak! , Iml’cylt%eﬂ,nd

exposed to elther i'rradiation or a cheni cal

ZU\ﬂ-Odaﬁﬁﬁﬁnb9:ag?éWt4 Bang sepladr-edNVatl Acry Fedsitty B

10"&%}29@98@%2 Weéolosl ns6sMelde ElCr ofdAdL pepil.ates are
rown in RVMPI 1640 cont al ni ng 10% FBS, 100 U nL

@#|)0|1I3I3ﬂﬁ4%mc?0ﬂ§0 pgPate stqréPeofiytsh 6 18 h at  37C
pHd%p%oQ?théﬁ|5¥jdp@%%@@ﬁoéhéﬂﬁpalﬁ%bﬁIH%sé@?'h&mtﬁﬁﬁed

can include any cells or cell lin ere t such
PGS 15 Hebh, S RO PEOP0Y HHLAE” T 2080628
alM205¢cell Biol., 21:4129-4139, 2001).

The phosphorylation of these sites in response
to a candidate Chkl activator can be monitored by Western
blot or immunohistochemistry of tumor cells. For
example, the following procedure can be used to
demonstrate that gemcitabine results in Chkl activation
at serine 345 and 317. HT29 cells are treated with 20 uM
gemcitabine for two h. The gemcitabine is washed out of
the cell growth media and cells are incubated for 22
additional h. Protein lysates are prepared and separated
by an SDS-polyacrylamide gel electrophoresis. Proteins
are transferred to PVDF membranes and probed with
antisera (Cell Signalling) specific for either
phosphorylated serine 317 or 345 (Cell Signalling).
Western blots show that gemcitabine treatment of HT29
colon carcinoma cells results in the phosphorylation of

both serines 317 and 345.
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SK- MEL-5, SK-MEL-28, A549, H322, OVCAR-3, SK-OV-3,

MDA- MB-231, MCF-7, PC-3, HL-60, K562, Bx-PC3,
wor@meRaCe2, H810, H226, H2126, and MOLT4. Al | PCBUB2006/011584

line designations refer to the follow ng human cell

lines: 20 WD 2006/ 105262 PCT/ US2006/ 011584 125 Hela

cervi cal adenocar ci noma- BHN renal adenocarci noma

786-0 renal adenocarci noma HCT116 col on carci nonn

SW620 col on carci noma, |ynph node netastasis HTI-29

mampleet@al adenocarci noma Col 0205 col on

adenocarci noma SK- MEL-5 nel anonma SK- MEL- 28 mal i gnant

I n H322 bronchol oal veol ar
Ag;sg,\ 20 o 3%@%5 ? fxﬁf‘} rl-'wggenocarm noma SK-OV-3 .
-warrgnwdemmmaﬁgg—-w 231 breast :
adenocar ci noma MCF-7 breast adenocarci noma PC 3

prost at e ddemesabeémofmund tbat neterhasivdatieon bohé&hkl

a'a'Ls@,Qla&%e aromﬁ@fyé g(eeksg@ nth3 2 SO 1s

nyel ogenous |'eukem a acut yn'p obl'ast i ¢
wishkeenet tabingaphb®| Hwat pbesphorylatticnagbdtinv g Isikedi a

iSOBhALD] 1l KRN eARE NEHARAOLE . A HESRL)8allon at this
chenot her apeuti c drugs
site is not inhibited by wortmannin, which inhibits Atm
and Atr. Thereforé, the phosphorylation of serine 296 ié
distinct from phosphorylation at serines 317 and 345. 1In
addition, it has been found that this site is
'phosphorylated in purified Chkl preparations, suggesting
that the purified enzyme is able to phosphorylate itself
or other Chkl molecules at serine 296. Taken together,
these data suggest that phosphorylation at serine 296 is
performed by Chkl itself. Therefore, this approach can
be used to monitor Chkl activity in tumors in response to
Chkl activators. Further, this approach can be used to
measure inhibition of Chkl activation by Chkl inhibitors.
Thus, HT 29 cells are treated with 20 uMm
gemcitabine for two h. The gemcitabine is washed out of
the cell growth media and cells are incubated for 22
additional h. Protein lysates are prepared and separated
by an SDS-polyacrylamide gel electrophoresis. Proteins
are transferred to polyvinylidene fluoride (PVDF)
membranes and probed with antisera (Cell Signalling)
specific for phosphorlyated serine 296 (Cell Signalling).
Western blot shows that gemcitabine treatment of HT29
colon carcinoma cells results in the phosphorylation of
serine 296. Further, HT29 cells treated with selective

Chkl inhibitors for 15 min show no serine 296
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5 and a Chkl inhibitor. Cells are incubated for
approximately 5 days before growh is neasured by

wa@ledoenesi2emt i on of | evels of 3Hthym di ne upt akeCT/US2006/011584

Chenot herapeuti ¢ drugs include etoposide, doxorubicin,
cisplatin, chloranbucil, Psf | uorouracil (5-FU). The
drug concentration necessary to inhibit cell growth
to 90% of wuntreated control cells is defined as the
A 90, Compounds of the present invention canu%e '
PPeSPBATYA thi Clttdi CrBRGI OH ISHEPEDbI thads SSERLT il g
phRkbabroXat fon Nkdpexysimaal by~ ehe araderassae,
fl udar abi ne, azacytidine, and gentitibine to assess
therein ability to enhance killing of the agents.
@ents of the present invention can be conpared to
one WD 2006/ 105262 PCT/ US2006/ 011584 - 126 anot her
DY as$sessing, enhanced killing of HT29 colorecta
AT e ot —CcofBi nation Wit h gentitibine. In
addition, the ability of the Chkl inhibitors of the
i nventi on To tergtandes kabiligy byf the dthikdl | ooh bt bes

tested., Exanpl e Sensi ti ve Assay. to, Measure Chkl
Ol (G AT 5 ST e D Jo S Gl WP g BY
DN@N Yl rap Sye s - e el e tedribg AdF teaswb e hddéls

inhibitor activity in rodent tunor nodels. In

'uﬁém Galan wamenaall denak areEstiahkishgda, 30

TR & A8 aylpd)y Hf rqgeéﬂlkéaﬂi '@atrffbé qgé&%sc'ﬂk'
unction 1 n the tunor el, and to allow for
Digs demamriing efgecdredi t iHIH® tdrad dalaid(d 3 atheinsot esclof

b8 Uela) 12l MU Ynd TNE MOl RGH 1 AR -
carcinoma) cells can be used to propagate xenograft
tumors in 6-8 week old female thymic Balb/c (nu/nu)
mice. Mice are maintained in a laminar airflow
cébinet under pathogen-free conditions and fed
sterile food and water ad libitum. Cell lines are
grown to subconfluence in RPMI 1640 media
supplemented with 10% FBS, 100 U/mL penicillin, 100
ng/mL streptomycin, and 1.5 mM L-glutamine in a 5%
CO, humidified environment. Single cell suspensions
are prepared in CMF-PBS, and cell concentration
adjusted to 1x10® cells/mL. Mice are inoculated
subcutaneously (s.c.) on the right flank or right
leég with a total of 1x107 cells (100 pL).

Mice are randomized (5-15 mice/group) into
four treatment groups and used when tumors reach a
volume of 75-100 cm’ (usually 7-11 days post-
inoculation). Tumors are measured with vernier

calipers and tumor volumes are estimated using the



The ability of selective Chkl inhibitors to abrogate
a chenot her apy-i nduced checkpoint is neasured using a

w@aetder i ve i mmunof | uour escent assay that neBEFUSEE6/011584

mtotic index by nmonitoring histone H3 20

phosphoryl ation on sering5}0_(H3-P), a

m tosis-specific event ?iiiro et al., J Biol Chem,
271:13197-201, 1996; Coto et al., J Biol Chem,

274: 25543-9, 1999) The ssay rotocql is as foll ows.
PRRSAS A gmes s FPBREd ot Mgt Ve with Chkl
(éﬁP)“é&ﬁbr(lEn%ﬁﬁ @Eﬁﬁeﬁttﬁhdgyw1a§hCQ€ﬂPtHe&@ﬁbr

agent) and/ i bitor, are excised and
dpathf fliom)ei¥bSdded'r cRtmentmeon sdsd sc of iint 308 mleron

i ck sl.i.ces nt.e | as affin
PR Pdm o AP dSC ty™ OF RS Sabeds ke
5 1b0eabgy®t.s W deleyl anetukid@Ygeichamolis dokeatiandln 70%
10 et hanol and deionized water. The slides then are

theatdge taeated With FRMSIdPRHnG -t r Freatsiento 9 n
mgglel Qued %tﬁ Y802 g §0§%§\%1% 11S2Q06/ 04 da8k t ionl27

m nute cooling s he slides are bl ocked for 30
with woirgh BUmah1bMﬁhen0020@)ﬂhkﬁahnhubaNQ§aWMﬁ and 2%
bovi rum al bumn in ph hate buffered sal.ine .
ZBRERFA: £ GeRBSETIPER XOI50°Era8s Protaeshtifiospho
10 Tembkstere K3 aBhibBedwrd( Upst-at etBieet eal, foat tHé06-570)
is diluted 1:200 in the Block buffer and incubated
© durahipReofsth@esxPEriBABtROUr. The slides are washed 3
times 5 mn in PBST. The secondary anti body, donkey
antirabbit rhodam ne (Jackson, cat #711-295-152) is
added forOBelomelytnmaﬁyemsdhdesathensaaedwashed tw ce
PBST a M, of 1 pM
viRbehharE Be¢ PaPeingantAan” FEalr PPAPRE3Ed Sak tal | oved
15 f&PtRt 3bhA bermd@enivithdli€ departing from the spirit

and scope thereof, and, therefore, only such
limitations should be imposed as are indicated by

the appended claims.



slides then are washed two nore tines in PBST and
mounted wth Vectashield (Vector, cat # H 1400).
w@kiodaes2ez e 15 vi ewed using fl uorescence m cr oBCDP$2006/011584
The percentage of cells stained with H3-P anti body
relative to total (DAPI stained) cells.are quantified
usi ng Met anor ph sof t ware 13fUni ver sal | magi ng
Corporation, Version 4.6). Exanple 6 20 Sel ective Chkl
I nhi bitors Abrogate DNA Damage-| nduced & and S Phase
wehac kipiantagyMpewisaus st udi es denonstrat ed t hat
selective Chkl Tnhibitors substantially abrogate the
DNA darmage- induced G2/ M and S phase checkpoints.- In
the former- DNA SEMRRHAREVne N Lot By EFbnt ST Y8
radiation (IR), whose target phase is the & phase.
In the latter, DNA danag i's i ndugedrBY
chenot her apeuti c _agents ose tafget phase is the S

phase. See publd & - -fat-ept S8t cat i on
Publ i cati on 20Q_3/ 0369284 and rg ¢nces cited therein.
SO Briefly, Rg:‘wﬂ:Ni/ hi bitor abro ¢4of | R-induced
& DNA damage checkpoint is assayed by mtotic WO
2006/ 105262 PCT/ US2006/ 011584 -R428 i ndex

experiments. Apprgximately 1x106 Hela cells are
i rradi at ePRFEH gH01F R UnGrpRtibt &8/ f BRA7CHBiat 37c.

Bﬁcause t hesies (h@'lhb:Sg@E,le d,uackiyopatn,y g@g?meg:ahx N0,
t he arrest exclusi,v [ . Nocodazole then is
OB LD £ o5 S BnR anc FAPP LTI B por HE SR PRcubat ed
cfog1xda;h at 370 C. (The addition of nocodazole is
designed to trap_cells that progressed through the &
i Eihd) € s TIPRTERE T L

S

arrest fromfurther
hgrageasdingrimg cddtadaniing ableowiing NoR® guwanpi &ndati on

e£¥h£4‘§“%%%08§'£fh3 N'SRa group, a ring oxygen, or a ring
sulfur, wherein R®, independently, is hydrogen, C;_zalkyl,
CH,CN, or CH,CH,CN, and wherein R® is optionally
substituted with oxo (=0); ‘

R' is hydrogen, Ci.zalkyl, OC;.zalkyl, SC;.;alkyl,
N(RP),, NRPC(=0)C;salkyl, or a 5- or 6-membered saturated
heterqcyclic ring containing one N-R® group and
optionally ring substituted with one to three Ci-zalkyl
groups;

or R? and R! are taken together with the
carbons to which they are attached to form a 5- to 7-
membered saturated carbocyclic ring;

and R® is hydrogen or halo,

provided that at least one of R? and R* is
different from hydrogen, and that when R® is halo, R® or
RY is hydrogen,

or a pharmaceutically acceptable salt,

prodrug, or solvate thereof.



10 selective Chkl inhibitor is added for 8 h, and the
cells are harvested by centrifugation, washed once
wowak/1PB&® then resuspended in 2.5 nL 75 nM KEIT/E682906/011584
centrifuged again. The cells then are fixed in 3 nt
of freshly prepared cold, acetic acid: MeOH (1:3) and
i ncubated on .5 ice for 286mn. Cells are pelleted,
the fix solution is aspirated and the cells are
resuspended in 0.5 nL of PBS. Mtotic spreads are
prepar ed by pi pati sgnddhdpbfofldie 1 fihxedicerY $sonto a
9I ass m%ysco e sllde and flooding the sanple with
O oFEW e ot Ut iU CFSt i des then are 0 air dried,
stained with nghts staln(Slgma St. Louis, I\/D) for
1 mnute, foll S wash
in 50% I\/E&—| E’Epf;e % m%fc%%lr%\gﬁtggarg o%ggnes
hgmfbdmk n@fthgmcleta‘rylemzhl@m icdhembi, f dige thilemiooeel | s.
Chkl inhi bi 43LS result in an increase in the nunber of
c}’al}ﬁ"t ocfrc SE8PFE-in the presence of irradiation,
thereby denonstrating abrogation of the IR-i nduced (€7
arrest hi s c apkog 2n;an
enhancene-rgt [ n9H§h§ c({‘]lltn\c/il tg{f/ o?émpcr:il :’w%%%%:%lgzﬁ \:ILVEI chis
di gfprerdd from hydmngedssi on of cel I s into mtosis. Cells
treated with IR followed by Chkl inhibitor thus '
progress into mtosis wth damaged DNA. These

experi menfs cofffrFRRANdhgHotHES & pReFeEhIR 1§
hidergd meRny e dﬁ}draduﬁéﬁhd§§ W@h3985/dﬁﬁﬁﬂﬁglamlno,
CT/'US2006/ 011584 129 Chkl Inphibitor Is
-Sr%%enlegpwpeﬁymrlﬂﬂ%éf@ﬁ <ﬁﬂf>ﬁ>e pP%%&n%)eCHef Chk1
Activator in a Xenograft Tunor Moddel 5 In a xenograft
tunmor nodel, nude m ca/ar§ :

C

b~

6. The compound of claim 1 wherein R! is

methyl, chloro, or methoxy.

7. The compound of claim 1 wherein R® is
halo.

8. The compound of claim 7 wherein R® is
fluoro.

9. The compound of claim 7 wherein R® or R!

is hydrogen.



engrafted with HT29 col on carcinoma tunors on the
flank and allowed to growto 20'0 mmB. M ce then are
wo e@watiexte2 Wi t h eit her vehicle, 300 ng/ kg Chkl PCT/US2006/011584
inhibitor, 2 0 ng/kg gentitabine or coadm nistered
with 300 ng/ kg Chkl O inhibitor and 20 ng/kg
-genti tabine two tinmes, tA3ée-days apart on Days 1 and
4. Treatnent of tunor-bearing mce by
coadm ni stration of Chkl inhibitor and g.entit abine
resul ts inoa faue dayp@imvoli deday 9 mhewabnsRcarpar ed
encit abi ne al one. To assess the diffusion of Chk
hVﬂﬁ? Fiors into tunmor tissue, plasnma and tissue
| evel s of Chkl . inhibitor are neasured. Using an Al zet
punp, 500 /k Chkl_inhj bi.t A | £ Op4
HT29 tunD ea Pﬁgcﬁ$%9un4 ﬁfagg%% n%@hg ghﬁéngé R
asystaxennnﬂgeahaé touforpeni Hive- mamasmadseuqﬂeaixare
t then tupors idn I spl een, and | ung
g arvestuaalcm ¢aﬂﬁo% ?%i%F%ME{ollected at 1, 2, 4,
8, and 24 h. Tlssues are extracted and |levels of Chk
inhibitor are quantified. This experinent
denonstrates that a Chkl inhibitor penetrated into
normal and tunor tissue, reaches a |evel of about 15
pMin tunor tissue, and peaks in spleen tissue at 8 h
at about 20 pM Thus, Chkl inhibitors were readily
taken up by the proliferating -cells and are useful,
in conjunction wth Chkl activating chenotherapeutic
agents, as therapires for the treatnent of
proliferative di seases. WO 2006/ 105262
PCT/ US2006/ 011584 - 130 Exanple 8 Dose Response of
Tunors Treated wth Chkl Inhibitors and Gentitabi ne



To determ ne an efficacious dose of Chkl 5 inhibitor

foll ow ng gentitabine treatnent and whet her the
waleweAaependent checkpoi nt abrogati on correl at BCT/WE1006/011584

antitunor. activity, a dose response experinent is

performed. Nude mce are engrafted with HT29 tunor

cells 10 and tunors akl é¥&d-to devel op for 10 days.

The tunors at the start were approxi mately 100 nm 3.

Animal s were treated with gentitabine at the MID (160

my/ kg) f ol owedhe byon@kindi ofi didiar lavh&feing/Kgis 200

/ kq, 400 /kg. Gentit.abine pretreatnent tine is
sgge?%%%%ﬂfnst}é%ogﬁeﬁ?niJSStalsngdg?errri ned by a

cell -based assay that indicated this tinepoint as
optimal for thi pa#eof tunor. alygis of tunor
volunme in eachf[tredtnent regi i i cat ed t hat
treatnent of ENZ29 dunor bearing; mick with the

descri bed MNeherapy sl ows tuwmr ghowth greater than
genti tabine 20 alone, with eitherf 200 ng/ kg or 400

nmg/ kg Chkl1l i nhibitor plus gentitabine again show ng
dose- dependent effects the Chkl inhibitor. Exanple
9 Assay to Determ ne et ?5 an Agent is a Chkl
Activator To determn 1\{\‘/h/ehher an agent is a Chkl

activator, the phosphorytation state of Chkl can be
nmeasur ed usi ng phospho-gpecific antibodies to specific
phosphoryl ati on sites on Chkl.r Serines 317 and 345.
have 10 been shown to be phosphoryl ated after
treatnment of cells WO %@06@ 62 PCT/ US2006/ 011584 -

131 with ionizing rad ;ti)n, ultravi ol et radiation,

\rk
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O
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CH:
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hydr oxyurea, N-nmethyl-N -nitro-N-nitrosoguani di ne
(MNNG), tenozolam de and gentitabine. Liu et al.,
w@2ewesoDex. 14: 1448- 1459, 2000; Zhao et al., ROI/USI04/011584
Biol. 5 21:4129-4139, 2001; Lopez-Grona et al., Proc.
Natl. Acad. Sci. U S 98:11289- 11294, 2001; Cuo
et al., Genes Dev. 14:2745>2756, 2000; Qatei et al.,
J. Biol. Chem 278:14806-14811, 2003; Ng et al., J
Bi ol Chem 279 (10) :8808-19, 2004; Wang et al., Natl
Acad Sci U S A 10 100&26) 15387-92, 2003; Stojic et
al ., GeneslDev.? crgpeund havingia sppactupgids £osBRiAe
sites are phosphoryl ated by upstream checkpoi nt
ki nases, Atmand Atr. Liu et al., Genes Dev.
14:1448- 1459, 2000; Zhao et al. o\pfs,-f3ell Biol.
21:4129-4139, 2001). 15 he phoschorylatlon of these

sites in respo F ] Ghkl activator can
be nmonitored b |V\és ern ot nohi st ochem stry
of tunor cel); exanpl e, ©OW ng procedure

can be usedPto nmonstrat e thath tabine results
in Chkl activation 20 at serine 5 and 317. HT29

cells are treated with 20 M _gentitabi ne for two h.
The genci t4I5iER&NI B igshado oudi-Bf kyl heC¥eldT §Foint h

medi a and gefd S}uﬁx%gleﬂcublagaeid(yflof CRZ O@%‘lﬁ('_y@nahaib
Pr ot eg) n | %sat es are prepared and separated by a
ogDEABolzy ¥e? 34 dhikde HHGP@PQEPF%&Sé‘ngW%t%’i ns ’75
argikyansferred to PVDF nmenbranes and probed with

antisera [l Si naII| eC|f|cfor ei t her
phosphor yl Qte’e%I &Y RE %.’L‘ggrﬂﬁ‘ TeA5 SEERTRLSY gnal | i ng) .

ndestetychl OrSng heamahaiu@e BRét abig a-RP G@td’(ﬁfﬂanﬂf HT29
ec;oLgn carCi n rra_.ceISIL%fr esults ir}it he@%?ﬁg‘?"[i IatLon
dFRe507 BRI Eef TS I 795RP 3 45 7 1B
sRCFLLS2AHG/Gh 1884 independently, is hydrogen, Cbgalkyl
or CH,CN, and wherein R® is optionally substituted with
oxo (=0);

R' is hydrogen, C;.;alkyl, 0C;salkyl, or halo;

or R? and R! are taken together with the
carbons to which they are attached to form‘a 5- to 7-
membered saturated carbocyclic ring,

provided that at least one of R? and R’ is
different from hydrogen,

or a pharmaceutically acceptable salt,

prodrug, or solvate thereof.



- 132 Exanple 10 Assay to Monitor Chkl Activity in
Response to a Chkl Inhibitor It has been found that
w@bwspbiasy | ati on of Chkl 5 at serine 296 is sPCHUSADEOH 1584

by treatnment of tunor cells wth gentitabine, and
t hat phosphorylation at this site is inhibited by
Chkl inhibitors. Phospho Pafion at this site is not
i nhibited by wortmannin, which inhibits Atm and Atr.
Therefore, the phosphorylation of serine 296 is 10
di stinct from phosphoryl ation at serines 317 and 345.
In additign, ithehdsmbo@it fogudaihals tihiesesht 8! iis
ghos phorylated in purified Chkl preparations,

hggest PeRYrh &N, tPe Garified enzyne is able to
phosphoryl ate itself or other Chkl nolecules at

serine 296. Taken together, 15 these data suggest that
phosphor yl i on&t C?@P‘?'ﬁé’[ &6 L aim gt %Fﬁﬁanb

met 581 | . etiigr et érof NHiomappepacd) edmethel amtib t Gbr
nmoni tor Chkl activity in tunors in response to Chk
mgEhP¥¥tors. Further, this approach can be used to
measur e i nhibition of Chkl activation by Chk
i nhi bi tor;':11 20 'lr']hugb 1] 2d9 %e ha arss Vh%%%q @ 20 M
gencti t abi ne “f ot fws RO %ablne s washed
methyl hecltigiro, gpowbdthroegdi. a and ceIIs are incubated for
22 additional h. Protein |lysates are prepared and
separated by an SDS-pol yacryl am de gel
el ect r ophdriesi SheProreoursl 25 gtein rdhsherety Roand
RDOA%eV e RYlehde0&e fdtotk 8f {RVIR)-poHEME a,nﬁ%h?r&@kegr gbed

antisera (Cell Signalling) specifi
aphasiprdrig étoéa aeviraepherede| JatGirghar| FHPOCYIMSt er n
Phgt shows that genctitabine treatnent of HI29 colon
carcinoma cells results in the phosphorylation of



30 serine 296. Further, HT29 cells treated wth
selective Chkl inhibitors for 15 m n show no serine
WQ2B6ME322006/ 105262 PCT/ US2006/ 011584 - 133 PCT/US2006/011584
phosphoryl ati on. These data suggest that serine 296
phosphoryl ation is perfornmed by the Chkl kinase.
Exanpl e 11 Animal Tunor- Madels 5 To test the ability
of the Chkl inhibitors of the invention to enhance
the killing of tunors by DNA damagi ng agents in mce,
xenogr af t t,unor. IL20 Id3 knes
are estabﬁkéhe&?ggg8¥(ﬁg#§B?ag%$h?gﬁéﬁgegfggéhc??abine
sedacthed ubwth 4be10r DA c@arbgring &fents. HT29 and 4
Col 0205 (human colon carcinom) and H460 and Cal u-6
(nonsmal |l cell carcinoma) cells can be used to
propagate xenograf{t Mdinors in 6-8 week old fenal e
thym c Bal b/c u/nd) mice. Mgé ag€ maintained in a
| am nar airfl oy 15 Jcabi net under pafhogen-free
condi ti ons gad steril ef d water ad Iibitum
Cell lines are rown to subconfl pence in RPM 1640
media supplenmented with 10% FBS, 100 U L penicillin,
100 pg/nL streptonycin, and 1.5 nML-glutamne in a

5% 20 CO2 humdified gpnent . Singl e cel
suspensions are prepared |n CM-PBS, and cel
concentration adjust@ 1x108 cells/nm.. Mce are

i nocul ated subcutaneous|y (s.c.) on the right flank
or right leg with a total of Ax107 cells (100 pL). 25
M ce are random zed (5-15 m ce/group) into four

treat ment groups and uTedq%u#ﬁtunnrs reach a
YN\H

T @y
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vol une of 75-100 cnB8 (usually 7-11 days post-
i nocul ation). Tunors are neasured wth vernier

w@2006pe3262 and tunor vol unmes are estimated usi NBCT/H82006€011584
2006/ 105262 PCT/ US2006/ 011584 - 134 enpirically
derived formula: tunmor volune (cnB)=tunor length (cm
X tumor width (cm x twmr42 depth (cm/3.3. Treatnent
consists of i) 100 pL intraperitoneal (i.p) injection
of gentitabine at 5 160 ng/kg. A delay in tunor growh
is observed in the mce treated with gentitabine.
Treatment 16f, M RmpbhAd kot R116R 1THKA ngeATEE abtiigd N

conbination wth oral adm nistration of Chk
inhibitors is expected to reduc %pvr vol unes and -
prolong life. 10 Tunor size isfnoniN ed every other-
day for the duration of the qggjrlnent Qovi ousl y,
many nodi fications and vari&fi of the invention as
her ei nbefore set 15 forth can be|nmade w t hout
departing fromthe spirit andyScope thereof, and,

t her ef ore, onIy such Hllnﬁiat|ons shoul d be |nposed as
are indicated s gl ai ns. WD 2006/ 105262
PCT/U82006/011 4 5 MHA AIMED IS: 1. A

conpound havi rucpural la O OCH2-R3 NI
R5 an _-Nn R4 R2

/H
(\N
(@]
O
H H
N N N
I X \"/
JOR.
N
r
N/



wherein R1L is halo, Cl_3alkyl, CN, and CF3; R2 is
hydrogen, d 3alkyl, CN, OCl_3al kyl, halo, or N(Rb)?2,

wob@eri26Rb, | ndependently, is hydrogen or C PGHUK2006/011584

R3 is a 6- or 7-nenbered saturated heterocyclic ring
containing one ring NNRa group and either a second
ring NNRa group, a ring-ok4fjen, or a ring sulfur,
wherein Ra, independently, is hydrogen, Cl 3al kyl,
CH2CN, or CH2CH2CN, and wherein R3 is optionally
substituted with oxo(=0); R4 is drogen, Cl1_3al kyl,
OCl _3al kyl, SC1_3al kyl, N (Rb) 2, MRbC (=0

Cl 3al kyl, or a 5- or 6-nmenberegd saturated

het erocyclic ring containing one Ra group and
optionally ring substituted with Jone to three

Cl _3al kyl groups; or R2 and R4~are taken together
with the carbons_to vhichHthey} are attached to forma

5- to 7- member 'ﬂﬁéﬁ cyclic ring; and R5
i s hydrogen or proli de t at |least one of R2
and R4 is dif frdfn hy n, and that when R5

is halo, R2 or R4 is hydrogen,| or a pharmaceutically
acceptable salt, prodrug, or €&l vate thereof. WO

2006/ 105262 PCT/ US2006/ 011584 - 136 2. The conpound
of claim1 wherein RLis chloro, nethyl, CN, or CF3.

3. The conmpound of claim 1l wherei is hydrogen,
nmet hyl , ethyl, chloro, brono, direthyfam no,

o

o)
H H
N N N
I [ \n/
//EN)/ 0
N7
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o)
H H
N._ N N
I\ \[r
/[J/ 0 \©
N
Cl



cyano,
R2 is
w@bkaocoevherein R4 i s

hydr ogen,

met hoxy,

_NHC (Z0) CH (CH3) 2,
CH3 6. The conpound of TlR4fnT1 wherein R4 is

chl oro,
R5 is
fluoro.

i s hydrogen.

hal o.

fluoro, dinethylam no,

-NHC (=O CH31 -N or

or methoxy. 4. The conmpound of claim1 wherein

different from hydrogen. 5. The conpound of

nmet hyl , chl oP@T/US2006/011584
- SCH31 i sopr opoxy,
-N CH3

nmet hyl ,

or nethoxy. 7. The conpound of claim1 wherein

9. The conpound of claim

WD 2006/ 105262 PCT[US2806/ 011584 -
10. The conpound of claim9 whegei nJR4 is

8. The conpound of claim7 wherein R5 is

R4
137
hydr ogen.

rein R2 or

11. The conmpound of claim1l whereyn R2 and R4 are

taken together to forma five-ne
menber ed,
PCT/ US2006/ 011584 . 138H12. Hr

wher ei n

saturated carbocyclico
R3is s g\mri
SN
N

=
NZ

H “H

H H

Cl

ered or a six-
ing. WD 2006/ 105262




NNM M CH3 NHON,-M yN,-M NONH ONHO
,CHNH fIN3 O ON, (CH2) 2CN N, CH2CN and ~NH S WD
WQR®61426262 PCT/ US2006/ 011584 - 139 13. A cRapUs2ede/011584

having a structural formula 0 OCH2-R3 N-NHI NHC

11 RI1 NR4 R2 wherein RL is halo, Cl_3alkyl, CN, or
CF3; R2 is hydrogen, Cl:SJa\‘fEky"I , CN, Od _3al kyl, hal o,

or N(Rb)2 wherein Rb, independently, is hydrogen or
Cl_3alkyl; R3is a 6- or 7-nenbered saturated

l/\NH

/N

ijTji;

‘/j\IH
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o/
N _N

N N
AN x
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heterocyclic ring containing one ring N-Ra group and
either a second ring N-Ra group, a ring oxygen, or a
wo ovg/10R6d fur, wherein Ra, independently, is hpdr/osmne011584
Cl_3al kyl, or CH2CN, and wherein R3 is optionally
substituted with oxo (=0 ; R4 is hydrogen, :
Cl_3al kyl, OCl 3al kyl, orl4alro; or R2 and R4 are
taken together with the carbons to which they are
attached to forma 5- to 7- nmenbered saturated
carbocyclic ring, provided that | east one of R2 and
R4 is different from hydrogen[ or ¥ pharmaceutically
acceptable salt, prodrug, or golvgdte thereof. WO
2006/ 105262 PCT/ US2006/ 011584 1 14. The conmpound’
of claim13 wherein R' is chlogo, nethyl, CN, or
CF3. 15. The conpound of clai mpl3 wherein R2 is
methyl, ethyl, chloroH br ¢yano, di nmethyl am no, or
nmet hoxy. 16. Th (%\]LTB-E/O ahm 13 wherein R4 is
met hyl , chl orgﬁr%h y. | he conpound of claim
13 wherein R2.4an N/4 ar® t akea ogether with the
carbons to which they are attached to forma
si x- menmber ed, saturated carboc§tlic ring. WO
2006/ 105262 PCT/ US2006/ 011584 - 141 8. The conpound
of claim13 wherein R3 is selected fromthe group
consi sting of (t\

N
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ri~ NMe N M"" NCH3 NHON,M Ir _yNO ,M NQ

NH ONHp ~CH3 NHN (r) Oand (NH S WD 2006/105262
wWEMN6WB2606/ 011584 142 19. A conpound of cl apem/LS2006/011584

having a structure N N O HH\ NN / O NnH

- 147 -
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NO O HHN N\N/N NN NO HHM NN / 0O NW
2006/ 105262 PCT/ US2006/ 011584 143 (-NH 0 0O HHIN,
WOR006MS266 CL (-NH 0 0O HHNy N /N / 0 N NCMBS2006/011584
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OHH\ NN / O N C1L WD 2006/ 105262

PCT/ US2006/ 011584 - 144 N OO HHN Ny N NN (NH
w@2@ckbIFe2 N\ N\ /N N QI OHH NN-N /N /PC/C32006011584
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183 21. The conpound of claim 13 wherein R is
nmet hyl or cyano; R2 is nethyl, cyano, chloro, or
whe@aings26and R3 i s 9119HI9H CH3 or 22. The cpapUs2vde/011584
of claim21 wherein R4 is hydrogen. 23. The conpound
of claim21 wherein R4 is__nethyl or ethyl. 24. The
conpound of claim 21 wiier8fn"R4 is chloro. WO
12006/ 105262 PCT/ US2006/ 011584 - 184 25. A conpound
having a structure: (NH O O HH;yNyNIT \ . d (NH
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The compound of claim 13 wherein R' is

21.
methyl or cyano; R? is methyl, cyano, chloro, or bromo;
and R? is

CH /T \
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22. The compound of claim 21 wherein R® is
hydrogen.

23. 21 wherein R! is

The compound of claim

methyl or ethyl.

24, The compound of claim
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21 wherein RY is
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/ C1 and m xtures thereof, or a salt, a solvate, or a

prodrug thereof. WO 2006/ 105262 PCT/ US2006/ 011584 -
wa2me/1@@62 A met hod of inhibiting checkpoint KkiP&ues2006/011584

in a cell conprising a step of contacting the cel

with, an effective annunt of a conpound of claim1 or

claim 13. 27. A nethod-o¥8&ensitizing cells in an

i ndi vi dual undergoi ng a chenot herapeutic or

radi ot herapeutic treatnent for a nmedical indication,

conprising adm nistering to the pndividual a

t herapeutically effective anouggkggNg conpound of

claiml or claim113 in conbinapjon/with a

chenot herapeuti c agent, a radi ot§erapeutic agent, or

a mxture thereof. 28. The nethodlof claim 27 further

conpri sing adn1n|ster|ng to the”individual a

cyt oki ne, | ynphoki pe, Ngro h factor, other

henatop0|et|c fa thereof. 29. The

met hod of claim @7 ere thr enot her apeuti c agent

IS selected gro egf’sting of an

al kyl ati ng agent an antlnetabo‘lte a hornone or

ant agoni st thereof, a rad|0|sot6be an antibody, and

m xtures thereof. 30. The nmethod of clai'm 27 wherein

the radiotherapeutic agent is ected fromthe group
consi sting of ganma-radi ation,} X-r radi ati on,
ultraviolet light, visible |i

and m crowave radiation. WD 20
PCT/ US2006/ 011584

Br



- 192 31. The nmethod of claim 27 wherein the

condition is a cancer selected fromthe group
weomwsilte2ong of a col orectal cancer, a head anPCTES}006/011584

cancer, a pancreatic cancer, a breast cancer, a

gastric cancer, a bladdgfg cancer, a vulvar cancer, a

| eukem a, a |ynphoma, a nelanoma, a renal cel

carci nona, an ovarian cancer, a brain cancer, an

ost eosarcoma, and a lung cancer. WD 2006/ 105262

PCT/ US2006/ 011584 - 193 gﬁ(“ipg nmet hod of cl aim 27

wherein the condition is canger selected fromthe

group. consisting of nyxoi round cel |l carcinons,
a locally advanced tunor, a petastatic cancer,
Ew ng's sarcoma, a cancer stase, a |lynphatic

met ast atic, squanous cgl!| carcfnoma, esophagea

squanouscel | carci N. O chinona, mul tiple
nmyel oma, acute | nﬁh cytifc | la, acute
anti | ynphocyti cAe m ag chrig | ynmphocytic

| eukem a, chronic Mryel ocytic | gdkem a, hairy cel

| eukem a, effusion |ynphoma (bogy cavity based

| ynphorma), thymc |ynphoma | ufig cancer, small cel
carci nomn, cutaneous T cell |yhphoma, Hodgkin's

| ynphoma, non- Hodgkin's | ynphoma, d¢ancer of the
adrenal cortex, ACTH produci ng~tunors, nonsnall cel
cancer, breast cancer, small[ cel¥carcinonma, ductal
carci noma, stomach cancer, | op) cancer, col orectal
cancer, polyps associated withY col orectal neopl asia,

pancreati c cancer, liver cancer bl adder cancer,
primary superficial pladger ©inor, invasive
transitional .ceil cgfcingma af the bl adder,
muscl e-i nvasi fe add cay prostate cancer,
ovarian P 5
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carcinoma, primary peritoneal epithelial neoplasns,
cervical carcinoma, uterine endonetrial cancers,

wo 2@bnad262 cancer, cancer of the vul va, uteri nePCHOS®NG/011584
and solid tunor in the ovarian follicle, testicular
cancer, penile cancer, renal cell carcinoms,
intrinsic brain tunor,- r@urobl astoma, astrocytic
brain tunmor, glioma, nmetastatic tunor cell invasion
in the central nervous system osteonma and
osteosarconmm, malignant nelanona,.tugor progreSS|on
of human skin keratinocyte, squyanou$ cell cancer,
thyroi d cancer, retinoblastona,\ neuyobl ast ong,
peritoneal effusion, malignant pheural effusion,
mesot hel i oma, Wl ns's tunor, gall} bl adder cancer,
trophoblastic neopl asm henmangigpperi cytoma, and
| {aposi's sarcoma. VEHZOOB/lO 262 PCT/ US2006/ 011584
194 33. The net erein the treatnent
I's adm ni stered y condition
sel ected from up @onsi g of rheumatoid
arthritis, s, vitiligo,| Wegener's granul
omatosis, and system c |upus @lythematosus. 34. The
met hod of claim 27 wherein the conpound of claim1l
has at |east a 20-fold selectiv%;y\in i nhi biting Chk

i na

2
'Z

over protein kinase A protein C, cdc2, and
pp60v-src. 35. The nethod of cl@imZ27 wherein the
conmpound of claim 1l has at | east 75-fold selectivity
in inhibiting Chkl over protein Kinase A, protein
ki nase C, cdc2, and pp60v- sr04> 6. The net hod of

- claim 27 wherein the H

Y

and mixtures thereof,

Cl

or a salt, a solvate, or a prodrug thereof.



conmpound of claim1l has at |east a 100-fold
selectivity in inhibiting Chkl over protein kinase A,

w@e@badF26ki nase C, cdc2, and pp60v-src. 37. AreEURO6/011584
of inhibiting aberrant cell ©proliferation conprising
contacting a. cell populsafion conprising aberrantly
proliferating cells with a Chkl activator to
substantially synchroni ze cell cycle arrest anong
said aberrantly proliferating cells, and subsequently
contactin% said cell population with a conmpound of

claim1 éP-cl & Retisod ofsibbiaintirat loheakpogrt &kinsaicd

1 eeld @31al eoRpfEsing 38 e method of claim 37 _wherein
saj dChkl ac%ivafg% cgﬁpgi%égiqggaFgégq éhﬁace 1 with .

an HETfifittHeapBeNt e ofgencomwzDE6/ t052621 or claim 13.

PCT/ US2006/ 011584 - 195 39. The nethod of claim 37
wherein ?Zid Chkl activator conprises ionizing or
ul travi of &t radrethoshof aensitbieimet hetlofirclaa m 37

indiheioeal sadekdodfyZ hNhémtilLBB,L B adm ni stered in
radi osensiti zer, a

onjunction with a
raogﬁg%'gls:%%%%licz &reagpent fon gr medhegledimdicatioThe met hod

compfrisling ndniniseeeing sed drabepgaidiaiprol i ferating
42. Use of a conpound of claim

noncancer ous.
the g T I O B ot eop  FomperotneAtcTaim 1
or icARLhI 13 g chabkpoi ftn WiitRasecHemdA%e rYSe. £ ound
a r8hiGlaimL, et 13 for  the nanufé%tuféggfua %gﬁgggﬁent
for sensitizing t8li’s %Fn? BRY WA Hhgaart under goi ng a
chenot herapeutic or radiotherapeutic treatnent for a

nedi cal »gndi [ 44. of compound of claim1

or 13 ﬂgP. TRk ﬂgkhoélofu%?alm 2 further comprising
administering to the individual a cytokine, lymphokine,
growth factor, other hematopoietic factor, or mixture

thereof.

29. The method of claim 27 wherein the
chemotherapeutic agent is selected from the group
consisting of an alkylating agent, an antimetabolite, a
hormone or antagonist thereof, a radioisotope, an

antibody, and mixtures thereof.

30. The method of claim 27 wherein the
radiotherapeutic agent is selected from the group
consisting of gamma-radiation, X-ray radiation,
ultraviolet light, visible light, infrared radiation, and

microwave radiation.



t he manufacture of a nmedi canent for inhibiting
aberrant <cell proliferation in a cell popul ation
w@owpndesng aberrantly proliferating cells. 4BCT/US®0©611584
a conmpound of claim1l or 13 for the manufacture of a
medi canment in a cell f9r1 he curative or prophylactic
treatnment of a condition ere inhibition of
checkpoint kinase 1 is of a therapeutic benefit. 46.
An article of manufcture for human pharnmaceutical use
conpri si my- WiFoostro82%2 Petngpogesinstie 196  (a)
condBRAbABLE W |cadbke s OMPRSIHIGORr &R NI $irBEp BcorfirRangd of
claim1 or 13; (b) a package insert "providing thatf the
ofc GnfBLPEEOTRY SanseF uld iNpadhand rRagMEAPCRE ithdi cat i ons
pan@yeh¥i 80caheny, aptbeldt RaAkLE £rAlga0RridNchdder,2a
container. 47. An_article of manufcture for human

blaAdPRatScal YLtV ACerng® {SkeRiBha? nttiergal
a ROMPAGHA,] QN reRrD! ¢61 NGadcifOMPO W o0k r €4 dBnked!, 43,

b) a package insert providing that the conposition
br%’é)’ugﬁlﬁiﬁr'a naoﬁﬁ%?ﬁ?s‘%r?g‘iat i 98¢ BHrlunPagRRnsi ti zer in
a treatnent of an indication related to DNA | esions

or DNA replication; and (c) a container.
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32. The method of claim 27 wherein the
condition is a cancer selected from the group. consisting
of myxoid and round cell carcinoma, a locally advanced
tumor, a metastatic cancer, Ewing's sarcoma, a cancer
metastase, a lymphatic metastatic, squamous cell
carcinoma, esophageal squamous cell carcinoma, oral
carcinoma, multiple myeloma, acute lymphocytic leukemia,
acute éntilymphocytic leukemia, chronic lymphocytic
leukemia, chronic myelocytic leukemia, hairy cell
leukemia, effusion lymphoma (body cavity based lymphoma),
thymic lymphoma lung cancer, small cell carcinoma,
cutaneous T cell lymphoma, Hodgkin's lymphoma, non-
Hodgkin's lymphoma, cancer of the adrenal cortex, ACTH-
producing tumors, nonsmall cell cancer, breast cancer,
small cell carcinoma, ductal carcinoma, stomach cancer,
colon cancer, colorectal cancer, polyps associated with
colorectal neoplasia, pancreatic cancer, liver cancer,
bladder cancer, primary superficial bladder tumor,
invasive transitional cell carcinoma of the bladder,
muscle-invasive bladder cancer, prostate cancer, ovarian
carcinoma, primary peritoneal epithelial neoplasms,
cervical carcinoma, uterine endometrial cancers, vaginal
cancer, cancer of the vulva, uterine cancer and solid
tumor in the ovarian follicle, testicular cancer, penile
cancer, renal cell carcinoma, intrinsic brain tumor,
neuroblastoma, astrocytic brain tumor, glioma, metastatic
tumor cell invasion in the central nervous system,
osteoma and osteosarcoma, malignant melanoma, tumor
progression of human skin keratinocyte, squamous cell
cancer, thyroid cancer, retinoblastoma, heuroblastoma,
peritoneal effusion, malignant pleural effusion,
mesothelioma, Wilms's tumor, gall bladder cancer,
trophoblastic neoplasm, hemangiopericytoma, and Kaposi's

sarcoma.
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33. The method of claim 27 wherein +the
treatment is administered for an inflammatory condition
selected from the group consisting of rheumatoid
arthritis, psoriasis, vitiligo, Wegener's granul omatosis,

and systemic lupus erythematosus.

34. The method of claim 27 wherein the
compound of claim 1 has at least a 20-fold selectivity in
inhibiting Chkl over protein kinase A, protein kinase C,

cdc2, and pp60v-src.

35. The method of claim 27 wherein the
compound of claim 1 has at least a 75-fold selectivity in
inhibiting Chkl over protein kinase A, protein kinase C,

cdc2, and pp60v-src.

36. The method of claim 27 wherein the ‘
compound of claim 1 has at least a 100-fold selectivity
in inhibiting Chkl over protein kinase A,tproteirl kinase

C, cdc2, and pp60v-src.

37. A method of inhibiting aberrant cell
proliferation comprising contacting a cell population
comprising aberrantly proliferating cells with a Chkl
activator to substantially synchronize cell cycle arrest
among said aberrantly proliferating cells, and
subsequently contacting said cell population with a
compound of claim 1 or claim 13 to substantially abrogate

said cell cycle arrest.

38. The method of claim 37 wherein saidAChkl

activator comprises at least one chemotherapeutic agent.
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39. The method of claim 37 wherein said Chkl

activator comprises ionizing or ultraviolet radiation.

40. The method of claim 37 wherein said
ionizing radiation is administered in conjunction with a

radiosensitizer, a photosensitizer, or a mixture thereof.

41, The method of claim 37 wherein said

aberrantly proliferating cells are noncancerous.

42. Use of a compound of claim 1 or 13 for
the manufacture of a medicament for inhibiting checkpoint

kinase 1.

43. Use of a compound of claim 1 or 13 for
the manufacture of a medicament for sensitizing cells in
an individual undergoing a chemotherapeutic or

radiotherapeutic treatment for a medical indication.

44. Use of a compound of claim 1 or 13 for
the manufacture of a medicament for inhibiting aberrant
cell proliferation in a cell population comprising

aberrantly proliferating cells.

45, Use of a compound of claim 1 or 13 for
the manufacture of a medicament in a cell for the
curative or prophylactic treatment of a condition where

inhibition of checkpoint kinase 1 is of a therapeutic

benefit.

46. An article of manufcture for human

pharmaceutical use comprising:
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(a) a pharmaceutical composition comprising a
compound of claim 1 or 13;

(b) a package insert providing that the
composition is useful in the treatment of indications
involving aberrant cell proliferation; and .

{({c) a container.

47. An article of manufcture for human
pharmaceutical use comprising:

(a) a pharmaceutical composition comprising a
compound of claim 1 or 13;

(b) a package insert providing that the
composition is useful as a chemosensitizer or
radiosensitizer in a treatment of an indication related
to DNA lesions or DNA replication; and

(c) a container.



