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WO 2006/105262 PCT/US2006/011584 HETEROARYL UREA
DERIVATIVES USEFUL FOR INHIBITING CHKI FIELD OF THE
INVENTION The present invention relates to compounds us
WRAM ilnogszés%lzymes that maintain and repair 5 the integrity L(j)}?%]tﬁge%ggslmsm
material. More particularly, the present invention relates to a series of aryl-
and heteroaryl-substituted urea compounds, methods of making the
compounds, and their use as therapeutic agents, for examl\E)Ie, in treating
cancer ﬁﬁﬁﬁ?ﬁ@iﬂdi§%Ea%é’é‘iﬁ%ﬁ%‘?ﬁ%té’ﬁ%&%‘b@oae?gg@ﬁ?3 @ R
deoxyribonucleic acid (DNA) replication, chromosome segregation, or cell
division. BACKGROUND OF THE INVENTION A large variety of
diseases, conditions, and disorders (hereinafter "indications") are
characterized 15 asinvalyirg aberrantiepralferating cells. As used
herein, "aberrantly proliferating cells" (or "aberrant cell proliferation™)
means cell pfgﬂfeﬁigeeﬂhair%%vi@bi%%frpé@éﬁ@@ﬁm%w@_nﬁﬁﬁr .
expected course.. For example, aberrant cell proliferatian includes
RREplob e BrOHeTaon o1 Ll wrCR O A o DcE CAar
tECMPORRTNS Have: beedhid danaged or defbetivePaAbeFaht Eel -
+pEolifewation alsorehatasterizeslinical indisatiens«caused by amediated
L OLIEIUNNG, 0 IARRIERIRLE JORIeyeks hCel YISO ing
inappropriately low levels of cell death (e.g., apoptosis), or both. Such
SRR GBI EER b E Eh &R SriYEE, fot PR By SifgIEBrmufiidie local
cabnpimal prolifecationg of oellsy geogps viellsicrA@2006/105262

c%gég%q@@@]ﬂé%z%cts in deoxyribonucleic acid (DNA)

replication, chromosome segregation, or cell division,

BACKGROUND OF THE INVENTION

A large variety of diseases, conditions, and

 discrders {hereinafter "indications"™) are characterized

as invelving aberrantly proliferating cells. Rs tsed
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,
inappropriaﬁely 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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tissue(s), and include cancerous (benign or malignant) and noncancerous
indications. By definition, all cancers (benign and malignant) involve

Isorr}e(; form of aberrant cell 5 proliferation. Some noncancer]c))u%ipcéi}cg}?}(i)?p%
: ) 3.
W% aberrant cell proliferation. Examples of noncahcerote e

indications involving aberrant cell proliferation include rheumatoid
arthritis, psoriasis, vitiligo, Wegener:s granulomatosis,.and systemic
lupus. 10 One approach to treating indications involving aberrantly
proliferating cells involves the use of DNA damaging agents. These
tHgents @re.designet-fo:kill aderrartyspridlfaiating cetis Isyodisrtipting vital
Sellularprocassassuch as. PN metabolism, DNA synthesis, 15 DNA
transcription, and microtubule spindle formation. They also can operate,
for example, %%r%)l ulé:lﬁﬁnres%gs it DRNA [(??gfl ﬁgr ur %hromosomal
rfiunpalt intégrink VBN RRIE agin g et ars Hestdried and
Adninsteresdn waysHbah aifespiading uceanexineis 20 gamage and
consequent cell death in aberrantly. proliferati [ls with.a minimum
e A R famaging
THIGRRIFHS et HevETopRa to eV ifdudirRFERBm&fretapeutics and 25
padidtian;andothers ate indexelaphenirinfdrtunatelypthe effectiveness

AkDNA damaging.agents.in,ireating ,conditions valving.ahepant cell
proliferation has been less than desired, Joartlcularly in the trealtm,ent of

cancer. The SBfe ARG Braudty abBRted 1o abEraRty 36 prafifttrating Tells
aneerziraalihy peils (Sentatimescedfesrediwy dsthetirerapeuté iBlax) often,

ds#hgrgiBakgents. These agents are designed to kill
aberrantly proliferating cells by disrupting vital
cellular processes such as DNA metabolism, DNA synthesis,
DNA transcription, and microtubule spindle formation.
Thevy 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 ianduce maximum
damage and conséQuent cell death in aberrantly
proliferating cells with 2 minimom 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 purpcses to DNA
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Moreover, all cells have sensing and repair mechanisms that can work at
cross purposes to DNA WO 2006/905262 PCT/US2006/011584 3
damaging agents. Such sensing mechanisms, called cell ¢
WWQ@YJ%‘& (’é‘,, help to maintain the order of the various cell re%‘ﬁéjas fofy 1184
stages and to ensure that each step is executed with high fidelity
(Hartwell at al., 5 Science, 246:629-634 (1989); Weinert et al., Genes
Dev., 8:652 (1994)). When cells detect DNA damage, including damage
purposefully induced by DNA damaging agents, certain signaling
dpethwaysaativate cdbejclecehtekpdniacaidtte cetlreficafibh cycle
cienwaratly 18 Geasesmeairestsna ks atrestaliows cedls tihe to repair
their DNA, often to a degree sufficient to.allow t ti 0 survive
v%ﬁﬁoﬁ Folffeé %{tef‘:ﬁﬁﬁ 3 ":E%tis%n o) %zﬁ){’}eer%atnd%ll)(;i plir%”f%!}%%?e 2%%%@ t%i%@r%pair IS
i 95 Ganage
ssufficient toskilleasete sells: Bop examples thessheroth&tapautiésagent
gCalled GEMZAR' (gemciiabine. 1 2.2 - @il 0fQrg e Oy liding);
damages DNA b anorporatlna itself into DNA dunng sxgtshess. Left
dﬁ’ﬂ?@ﬁaﬁ’éa?aaﬁégéé' BRAGEReFAIV I 20FBRETE 1TSADABle of
csustdining lifes 1n noapy targete ck odlie: tovwwever, €etll&/cle checkpoints
cﬂsﬁ@&tﬁﬁmgéepeﬂx rpage @;ﬁatb@&lwiaﬁz dagra]cﬂge&)_eabb%a;rfh_ey'activelllted
cell cycle checkpoints trigger cell cycle_arrest for a {i icient to allow
“BafTiged ﬁﬁist%slﬁ 25 ggﬁasirgé “This %ﬂgﬁgs\/vg)??r% %?ﬁé al:c)&frrantly
rproliferatieg celBirectiedtzet fo FESEEthe B RHRTT efRcE b
 NAQABagNGagerds suehias and proliferate. In the case

of aberrantly proliferating cells, this repair is

_upnwanted, as it may undermine efforts to induce DNA

damage sufficient to kill such cells.

For example, the chemotherapeutic agent called
GEMZAER™ {gemcitabine, or 27, 2"~difiuoro~-2"'~deocxycytidine)
damages DHA by incorporating itself into DNA during
synthesis. Left unrepalred, damaged DNA generally is
rendered incapable of sustaining life.  In many targeted
cells, however, cell cycle checkpoints detéct the
improperly made (or otherwise damaged) DNA. The
activated cell cyclas checkpoints trigger cell cycle
arrest for & time sufficient to allow damaged DNA to be
repaired. This is omne 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



chemotherapeutics, radiation, and other therapies. Other DNA-damaging
agents cause tumor cells to 30 arrest in S-phase. Tumor cells have been
L se(rved to resist certain chemotherapeutics simply by arreg,tigjr{ i90§011_84
“&12&31\%%1% the chemotherapeutic agent is being administered en, as
soon as the drug is removed, DNA WO 20061105262
PCT1US2006/011584 4 damagé is repaired, cell cycle arrest ceases,
and the cells progress through the remainder of the cell cycle (Shi et al.,
Cancer Fes. 61:1065-1072, 2001). Other therapeutlcs cause cell cycle
CEPsER ét%tﬁ%?@éﬁ@ckﬁ@ﬁts HhFRF e GBS S InHiBtior S various
<DNA dammageschetkpaigits therefare inéxpectedte assist inyplteventing

(§g&Us fromyrepairing theraneutisallyinduced Dhfodamags and to sensitize

targeted cells to DNA damaging agents. Such se S|t|zat|on is in turn

LRRPRREF 6 (G SR aSR the” pEUtReindeX S tiese therapies. The
coeltgyciaiss strustiraflyrand luactioGally tHesakid ivitsPasie proeess and
Dm%%&%g@%ﬂéﬂmﬁqt%stﬁtgeehsarf]séottclsseegi@@taﬁa;miwkzs(somart]iC) )

cell cycle consists of four phases:; t a ynthesis
Pﬁﬁa%g e &5 5(gap)E pha eepaand he l\‘h%mltégse}L aggg %%gcléés and
DER phases @ﬁedc*eﬂeéﬁVéM@érr‘W&?é@%fﬁ%és@%% cell cycle.

d%mﬂt%@hphasesb&ﬂﬁwﬁheﬂﬁiaﬁhﬂﬁas of the celirpregressat a high
éﬁ‘%{{'ﬁe SPhase begins when DNA.20 synthesls stadts,grukends when
e c

ontent of the nucleus of the cell has been replicated and two
identical sefs6f Eﬁﬁd‘mﬁ%ﬁﬁ?eé‘%ré%%%ﬂ“\'ln]ey c&fithen enters the G2

fphasepmdiicly the same in its basic process and mogde of
regulation across all eukaryotic species. The mitotic
(somatic) cell cycle consists of four phases: the Gl
(gap) phase, the 5 {synthesis) phase, the G2 (gap) phase,
and the M (mitosis) phase. The Gl, S5, and GZ 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 csll 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 regulated, 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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continues until mitosis starts. In mitosis, the 25 chromosomes pair and
separate, two new nuclei form, and cytokinesis occurs in which the cell
splits into two daughter cells each receiving one nucleus cgntaining one

WErHHE g 3ets of chromosomes. Cytokinesis terminates thecl\/f 6é0<1;1]r?(§4

marks the beginning of interphase of the 30 next cell cycle. The sequence
in which cell cycle events procé’ea iS tightly regulated, such that the
initiation of one cell cycle event is dependent on the completion of the

cell% cIe event. This ows | J’i%g]cmeé{ggeggg@lprgp%ne
a

BGiﬁd ieggega Odjupllc lon and segregation of genetic
Qﬁaﬁe?@lﬁz’@n%néo’@%’he?aﬁ@%b"f stinafie %o the next. It has been
reported thatrgelheyclee eheckpoiniscamyprise=atilegst tleree distinct

Slasss %%t% D@ngeﬁggeatWDé%@CLI%ﬁgye@{lgﬁyﬂegeéme%;ooqell cycle

signals or defects in chromosomal mechanisms (Carr, Science,

YB35 109} STIRFHrA THER I Aoty GFROTRIS that thltdet or
sense BNAdamagedef abrorimalitiesim freneélIreyclariiisase s$ensors

nclude-10 AMpxia-telangiectasia Muated proteindydey and Maxig y
Telanglectasm Rad-related proteln (Atr) The second class of

PoIvEepfiads amplif ahd tratemithe signal Foetted by the detector and

excnapifidce byiRabB3 ¢aldn evalsGentyDevs8PARs- 2488, 194) and

£l A-15:thirgh classafzpolypeptidesdnchkides aethryste: effectaes; such
p53 that medl L) [ am I, mitosis
c? a%%%%glsél?\/luéﬂ t?%l %rrﬁ%ﬁ%%%rs%n%?ngﬁgg‘%he gf%%%%gn of cell

%%@ cﬁ@ckﬁwﬁ%%?%%e"f’f‘@’eﬁ%fd §fgmtransmit the signal

detected by the detector and is exempllfled by Rad53
(Alen et al. Genes Dev. 8:2416-2488, 1994} and Chkl. A
third class of polypeptides includes cell cycle ‘
effectors, such as p53, that mediate a cellular response,
for example, arrest of mitesis and apoptosis.

Much of the current understanding of the
function of cell cvcle checkpoints has besen 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, 19%4}. It has
been reported that & key step in the evolution of cells
to a neoplastic state is the acguisition of mutations
that inactivate cell cycle checkpoint pathways, such as

rhose invelving p53 (Weinberg, Cell £1:323~330, 1895;

Levine, Cell 88:3234-331, 1987). Loss of these cell .

cycie checkpoints results in the replication of tumor
cells despite DHA damage.

Honcancerous tissue, which has intact cell
cycle checkpeoints, 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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Wﬁezt% H8%tate is the acquisition of mutations 25 that inactivale cé

20 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
U3 %/%%34

checkpoint pathways, such as those involving p53 (Weinberg, Cell
81:323-330, 1995; Levine, Cell 8863234-331, 1997). Loss of these cell
cycle checkpoints results in the replication of tumor cells despite DNA
damage. 30 Noncancerous tissue, which has intact cell cycle
EREERSSIPS Ty DHEAIY RethstirstereF S HT RethbBrasf disiptisiiata single
checkpoint pathweass rrmescels - tiowexel have defacts ingpathmvays
capugling cell cycle V%Q@QQQ%%%%&%P Uc%?&%%%@%%n ain

progression such that the perturbation of additional checkpoints renders

fhErA Pakictl &7 sErERRe-e DRIA Rddm ddifig Ho . #5Pa8&mple, tumor
célisHraticontaid iutaht pblidretgetactivel bathiin the G DN®Radamage 5

cheskroint and,in the apility taymaintainsthe (2. DNA -damage ghieckpoint
g%%r% et al,, Sg{lence& 282:1497-501, 1998). Checkpoint inhibitors that
e SIERSP T G RR e P e & hsd RHELRPbT &7

eRrpebted-hiockpthiertcripplehesaitinsef thestinahot cells texk@ ropdir
PNAgamagesandpthereferessre candidatesie enhancedhe thermpeutic
index of hath radiation and systemic chemotherapy: (Gesner, Abstract at
o S o BCaBves world
SUMRRTE MEFCIT 20032 153R thedsresehcerdhDREA tRirage Brcany

systemic chemotherapy (Gesner, Abstract at SRI
Conference: Protein Phosphorylation and Drug Discovery
World Summit, March 2003).

In the presence of DNZ damage or any
impediment to DNA replication, the checkpeint 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 ionlzing
radiation (IR}). Atr is stimulated by agents that cause
double strand DNA breaks, single strand DNA breaks, and
agents that bkleock 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, 1987; U.S. Patent No. §,218,109). In mammalian
cells, Chkl is phosphorylated in response to agents that
cause DNA damage includihg idonizing radiation (Iﬁ},
ultravieclet (UV) light, and hydroxyurea (3anchez et al.,
supra; Luil et al., Genes Dev., 14:1448-145%, 2000). This
phosphorylation which ectivates Chkl in mammalian cells
is dependent on Atm (Chen et al., Oncogene, 18:249-256,

1999) and Atr (Lul et al., supra). Furthermore, Chkl has



10

15

20

25

50

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
WBAMG S Tadiation (IR). Atr is stimulated by agents that calfsEVEglBRI 158
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 25 transduction pathway
(Sanchez at al., Science, 277:1497 1501, 1997; U.S. Patent No.
15:218 209yn Inmmammptianytelie, Ghkhisphaspbondated in eespanse to
tgthat; gayse PIYA e.ingluding ionizing radiation (IR),
%ﬁfﬁv%let (ﬂé\:/ I ht%gﬁdqr%/@d?gx?u@%a e .,e:%o %%bfa; Lui at al.,
CErES Brev'? 21‘17%358}%2!-'@9, 2060). TIERphBEPRBRAHARLIBRANAICH abfivates
Owditanamimatiablcelis:lis dependent on Atm (Chen at al., Oncogene,

18:249-256, 429Q) and AL {Luiebak.supr)Fuihgrmore; Ghklhas WO
2906/10529% PCT/ 82%06/011584 7 been shown to phosphorylate both

Rvedl (G Cotinell &t &1 EMBOF 18845 85, TPt IdsIvSinchez et
HfadSpierice, 2286949 66-19 73h4999), §enelprofectSkinbwm ta e 5
pmportaniincalksyele contigh S-Thesesiudias, demensitatesthat

: li hkl play rlighet, ) t damage.
{:%gec %ir%t@ I%édfngj?o%%elgt%at 'hgg%g\%ew%ﬂct?g%’thg}@%pﬁgse
Fhammiftan telrhaddettntly effSdated aFeijpat al. JEeell Biol.,
591392322004 TTac B 10,al20PNAS &4 S0A=99%14295-B00,:2002;
o4ag etals)d Biol (ghem 3 782 2140421 743, 2003 3erensen etal.,

Canger . , . .
monitoring the integrity of DNA synthesis. Chkl invokes

4

an S-phase arrest by phosphorylating Cdc25A, which
regulates cyclinh/cdk2 activity (Xiao et al., supra 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/cde? (alsc known as Cdkl) as cells progress from -
GZ into mitosis (Fernery et al., Science, 277:1485-7,
1597; Sanchez et al., supra; Matsuoka et al., Science,
282:1893-1897, 1998; and Blasina et al.,. Curr. Biol.,
9:1-10, 188%). 1In both cases, regulation of Cdk activity
induces a cell c¢ycle arrest to prevent cells from
entering mitosis in the presence of DNA damage or
unreplicated DNA.

‘ Additional classes of cell cycle cheékpoint
inhibitors operate at either the Gl or G2/M phase. UCH-
.Ol, 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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Cell, 3(3):247-58, 2003) highlighting the role of Chkl in monitoring the
integrity of DNA synthesis. Chkl invokes an S-phase arrest by
phosphorylating Cdc25A, which 15 regulates cyclinA/cdk?2 activity (Xiao et
ngfegﬁb?é?/%d Sorensen et al., supra). Chkl also invokes a' 2% eé’?i‘B)l/SS“
phosphorylating and inactivating Cdc25C, the dual specificity
phosphatase that normally dephasphorylates cyclin-B/cdc2 (alsoknown
as Cdkl) as cells progress from 20 G2 into mitosis (Fernery et al., Science,
277:1495-7, 1997; Sanchez et al., supra; Matsuoka at al., Science,
0282518938, 1298 andiBlasing et @by Curt. Bil509:-109 1999)8 In

2P0 gasgssregulation of Cek-activity. indHegs & eelbsyele anesties
prevent cells from 25 entering mitosis in ,theé)resgncglof Igglécda:{n%ge or
nEPYe FCABUTBNA- RGBS GaSSes BFbRH S clé Thackpoint mhibitors
(Dpetate atedher tHa Gl ovER/MphaselJCANBE, ggents, 3:35-
4Z;h%@§y$taurosporine, originally was isolated as 30 a nonspecific kinase

inhibitor having its primary effect on protein kinase .G, but tecently has
been found %g?nﬁﬂ?if‘ fite %%ﬁ\l}itﬁ/l so?%‘,ﬁﬁ and a Irlc%giz%ttehthe G2 cell cycle
ceheekpsimt (Shi et al Swtipray. THAS 2béausé RFC RPN OGT66/ 13957652
Bip/4920Q6/0fdn84 — 8+ 041s A napselectivedChidhmitibitonst iSStoxic to
elly athigh doseg,;A Iqw dgses. it,nanspecifically iphibits, magy cellular
e%naaisé’s g’r?g%?zé inﬁﬁts the GI checkgoint Tenzer et al., Curr. Med'

OEHeg. ARBEaHEER AGeRRER%: 356 25803] 19EN-(T has been used in

reapjciendwithTsancerdherapieSisuchrescidiation i theificafter agent
glioblastoma cells (Hirose et al., Cancer Res.., 61:5843~
5849, 2001). In the clinic, UCN-0l is not an effective
chemotherapeutic as expected, possibly due to a failure -
in treatment scheduling and a lack of identification of
particular key molecular targets (Grant et al., Drug
Resistance Updates, 6:15-26, 2003}. Thus, Mack et al.
reportlceil 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-CGl. (Mack et al.,
Cancer Chemother. 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 G1 arrest or
hvdroxvurea-induced $§ phase arrest, allowing the cell to
progress into and through mitesis (Andreassen et al.,
Proc Natl Acad Sci U.S5.4A., 86:2272-2276, 1982).

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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camptothecin (Tenzer et al., supra), and gemcitabine (Shi at al., supra),
with limited success. In addition, UCN 10 01 has been used to potentiate
the effects of temozolomide (TMZ) induced DNA mismatch

repajr R
Wi 281?6‘8E%§foma cells (Hirose at al., Cancer Res., (51:5843-1)%%%%%%)1.‘ 54

In the clinic, UCN-01 is not an effective chemotherapeutic as expected,
possibly due to a failure 15 in treatment scheduling and a lack of
identification of particular key molecular targets (Grant at al., Drug
Resistance Updates, 6:15-26, 2003). Thus, Mack at al. report cell
EYelEdepidisit PotefidtibRssTEEp P By O (IRd1 Aeaultured

nenssasll-eelldung carcinomaneell-20dmne, utida nat 3dentitywith.

Apgelficity the key cell, eyele-checkpaini(s) dargeted By HENOL. (Mack at
al., Cancer Chemother. Pharmacol., 51(4):337-348, 2003). Several other

SatSgRRTEHEE IO ENSTSHTY TtinorEats t& GRSVt Telifeyde
affectings2y thiehrothierapeuticsc Far Eiamplesdatimimstalipn of 2-

aminopysine,akregates.multiplesall gyelescheckroint smechanisms, such
as mimosine-induced G1 arrest or h droxxlurea-indu ~ e%s ghase arrest,
éﬂS\lfv?ﬁﬁ The Ceito vpﬁ%ﬁré:gs Y &8 ?ﬁrsooug { A os?irsl%(%nld?eﬁssen et al.,
BUMREFONGILACEY 8&i-W. SR cBB -2 Zrohys,; 18099). Catitine, a
methybanthinechas Alsebeesmused faenhanta @dotedeity ofy
DNA-damagin ents, such as cisplatin,and ionizi iation, by
SR R L S DR e G S
9 the G2 ch iAPRABtheFeby HGuERRFcSlt a8ART e tBrddsy 8T 4RI Clin.
EaricersResh<3:4374x 13811997 niHoweves, thesgdosedf chffeinéhusied to

accgmplishrthe. cell o1 i cation No. 10/087,715 and U.S.
Provisional Petent Application Nos. 60/583,080,
60/585,282, and 60/602,568; diaryl urea compounds
described in U.5. Patent Publication No. 2004/0014765,
U.8. Patent Publication No. US2003/19951%i, ‘U.S. Patent
Publication Mo. 2004/00147¢65, and WO 03/101444;
methylxanthines and related compounds described in Fan et
al., Cancer Res. 55:1649-54., 1985; ureidothiphenes
described in WO 03/029241 and WO 03/02873%1; N-
pyrrolopyvridinyl carbexamides described in WO (3/028724;
antigense Chkl oligonucleotides described in WO 01/57206

and U.3. Patent No. ©,211,164; -Chkl recepter antagonists

described in WO 00/1678l; hetercaromatic carboxamide

derivatives described in WO 03/037886; aminothiophenes
described in WC 03/029242; (indazolyl}benzimidazoles
described in WO 03/004488; benzimidazole guinolinones
described in U.S. Patent Publication No. 200640092535 and
WO 04/018419; heterocyclic~hydroxyimino-fluorenes
described in WO 02/16326; scytoneman derivatives, such as - -
scyteonemin,  described in U.S. Patent No. &,485,586;

hetercarylbenzamides described in WO 01/53274; indazoles



cycle abrogation exceeds clinically acceptable levels and 5 is not a viable
therapeutic option. Additionally, antisense nucleotides to Chkl kinase
have been used to increase sensitivity to the topoisomerase inhibitor
BNP1350 (Yin et al., Biochem. Bigphys. Res. Commun., 295:435-44,
2002), but demonstrate problems typically 10 associated with antisense
treatment and gene therapy. Chki inhibitors have been disclosed,
m@amge@ryh anyd hrereraryl-substided weampainds descried in .
K Pe tg@t Afpllcatlon No..10/087, 71§ and U.S. Provision @%?Patent o
pp ication Nos! 68}%05% 08%;1 7BB0I5 EWZ—‘ ARG 518D dﬁaIP'yl urea
88%%7&@%5%&%%.@%@@%&%%@@%; 200410014765, -
MeT. Patest. PublicationsNps US2Q03/d D951de:\d:S; Ratents | Publication‘ No.
7 d 01 44 methy xanthl and el

compounds descrlbed in Fan et ancer Res.

GreitiothiphBhed: de&efibed i %%ﬁfé§§241°§ﬁd WB%ZS?Sl N-
pyroleminainybcarkpxankdes descfibedinnd/ Q028X 24; s arkisense

Ghid oligopucleqiideg desseibedin, W P1/55206. and U,G. Patent No.
1013}94 Kl receptor anta%gnlsts 25 described in WO 00/16761,

Rt oATS At caMSE TR T R SEESERBEH WO 03/037886:
HmiRBEHIOpReERES: desciibedl reW ©:33/02004 2 firkfaZulyidenzmitazoles

deseribegdedti 02004488 benzimidarnle ciuipelnones described in
}%@I ggtgnggg nfatmrgélg 20040092535 and 30 WO 04/018419;

eteroc c Ic-hy ro%/l'mlno Lorenes “described i WO 02/16326;

BRANdSANFER 2SI 85T $EFBnEMT RALHHILFED.S. Patent
No 6,495,586 uwmteroary Iherzamides fescriberdnaMO :/53274;

indazolese 10 selective inhibitors of Chkl. The present

invention addresses this and other needs.

SUMMARY OF THE INVENTION

The present disclosure relates to potent
and selective inhibitors of the checkpoint kinase
Chkl that exhibit unexpected propsrties in
biochemical and/or cell-based assays. The present
Chkl inhibitors are useful in treating indications
invelving aberrant cell proliferation, and as
chemocsensitizing and radiosensitizing agents in the
treatment of indications related to DNA damage or
lesions in DNA replication. |

Therefore, one embodiment of the present
digsciosurs is to provids compounds of structural
formula (I). Among other things, the compounds are

useful in a method of inhibiting Chkl comprising a



[a%
tr

described in WO 01/53266; indolacarbazoles described in Tenzer at al.,
waUR8ifRromane derivatives described in WO 02/070515; DS /011584
described in Schultz et al., J. Med. Chem., Vol;2909-2919, 1999;
indenopyrazoles described in WO 99/17769; flavones described in
Sedlacek et al., Int J. Oncol.,-9:1143-1168, 1996; peptide derivatives of
peptide loop of serine threonine kinases described in WO 98/53050;
oxindoles described in WO 03/051838; diazepinoindolones.described in
SYPD S60HOBIPISTHIMRIFSSs GE<EPetliR \WePPH54/646343; urea
cppgUndssdescribechinAV Or2004/014876; and pyrrolecarhazeles,
. benzofuroisoindoles, and azacyclopentafluorenes described in WO
5083501285 Fwever, a need remains in the art for effective and
selective inkibitorsoiChkl. Tdwempiesenit) imardion addresses this and
sother peeds. SDM1,L9RY OF THE INVENTION The present disclosure
relates to potent and selective inhibitors of the checkpoint kinase Chkl
that exhibit unexpected properties in bioc@_e ical.and/or cell-based
assays. The present Chkl inhiRitors are ugsefu ‘ins reating indications
involving aberrant ' nd.asxghefMmosensitizing and
radiosensitizing a s in the treatme dications related to DNA
damage or lesi ' grefoge, one embodiment of the
present disclosure is to proviq% )compourggs of structural formula (i).
Among other things, the compounds are useful in a method of inhibiting
Chkl comprisiega W& 2006405262, PETRIS2006/034 554 ;

®? is hydrogen, Ci.salkyl, CN, OC:.salkyl, halo,

or N{(R®)., wherein R®, independently, is hydrogen or
Cosalkyl; ' |

R* is a 6~ or 7-membered saturated
neterccyclic ring containing one‘:ing N¥-R* group and
either & second ring N-R® group, & ring oxygen, or z ring
sulfur, wheresin R®, independently, is hydrogen, Ci.aalkyl,
CE,CK, or CHxCH.CN, and wherein R* is optionally
substituted with oxc(=0);

R* is hvdrogen, Ci-salkyl, OCiaalkyl, SCi.aalkyl,
N{R®),, NEPC(=0}Cisalkyl, or a 5- or 6-membered saturated
neterocyclic ring containing one N-R* group and
cptionally ring substituted with one to three Ciaalkyl
groups;

or R? and R' are taken together with the
carbons to which they are zttached to form & 5= to 7-
membered saturated carbocyclic ring:

and R® is hydrogen or haloc,

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

R® is hvdrogen,



- 11 step of administering an effective amount of a compound of
structural formula (1) to an individual in need thereof. Compounds of
formula (1) have a structural 5 formula: 0 0-CH2-R3 N~~g5 (INR-R )
Rz wherein R' is halo, C;_3alkyl, 'IN, or CF3; R2 is hydrogen, C1_3alkyl,
CN, OC1_3alkyl, halo, or N(Rb)22wherein Rb, independently, is
hydrogen or 10 C1_3alkyl; R is a 6- or 7-membered saturated
heterocyclic ring containing one_ ring N-R"™ group and _either a second ring
N-Rs group,oécﬁﬁ%ag%fézgr%éfcgl&ﬁ’g as‘fﬁﬁﬁ%ﬁﬁ%eﬁ?ﬁt?mdependently, is
PRYEoEN, ©1_8aligates RGN er CH2CH2CN, and wherein R3 is
optionally substittited with oxel=0),-R" is-hydrogen,.C , 3alkyl, QC, 3alkyl,
g;g. ggalk . N(RR)2, NRbhC(=0)C1. ,alkyl, or a 5- or 6-membered
p\s?aturateﬁé ﬁhgt%%g%cl’loc%l riﬁ%régngtélrr%ﬁga%r%é" REEE Group G20 optionally
- FRAGSStRGtEAPRItToRe IWINréeTT PalkgpYroups; veRiahd R are taken
itageihet ngticthia .carbons to which they are attached to form a 5- to 7-
membered saturated carbocyclic ring; 25 and R5 is hydrogen or halo,

provided that at least one of RZOand R is g_ijé%rzgrggfrom hydrogen, and
|

that when R5 is halo,NRZ or %
/Ew\j—m—c—ma‘—@\
N
k- J R,
R2

{11)

wherein R' is halo, Ciaalkyl, CN, or CFs;

R* is hydrogen, Cisalkyl, CK, OC,salkvl, haloc,
or N{R®);, wherein R®, independently, is hydrogen or
Ci-zalkyl;

R* is & 6~ or 7-membered saturated
heterocyclic ring containing one ring N-R® group and
either a second ring N-R® group, a ring oxygern, or a ring
sulfur, wherein R®, independently, is hydrogen, Ci.;alkyl,
or CHpCN, and wherein R’ is optionally substituted with
oxo (=0} ;

R is hydrogen, C;alkyl, OC;.salkyl, or haloc;

. - or R® and B are taken together with the
carpons to which they are attached to form & 5- to 7=
membered saturated carbocyclic ring, -

provided that at least one of R? and R is
different from hydregen,

or pharmaceuticalliy acceptable salts,
prodrugs, or solvates thereaof,

Ancther embodiment of the present disclosure is to
 provide pharmaceutical compositions comprising one or

more compound of structural formula (I) or (II), and use



R'is hydrogen, - 12 or pharmaceutically acceptable salts, prodrugs, or
solvates thereof. Another embodiment of the present disclosure is to
provide compounds of structural formula (11), which, among other
applications, can be used in a method of inhibiting Chki. 0 O-CH2-R3 N
~NF-C-NH R= Ry II) R2 whereinR'-s halo, Cl_3alkyl, ON, or CF3; R2 is
hydrogen, C1_3alkyl, ON, OC1_,alkyl, halo, or N(Rb)2, wherein Rb,
independently, is hydrogen or C1_3alkyl, R3 is a 6- or 7-membered
o3aftiratsPTRERTBEYEIC HRgicoiaifng OHe ringd-RegtogFamd either a
inesead Ity I\L:B@f_-hgrgug;xmm@syﬁeﬁ @h@;iingusu‘!;fygoWﬁ@r%m R,
lepen is hydrogen 13 I CHZCN and wherein R3 is
ogltloneg y%s% etitdited w?tﬁ o>c<:6 (% }lé Tydtogeh, & TARFETE193alkyl,
dbPEBRSE6F R ERRPRS -are taken together with the carbons to which they
are attathed:tooforar admctedl mmembered safinates carbaeyclic tng; =

-Brovigeddbat at leastone of R22 2 1§§ 'éeﬂfefe t from hydr%ge“ or

pharmaceutlcallx acceptable salts pr S, Or SO vates Ere0f.
undergeling a ¢ emo;neraoﬂuulc or ra 1otnerapeut1c

treatment for an indication comprising administration of
& compound of structural formula (I} or (II) in
combination with a chemotherapeutic agent, =
racdiotherapeutic agent, or bhoth, to the individual. A
nonlimiting indication treated by this method is =
cancer.

Another embodiment of the present disclosure is to
provide a method of inhibiting or preventing aberrant
cell proliferation. In one embodiment, the method
comprises contacting a cell population comprising
aberrantly preliferating 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 achiéving
substantial synchronization of cell cycle arﬁast in the
cell population, the cell population is conracted with at
lsast one Cnk! inhiblitor in an amount and for a tims “
sufficient to substantially abrogate the cell ¢ycle
arrest.

Another embodiment of the present disciosure is to
provids an article of manufacture for human
pharmaceutical use comprising:

(a) 2 pharmaceutical coﬁposition comprising s

compound of structural formula (I) or (II):



Another embodiment of the present disclosure is to provide
pharmaceutical compositions comprising one or more compound of
structural formula (1) or (Il), and use 13 of the compositions in a
therapeutic treatment of an indication, wherein inhibition of Chkl, in vivo
or ex Vvivo, provides a therapeutic.berefit or is of research or diagnostic
interest. Yet another embodimen of the present disclosure is to provide a
method of sensitizing cells in a subject undergoing a chemotherapeutic or
radiotherapelit tréaashels afirticaton CE¥apasiHREadFTistration of

Somroungg of stiuctaal formuta (B e (thdn rcembinatien vitha

chemotherapeutic agent radiolth raIp%utica ent, or both, to the |
Tt ic\D/Ta’learigA&neorrﬁ%lgtin%éllf\%iggt?or% %reea";tleélqb]%/'tgrilalgl method is a cancer.

Another embé@iimedt 6PHEpR&Sent disclosure is to provide a method of

inhibiting or prevemtingzaberrant «celk peolifesation iinwene embddiment, the
%Qfade .comprises contacting a cell population comprising aberrantly

proliterating cells with at least one Chkl activator in an amaount and for a

time sufficientld sEBEERBEMF SYAthrGIERSGH FEYRe SRS EHthd the
aheseanty pfokferatingeellsfeipori achiiBving s@bstantial synchronization

of cell cycle gigest in the-gglipopuationstha-call population s contacted
with at least one Chk x{gﬁhibitor in an amount and for a time sufficient'to

SURER AR abrogat femosensiiizes

as & C or .
e cell'ctyCle arrest.”Another embodiment of the
mresenediscidsare igt@ treatment of an indication related

to DNA lesions or DNA replication;
{c) a container.

These and other embodiments cf the present
disclosure will become apparent from the following
detziled description.
According to a first aspect, there is provided a compound
which is selected from the group consisting of
1-[5-chioro-2-5-([1,4joxazepan-2 -yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yi)-urea,
1-[5-choro-2-([ 1,4Joxazepan-2-yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea,
1-[5-chioro-2-R~({1,4] oxazepan-2-yimethox y)-phenyl}-3-(5-methyl-pyrazin-2-yij-uree,
1-[5-chloro~4-methyi-2-S-([1,4]-0xazepan-2 -yimethoxy}-phenyl}-3-(5-methyl-pyrazin-2-
yl)-urea,
1-[5-bromo-2-{{1,4)oxazepan-2 -yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-ures,
1-{S-bromo~2-(4—-methy1-[1,4)cxazepan-z~y1methcxy}-phenyi}»3»(5~methy£-pyrazin—2~yl}-
urea

and a pharmaceutically acceptable salt thereof.

According to & second aspect, there is provided a
compound which is selected from the group consisting of

1-[2-(1,4-dimethy}-piperazin-2-yimethoxy}-> ~methyl-phenyl}-3-(5-methyl-pyrazin-2-y} -
urea
H —{S«methy}-?_ -{1-methyl-piperazin-2-yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yi)-urea
1 -[5-chloro-2-(1-methyl-piperazin-2 -yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl}-urea,
1-[5-chloro-2-S-(1-methyi-piperazin-2 -vimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl}-
urea

and a pharmaceutically acceptable salt thereck.



provide an article of manufacture for human pharmaceutical use
comprising: (a) a pharmaceutical composition comprising a compound of
structural formula (1) or (I); - 14 (bLa package insert providing that the
composition is useful in the treatm 1 of indications involving aberrant cell
proliferation; and (c) a container. Another aspecet of the preent invention

is to pravide; &) pharmaceutical compasition.comprising,a; gampoyngd,of g
structural formula (1) or (11); (b) a package insert providing that the

YR G positEn & LeR(TE8 a ¢ foeen sizE ot 1adidsEnsitizer in a
1 seaneniyoian ndicatsrielaed- (oM esiopsaDNAmeplinationstsi A

container. These and other embodiments of the present disclosure will
Wacome apparent from the following detailed description. According to a

1-[irdtramipet S fHeneisyprovtddim copipotndywhicn s SelGatectifybpythan-2 -vi)-
roup consisting of I-[5-chloro-2-S-([
4loxazepan-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazih-2-vl)-urea,

1-[BfshicinteReS4{tyayoretbpanantiniaetioxipsthery pBetBiine t iy nssinizinein-

2-9’1?-'&%%?’ _ .
I-[5-chloro-2-R-([1,4)oxazepan-2-yimethoxy)-phenyl]-3-(5-methyl-pyrazin-2
1-[Srbbigesa? - S-(4-methyl-morpholin-2-yimethoxy)-pbenyl}-3-(5-cyano-pyrazin-2-y1 -
-[5-chloro-4-methyl-2-S-([1,4)-oxazepan-2-ylmethoxy)-phenyl]-3-(5-meth
yl-pyrazin-2- yl)-urea, 1-[5-bromo-2-([

1-[3-ahdemy épartanpitiememobRey i sHe e A ra A A-msiysineg azin-2-y1)-
urek-[5-bromo-2-(4-methyl-|
1,4)oxazepan-27ylmethoxy)-phenyl)-3-(5-metfgxl-pvrazin-2-y|)- urea

and a2 pharmaceutically &cceptable salt ereof.

Aceocording to a fourth aspect, there is provided &

compound which is selected from the group consisting of
1-[5-chloro-2-(R-morpholin-3-yimethoxy)-phenyl}- 3-(5-methyl-pyrazin-2 -yl j-urea,
1-f4,5-dichioro-2-(S-morpholin-2-yimethoxy)-phenyli-3-(5-methyi-pyrazin-2-yl)-urea,
1-{5-cyano-pyrazin-2-yl}-3-[ S-methyl-2-(morpholin-2-ylmethoxy)-phenyl}-urea,
1-[5-chloro-4-methyl-2~(S-morpholin-2-ylmethoxy)}-phenyl}-3-(5-methyl-pyrazin-2-vi)-
urea,
1-{5-chioro-4-methyl-2-(R-morpholin-2-yimethoxy)-phenyl}-3-(S-methyl-pyrazin-2-yl}-
urea, ‘

1-[4,5-dichioro-2-(R-morpholin-2 -vimethoxy}-phenyl}-3-(5-methyl-pyrazin-2 -yl j-urea,
1-{4,5-dimethyl-2 -(morpholin-2-yimethoxy}-phenyl 1-3~(S-methyl-pyrazin-2 -yl )-uree
1-[4-chloro-5-methyi-2-(S-morpholin-2-yvimethoxy)-phenyl]-3-(5-methyvi-pyrazin-2-vi}-
urce,

1-I 5-cyano-2-(S-morpholin-2-yimethoxy}-phenvl}-3-(S-methvi-pyrazin-2-vl)-urea,
1-[5-chioro-4-etiiyi-2-(S-morpholin-2-yimethoxy)-phenyi }-3-(5-methyl-pyrazin-2-vl)-
urea,
1-[5-chioro-4-methoxy-2-(S-morpholin-2-yimethoxy)-phenyl}-3-(S-methyl-pyrazin-2-vi}-
urea,
1-[5-dimethylamino-2-(S-morpholin-2-vimethoxy-phenyll-3-(5-methyl-pyrazin-2-yl}-
urea,



and a pharmaceutically acceptable salt thereof. According to a second
aspect, there is provided a compound which is selected from the group
consisting of |

-[2-(1,4-dimethyl-piperazin-2-yimetHd&))-5-methyl-phenyl)-3-(5-methyl-pyr
azin-2-yl)- urea

- [ﬂﬁm@gx%mtnwﬁigﬁmw@wmpmww% 2Rytityta,
yrazm ure C ro met y
ANPEOT m%%% lm?ﬁmﬁzb BB B e ure
1 {ﬂdﬁ&b@%&:ﬁrﬁhﬂlﬂtﬂ\wmﬂm&mﬂpﬂmy}} :,-(Sumethyl-pvram»?. yl)-urez,
Zylmetho e zin-2-yl)7.urea a
1'{55%1%?3&%@ %J%Xéptgg%é%éﬁ%gr Fi a{chc%}r r%rtaomg ﬁ"c? ascaéct
1-[$heiRs- @rwag)ﬁoﬁ@mgﬂmwmwnegwﬂam@gmmmﬁmng

1L R BT o oA FRer -3 L AR VAR 2 v1 - uree

- [%thf@lmzﬁn(éqmeﬂmyﬁmpmmﬂmglmw%wwﬁaﬁnmmw

- (gzmgﬁxo% uﬁrggi (45%/3 I‘E(B)r%equtwlyf-p}m1 ?’mie oxyg %ﬁ%% ?’-%;-(5 meth

napiihsirazv2-yirairea,

RE LglCh'05;g.gla}%&%ﬂgt%ﬁ&sﬂ&%ﬁaxm@éhgéx)émg@.w&@sxﬁ.@;@waz

- [i«msmbmé@mm@hwmmumma&wghﬁhymmwesyr
1[4 feryh: di Rhammacsurcallfecenabig salb tharseh Aesarding,

to a fourt aspe t, there is prowded a compound which is selected from
wegae group conS|st|ng of

1.rk-Bshlosg-dirmarphalitsshvmstansispiepytd(3:- ety 2-W)-

-urea,
ureg.[4,5-dichloro-2-(S-morpholin-2-ylmethoxy)-phenyl}-3-(5-methyl-pyrazin-2

1-[32)idF8&-methoxy-2-(S-morpholin-2-yimethoxy}-phenyl}-3-(S-cyano-pyrazin-2-yi}-
1-(5-cyano-pyrazin-2-yl)-3-[S-methyl-2-(morpholin-2-ylmethoxy)-phenyl}-ur
Uregly,

1-(S{BHGOIODA EGHNbIE:{S yas o FumIBtBsy)yahemyfadit@ b taydeny
angzg‘gggééggﬁhtlcally acceptable salt therect.

nccording to a fifth aspect, there is provided a compound which
is
1-[5-bromo-4-methyl-2-S-(morphoiin-2 -yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-
urea
or a pharmaceutically acceptabie salt thereof.

According to a sixth aspsct, there is provided a compound
which 1s
1-[5-chloro-2-(thiomorpholir-2-yimethoxy)-phenyl}-3-(5-methyl-pyrazie-2-yl)-urea
or a pharmaceutically acceptable salt thereof,

According to a seventh aspect, there is provided a
pharmaceutical composition comprising the compound as defined
above, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent or carrier.

Becording to an eighth aspect, there is provided the
compound as defined above, or a pharmaceutically acceptable salt

thereof, for use in therapy.



1-[5-chloro-4-methyl-2-(R-morpholin-2-ylmetnoxy)-phenyl}-3-(5-methyl-pyr
azin-2-yl)- urea.
1-[4.5-dichloro-2-(R-morpholin-2-ylmethoxy)-phenyl}-3-(S-methyl-pyrazin-
2-y1)-urea,
1-[4,5-dimethyl-2-(morpholir-2-ylmethd%H-phenyl}-3-(5-methyl-pyrazin-2-yl
)-urea,
1-[4-chloro-5-methyl2: (S merpheln-2=yimethoxyi-phenyl}-3r(Semethyk-pyr
con@AREAYD: Weay | L rmacenticall .
Om5-cyan 2-(S- morp“holleﬁgav thoxyﬁjp e%éi/ﬂ”é‘ (S mle“thyflpyr “iﬁbfyl it

the; EOL, for use in the treatment cof a colerectal cancer a head

f

andlifbethlorordeethyl-2-¢Smeospholin=t:yimethoxy)-pheny}-3-(-methyk-pyraz
carmﬂg yl)a YWeAiger cancer, a vUulvar cancer
1-[5- ‘chloro-4- -methoxy-2-(S- morphof’n 2- y]mefhoxy) phenyl}af{ (§ methyl-p
\71%%,2 yl)mﬁ]légo]nc[ & renal cell carcinoma, an ovarian cancer,
& bhadimethylamino:2-(S-merpholin:2-ylmethoxy)pheaytex
}-3-(5-methyl-pyrazin-2-yl)- urea, 14b
1-[5-methyl-2- (morpmﬂmﬁmimmhm’;m'myl) -3-(5-methyl-pyrazin-2-yl)-u
rea,

I-{5-chloro-2<paiphnlins2-yimethoxyphenyis3bamethykpyrazin-2-yl)-ur

t?%t:'ém.aT formuls
-[5-chloro-2-(S- morphoun -2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-u

rea, 1-[5-methyl-2-(S-morpholin .
2-yImethoxy)-phenyl}-3-(S-methyl-pyrazif 2= =irea,

1-[5-chloro-2-(R-m oI|n 2- mNe}ghox F-3-(S-methyl-pyrazin-2-yl)
-urea, ’
1-[5-bromo-2s olin-2-yhnetho
-urea, :
1-[5-bromo-2-R-(R- morpholm(f hnetho>§/2)-phenyl)-3-(5-methyl-pyrazin-2-
y|)(urea y wherein R' is ?aloZ i cl?lml | h )g hvd
1-(5-methyl-pyrazin-2- 6%3 3-S-(marpholin- 2ymet oxy 6,7,8-tetrahydr
o- naphtha enlfy ureX Cisalkyl, CN,0C.aalk¥l," halc,

or. E?)iBFﬂ@ro@sreﬁ@rﬁﬁol|ﬁﬂ31§mﬂeﬂwsb})yphenyl)§31#§qﬁeth5d pyrazin-2-yl)-
C..kHeay ] ;

1-[5- methy&-.z -R- (mogpholln_3 Ixérplgtkpéy) gfg:%gyll -3-(5-methyl-pyrazin-2-yl)
-urea, | a-e

hetfsfemtﬁelz SHARTOrpPRORRIZM S0 ishdiyi)- :F{@ltﬁflambmethyl-pyrazi

eith2wyl)y wkeond ring ¥-R® group, & ring oxygen, or a ring -
1-[4-chloro-5-methyl-2-S-(morpholin-2-yImethoxy)-phenyl)-3-(5-cyan- pyraz
iu-2-yl)- urea, |
-[5-chloro-4- methoxy-2-(S-mQrphoI|n-2-yhmethoxy)-phenyl}-3-(5-cyan-pyr
azin-2-yl)- urea

¥I)-3-(5-methyl-pyrazin-Z-yI)
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1-[5-chloro-2-S-(morpholin-2-ylmethoxy)-phenyl)-3-(5-cyan-pyrazin-2-yl)-u
rea and a pharmaceutically acceptable salt thereof. According to a fifth
spect, there is provided a compound which is ~
-é‘-}g?gﬁ%z-?-methyl-2-S-(morpholin-2-ylmethoxy)-phenyI]-gﬁg"—%%‘m{W}ﬁ??é
azin-2-yl)- urea or a pharmaceutically acceptable salt thereof. According
to a sixth aspect, there is provided & compound whichis|
-[5-chloro-2-(thiomorpholin-2-ylmethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)
Sea or %nggrjma%gutiggg% acgggt% le salt thereof. According to a
Seventh aspect, there is provided 3. prarm&c8yiceEsmposiiony -
CoihPrisitiy HeEbMbounnd ashgatiried Ribovesriti@phitmaceutically
accepiatessalitheregfoand)a pharmaceutically acceptable diluent or

carrier. According,to an eighth aspect, there is proyided the, compound as
defined above, orsaqﬁ)%%lfo éacne'ut%éﬁ/%gcfépél%réas%#f’r%thel'sézdf?%r t&e in

Yi&rapy. HAEC (REeGrdirghibla nitrrasSpeet thererbprevidadteademipound
I_astaeﬁn:edhhova,r@ apharmaceyticallwaeceptahle sals thereof, for use
dpthedeatinentgf a.golerecial ganeer ahead, %%Qgci 9?’3‘%?& a
g{:/)ranucreatlc cancer, a breast cancer, a gastric cancer, a bla e?fcancer, a
UNV&Séancer, a leukemia, a lymphoma, a melanoma, a renal cell

carcinoma, aprovariandcafcere atbigin canserhan estcosaneoma, or a
dupgaancer. R EAIED,DESCRIPTION Compouids of the present
nyenten havs,a, siyctural formyla (1), Q O-CH2-R3 /11 RS

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
R* is hydrogen,

or pharmaceutically acceptable salté,
prodrugs, or solvates thereof.

In one preferred embodiment, the compounds

have & structural formula (II):

o 0—-CHp-R%
N |
/E \j—mNHmc—m | =
-
R* N = Ry
(II) RZ

wherein R' is halo, Cisalkyl, CN, or CFi;

R? is hydrogen, Cy.salkyl, CN, OCisalkyl, halo,
or N(R"), wherein RP, independently, is hydrogen or
Cysalkyl;

_ 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, Ci3alkyl,



~~C R'- R9 1) RZ wherein R is halo, C;_3alkyl, ON, or CF3; R2 is
hydrogen, C,_3alkyl, ON, O---,-,alkyl, halo, or N(R)z, wherein R,

independently, is hydrogen or C;_3alkyl; R3 is a 6- or 7-me?r8k%ﬁ{gez((lglﬁ%?]ésgé

WO a{fgg(’ﬁeterocyclic ring containing one ring N-Ra group and" €l
second ring N-Ra group, a ring oxygen, or a ring WO 2006/105262
PCT/US2006/011584 - 15 sulfur$herein Re, independently, is
hydrogen, Ci_3alkyl, CH2CN, or CH2CH2CN, and wherein R3 is

' bstituted with ox0(=0); R' is hydrogen, C1 3alkyl, OCi_3alkyl,
AR RS o R B R SR R S

FHturated: heterocyclic ring containing one N-Ra group and optionally ring

substituted with onenteitheenCle 3alkyly grodes: an R22 apd Rxaee taken
together with the. 210 car pns to \évat]i%g t@eg e attach&d 1[_%{faorm ab-to7-

membered saturated car ocfcﬁic rng; andR5 1S yw rogen or halo,

Frovided ffatEiicastisie sF R2ZARERER et florhydrogen, and
rtaabethieh Rocisdaake] R2:050dbARi IS Bydepgen, or pharmaceutically

acceptable sglts, progrugs, oL sopales thgreqfs Inong preterred

d%r?%)ggérggn%rtgg %2Qr%%tég<35 have a structural formula (I1): 0 O-CH2-R3
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 CF;.
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, fluore, methoxy,
isopropoxy, dimethylamino, -SCHi, mNHC(=O)CH(CHQ2,
~NHC (=0} CH;, pyrrolidinyl, or 3, 3-dimethyl- pyrrolidinyl.
In more preferred embodiments, R* is methyl, chlorc, 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 & six-membersd,
saturated carbocyclic ring.

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

In cne embodiment of formulas {I) and (11},
when R' is cyanc, 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.



N ~NH-C-NH I ~. R1 N R4 20 (Il) RZ wherein R' is halo, C1_3alkyl, CN,
or CF3; R2 is hydrogen, Cl_3alkyl, CN, OC,_3alkyl, halo, or N(Rb)2
herein Rb, independently, is hydrogen or Cl_3alkyl; ?5 R3 s.a6-or <

W? ?‘H‘é%%é?%d saturated heterocyclic ring containing one rln ' amg(f?m ﬂj"’
and either a second ring N-Ra group, a ring oxygen,. or a ring sulfur,
wherein Ra, independently, is hygrogen, C1_3alkyl, WO 2006/105262
PCTIUS2006/011584 - 16 or CH2CN, and wherein R3 is optionally
substituted with oxo (=0); R is hydrogen, Ci_3alkyl, OCi_3alkyl, or halo;
or R2 and REarenteiken tdyethef wvitteth& cacopss 1o vikichuhey are
atjached foformabsda 7ymembereg saiuraled garocyclic ring, provided
that at least one of R2 and R' is different from hydrogen, or
pharmaceutically acce tablg salts, 10 prodrugs, or solvates thereof. In
one preferred embcrd‘lgewr(o compoundsrtff\fq[m%las (h and (I), R1 is
chloro, methyl, ONyor CE3. In another pfeferrgd embodiment, R2 is
hydrogen, metmyl,/ ethyl, chloro, bragag:di ylamino, cyano, or
methoxy. 15 In more preferred embodiments, R2 is different from
hydrogen. In other preferred embodiments of formulas’ (1)

, and
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and (Il), R4 is methyl, chloro, fluoro, methoxy, isopropoxy,
dimethylamino,’-SCH3, -NHC(=O)CH(CH3)2, 20 -NHC(=0)CHS3,

yrrolidinyl, or 3,3-dimethyl- pyrrolidinyl. In more preferred embOd'(ﬂ{'ﬁ?(ﬂ[t%M

WEYICME/1, chioro, or methoxy. In still another preferred Ehboimen
R2 and R' are taken together with the carbons to which they are attached
to form a five-membered or a six-hiembered, 25 saturated carbocyclic
ring. In still another preferred embodiment of formulas (I) and (lI), when
R5 is halo, R' is hydrogen. In a preferred embodiment, R5 is fluoro. In
more preferred embodimenti.ﬁ&fﬁhydrogen. 30 In one embodiment of
formulas (1) and (Il), when R1 is cyano, BY is hydrogen and R’ preferably
is chioro or methyl. In anothé odiment, R5 is fluoro, BY is hydrogen,
and R2 is methyl, chloro, or broino. WO 20061105262
PCT/US2006/011584 - 17 Examples of preferred R3 groups in formulas
(1) and (Il) inskudes datitraresot, lirtitedigsmON'Me MertN*iGHBINe ssNH 0\~

sl‘/cvz\*a%%thXﬂE 500 Me N O N alkyl groups containing one
to three carbon atoms, i.e., methyl, ethyl, n-propyl, and
isopropyl. |

"Halo" is defined herein as fluoro, chloro,
brome, and iodo.

"Cyano" is defined as -CN.

"Trifluoromethyl” is defined tc mean —-CFs.

The abbreviation "Me" is methyl, i.e., —-CHs.

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 checkpbints 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 c¢cycle checkpoint
permits cells to carry damaged or imperfect genetic
material to subseguent cell cycle phases, thereby

inducing or promoting cell death. Cell death can occur
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O~NH O\J ,CH3 (N NH N (CH2) 2CN N,CH2 0* S Ir and WO
2006/105262 PCT/US20061011584 - 18 NH S,~ As used herein, the
term "Ci_3alkyl" includes straight chain and branched aIkyIP%r?Q/% 23006/811384

W@o@?ﬂﬁ?ﬁﬁ%ne to three carbon atoms, i.e., methyl, ethyl, n-propyl, an

isopropyl. "Halo" is defined herein as fluoro, chloro, bromo, and iodo.
"Cyano" is defined as -CN. "Triflubtomethyl" is defined to mean -CF3. 10
The abbreviation "Me" is methyl, i.e., -CH3. DNA-damaging agents that
ctivate cell.cycle checkpoints generally are referred to herein as
g&’hé&%’p&%fﬁ%’%ﬁ/sé%rs%p R FEm AR Syehte Mal Hctivite the
EReeRpaRitidesighite § GHRIM (T oPb uHte d b5 ¢shéck-ene’) Girelreferred to
hereir: as*€hkl activators.” Likewise, inhibitors of such checkpoints are

referred to herein as ‘checkpoint inhibitors” and "Chkl inhibitors,"
respectively. ,SA{IEC 3388 lgr%%r?,pr Chk %1 [ _ﬁo?sfl are 88ﬁpgﬁn§§t’.§5 that are
TLapabrEbF 4tI8sst parivaiig ablsyatid bt vienet areizalteyelkéheckpoint
activity cfthevChkl and thus induce at least partial cell

cycle arrest. Chkl activators include agentes 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
Gi, 5, and GZ 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 icn pairs by
interacting with matter. ZIonizing radiation includes x
and gamma rays, alpha and beta particles, neutrons and
charged nuclel. Radication includes ultraviolet 1ight,
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 activator.

"Inhibiting aberrant cell proliferation™ means

retarding the rate at which aberrantly proliferating

cells proliferate or eliminating such proliferation
altogether. This inhibition can result either from a
decreased rate of replicatiocn, an increased rate of cell
death, or both. Cell death can occur by any mechanism,

including apeptosis and mitotic catastrophe.
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protein. Abrogation of a cell cycle checkpoint is achieved when the
cellular checkpoint mechanism is overcome sufficiently to allow the cell to

- %§6§?9§965he I5 cell cycle phase in which it is halted to the fext:Rhass 154

the cell cycle or to allow the cell to pass directly to cell death. Abrogation
of a cell cycle checkpoint permﬂit§ ells to carry damaged or imperfect
genetic material to subsequent cell cycle phases, thereby 0 inducing or
promoting cell death. Cell death can occur WO 2006/105262
PCT/US2006/91d584: 1P hneanytaechanismonctuding apeptesisand
m'&t}g&iﬁ cl%tasggog:@ea. '!_:hg C]E)g] gg[ﬁ% of tpe invention are Chkl inhibitors.
ChKIACtVAtor Ineludes ity knowh oF afer= 5 Hi8&a%&red agent having the
FffRyIeractivate CAkiEnABe deiwityeandhussntueesatieast partial cell
cycle arrest. €hkl activatarsineludae agends capakie ofauestingshe cell

t any_ph of the cell cycle, which phase_ may be referred to
ﬁ%%?nga%?h%%;fggget?fgg \ase” for??hg't[;|1 é(szti\/eac%rcl)r.a rgfggtggﬁ%eg Tclude
%WBP%E%PE?BF@&H%@S ExcBAY nitdsisetashiy of @B s, and G2
Prages) Ghikkactivatoss usefutdiarthey inventicn inelydesDNA dampaging
2980s, a4ch as.chemolherapeulic.agents and(or tadiation. Radiation

ChI}gJI 15 activators include, but are not limited to, ionizing radiation.
RERIZTRG radfRiS indituesraict sAiRtEBr PartictI A rahat6h tipable
of protRieTg ien patisbgdintéeactingtiith matter. lonizing radiation
includes x anggamia raysralpha-anddetaparicleswpestrons and 20
.E%p aangg f Q sn %%J ele'xRta}:g {f%atéoeq in %%%%E é%qu I:‘-"? | %tnlég_mﬂe cell

cultures and biological samples such as fluid or tissue

samples from humans or animals. Such samples can be

obtained by methods well known in the art. Exemplary

 biological fiuid 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.

"Radiosgensitizer," 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 the range

Cof 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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visible light, infrared radiation, microwave radiation, and mixtures thereof.
Assays such as that described in Example 8 can be used to determine

agentis a Chkl activator. 25 "Inhibiting aberranf }j,rszo /011584
Wgr%%%?g%%" means retarding the rate at which aberrantly pI%TI erat(l}ng1 ?

~ cells proliferate or eliminating such proliferation altogether. This inhibition

can result either from a decreaseéd rate of replication, an increased rate of
cell 30 death, or both. Cell death can occur by any mechanism, including
apoptosis and mitotic catastrophe. WO 2006/105262 .
PCT/US2008/A 1538 5> PrIR MRy aberrafit ¢all protfaration® means
dAnhibifing wberrant celiqrotiferation prortalsTcurdesce, iptintrbitifg the
Hegurenee thareof"Inuivor maeans withina living suject £as 5 yithin an
animal or human. In this context, a entican be used therapeutically in
Sfive T8 FE & Br ERffinaEE Bljbjtgé"rattloen BFYB&FaHty replicating cells.
rilkeragents alsuicantieusetinmviye anaisrophyRictites Hrevent
ahgrrantgell groliferationer the-manifesiaiian k:of sysptoms associated

therewith. "Ex vivo" means outside,a living,s bi:ect. %ﬁ@@g&%ﬁq ggl(lvivo
gceéfaﬁ(%%g%tﬁ)snsr?r?c{ﬁ%%%céF 01[] ﬁregaél]?le bio#ggicaal 1Eéamples such as fluid
Rroisstie samples from humans or animals. Such samples can be 15

obtained by methpdssaet knovenin the aut- Exempiry biskegical fluid
Samples inelude higogl. gerebrospinal, fiuid Juring saliyaExamplary tissue
sst%:rﬂg!tisngl%g?mﬂﬁo{? }anodrbl?PIS)lgs' I‘?hg"%gg Qé%)f(:,t; :En%* rgg %ggt
includes not only racemic compounds, but optically active -
isomers as well. When a compound of structural formula
(I) or {II) is desired as a single enantiomer, it can be
obtained either by rescoliution of the final product or by
stereospecific synthesis from either isomerically pure
starting material or use of a chiral auxiliary reagent,
for example, see Z. Ma et al., Tetrahedron: Asymmetry,
8¢6), B83-888 (1997). Resclution of the final product,
an intermediate, or a starting material can be achieved
by any suitable method known in the art. Additionally,
in situations where tautomers of the compounds cof
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 oz
ﬁadiotherapeutic treatments.

' Prodrugs of compounds of structural formula
(I) or (II) also can be used as the compound in & 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,



10

i5

20

25

30

compounds can be in numerous applications, both 20 therapeutic and
experimental. "Radiosensitizer," as used herein, means a compound,

WS%%Q]?%%rgd to a human or other animal in a therapeutlcal ;]a H‘yfgml,m

amount 1o Increase the sensitivity of cells to electromagnetic radiation
and/or 25 to promote the treatment of diseases treatable with
electromagnetic radiation. "Radtattan-as used herein includes; but is not
limited to, radiation having wavelengths in the range of 10-20 to 100
meters. 30 The term "container" means any receptacle and closure
therefor stitable #6r Stotiitf shippifte: disperkesg, auersIiding a
pharmaceutical pradush MO 2006/105262-ReI4US2006/084584ns 21
MR Baskage Insel- Means inforpaliog, oal&:ﬁmegny"}g the product

that provides a description of how to administer t dict along with

%’fé‘%%?@t‘iﬁan@defflc&&’iﬁdﬁfé Rigdiredio Sow ﬁ%@%’ﬁ%han 5 pharmacist,
Bngicpatient tol hidike anrinformed-decision tegardingatide: of tee psodyict.

Jhe-pagkage ipset,generalivis kegarded asdhe Jahels for a.,

Ig)harmaceh utical product. The present invention includes all possible 10
S EUisSmHETs and yeometric’istriers of e E8nipodtas of trudiiral
Fermulal @) ofJ11)IPAGIGgresent invention includes not only racemic
compounds, bﬁ@@h&@ﬁy@@ti&/@e ims&a@&weanwla)@n Seempoung of

Stryctural formul is_des a sm nantlomer it can be 15
obtained E‘Itﬁ reso ut‘:l%‘ﬁ> of t Eﬁma %1}8 o? b 24

desired or necessary, can bhe modlfled to provide a
prodrug. Suitable prodrugs include, for example, acid
derivatives, such as amides and esters. It also is
appreciated by those skilled in the art that N-oxides can
be used 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 cor zwitterionic forms
of the compounds of structural formula (I}'or (I1).

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 alkall 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 fbrm

pharmaceutically acceptable salts include inorganic acids
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stereospecific synthesis from either isomerically pure starting material or

use of a chiral auxiliary reagent, for example, see Z. Ma at al.,

Tetrahedron: Asymmetry, 8(6), 683-888 (1997). Resolutlonpng }Pg flnﬁ%!“

Wsrgiﬁ]ﬂ@f’,siﬁ an intermediate, or a starting material can be achieved
suitable method known in the art. Additionally, in situations where

Yy a

~ tautomers of the compounds of stguctural formula (1) or (II) are possible,
the present invention is intended to include all tautomeric forms of 25 the
compounds. As demonstrated below, specific stereoisomers can exhibit
satlexoe phiotad aiblity ito, inhibiClkiihombiiatics witii€hemotherapeutic

o sadigtherapeutic frpatments: Reodwgs of compaundsof struictural

formula 30 (Q or (1) also can pe.used as the c%mrpound in a method
s%cc1nlc, malon ﬁnd C1 Ilf. . Nonlpmitl %ramp es5 oI
the present invention. It IS well'established that a prodrug approach,

of

sahereinta eonnsOnAd s Hcrvati-etEmid oa foRfsidtablETér foitndiation
:andfesadministrationh WO: 20061105262 BG BA)SR066M0HEES%: - 22 then

r d 35, p Vi | ientl
s&i%%%&érae%gﬂggee vivo, hias baen successiully. employedio dransiently

(e.g.,

hEgee IR BRIIRRFESTE EGCeBRERyn BRERBERUgS * ERBYRr, 5 Amsterdam;
16T ReB. Silvesanian, "HheyOxganic-Siweimistrye of Drug Design and Drug
Alion, Agademic Press.5an, Riege. chapter, 8461292% Ko drillgeen et

haI.,,Med. Rtes. Rev., 15, 83 (111995%21. C%an%u
e ohe 10" 6P MG fuctidmar oroups.
ngdsired or natessalry, can s rrodifietenmoviderate,

mesitylenesulfonate, naphthylenesulfonate, nicotinate, 2-

t

naphthalenesulfonate, oxalate, pamoate, pectinate,
persulfate, 3-phenylproprionate, picrate, pivalate,
proplonate, trichloroacetate, trifluoroacstate,
glutamate, bicarbonate, paratoluenesulfionate,
undecancate, lactate, citrate, tartrate, gluconate,
benzene sulphonate, and p-telusnesulphonate salts. In
addition, available amino groups present in the compounds
of the invention can be gquaternized with methyl., ethyl,
propyl, and butyvl chiorides, bromides, and iodides;
dimethyl, diethyl, dibuityl, 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 cf the present
invention appearing herelin 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:

ﬁ%%n%tioﬁafa%oups,’if '

5
n

nds of the xpres%ggtigvention

84
y

y) alter thé “physicochemical properties of the compound



prodrug. Suitable prodrugs include, for example, acid derivatives, such as

amides and esters, It also is appreciated by those skilled in the art that

N-oxides can 15 be used as a prodrug. Compounds of the invention can
WA s, Pharmaceutically acceptable salts of the corﬁsgﬁjﬁa@g? &
invention generally are preferred in the methods of the invention. As used
herein, the term "pharmaceuticalpy 20 acceptable salts” refers to salts or
zwitterionic forms of the compounds of structural formula (1) or (II). 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 25 acid having a sui@ ation. Suitable
pharmaceutically acceptable cations jitlude‘alkali metal (e.g., sodium or
potassium) and alkaline earth metal (e.g., £alcium or magnesium)
cations. In addition, the pharmaceutical cceptable salts of compounds
of structural formula (1) 30 a (Il) that coptain a basic center are acid

addition salts form { Heeutically acceptable acids. Examples
of acids which can he employed to fqg armaceutically acceptable
salts include inorganig&cids WO 200865262 PCT/LI52006/02.1584 - 23

such as hydrochloric, hydrobromic,.sulfuric, and phosphoric, and organic
acids such as oxalic,maleic,; succinic, malonic, and citric. Nonlimiting
examples of salts of compounds of the invention include, but are not 5
limited to, hydrochloride, hydrobromide, hydroiodide, sulfate, bisulfate,
2-hydroxyethansulfonate, phosphate, h?ygge/m phosphate, acetate,

N .

adipate, alginate,



aspartate, benzoate, butyrate, camphorate, camphorsulfonate, citrate,
digluconate, glycerolphsphate, 10 hemisulfate, heptanoate, hexanoate,
formate, succinate, malonate, fumarate, maleate, methanesulfonate,
W%é{gifﬁ%ﬁ&ulfonate, naphthylenesulfonate, nicotinate, 2- PCI/ESHI6/0TTES
naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate,
3-phenylproprionate, picrate, pivélate, 15 propionate, trichloroacetate,
trifluoroacetate, glutamate, bicarbonate, paratoluenesulfonate,
undécanoate, lactate, citrate, tartrate, gluconate, benzene sulphonate,
and p-toluenesulphonate salts. In add\?i@‘h,\ﬁ}giailable amino groups
present in the compounds 20 of the inventioh can be quaternized with
methyl, ethyl, propyl, and butyl chlori omides, and iodides;
dimethyl, diethyl, dibutyl, and diamyl sulfafes; decyl, lauryl, myristyl, and
steryl chlorides, bromides, and iodideg;-and benzyl and phenethyl
bromides. In light of 25 theflgoregging, any reference to compounds of the
present invention S g Kefei tended to include compounds of
structural formuf%ior?%ﬁ azEjell ag grmaceutically acceptable salts,
solvates, or prodrugsnthereof. 30 Nonlimiting examples of compounds of
the present invention are: WO 20061195262 PCT/US20061011584 - 24
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N OO0 HHNN /NH3CNS5IIIN or salts, solvates (e.g., hydrates), or
prodrugs thereof. The compounds of the present invention can be
therapeutically administered as the neat chemical, but it 5 iscpreferable to
ng%’fﬂﬁﬁé’t@ﬁhe compounds as a pharmaceutical compositio}ﬁ GfUS2006/011554
formulation. Thus, the present invention provides a pharmaceutical
composition comprising a compdlnd of the formula (1) or (11) together
with a pharmaceutically acceptable diluent or carrier 10 therefor. Also -
provided is a process of preparing a pharmaceutical composition
comprising admixing a compound of fot a”(’]}c&(ll) with a
pharmaceutically acceptable diluent or carfier theréfor. Accordingly, the
present invention further 15 provides pRermaceutical formulations
comprising a compound of structural fogmula (1) or (1), or a
pharmaceutically acceptable salt, prooirug, or solvate thereof, together
with one or more pharmageuticglly agceptable carriers and, optionally,
other therapeutic 20 /or proph ingredients. The carriers are
"acceptable” in the sepse of peing patible with the other ingredients
of the formutisffon afld not deleterious] to the recipient thereof. WO
2006/105262 PCT/US2006/011584 c1
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- 52 Compounds of the invention exhibit unexpectedly high potency.

Potency typically is expressed as the concentration of a compound
re(z)%l{nred_to achieve a certain result. The greater the potenc[yC T%eSS()(I}%sﬂsﬁM

w ﬁgﬂ?ﬁﬁzfequired to perform its intended function. in vitro potenzcy‘ 1
typically is expressed in terms of IC50 values and measured using a

- dose-response assay. IC50 valugg can be measured by contacting a
sensitive assay system with a compound of interest over a range of 10
concentrations, including concentrations at which no or minimal effect is
observed, through higher concentrations at which partial effect is
observed, to saturating concentrations igh @ maximum effect is
observed. Theoretically, such assays of the dpose-response effect of 15
inhibitor compounds can be described as a-sigmoidal curve expressing a
degree of inhibition as a function of concegtration when plotted on a log
scale. The curve also theoretically passgs through a point at which the
concentration is sufficignt toﬁedut{é actiyity of the 20 checkpoint enzyme
to a level that is 509 thatiof th\@/diffe f
enzyme activity observed in thg assa
the Inhibitory Cbficentftion at 50% inhiBition ?@50 value. 25 IC50
values can be determined using convertional4kigc¢hemical (acellular)
assay techniques or cell-based assay techniques well known to those of
lorthinmatyLskifl A tHé-arerAhcexampte bistictran absayr i picvitet-in
3{%@@&5{!@ Yl péow 36t Qé%§z§5§;@éﬂﬂjé§%‘?@ obtained by
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performing the relevant assay at least twice, with the IC50 value
expressed as the average (arithmetic mean, or "mean") of the individual
values obtained. More WO 2006/105262 PCT/11S2006/011584 - 53
Wﬁrg}{éﬁ/é?ﬁfffzthe assay is repeated from 3 to 10 (or more) tinfégf%f*ﬁ"ﬂqglss‘g
IC50 value expressed as the mean of the values obtained. Most
preferably, the assay is pt—:'rforr"hedtfa a number of times sulfficient to
generate a statistically 5 reliable mean IC50 value, using statistical
methods known to those of ordinary skill in the art. Compounds of the
invention exhibit unexpectedly low IC5¢Vva , corresponding to
unexpectedly high in vitro potency. Compounds of the 10 invention, when
assayed as described in Example 1 below;~exhibit IC50 values of less
than about 200 nM, in some embodimentg less than about 150 nM, in
other embodiments less th%n ab%ut 10Q nM, in others less than about 50
nM, in others less thag_abawt 10:6M, ald in others less than 15 about 5
nM. In other embo !m%{wcom 0k of the invention exhibit IC50
values from about to aloout 5 &ompounds of the invention
exhibit selectivity for fhibiting Chkl ovér oth&r protein kinases. ?0
Selectivity may be advantageous in redici verse side effects and/or
increasing therapeutic index. "Selectivity" is expressed herein as "fold
selectivity.” In general, fold selectivity, as.used herein, is the IC50 of a
test compound for a comparison ?5 ¢nzyme* divided by the IC50 of a
comparator enzyme. In particular, folg-selectivity for a Chkl inhibitor, as
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used herein, is the IC50 of a Chkl inhibitor (a test compound) for Chkl (the
comparison enzyme) divided by the IC50 for a comparator enzyme.
Comparator enzymes against 30 which compounds of the invention may

WEHSMULEGPAd include at least the following protein.kinases:}}éa@f‘z&f’ﬁ/@’;"84
CTAK, EphAl, EphA2, Erkl, FGFR1, FGFR4, IR, JNK1, c-Kit, p38alpha,
p38beta, p38delta, Ros, Rse, Rska, FrkA, TrkB, WO 2006/105262
PCI/US2006/011584 54 protein kinas A, protein kinas C, pp60v-src,
protein kinase B/Akt-1, p38MapK, p70S6K, calcium calniodulin-
dependent kinase I, and abi tyrosine kinase~Assays for determining 1C50
values for a test 5 compound against a cﬁmpaﬁi’tor enzyme are described
in.- Example 2 and are well known to thosé-qf erdinary skill in the art.
Compounds of the invention exhibit at least pbout 20-fold selectivity over
the aforementioned protein kinases testeg-1h some embodiments, Chkl
inhibitors of 10 the present invéntiof exhibit at least about 50-fold
selectivity, in other e Dctieprah Yegst about 75-fold selectivity, in other
embodiments at Ie;%cyl 105};@ @ ity in inhibiting Chki over the
aforementioned xproteinkinases tested. 35 Thercompounds of the
invention exhibit unexpectedly high potency in a cell-based assay. To
measure cell-based potency of a Chkl inhiibitor, an assay was developed
that allows one to measure the concentration of Chkl inhibitor required to
increase the 20 growth-inhibiting effects of a DNA damaging agent in a
cell-based model involving aberrantly pr{eﬁe\r@gh_ng cells. This measure of
cell-based potency. is expressed
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herein as an "ECTFS" value, where "ECTFS" is the Effective
Concentration of Chkl inhibitor that produces a Two-Fold 25 Sensitization

of a population of aberrantly proliferating cells to the groth-' ibiti ‘o,
nggg(&/si%]g%z DNA damaging agent. ECTFS is calculated to _(e_”ﬁ[ﬁ}g%&%11:,g4
concentration of Chkl inhibitor that reduces the amount of DNA damaging
agent required for 90% inhibitiorPéf tell growth by half. 30 Applicants have

found that the compounds of the invention exhibit unexpectedly low
ECTFS values, corresponding to unexpectedly high cell-based potency.
WO 2006/105262 PCT111S2006/011584 wAnother parameter that
may be measured is the the fold sensitizationlachieved at the LD50 (the
dose of compound alone that inhibits gr% of 50% of cells) for the Chkl
inhibitor compound. These two values, ECEFS and 5 fold sensitization at
the LD50, allow direct ranking of both thg potency and toxicity of Chkl
inhibitors with respect fo onganotﬁer. n example of an assay useful to
measure ECTFs valgies &y desgribedy mple 3 below. Briefly, this 10
assay uses HT29 huyma oIo;CgaE)rci ells as the population of
aberrantly prolifefating €ells, gemcitabing as the DNA damaging
agent/Chkl activator, and a compound gf the invention as the Chkl
inhibitor. The population of aberrantly pypliferating cells is cultured and
allowed 15 to grow in a suitable growth medium. Subsequently, the cells
are subjected to the DNA damaging agent over a range of
c€0Ree Bl atiosby After g predeterminecamount ok dimegthetdbhlredamaging
agent is remgyed, apdhecells 248 suiseted ta.3dmRkbphibitorguer a

range or . L. . .
therapeutically administered as the neat chemical, but it

is preferable to administer the compounds as a
pharmaceutical composition or formulation. Thus, the

present invention provides a pharmaceutical composition

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

with a pharmaceutically acceptable diluent or caxrier
therefor. Also provided is a process of preparing a
pharmaceutical composition comprising admixing a compound
of formula {I) or (II} with az 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 propnylactic 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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20 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 nhormalized against Chkl inhibitor alone as
WG48 then plotted on a log/log graph of DNA damagrrggﬁémﬁﬁ'%lsm

concentration vs. relative cell suryival (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 dahibitor for each,congentration Qb hkt 30 inhibitor used.
These data then are plotted on a graph of Chkl inhibitor concentration vs.

URSERBRSRTRYioH: T oRR WRIGh E NS L ateiatEd W 2006/105262
e RO ES2006/0116 82168 tReglera by EC TR8pvalugs e wbtametb by

aBeifayaing the-essay-atleast twige, withthe-ECHES valiiecexprassed as

the mean of the individual values obtained. More preferably, the assay is
e S 1590 1576 RSy Mtk i 11 L L e Shpreoned
Tgs tHe Are &8 BT fiYe VERIES bbfaihe BMBRE prefetBbREIRE a’8ay s
vpedesmeda neuBhet of livaag necessarydegenesaie s statisticglly reliable

vg&eaé‘s ECIF3y3lue. Y5ing statslical tefhods 5@8@’&&%‘05&%&”&””3’
skill in the art. 10 All compounds that were subject to an ECTFS assay

sgshfeld Ee TS VHgEe LIS WERE0 GV R508 iMP9R DBhtrast,
cetrueturaky simidar compdandsdhateane rprévioashtkmbwnexinbibECTFS

nYalugsiofalaut 11,000 1M+, 4B samefpbadinents -campaunds:ofthe
gre ent invention_15 J%%hibit ECTES valugs of less than about 500 nM, in
a 3 ve T

tHEH R Rhar abdit 300 AN, TR others less thAN about 280 nM,
concentraticens at which a maximum effect is observed.
Theoretically, such assays of the dose-response eifect of
inhibitor compounds can be described as a sigmoidal curve
expressing & degree of inhibition as & 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.

ICs; values can be determined using
conventicnal biochemical {acellular) assay technigues or
cell-based assay technigues well known to those of
ordinary skill in the art. An example of such an assay
is provided in Example 1 below.

pPreferably, ICs 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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in others less than about 150nM, in others less than about 100 nM, in
others less than abut 50 nN, in others less than about 30 nM, and in
others less than about 20 20 nM, or less than about 10 nM,&rm&@gmmm

WEAHSdiHEAts less than about 5 nM. Compounds and pharmaceu

compositions suitable for use in the present invention include those
wherein the active ingredient is-aéninistered in an 25 effective amount to
achieve its intended purpose. More specifically, a "therapeutically
effective amount” means an amount sufficient to treat an individual
PEFFETTR AN indieafivforis diRRAEfesthe” BRBtIRGSYMPtding TR
tipgégationt eterminatior of wethempestically eftective=30 anfountis well

Wihinthe.capaplity offhese skdlledin fhe.qit, %%BS%Z%ZM ndght ofdhe

. detalled disclosure provided herein. O 2006/10

PETPDTS2066/0TEs8 A 4 57 TR0 T TR ChRl iRHg EToally

mphidahiecuteal dompositions oktheis/earntion:dan bendbohmdkatedden
doclydesiolegicallyactivesagents,sugh ag- cytokines, lymphokines, growth
factors, other 5 hema opgigtighfactors, og,mixtur%si&%reof, to reduce

. C OUNeS o InVentlioll 'ex .
adverse side effects that ¢an arlserfrom, oOf be"associated with,

vagrihsistradorn élothel Bhamaategtical vormposidbncalone. AIternative'Iy,'

uskesibbielegivally: gistive agents mayehedncludeddeihespbarnaaceutical 10

i/%%ré‘ﬁ’%?gi%” ghLne Invention 1q pig EQ:%I??%&' esired, herapeutic effect.
djuvant biologically active agents useful in pharmaceutical compositions

el hventioli2 itddde fbif &fe Wi tindied o Z0RCBE, EM-TZE, TNF, IL-

embodiments less than about 150 nM, in other embodiments
less than about 100 nM, in others less than about 50 nM,
in others less than about 10 nM, and in others less than
about 9 nM. In other embodiments, the compounds of the

invention exhibit ICs 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.” In general, fold selectivity, as used
herein, is the IC;, 0of a test compound for a comparison
enzyvme divided by the ICs; of a comparator enzyme. In
particular, fold selectivity for a Chkl inhibitor, as
used herein, is the ICsy of a Chkl inhibitor {(a test
compound) for Chkl {the comparison enzyme) dividéd by the
ICy; for a comparator enzyme. Comparator enzymes against
which compounds of the invention may be measured include
at least the following protein kinases: Cdc2, Chk2,
CTAX, Ephal, EphZ2, Erkl, PGFRL1, PGFR4, IR, JNKl, c-Kit,
p3Balpha, p38beta, p38delta, Ros, Rse, Rsk2, TrkA, Trks,



1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 15 IL-11, IL-12, IL-13,
IL-14, IL-15, IL-16, IL-17, IL-18, IFN, TNF, G-CSF, Meg-CSF, GM-CSF,

t rombogzglzetln, stem cell factor, erythropoietin, ang|op0|et|]r)];(?rﬁ}ér[1I %9&9}91584

h

WRr%aqi’?%ng-Z, Ang-4, Ang-Y, and/or the human angiopoietin
polypeptide, vascular endothelial 20 growth factor (VEGF), angiogenin,

~ bone morphogenic protein-1 (BMR-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
sl phie dactyr, BiREF HeutiopificFacror® 05 ¢iligry REOE®DRIC factor
weseptorzoptpkine-indusad neutropbit chametastic-taciesdi in-

tokine-induced neutrophil.ch tactic.factqr.2, cytokine-induced

R et il 2oAn St el et factor, endothali
1, epidermal {F6RKA faBtord SorePitmeing-dérvetRhBEBEofPH attrhefdnt,
dibipblast grawitsfactotdhided ok Gin byt R £ Fekbctibed BnFGF 8b,

36 PG BGF IO FGEARIC, RGFRasie, Quék&ﬂdm&z%ﬂved
‘neutrophic factor receptor 1, glial WO 2006/105262 PCT/US2006/011584
”“-”5§h<?éI1"‘ﬁﬁe-d&‘ﬁ?&’&‘ﬁéﬁro‘i}%iﬁﬁcﬁ%’&b‘?& SxGigiwth 3614885 otein,
apovitharetdtetidprotént igroth retatedtiprotdin grewth. sekatedh protein,
]ﬁ%@% bindipga ip][dﬁrrgalngr@%ﬁb&@&%@t%p@&g@yt%mwm&goaf "
epatocyte growth factor receptar, insulin-li rowth factar |, insulin-like

e o TheahiHS iRt dhstiasRe growth
SactTBindig Proteiiieratinety’eniewit facos HetikettiaiAhibitsty

. dactar; leudkamia inhibitery éaciosIaeaptora Nera growsbutr 100-fold

selectivity in inhibiting Chkl over the aforementioned
protein kinases tested.

The compounds of the invention exhibit
unexpectedly high potency in a cell-based assay. To
measure celi-based potency of a Chkl inhibitor, an assay
wag developed that allows one to measure the
concentration of Chkl inhibitor required to increase the
growth-inhibiting effects of a DHA damaging agent in a
cell-based model involving aberrantly proliferating
cells. This measure of cell-based potency 1s expressed
herein as an “ECps” value, where “ECues” is the Effective
Concentration of Chkl inhibitor that produces a Two-Fold
Sensitizatidn of a population of aberrantly proliferatin
cells to the growth-inhibiting effects of a DNA damaging
agent. BCyps is calculated to be the concentration of

'~ Chkl inhibitor that reduces the amount of DNA damaging
agent regquired for 30% inhibition of cell growth by half.
Applicants have found that the compounds of the invention
exhibit unexpectedly low ECprs values, corresponding to

unexpectedly high cell-based potency.
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10 factor nerve growth factor receptor, neurotrophin-3, neurotrophin-4,
placenta growth factor, placenta growth factor 2, platelet-derived
endothelial cell growth factor, platelet derived growth facto -
Wgezrﬁl%%jﬂsé%wth factor A chain, platelet derived growth facto%%ﬁ?g%@mubm
platelet derived growth factor AB, platelet derived growth factor B chain,
platelet derived growth factor BE s platelet derived growth factor receptor,
platelet derived growth factor receptor, pre-B cell growth stimulating .
factor, stem cell factor, stem cell factor receptor, 20 transforming growth
factor (TGF), FGFIGFar 7SR L. ZhTGRY, PERS2TGRS, JateHtTGF 1,
%Ffem@li@g@gﬁ?ﬁiﬂa&am%mmrﬁeﬁa, T8z binding-peotein 111,
tumor necrasis factor. rec £ type |, tumor necrosis factqr, receptor type
RISt e et e S
growdi TdctbrhaRdt ehirferRoOPsteinS ant Bisfogieatyor iffrrman®idgically
aslvefagmenta thereafk The compouwidsef siveitrat fannmae £1) and
A&J%ﬁ"sag%ag@&gep%%legpgaH@%@dgg upifany, 3O, mpisties;, gt promote
a beneficial property (or mitigate an undesirable property) of the
FRBEINGS i HEnfEAbYFSF therapeutic use. Such conjugates can

enhance deligeresénthieecompourdss ky agpparticl| avanatemital&itesor
FRUIQILWQ 2Q006/105262 PeIAHS2006/@11534 -5 ofigteregtfe.g., a
%g?%) ’ue{r‘easb' TE%S%?&Q%Q tQ?ki%%‘?‘é%%céi%%%%”tégﬁ'%Qsa%ft e.compounds in
arget cells, er  pharmacokinetic and pharmacodynamic properties of
apBu Esimpouitds, 3sdorpTdvecthefther hpeutieshtiex GrEgsfdiyiBtprofile
£f the<compouadsy Siutableralndhiany maietiasor, and a compound
of the invention as the Chkl inhibitor. The population
of aberrantly proliferating cells is cultured and allowed
to grow im a suitable growth medium. Subseguently, the
cells are subjected to the DNA damaging agent over a
range of concentraticns. After a predetermined amount of
time, tThe DNA damaging agent is removed, and the cells
are subjected to a Chkl inhibitor over a range of
concentrations and for az 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 inhibitcr alone as control,
and then plotted on a log/log graph of DNA damaging agent
concentration vs. reiative cell survival (100% egualing
1.0). The fold sensitization is derived from the
difference between the amount of DNA damaging agent
reguired to achieve 20% 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 ECpps is calculated.
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include, for example, amino acids, oligopeptides, or polypeptides, e.g.,
antibodies such as monoclonal antibodies and other engineered

antibodies; and natural or synthetic ligands to receptors in tar%%tS zcoelfli%loqu "
' es

w?§?§§é1§g%§20ther suitable auxiliaries include fatty acid or Iigi% moie
that promote biodistribution and/og uptake of the compound by target cells
(see, e.g., Bradley et al., Clin. Cancer Res. 7:3229, 2001). Formulations
of the present invention can be 15 administered in a standard manner for
the treatmentiofe fag dndicated disenses, suehas ataly parenterally,
tréagtsmucosallé/hge. g subllr%g allgé)rtwa bucc% Tél$drtTHn|s,é£:atloqj)éligg|calIy,

ransdermally, rect%ﬁ/?}(/ig inhalation (6.9, nasal or deep Tthg inhalation).

SPPEFARErASaditnRIARIGH itélIBdeRIbYi #Abt HATiKES tebReENous,
Miraapeddk intsaperitaaeakl s subeatargeus datramuseulas, ndrathecal, and
intraarticular, f’q@mer&l adminisfration also can be acc lished using a
high?)ressurﬁe tech,nique?likewiS POWDE S%E%CS'Ie'k‘)%e Bogvﬂ(%rTgan S
Birarhfdei s 2 P “oxidike t EngiaRdR s ot adinffi¥trafion and for
rictatradinmistration, dlie tcomposimrs sanbe i teadormsofatablets or

0zenaes farmylated ipsanyeational Iannqle 30.50L gxamples fablefs and
ca&sules gggxgnonttglr{h%onve?tlongl excipients_such as binding agents (for
%%(arﬁSlsé, Syrup, acama,sgeelg iny SOrbtSH tr%’é%lcjanltﬁ, Wﬁcﬁﬁﬁe of starch,
or polyvinylpyrtali¢enePuiilitsrsthvad 20067108262RCTHUS2006/911584 60
dfor-example lastose;, suganunicrecrysiallineeallulose: 1000 nu.

In contrast, structurally similar compounds that are
previcusly known exhibit ECqrs values of about 11,000 nM.
In some embodiments, compounds of the present invention
exhibit ECqpe values of less than about 500 nM, in 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 n¥, or less than about 10 nM, or in other embodiments
less than about - nM.

Compounds and pharmaceutical compeositions
suitable for use in the present invention include those
wherein the active ingredient is administered in an
gffective amount to achieve its intended purpose. More
specifically, & "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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maize-starch, calcium phosphate, or sorbitol), lubricants (for example,
magnesium stearate, stearic acid, talc, polyethylene glycol or silica),
disinte%rants (for 5 example, potato starch or sodium starch ﬁ%g:l%}}?)m?ésa;
gzg%nts (for example, sodium lauryl sulfate). The tablets canBe -
coated according to methods well known in the art. Alternatively,
compounds of the present 10 inveiition can be incorporated into oral
liquid preparations such as aqueous or oily suspensions, solutions,
emulsions, syrups, or. elixirs, for example. Moreover, formulations
containing theSt E8fhipodRdS TaBeCPldsémetbas e ery product for
pbagtitientwith watewors 15iether stitade Mehialeibefareruse: Such liquid
prepRIalions GaN eReiaiR.CcoRventionat additives, for, example suspending
agen}{si SéJCh 3s sorbitol syrup, methyl cellulose, glucose/sugar syrup,
GeItA "Rydrox RSt TosE FRVEFOSRTORY inetiyiEaliulose, 20
barseaprétiicelfigoser aluminaarstemateystearid hydregenated edible
fafseepwlisifyingeagents suth asalecithine serhitan gropgoleate, or acacia;
vehicles (which,can include edible gils), such as almond oil,
%%%ﬁgﬁ‘g{%%éc&%m%l , %)ﬁi/sécsﬁae%éf) Br(%:y%%g agf)%r(‘:aocffeﬁﬁac&hyl alcohol;
SAEROrESE FAtIFES i Such st TR B idrops i pehbdrosaieriddate and
sothiceaciderRreparatioasialsbuemd binfarmaulaied-asshppesiiories, e.g.,
contRining cANyentignal SUDROSIOTY bases, UCh as.6qcoa butter or other

lycerides. 30 Com%ositions for inhalation typically can be provided in the

PR B SOMUtio: SispertSionY BF erafSiGA 1FaL Ldn 265 ddmivisiéred as a

ey howder shrtreform oflamonpositions of the invention

include, but are not limited to, M~CSF, GM-CEF, TNF, IL-
i, 1n-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,
IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL~18,
IFN, TNF, G-CBF, Meg-CSF, GM~-CSF, thrombopoietin, stem
cell factor, erythropoietin, angiopoietins, including
Ang~1, Ang-Z, Ang-4, Ang-Y, and/or the human
angiopoietin-ilike polypeptide, vascular endothelial
growth factor (VEGF), angiogenin, bone morphogenic
protein-1 (BMP-1), BMP-2, BMP-3, BMP-4, BMP-5, BMP-G,
BMP-7, BMP-8, BMP-8, BMP-10, BMP-1l, BMP-12, BMP~13, BMP-
14, BMP-13, 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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WCs 2006/105262 PCT/US20061011584 - 61 aerosol using a
conventional propellant, such as dichlorodifluoromethane or
AP oM L1 L
creams, ointments, lotions, and pastes, or are in the form of a medicated
plaster, patch, or membrane. Addiionally, compositions of the present
invention can be formulated for administration by injection or continuous
infusion. Formulations for 10 injection can be in the form of suspensions,

<&5thtibnE S SHEMUTE oREIRGIRPOF atffédtds TERTHES *aAd cah ¥britain
rforengdtion eigeints, suchtds sadpeadingpstabilizipgovand/ardispatsing
pRgents, Alteraativeb, theactive,dogredignt.can, bg;inpowder form for

cQ stitutign ng&l% suitable vehicle (e.qg., sterile, pyrogen-free water)

*BafbiE e, I ROMpoSTioRT of tRBIFRSENT ifvaition H§5°dan be
horpfgaieeeas zedepof préparatoersech lorgu btingiformulations can be
radgynisterechiby implantadion-30Horexasples subestanequsly of -
intram rly) ar hy Jintramuscular jnjection. Accardingly, the .
I%an?o%ér%és@o %ﬁ%ﬁ%ggfioﬁncsélr? JE)I(I-:-"floir*ﬁ!i"u Ated %thggﬁ%%éetgﬁ“&%ﬁgric
PrRfteHER (852 WARTYSSIUBTS Fely TSy Ry diGlienic makiibisay., an
fepusionlisw&rece eptablei by, ol 25 exchatgetresinseeraparngiyh
raQiuble dervatyes (6.0 s -2 Sparinglysluble, salt), Lot vetgrigary use, a

mpound of formula (1) or (Il), or a pharmaceutically acceptable salt,

(o]0 ( ) -
PRSP0 BofvatB tREFEST i€ BeliihidaTEa s RIGRREG 9rowth

factor 2, platelet-derived endothelizl cell growth
factor, platelet derived growth factor, platelet derived
growth factor A chain, platelet derived growth factor AR,
platelet derived growth factor AB, platelet deriwved
growth factor B chain, platelet derived growth factor BB,
platelet derived growth factor receptor, platelet derived
growth factor receptor, pre-B cell growth stimulating
factor, stem celil factor, stem cell factor receptor,'
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 ITI, tumor
necrosis factor receptor tyvpe I, tumor necrosis factor
receptor type II, urckinase-~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 anatomiczl site or region
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30 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 anm}%,r)t%g

WIrikr1tE562 PCT/US2006/011584 - 62 Animals treatable by the present

compounds and methods include, but are not limited to, pets, livestock,
show animals, and zoo specimei$. SYNTHETIC METHODS 5 The
compounds of the present invention can be prepared by the following -
synthetic schemes. First, the alkoxyarylamines used to prepare the Chkl

GhhiBHeTE 2 deséfibd-hEretieah! be Prepuied B aiffsiént SPSimthetic
sehemesakdsexardple; <CenagalBese e ﬁa]z@sunmsmizes'atheateactiqn of

& Ditraphenalwith an activated form. of an alcghol.fprmedin gitu or

prepared and isolated independenitly, to provide a nitrophenyl ether

FBRRICEIR e R ON o TR Sif e r T &P SRAREH T Cotitfifion S prédibet¥an
raryfdmmnethatis usegtepieducéuds axdenipound. of therfrivatriten.
iGenssl Seiems - RFL0.R@Ry QpND, QaN OHZN Q2 R &:
Alternativial : re%c*tio.n 01; gtq%lg Jggbgné]enae witgnaré g;}cact) ol in the
p&,’lé%%:ﬁ%‘(é 0] g’stroﬁg base, such as so?:hum Edthyc?rl(]:ie orpotassium
aislirinsathy Syl arhithe #56 Hfforaschivmarybetres, asdlastkaresiin
Jeeperah Schemegantibese etheepthen are reduged asindicated in
é%gggégtscagggilsuitable auxiliaries include fatty acid
or lipid moieties that promote biodistribution and/or
uptake of the compound by targst cells (see, e.g.,
Bradley et al., Clin. Cancer Res. T:322%, 2001).

Formulations of the present invention can be
administered in a standard manner for the treatment of
the indicated diseases, such as crally, parenterally,
transmucosally {(e.g., sublingually or wvia buccal
administration), topically, transdermally, rectally, via
inhalation {(e.g., nasal or deep lung inhalation).
Parenteral administration includes, but is not limited to
intravenous, intraarterial, intreperitoneal,
subcutaneocus, intramuscular, intréthecal, and
intraarticular. Parenteral administration also can be
accomplished using a high pressure technigue, like
POWDERJECT™ (Powderject Pharmaceuticals, Plc, Oxford,
England; . ' ‘

For oral administration and for buccal
administration, ithe 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, scrbitol, tragacanth,

mucilage of starch, or polyvinylpyrrolidone), fillers
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WO 2006/105262 PCT/11S2006/011584 63 General Scheme 2 X O'R'
02N 02N O R R Conversion of an arylamine to a urea can be achieved
by one of several synthetic schemes. For 5 example, an arylami n
WILHIE R a pyrazine carbamate to yield a urea as iIIustr’é?épc;}Ll g@%ﬁﬁ%ﬁ
Scheme 3. General Scheme 3 HH H O.R" ~N~NO + HZN NVvN~,N "N O Il
I~~NOf- RR 10 Alternativelys@s-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
(desirecampds GénetalSchemegad O QiR Add RLALHEZN N-aLMNSSE X 'TA

ma?l_zwtﬁﬁtﬁ é@%@%ﬁ_@ﬂ&@%ﬁi@lgsz{l@t%%mﬁgﬁ}ﬂalz%mﬁrlmnés ;
utllizes p osgene orap OSgene egulivalent to coupie two amines an
iR TN, O SR oL J P LT USB6880 EEaE ot

polyethylene glycol or silica), disintegrants (for
example, potato starch or sodium starch glycolate), or
wetting agents (for example, sodium lauryl sulfate). The
tablets can be coated according to methods well known in
the art.

Alternatively, compounds of the present
invention can be‘incorporated into oral liguid
preparations such as agueocus or olly suspensions,
solutions, emulsions, syrups, or elixirs, for example.
Moreover, formulatioms containing these compounds can be
presented as a dry product for constitution with water or

other suitable vehicle before use. Such liguid

preparations can contain conventional additives, for

. example suspending agents, such as sorbitel syrup, methyl

cellulese, gluccse/sugar syrup, gelatin,
hydroxyethylecellulose, hydroxypropylmethylcellulose,
carb0xymethylcellulose, aluminum stearate gel, and
hydrogenated edible fats; emulsifying agenﬁs, such as
lecithin, sorbitan monooleate, or acacia; nonagueous
vehicles {(which can include edible oils), such as almond
0il, fractionated coconut oil, c¢ily esters, propylene
glycel, and ethyl alcohol; and preservatives, such as
methyl or propyl p-hydroxybenzoate and sorbic acid.
Preparations also can be fcrmulated 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 scliution, suspension} or emulsion that can

be administered as a dry powder or in the form of an
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- 64 General Scheme 5 O0'R'H 11 O'R' IINYtNHZHZN\NNNN RR
Abbreviations used in the syntheses described herein are: h (h), min
m|n ound per square inch 5 (psi), saturated (sat'd), Wat

%‘6 (ﬁ?DI) isopropyl alcohol (iPrOH), platinum on carbonjr?é% 6011584
nitrogen (N2), hydrogen (H2), palladium on carbon (Pd/C), platinum oxide
(Pt20), magnesium sulfate (MgSQ4), _hydrochloric acid (HC1), diisopropyl
azodicarboxylate 10 (DEAD), methylene chloride (CH2C12), chloroform
(CHC13), methanol (MeOH), ammonium hydroxide (NH4OH),
detrabydrafsiag (I HiohNrpetndpyrolisone-(NVIRu acedie acid (AcOH),

%“b Qg'%g OHLGORGIEIONG. elhanoL By dimalo sulfoxide

euterate |met 1 sulfoxide 15 (d6- DMSO), sodium carbonate
(Na2C03), delrerated E&ﬁo%%?ﬁ?fé%ﬁf?%&ﬁ%ﬁ?&rsaﬁa@% j
cﬁbh&%@@ﬁ)nsmdmehyﬂrmke (Nakpe s (TEA)ctesiumwatbenateye

%Qo%egﬁ@bor&ﬂa%&%m%%@IU%@ygg%gg (R&U(QH)R); psulfuric
%H2804 nitric acid (HNQO3), sodium chjoride 20 (NaCl), sodium

%%‘Ffa é”(Na‘?%dﬁ‘%ﬁ&%ﬁ?etﬁ%ﬁSﬁ%‘am%%tTBM Ey. 5‘%‘5’&% Bh of
Compounds Eheifollowihgycornpoperistébtie pfedant treseivh were

HepadHsng the general %Q&Wf%% 2&srlisslonad abovesAdditional
com %unds of the ljgvention cap be pr epag,ed using the abé)ve general
J_n 2 Ous 1n usn.

oImu i1ors
emes, an
1njectlon can be in the form of suspensions, solutions,

or emulsions in o¢ily or agueous vehicles, and can contain
formulation agents, such as suspending, stabilizing,
and/or dispersing agents. Alternatively, the active
ingredient can be in powder form for constitution with a
suitable vehicle (e.g., sterile, pyrogen-free water)
before use.

A composition cf the present invention alsc
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 acceptabie oil), ion
exchange resins, or sparingly soluble derivatives (e.g.,
& sparingly soluble salt).

For veterinary use, a compound of formula (I)
or {II), or a pharmaceutically acceptable salt, prodrug,
or soplvate thereof, is administered as z sultably
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.
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following specific syntheses, by a judicious selection of starting materials.
WO 2006/105262 PCT/1752006/011584 - 65 Compound 1 ~NH Y O O
-NY/N SC% 1-[5-Chloro-2-S-([1,4]oxazepan-2-ylmethoxy)- ph&){%zon
Wr(r)ie?ﬁﬁ I]?o;%razlzm 2-yl)-urea 5 Step 1: 2-Amino-5- methylpyrazme
Aminomalononitrile p-toluenesulfonate salt (20.0 g, 79 mmol) and
pyruvaldehyde 1-oxime (6.88 g, 73 mmol) were combined in a flask.
iPrOH (140 mL) was added, and the resulting yellow slurry was allowed
to stir at room 10 temperature for 18 h, during which time a yellow
preeitate scctrbllated. Tie mixtaetwasditeredsanddthesptesipitate was
1ashed WIRPIOH Qo SARILAND! H20 (200 then Iygplylized to

give 2 -amino- 3 -cyano- 5 methypyrazme N-oxide (20.7 g) 15 The -
WIS N2GLidE W aSRaEPERded 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 gbgese 2 atke@:gskfor 18 h. The reaction was
quenched with 25% NaOH (34 mL) and purged with N2 for 30 20 min.
The mixture was fﬁtﬁ{]sguﬁt!{QUQP ahed, ok wet. celitg.and yaghedyath

NeOH (4 x 100 mL) he filtrate was concentrated in vacuo to a quarter
Rﬁﬁﬁﬁﬁ?%?ﬁ; following synthetic schemes. First, th

7011584

alkexyarvlamines used to prepare the Chkl inhibitors
described herein can be prepared by different general
synthetic schemes. For example, General Scheme 1
summarizes the reaction of a nitrophencl with an
activated form of an alcohol, formed in situ or prepared
and isolated independently, to provide a nitrophenyl
gther product. Reduction of the ether under standard
conditions provides an aryvlamine that is used to produce

a compound of the invention.

General Scheme 1

Alternatively, reaction of a halo nitrobesnzene with an
zlcohol in the presence of a strong base, such as sodium
hydride or potassium bis(trimethylsilyl)amide, also
affords nitroaryl ethers, as i1llustrated in Genersl
Scheme 2. These ethers then are reduced as indicated in

General Schems 1.
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filtrate was diluted with EtOAc (150 mL) and washed with 5% NaOH (30
mL) and back extracted with EtOAc (2 x 70 25 mL). The organic layers
were combined and washed with sat'd NaCl (20 mL), filter gz -
WEoheEhtratad in vacuo to give an orange sticky solid (5.16%%'@? 006/011584
2006/105262 PC /U82006/01l5%% - 66 Step 2:
(5-Methylpyrazin-2-yl)carbamic ac¢id phenyl ester.
2-Amino-5-methylpyrazine (5.16 g, 47 mmol) was dissolved in CH2C12
cdRd. k), stisred apd cooled to 4C under N2. To this, pyridine (4.8 mL, 59
mmol) was added 5 followed by phenyl chloroformate (6.2 mL, 59 mmol),
dropwise, over 15 min, gausing a precipitate tQ form. The mixture was
stirred at OC for 1 ,nThen the reaction wag guenched with 0.25 M HC1
(40 mL) and anhydro ther t56-mt»), and @ at 0C, for 30 min. 10
The precipitate was igged by filtration, Wa with DI H20 (20 mL)
and ether (2 x 25 mL), and dried under_vacuum to give t roduct (7.4 g)
as a white fﬁfﬁ{}"ﬁéﬁv%be“r. Step 3. (3)- I-nl-ll_%rgfyn%e}%%g[l ) gx%%epaneA-
agisiextdilic Add WrtARTET 25X L 250FREFBRMd  Hoftdm flask were
=2laeTe(S)=0t)abenayiglycichd ethere£4t3H gy it8 namuot)8zberzylamino
caggom!go{&lg-gaé-% M) a0d 10,0l ELQH. The;pixtuize was heated
to 40C for 15 h. The reaction was cooled and concentrated in vacuo 20
Sehihe’resulting oily product was used without further purification. The
diol was placed in a 250 mL round bottom flask and dissolved in 75 mL
caby AyTidingekie asolution was cooled to OC and toluene sulfonyl chloride
(5.27 g, 27.7 mmol) was added in one portion. The

N_R_O HNOR N}Iﬁﬁoﬁ
-~ 2 y t
L3E0 - — O
R

Blternatively, 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' -Ri
N Hat L M D
2
f j)LNS + —— 1 ir b
N7 z 0
N
R R

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

arylamines and provide a urea.



25 mixture was stirred for 6 h, carefully maintaining the reaction
temperature at OC. The cold reaction was quenched with 50 mL sat'd
%ueous NaHCO3 solution. An additional 20 mL of water was }{:’tdde 1 an QI
NGKICAE was extracted three times with 100 mL portions Lo ERRY 1=
The 30 combined organics were dried over Na2S0O4 and concentrated in
vacuo. The alcohol then was purifiéd-by column chromatography using a
25-50% gradient of EtOAc and WO 2006/105262 PCT/US2006/011584. -
67 hexanes as the eluent. This yielded 1.39 g of tosyl alcohol as a yellow
PR aICERTPHaS dissolved in 50 mL DMF and cooled to OC. To the
cold, stirred mixture was 5 carefully added 95% wt. NaH (0.29 g, 11.5
mmol). The reaction was stirfed at OC for 15 min, the aI lowgdto slowly
warm mp erafiaferar o stirred 6 h. Jt refully
quendi@; ith 50 mL of W and extracted th;cﬁqv me‘a W 0 mL
portions of EtOAc. The 10 cmelned organics were dried over Na2S04
and concentratetssides ¥yasuusddl he aftiesprachict a¥as akan ugdn

Jacd a Parrh enation appara Also, added to the
solu t|5§r‘|n§/reé?e lg% %}v)t'PIg:/[é ()(()HR% 858 G?npr%% %:1%1%? 2M H& (2.1 mL).

‘i hydFGERATGH Was tufat Bt?b%ﬁdﬁi@ 2 d%ﬁrs%&\mf?chf B&int the
feactiopwias tesmeéd tort®iione layt LEM Scanalysisl e sdtution was

Deutilizedwith sakd-agusous NaHESQ3 solution and.extagted,using a

3:1 mlxturgquf Ce:H013 iPrOH. The ,combined organics were concentrated
R e VR Snd heCeruds BPSAGEF WA tRER J0°3R %0 the next step.
IHite ertide Bitinerak ot Was didselvednni1Ggodicarboxylate

{DIAD), methylene chloride {CHxCl,), chloroform (CHCL1:),
methanoel {MeOH}, ammonium hydroxide (NH,CH),
tetrahydrofuran {THF), N-methylpyrrolidone (NMP), acetic
acid {AcOH)}, NaOE {NaOH), EtQAc (EtOAc), ethancl (E:OH),
dimethyl sulfoxide (DMSO), deuterated dimethyl sulfoxide
{dg~DMSC), sodium carbonate {(Na.C0s;), deuterated
chloroform (CDCl;), sodium bicarbonate (NaBHCC;), sodium
hydride (NaH}, TEA (TEAR}, cesium carbonate (CS.C05),
carbon dioxide (CCp), palladium hydroxide {Pd(0H).),
sulfuric acid {H;804), nitric acid (HNC:;), sodium chloride
{NaCl), sodium sulfate (Na.30;}, and dimethylformamide
{DME') .

Preparation of Compounds

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

starting materials.
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mL dry CH2C12. To this solution were added TEA (1.59 mL, 11.5 mmol)
and di-tert-butyl Bicarbonate (5.74 g, 5.74 mmol). The solution was stirred
tr temperature for as 18 h, then quenched with sat'd c

Wﬁlgﬁ% Jszglution and extracted three times using 50 mL p%%gﬁsgﬁg?/m:m
CH2C12. The combined organics were dried over Na2SO4 and
concentrated in vacuo. The product was purified by column
chromatography using a 25-50% gradient of 30 EtOAc/hexanes. This

j 3.240 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 WO 2006/105262 PCT/US2006/01 - 68 butyl ester. To a 50 mL
round bottom were added oxazapane élco (0.240 g, 1.03 mmol), TEA
(0.21 mL, 1.545 mmol), and 10 mL dr 2C12. The solution was
cooled to 0C and methane sulfonyl chlg e (0.10 mL) was 5 added
dropwise. The mixture wag sti@edﬁor 1i5 h at 0C and then quenched,
cold, with water. Thezlgﬁrs erdl segarated and the aqueous layer was

kr

extracted once with H2@12. combined organics were dried
over Na2S04 and concentrated underlyacuum. The crude mesylate 10

then was dissqlved:in.5 mL dry DMF. To.this solution was added Cs2CO3
BT T OeTrndl s T ENORE D A APSHERGY Oy 1 2 o
e RRYBrightryEiensolbtionr #ien was heated to 100C overnight. The

reaction wasstepled torenm terperature, muenched with 50 mL of water,

Aﬁ?%%ﬂ'{@ﬁ&%iﬁ? u%%%@sﬁgfQ}yaFE%”iQthOfé%Qé\Cg Thg product

was purified by flash chromatography using a 10-350 gradient of
TERO AT AHES I S¥GTenc8 o Eteps- 88 9. 75 mmol) were

combined in a flask. iPrOH (140 mlL} was added, and the
resulting vellow slurry was allowed to stir at room
temperature for 18 h, during which time a yellow
precipitate accumuiated. The mixture was filtered. and
the precipitate was washed with iPrOH (2 x 50 mL) and DI
H:0 (20 mi), then lyophilized to give Z2-aminc-3-cyano-5-
methypyrazine N-oxide (10.7 g). '

The pyrazine N-oxide was suspended in MeQOH (22
ml) and AcOH (5 mlL}. To this, 5% PL/C (1.6 g} and Darco
?B-B {8 gj were carefully added. The mixture was allowed
to absorb H: at 60 psi for 18 h. The reaction was
guenched with 25% NaCH (34 mL) and purged with N, for 30
min. The mixture was filtered through a bed of wet
celite and washed with MeOH (4 ® 100 mL). The filtrate
was concentrated in vacuwo to a guarter volume. The
filtrate was diluted with EtOAc {150 ml) and washed with
5% NaOH (30 mL) and back extracted with BEifOAc (2 x 70
mL}. The organic layers were combined and washed with
sat'd NaCl (20 mL), filtered, and concentrated in vacuc

to give an orange sticky solid (5.16 g).
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(2]

30

yielded 0.120 g of the nitrophenyl oxazapane as a bright yellow oil. 20
Step 5: 1-[5-Chloro-2-([1,4]oxazepan-2-(S)-

m%y)}c‘)}x%/‘)zphenyl] -3-(5-methyl-pyrazin-2-yl)-urea. In a 25 r(’% ?HM%GH"&S‘F

Whottom Were placed nitrophenyl oxazapane (0.120 g, 0.31 mmo
Pt20 (0.007 g, 0.03 mmol) in 5 mL MeOH. A helium balloon was
attached, the flask was ?5 evacuated using an aspirator, and backfilled
with H2 three times, then allowed to stir under H2 for 2 h. The reaction
was filtered through celite, washing the celite pad twice with 20 mL
portions of MEGH. The $olufornway woriceriratedonnraouo: Hre-drude

@Eﬁ@@ov%&ekssoI@e%wn@-?méefyd%@%&nzo @Biieolgltiob@weaeﬁﬂged
0 metny razin-Z-yl)caroamic gagcl
Ir)fd&o Br% o|)6r Shhe ‘9 ‘Ht‘3§L

eny esct)er hIS m|x re WaS S |rre room
yeaAsFerdture Whé@dveﬁwﬁa%lwo 2066105262 IP@'HUS@@O@MM -
69 1emeyesuRden yacyHm antbihe tesidacowas regisselvad jn 10 mL

Qi and asherlwiiysatd auepus NG sqlufign. The organics

were dried over Na2SO4 ‘an concentrate a uced pressure. The
TRy TErO R Pe diditieS5 WWag Lot rEdh w3 P cHBee 5§ to this was
rdded drmiz sonoenttate d-ttiflucroasaticracid. (WponLadditiaon of acid all

Salidsdssoac .The fegelionwas stirted at feogeclenperajyre,ior 4 h at
which time sat'd agueous NaHCOQ3 solution is added until solution

TR PRE T B TRe 0 mixtilia-Ras dxtratted tired i@ Fith 1oL
Ddoifishs(ef aB}1 mikt@iteef CHCAFP OB Thedoinbitedorganics were

vhenglried ayerdNadesQhanskeoncentraied undenaaiumaEge off white

soli cgs then were trituated in EtOAc and
powde

Step 3: (5)-2-Hydroxymethvi-{1,4])oxazepane-4~
carboxvlic acid tert-butyl ester. To a 250 mL round
bottom flask were added (8)-(+)~-benzyl glycidyl ether,
{1.31 g, 7.8 mmol}, 3~benzylamino-propan-I-ol (1.3 g, 7.8
mmel}) and 10 mL EtOH. The mixture was heated to 40°C for
15 h. The reaction was cooled and concentrated in wvacuo
and the resulting oily product was used without Ffurther
purification. The diol was placed in a 250\mL round
bottom flask and dissclved in 75 mL dry pyridine. The
sclution was cooled te 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 coid reaction was
guenched with 50 mL sat'd agueous NaHCO; sclution. An
additional 20 mlL of water was added and the mixture was
extracted three times with 100 mL portions of EtOAc. The
combined organics were dried over Na,SC; and concentrated
in vacuo. The alcohol then was purified by column

chromatography using a 25-50% gradient of EtOAc and



LY
[§4]

filtered through a medium fritted filter, washing with 50 15 mL of EtOAc.
The white solid was thoroughly dried under vacuum. This sequence

ielded 0.020 g of the desired urea as a fine white powder, 1H-NMR (3

Wél%???/&%i?ﬁ\/ISO) S 10.83 (br s, 1H), 8.39 (dd, IH), 8.18 (s, E%EE’ @%4' '?’é?%%*
[H), 6.99 (dd, 1H), 6.82 (d, iH), 4.25-3.98 (m, 2H), 20 3.90-3.76 (m, 1H),
3.38 (d, 1H), 3.13-3.06 (m, 2H), ;00 (dd, 1H), 2.54 (s, 3H), 2.06-1.89 (m,
3H). LCMS (ES, positive) m/e 392.3 (M+l). Compound 2 5NH HH " NYN
N: Cl as 1-[5-Chloro-2-(R-morpholin-3-ylmethoxy)-phenyl}-3-(5-

nhdnetad-pysazite 2eyhetiea WD 2006/4 0526 2L PEST ) SZ0064411584 - 70

o Stggojl: :%—ghédrgg%/m%tryjl_ﬁ-morpholine -4- carboxylic acid tert-butyl ester.
llco a cooled (0 atrga;solution of morphaline-3-R-4-dicarboxylic acid
4-tert- butyl BREeAEBRFY, #2D MRdftircdry THE (B0 rR'L) 48 5 added

chsraget4. 76anL oblihsokutioh i THE 4, 26irtmod drepwise over 15 min

Ul A Yitrogen agmosphergaAfter. stirdngfor 4 haihie bathrwas removed
and stirring continued, for ara,%d(%itiloniaé 3 Qnat %mbrilerétltfm‘io%ractgre.

T RSBl A3 ThESE TV dquedtrs SoICHaH, 143 mmol) 10 then was

s boidiad. wirer StrrirplorcBpTe BulgtioRvaS LagatafizBd byrie addition of

r EXCESSRaHeoUs saturated gaeditnadicathosatenDichleroneethane (20 mL)

ex:%%ggggdthree times with 50 mbL portions of EtOAc. The
combined organics were dried over NEESOQ and concentrated
under vacuum. The crude product was taken up in EtOH and
placed in a Parr hydrdgenation apparatus. Also added to
the sclution were 10% wt. P4/C (0.426 g, 0.30 mmol) and
2M HCI1 (2.1 mi). The hydrogenation was run at 30 psi for
2 days at which point the reaction was deemed to be done
by LCMS analysis. The solution was neutralized with
sat'd agueous NaHCO; solution and extracted using a 3:1
mixture of CHCLls:iPrOH. The combined organics were
concentrated under vacuum and the crude product was taken
on to the next step.

The crude amino alcohol was dissolved in 100
mL dry CH;Cl;. To this solution were added TEA (1.59 mkL,
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 gquenched with sat'd agqueous NaHCO; sclution
and extracted three times using 50 mL portions of CHyCl:.
The combined organics were dried over Ha;S0; 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: {8)-2-(4-Chloro-2-nitro-

phenoxymethyl)-[1, 4] oxazepane-4-carboxylic acid tert-
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and the solution was stirred for 15 min, then the layers were separated.
The aqueous layer was extracted with 15 CH2C12 (3 x 20 mL), and the
combined organic layers were dried (MgS0O4), and filtered._The filtered
WEtlittoH3#s concentrated to a. white solid (0.46 g). Step pPCTIUSZ006/M11584
3-(4-Chloro-2-nitro-phenoxymethyl)-R- morpholine-4-carboxylic acid
tert-butyl ester. To a 20 cooled-(@8BGC 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
bR (40l waktadded FotasSiiifl Brs(tametRyRIlFPaRTde (2.4 mL of

cQMsohatian deridF ( £521.@ mmol)adrapwise, ovarlFonmnunder a

1aipgen. Almosaliens, afternsringan addiignal 131, agueous
saturated ammonium chlori

1 € (10 mL3 was added and the bath removed
o ARSW tRelSEIGISh 15 WiER t6 HnhBRt TarhpetSfur’ A r Bhtrifg or 1
ahagt waterlsemL)MeantEhREC 12 {16 mhtyevertoadded andastirédd for 5

=Min and, thedayers wetgseparatad, The-aquegus jayer wag.extracted
with CH2C12 (2 x 10 mL) and the combined organic Iagers were_ dried

S BRIBEDYT aABtitdR S THE HiRe &Y SO 280805565 P ET 828087011584
20 741 sOHuTdR - waSheorcerrttard] - aayElsw iz, 26 igcthatavas purified

nRYyseqluma cyematagaphyplutinguithunexanes/EtAs (kdsjeaftord a
tg It ﬁealgovglions %%egg%); g%ntfpd& DMF. To is solution was

%&_ finG-4-c oro-p enoxymetﬁ}l -R- morphgllljne-4-car oxyﬂlc acid
aEsHRBUBAESter OFG & Hirredt 861 of 32¢-ERRGbRIHif ~Ltro-
pi-phenoxymethyl)-R- mosphaline-4reasb exylichacigeterbhutyb esterof0. 17
tHen was heated to 100°C overnight. 'The reaction was
cooled to room temperature, guenched with 50 mbL of water,
and extracted three times with 50 mlL portions of EtOAc.
The product was purified by flash chromatography using a
10~35%% gradient of EtOAc/hexanes. This sequence of steps
yvielded 0.120 g of the nitrophenyl oxazapane as a bright
vellow oil.

Step 5: 1I-{5~Chlorc-2-([l,4]oxazepan—2-(5)-

vimethoxy) -phenyl] -3~ (5-methyl-pyrezin-2-yl)-urea. In a
25 mL round bottom were placed nitrophenyl oxazapane
(0.120 g, 0.31 mmol} and Pt,C0 (0.007 ¢, 0.03 mmel) in 5
ml. MeOH. A helium balloon was attached, the flask was
evacuated using an aspirator, and backiilled with H;
three times, then allowed to stir under B; for 2 h. The
reaction was filtered through celite, washing the celite
pad twice with 20 mlL portions of MeOH. The solution was
concentrated in vacuo. The crude aniline was dissolved
in B 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 sclvent was
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0.46 mmol) in MeOH (4 mL) was added Pt20 (0.020 g, 0.088 10 mmol).
The flask was evacuated, then backfilled with H2 for three iterations. After

tep 4.

W tiﬂ}i{&g}&g{ﬁgﬁh, the solution was filtered over a cad of Celitep?.[% theﬁo 6/011584

ilfrate was concentrated to give the product as a yellow oil.
3-{4-Chloro-2-[3-(5-methyl-pyrazin-2-
yI)-ureido]-phenoxymethyl}-R-rﬁor%%o“line-4-carboxy|ic acid tert-butyl ester
. A solution of the yellow oil and (5- methyl-pyrazin-2-yl)-carbamic acid

Lester (0,13 g, 0.57 1) in. dry DMF (2 mL) was prepared and
g_%%\@ 5%7‘%2 rm‘[?%? r%rr%gol q\?\?/eaér %(Sjgdfg}f A‘\‘(Fesr &g for o4 hithe
teaslorFiiccaRteritiied uHder Feduchd pressureiahens redissolved in
svatet {Hh mLraadbEiRACCEL Gretle). Afieis stwing farskh mins the layers

separated u er wag extracted with EtOAc (2 x 10
grr%)(l?_{)gand 25%%m%?n%%lagfgga8ni§ §§§?S¥\?véreq%§sﬁ58%| ﬁ%‘?ﬁ]erffd i e)
Yh&n T GSadsBay Ry fitlsfdd. T fiterddisonmprratasiconebntrated,
therputifiectedy toldive cheomatogeahy  elufing wihiE{QACKIH264A (1:1)
do fford aveliowsail Q8 9)r3Q Steps: L5 Ghlare: 2 Rsmarpholin-3-
é/lmeth%ﬁypipéhgn )-3-(5-meth I-gyrazin-z-yl)i-urea. Toa stirred solution
oﬁ?lﬂsyjﬁf_c 579.5¢ _(35_%5%917;%;‘; SiiBe sat'd aqueous NaHCO;
L UiEias]-pherngmeiyil- Reedovphutines 4 darboxdlie acid WO
2086{165262 RET/LIS2006/04L584mE2 terthui esiepd0.8ighin GH2C12

6.mL) ed. trfluoroacetic acid,(3 mL). After stirring 5 h, the

Eéosljt‘!;tﬁi:orﬁlé\{L v(fi!f:fsa ?k%a%dev%%%éggé%é p(?téessfuor%ﬂ: Catbonate - SdiGtioReEiv)

Uit BESIE AnRYR St for PR TFRBETated under vacuum. The

off white solids then were trituated in EtOAs and
filtered through a medium fritted filter, washing with .50
mL of EtOAc. The white solid was thoroughly dried under
vacuum. This seguence yielded 0.020 g of the desired
urea as a fine white powder. 'H-NMR (300 MHz, d~DMSO) &
10.83 (br s, 1H), 8.3% (ad, 1H), 8.18 (s, 1H) B8.04 {br s,
iH), ©€.992 (dd, 1iH), 6.82 (d, 1H), 4.25-3.98 (m, 28},
3.20-3.76 (m, 1H), 3.38 (d, 1H), 3.13-3.06 (m, 2H), 2.00
(dd, 1E), 2.54 (s, 3H), 2.06-1.89 (m, 3H). LCMS (ES,
positive) m/e 3862.3 (M+1),

Compound 2

Q

NH

o

ennel
Cl

i1-[5~Chloro-2-{R-morpholin-3-ylmethoxy)-phenyl}-3~ (5=
methyl-pyrazin-2-yl}-urea
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5 layers were separated and the aqueous layer was extracted with
CH2C12 (3 x 10 mL). The combined organic layers were dried (Mg504),
and filtered. The filtered solution was concentrated, then purified b R
Wgo%ﬂ‘?ﬂﬁgé?fﬁ)matography, eluting with MeOH/CH2C12 (1:9)1,)?3%11%{%/3“”84
pale yellow 10 solid (0.0523 g). 'H-NMR (300 MHz, d6-DMSO) 5 10.22 (s,
1H), 9.96 (br s, 1H), 8.74 (s, 1H),’8.28 (d, 1H), 8.18 (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 in, 2H),

286 (orin, 111243 (5 L RNR L8, PoSifua) e 3784 (M+). 15

Compound 3N /NFIHO .

BTPLE U DR piReraitoly RGOy ) IS rRefRALed € 0°C bath)
sphemilpb8-(Simethyhpyiazii3 2Ry Y)-drigse :Stepylic acid 4 -tert-

phrAsRinetyl-2 (4uBety 12 1R PhENay ey )| RIPRIZ NG
4-Methyl-2-nitro-phenol (0.95 _g, 6.20 mmol), X
AR LrASIES- F) o GRHH.G8 o1 88 5hnfo, Gt
dripehytposphing [i79WdE B22nmishousteasombiied ¢n. THE stirred for
s@lliﬁiﬂiéﬁer‘f&f?aieﬂ, Wity ﬁié\&(hé’@ geéﬁ%md@%- Jﬂe_—ieﬁfsf‘éiodn,\évas
allowed 25 tp stir. overnight. Concentration under vacuum afforded an
& TR e ad hESOR i EfOAC 21 Shace V65 006 105262
AoEeTIO SO 10105881 78 Wit 2w AbtistRSUIERE solttion. TRl Aqueous
swashes sverddedmbirec washediwith SO Ac handise atechwitbsaligs

NROH untlbasic. [he, ipauliing agueous Mixie.was extiagied.
sodium bicarbonate. Dichlorcomethane (20 ml) was added
and the socliution was stirred for 15 min, then the layers
were separated. The agueous layer was extracted with
CHsClz (3 x 20 mL), and the combined organic layers were
dried {Mg30;), and filtered. The filtered solution was
concentrated to a.white solid (.46 g).

Step 2: 3~({4~Chloro-Z-nitro-phencxymethyl)-R-
morpholine-é-carboxylic acid tert-butyl ester. To a
cocled (-78°C bath) stirred solution of 3~hydroxymethyl-
S-morpholine~4-carboxylic acid tert-butyl ester (0.13 g,
0.60 mmol} and 5-chioro-Z-fluoronitrobenzene (0.11 g,
0.66 mmol) in dry THF {40 mlL) was added potassium
pis{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 mlL) was added and the.
bath removed to allow the sclution to warm to ambient
temperature. After stirring for 1 hour, water (15 mlL)
and CH,Cl, (10 ml) were added and stirred for 5 min and
the layers were separated. The agueocus layer was
extracted with CH:Cl; {2 x 10 mL) and the combined organic
layers were dried {MgS0,;), and filtered. The filtered



with EtOAc and the combined organic extracts were dried 5 over Na2S04,
filtered and concentrated in vacuo to give a brown oil. Flash
chromatography (1% McOH in CH2C12) gave 1.0 g of the desired aryl
WERKIS/BR2p%2: 2-(1,4-Dimethyl-piperazin-2- PCT/US2006/011584
ylmethoxy)-5-methyl-phenylamine. 1,4-Dimethyl-2-(4- 10
methyl-2-nitro-phenoxymethyl)-piparazine (1.02 g, 3.65 mmol) was
dissolved in NeOH (75 mL) and treated with sat'd aqueous ammonium
chloride solution until the mixture became turbid. Zinc (0.24 g, 3.65 mmol)
st pEiefe dY Fh e pEaE hppvednreactitsr hoiktirelwés- Slifovsed Wsito stir for
aasagﬁijmrmleaowirbaiwbictaHEBﬁaltGM%pﬁsdi%@t@&hagt s&%’mg material

E‘gd be% (?Rh m(eld '!'hg re%%tlog was d{j uted V\ﬂh EtO c ueous

as00 e Iayers were separate rganlc %yer ashed
With saturated NaCl solution and dried over Sp|ld anhydrous 20 Na2S04.
The mixture veasfilteted ang emamemratedjjBrwaeuerw@&tmdﬁbﬁ) desired

ﬁ@ﬂﬁ%ﬁﬁ@—%—%ﬁé&x 'gn(;@c; R!ngéaé@ __ est To a
ylmethoxy)-5-methyl-ph en -(5- m%hgl pyrazin-2- y “urea.

B TtRN- RS e - 85rt§o>§ﬂh§ CRF BB TG =8 TR AROTTAR A8 Y e in
tolvenel(18emiyadb treated withdl EA-(#661ml, SsBemml).fotloyved by

glipkenvlphosphondazide 410 mls %@a@ﬁﬂ@w h@ rgslelting splgtign was
stlrr d forTgo rﬂn gtzpen used dlrec solutl
B Rdthyl-pyrazine. -carbonyF%*ffamde H%nmrﬁgﬁﬁlt%ﬁden‘el\%}ésﬂﬁeated

OO 76510 CRTiA - TResreactititflask Wwas remive d from e heating bath
asd:thiecbrows splutiersvas teeatedoaithod-(tdrite and the

l-piperazi y yl-phen e WO _2006/105262
ATelyPiperaghimatoryy e PIVERDRYaTIe YO.20000Y;

“oil.

Step 4: 3~{4-Chleoro-2-[{3~({5~methyl-pyrazin-2-
yl)—ureide) -phenoxymethyl}-R-morpholine~4-carboxylic acid
tert-butyl ester . .A scluticn of the vellow oil and (58—
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, 0.52 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
stizrring for 15 min, the layers were separated and the
agueous layer was extracted with ZTtOAc (2 x 10 mL) and
combined organic layers were washed with brine (10 ml),
then dried (Na;80,) 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: I-{5~Chloro~Z2-(R~-morpholin—3-
yimethoxy) ~phenyl] -3~ (5-methyl-pyrazin-2-yl)-urea. To a
stirred sclution of‘3~{4—chioro—2—[3—(5—methyl—pyrazinm2—
yl)-ureido]-phenoxymethyl}-R-morpholine—4-carboxylic acid



-.74 (0.25 g, 1.0 mmol) The flask was returned to the heating bath and
heated at 40C for 4 h. The mixture was allowed to cool, then filtered to
ive the product as a tan powder. 1H-NMR (400 MHz, CDC13) 6 10.90
WREZOPS{ISIE28 4 (s 1, H), 8.2 (m, 3, H), 6.8 (M, 2, H), 4.2 (dd" T/ EP%g 1§55
1, H),.3.1(d, 1, H), 2.8 (br d, 1, B), 2.6 (m, 2, H), 2.5 (s, 3, H), 2.4 (m, 1,
H), 2.4 (s, 3,H), 2.3(s,3,H), 2.2%(m, 1, H), 2.2 (s, 3, H), 21 (m, 1, H)
- LRMS (esi, positive) We 385.30 (M+1). 10 Compound 4(NH OHHO
~NNUN N 11011 CI CI
tEfA-SBichlofe e Es- ‘fﬁOﬁpl‘%|Iﬁ-?-?%hOW)%GWT—?@Ed
dpefhylqpsazic2eyerea Stefl: (ShE2edydieymethyl-morpheline-4 15
(@;Qboxxlac geld terutyl estar. 103,500 %@%@%W&ﬁga}e{asd

enzyl glycidyl ether (159, 91.4 mmol), MeOH (10 mL), and 50% wt.
RATH £30 ML) 385%%51?5?5 Th@%l)ﬁﬁjré Tss g‘ﬂﬂe?bo ?%ﬁmo&ﬁ?lsulfate
1228 9, ¥83=mmphr it portans thhisheterogcrmaus wixture was tedted

J9:20 ARG At which peintihe selionhscames homedenays - theere
temperature was maintained at 40%for 4 h. The reagltlon was cooled

Yirtfly ‘H9E XdditidRal s NEOH (15,6 llt@égdm“ﬁr’r?o Y Wadadd&d along
wmhmmtﬁﬂuehbeﬁh@lr@@iﬂ%|éfsdreﬁ@mhéhmﬁéﬂ§@a{éaft®r65c for 12

h.uthe P5reactipnowascooled togoorsdemmeratuse piielayers were
solid (0.0523 g}. IH-NMR {300 MHz, dg~DMSC & 10.22 (s,
1Hy, 9.96 (br s, 1B), 8.74 (s, 1H}, B.28 (d, 1H), B.18
(s, 1H), 7.04 (ad, 2H), 3..84 (m, 3H), 3.71 (br d, 1H),
3.43 {(m, 1H)}, 3.23 {(m, 2H), 3.34 {(br m, 2B), 2.66 {(br m,
1H), 2.43 (s, 3E). LRMS (es, positive) m/e 378.3 (M+l).

Compound 3

N N_K
JORA®

N
1-[2={1, 4~Dimethyl~piperazin-2-ylmethoxy)-5-methyl-
phenyl]—3—(Smmethyl-pyrazin—2~yl)wuree

Step 1: 1,4-Dimethvl~2~{4-methyl-2-nitro-

phenoxymethyl}—piperazine. d-Methyl-~2-nitro-phencol (0.9%5
g, 6.20 mmol), (1,4-dimethyl-piperazin-2-yl)-MeOH (0.98
g, 6.82 mmol), and triphenylphosphine (1.7% g, 6.82 mmol)
were combined in THF, stirred for 5 min, then treated
with DIAD (1.38 g, €.82 mmol). The reaction was allowed
to stir overnight. Concentration under vacvum afforded an

orange oil which was dissolved in EtOAc and extracted



15

20

30

separated and the aqueous layer was extracted once with WO
2006/105262 PCT/US2006/013584 - 75 75 mL of toluene. The combined
organic layers were washed three times with 75 mL portions of 1M HC1.

WORAMILSFthe combined aqueous layers was adjusted to pPCT L GAtRe011584

aqueous NaOH solution and extracted four times with 70 mL 5 portions of
EtOAc. The combined organics were.dried over Na2S04 and
concentrated in vacuo to yield 10.084 g of the desired morpholine as an
opaque oil. The crude morpholine product was dissolved in CH2C12 (100
wihth aftd BEERAe(Z 150, 8. 6trhmnol) diic: di¢erto 16 butyhdicankonate (15.9
Gmf3 AuA0)wasRdded aceosmpanies by.the ggngration of OZ.4as. The

reaction was stirr%d at room temperature for, 18 h, then quenched with 35
Mt £aPE Hueodd NASED S TSRS RIS aBARIOHET StPmLSKEREC s
vddded bRfaheriydrs werbsepdratethitive orgaaint$ SWayer wasedried
e arbydipusiNa_SH seancentiated dR.vagwo and putified Dy.flash

chromatograp “a, EtOAc/hexane) 10 give the desite
blﬁ?ggc-%%énz%%a(r%%rﬁ 0 |rﬁ°§c§g %‘E‘Bgr‘é JEITO\I/\%@S%J(&%B%%@%J'Fhegﬁﬁfﬁfied
Hdiprétetted MofftioifRéWaS 2@ EisSolved in 50 L absolute EtOH and

Pd(OH)2 (1.26¢p 20%wt (1Barmalwnas-adaed.-A fiydregen balloon was
valigehed enathi lagk was Ryacualed using a1 aspirplor, apgl backlled

with H2 three times. The reaction was stirred under H2 for 30 h. The-
Thikte At FiftRrEd TV LR, TSIRRAHE Gelite 194d Frordufhly with
mEOH. e dilteredvsolutione@l cOticentratedidovwsrurderiabuum to

syieldiof the desiraghb-bos-BrIphokae Aleghokas @.pale white solid (3.918

mgkture became turbid. Zinc (.24 g, 3.65 mmol) was

added. The resulting warm reaction mixture wés allowed
to stir for an additional 30 min at which time LCMS
indicate that starting material had been consumed. The
reaction was diluted with EtOAc and agqueous Ng,CC; and the
layers were separated. The organic laver was washed with
saturated NaCl solution and dried over splid anhydrous
Na,50,. The mixture was filtered and concentrated in
vacuo to afford the desired aniline.

Step 3: 1-[2~(1,4-Dimethyl-piperazin-2-
yvimethoxy) -5-methyl-phenyl]~3-(5-methyl-pyrazin-2-yl)-
urea. S5-Methyl-pyrazine-Z-carboxylic acid (6%l mg, 5
mmel) was stirred in teluene (1% ml) and treated with TEA
{765 mi, 5.5 mmol) followed by diphenvlphosphoryl azide
(1.0 mL, 5.0 mmol). The resulting solution was stirred
for 30 min, then used directly.

A solution of S-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-phenviamine
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Step 2: 4,5-Dichloro-2-nitro-phenol. A 250 mL 30 roundbottom flask
charged with 3,4-dichlorophenol (3.053 g, 18.7 mmol) in 50 mL CH2C12
was cooled to OC in an ice bath. To the stirred solution was added
WEHEEMrated H2S04 (1.56 mL, 28.1 mmol). The solution bECHPRALHEIG#
WO 20061105262 PCT/H8200617011584 - 76 To this mixture was added
concentrated ENO3 (1.2 mL, 18.7 mmol) dropwise and carefully to
maintain a temperature below 5C. The reaction was stirred for 30 min at

> 4hen cooledyith an 'fz‘?ebﬂ@élﬁ‘qugk‘,e@&@ﬁgnwﬁhé@%% 5 H20. The

ayers were separated and the agueous layer was_extracted once with 35

Wﬁﬁ%ﬁ%o‘ﬁthrﬁél%o‘ﬁﬁ*r‘r‘é% Brgahics WWerd dhed JV&r BirdteRismas
Na2sed lteconcehtratésundet asslium ghgpurifirecbusimgdiasis a

aHopataraphy (0% EYAehexanes,as£lagnydoyieldithagdesired
nltrophen%l 10 as %Brl ht yellow soléd 8(1 793 g) Step 3:

&4 5pichlofd-2-(5-m fish fin-r H, 4.2 (da, 1,
W|m9°{h@XthhéﬂYﬁ~‘3 (8-rhethyl-Byrdin-2-48)-§ksa 2 Prepafbd agebrding to

the procedure fer Gompound, 12 Steps, 419Nt H, using (s, 3, H),

4,5-dichloyo- nltr eolad )2
2b(—:?njy o %h yl- r%(?r%hrz)lpne 4-carb 21F?‘c acid tertHbuty% ester " HENMR

HB00 d@wg@fetwah 11355132014 H), 8.93 (s, 1H), 8.42 (s,
1H), 8.21 (s, 1H), 7.32 (s, 1H), 4.18-3.41 (m, SH), 3.03-2.66 (m, 4H), 2.38
dSmpaidhkRMS (ES, positive) m/e 412.2 (M+1). 20 Compound SN OHH O

NY O

[N
By

v M H_T
LT
N Cl

Cl
1-14,5-Dichloro~2—(5-morpholin-2-vlmethoxy)-phenyli-3- (5~
methylwpyrazinmz—ylf—urea

Step 1: (8)-Z-Hydroxyvmethyl-morpheline-4-

carboxylic acid tert-butyl ester. In a 500 mL flask were
combined (8)-benzyl glycidyl ether (1l5g, 21.4 mmol), M=OH
{10 mL), and 50% wt. NaOH (30 mlL, 365 mmol). To this
mixture was added Z-aminoethylsulfate (25.8 g, 183 mmol)
in portions. This heteroéeneous 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 €5°C for 12 h. The
reaction was cooled to room temperature, the layers were .

separated and the agueous layer was extracted once with
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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%\%(/%&%&{P]I,@

WRALEEGIES to 0C, treated with N-bromosuccinamide (12.5

20061105262 PCT/US2006/011584 - 77 g, 70 mmol) and allowed to
warm to room temperature. The fEsulting reaction mixture was stirred
overnight, then diluted with additional CH2C12 (200 mL) and washed with
10% aqueous Na2CO3 solution. The layers were separated, 5 and the
OrgRRiCIEYEP WESTed WitlF sEPEPGEEobEIRBET J6NEBH, tFRYFFdried over
waringtons Mg SO4diteredhand soneenttates widenrerduced presssie.
oB€ fesidugwas dtaken.updn EIRAe (A mly;and dheproductwas: .\

precipitated bg the addition of hexane (300 mL). The 10 precipitate was

AFEF B EPOHCHBNT I STelERs 57 g5 St §8ifd F8Rgs 2w ith 70 mL
BAMPoWEZNER: carioritdienSirBromo pyrazin v ytanintagasver

HEbinadavith coppardbedodide £L-3:0¢ 6.9 tunel): potassiymyeyanide

0.449,6.81 10l), tetrakis (triphenylphosphine)palladium(0) (0.95 g,
.%?r‘%?norﬁr%wgcroaﬁn?g(a&f&%,%} 2 mmol) in DMF (15 mL). The
resulting mixfthe \Fas&tirsd Pordoneaipr s heme dditneidy¢dsse) for 2
dn.dhe repmtioinyasmconiad toaoomtensnestuie thesmallowed go-stand
1RQ oyeright., The precipitate was separated by filration, and the filtrate
was concentrated to dryness’in vacuo. The orange-colored residue was

RaKERTUF P ETORCENE T hERarfes and™8h inftRf pretipfte Wakietthed,
ghencseparatedrby dilzation. Updn stardingpadditonalith 35 mL

sat'd agueous NaHCO:; solution. An additional 50 ml water
was added and the iayers were separated. The crganic
layer was dried over anhydrous Na,S0,, concentrated in
vacuo and purified by flash chromatography (20%
BLOAc/hexane) to give the desired N—Boc-O-behzyl
morphoeline as a pale vellow dil {5.536 g).

The purified diprotected morpholine was
dissolved in 30 L absolute EtOH and Pd(0H), (1.26 G,
20%wt, 1.8 mmol) was added. & hydrogen bélloon 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
yvield of the desired N-boc-merpholine alcohol as a pale
white solid {3.918 g).

Step 2: 4,5-Dichleoro-2-nitro-phenol. 24 250 mL
roundbottom flask charged with 3,4-dichlorophenol (3.0532
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,50; (1.56 mL, 28.1 mmol}. The solution became turbid.



25 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)-

Wi &98e)482f3ethyl-phenoxymethyl}-morpholine-4-carboxylic BE7agd00e/011584
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 WO 2006/105262 PCT/US2006/011584
Ty glahe Fiisiig D -nydredinetoporrupoline - 46arboxdicticid 1eari-butyl
zahs&an (-pra@afﬁd%Cﬁgi%fempyo@?dﬂéﬁxﬁﬁjﬁomf@iﬂ%%a%g 1 lésing
the corraesponding acid) and 4- methyl-2-nitrq- ol. [twas c ine
T sgein B0 o G'TD FEAEh ot Ghers I et B’ base

OIS FROPP86 hRTDIFRaAG S iR at 28 oRveEERRS atUrefof S25mhin. The

5 suspersien therwrasdtansferrecsthioughiat Ranaglr taa colgsolutien
GABG) containing Saming: yraziner2-caghonitie 0,032 9. 9,27 pmo)
and lithium 10 bis(trimethylsilyl)amide (0.27 mmol) in THE mnl'_l), which
R b E&H SR G a2 eS80 ¥ari Crh S PESERGR WS ARRFEd to warm,
taen wa s stirmed-fof 16l huatimpni L term peraturet 2o pregipitatel formed and

ﬁ!@(‘i@@ﬂ%&@%@y a@ltre;a‘iksiéh? 3[/i€$d §E}@1d|ae%h5%d educh (D3 Phlastep 4:

1- (5-Cyang-pyrazin-2-yl) -3- [ 5-methyl-

10 f(%o%gﬁgﬁrfé%é)ﬁlc%%/ -l%e?r:\]'yll-ug;e%). A slurry of 2-
(2-[3-(5-cyandi®frazin-2tyl) Al psthyl= (S-morpholin-2-
Phenoxyse iyt marphpline-4warboplieacid teryhyth ester (0.043 g,
&9?&?4@%@&8}3 (ednb)was Jealed2Q with L in digxang (M,
0.11 mL) and,stirred Tor 20 h.
L and 57 using 4,5-dichloro-2-nitro-phenol and {(8)-2-

15 Dbenzyloxymethyl-merpholine-4-carboxylic acid tert-butyl

~ester. 'H-NMR (300 MHz, de.~DMSO) & 10.42 (s, 1H), 10.29

(s, 1H), B.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) LRMS (ES, positive) m/e 412.2 {M+1).

20 Compound &

rﬁ\N/'
oj/'
O
H H
N, N. N
Pea
/
nZ N
1~ {5~Cyano-pyrazin-2~yl)-3~[5-methyl-2- {4-methyl-
morpholin-2-ylmethoxy) -phenyl] -uzrea
Step 1: 5-Bromo-pyrazin-2-ylamine. A solution

25 of pyrazin-2-ylamine {(6.66 ¢, 70 mmcl) in CH.Cl, (2OD mh)

was cooled to 0°C, treated with N-bromosuccinamide (12.5



Additional HC1 in dioxane (4M, 0.25 mL) was added and the reaction was
heated to 50C for 18 h. The reaction was cooled and concentrated. The
resulting solid was suspended in ether, and the suspension filtered and _
WRPHS/ HFH to afford the desired product as the HC1 salt (3.942' ¢ et p>3
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 30
(morpholin-2-yImethoxy)-phenyl]-urea hydrochloride salt (0.0104 g, 0.129
gumid) mnifeOkRdl alilpves cooleerto 0C wmmintrested Wik an -aqdésus

Ssolution af fornaldehyde x(Q:12 masol) follewedhy sedium triagetoxy
orohydride WO 2006/105262 PCT/ 006/0115 A{q- 0. , 0.292

%%uoﬁ)g.gfhwelgc{ayagt{%% v%ggazﬁr_é{d of 12 h, ﬁ?é)n 33?1%&1?&1%&(1 ﬁ%gcuo; The

¥6sideeunass chrdiiategralitied on SHeal@9s Metish R2EaAH o give

ihe produciasasvbiessolic B 4qriHsMMR @P0Midz ¥dE& 5 DMSO) S
490 {81 EeACRY S L) %%fdgcdé)’Mgs%q(sf%lwr’e%gs’a}xdl_l) , 6.9
(m, 1, H),6.8(r, 1 H), 3.9 (m, 4, H), 3.6 (1 H),29(d 1'H),27(d, 1,
EPReR (S8R UpOpYs TSRS BIESEYIE S (T1S AFSTRNMSRS,
tositive)imie 38340 (Me101D Eompbenth®OhEt Had 0 N\NYN ~N~ O
e diprEhieroR[1xHloxazepans2 Mathoxy). 1aenylly3-(Srhe
precipitate was dried under vacuum to yield 5.57 g of a
tan sclid. .

Step 2: S-Amino-pyrazine-Z-carbonitrile. 5-
Bromo-pyrazin-2-ylamine was combined with copper (I)
iodide (1.3 g, 6.9 mmol), potassium cyanide (0.44 g, 6.8
meol), tetrakis (triphenylphesphine}palladium({0) (0.95 g,
0.83 mmol), and 18-crown-& (0.058 g, 0.22 mmeol) in DMF
(15 mL} . The resulting mixture was stirred 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 BEtOAc and
nexanes 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. ‘ i

Step 3: 2~-{2-[3-(5-Cyano-pyrazin-2-yl}-
ureido}-4d-methyl-phenoxymethyl}-morpholine—4-carboxylic
acid tert-butyl ester. 2-(Z-Aminc-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
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methyl-pyrazin-2-yl)-urea Step 1: 3-Benzyl-2-chloromethyl 15
[1,3]oxazepane. A solution of 3-benzylamino-propan-l-ol (14 g, 88.0
9&)1 qzepichlorohydrin (81.4 g, 680 mmol) was heatedde40G, @ fielsss

W : . )
stirring tor 3 h the reaction was cooled and excess epichlorohydrin was

removed by evaporation in vacugs Sulfuric acid (10 mL) was added a0
slowly, then the reaction flask was placed in a preheated oil bath at 150C.
-Stirring proceeded for 1 h, then the reaction was allowed to cool to room
ateinperauie; andch glenched with themddilins -of-icer Iheynikturesias
<tsied{n 4,903 g %vgksé%"/%%gy&%&?g'\'@@%é sQution,gaand, .

extracted with EtOAC (3 X 300 mL) . The combined organic layers were

Caied SR r antiiddus NS FifteTedr ovePa68BaLGs6Y and 4-
R CIAUS2606/64- 17850180 andvdiedemtderaeduiced presstresgEne
essdting residye was purifiad, byflash ghyomatograny £0:282
hexanes/CH2C12/2M NH4OH agq) to afford 5 g of a |I%ht ellow oil. 5 Step
(8- 3247101 085- B pheRBRY TSRS (1 3BRE 2 &FaRE 3T aHbExyAE acid
2entbuty| dstersTeranstinedtdciutionsoft4anohg2aitkd-pheasl £.39 g,
%&m@%i;hﬁ&é% é%@lf%&ﬂva(&a@lﬁ@ﬂ @@iﬁ%iﬁﬂh@ﬁﬁ;oaﬁi%&z-m g,Th
.0 mmol) followed, by .3-benzyl-2-chlor zepane. The
e S A0 T o IS ol 8 o
biepriperataid et dititedriiith BtGACTRO mtY) antd 10%BéuieotitiNE2CO3
ne@lutioar(206: i xgThe layefewere Sepatated ane the organia layer was
washed with,frine. dried ouer anhydous:-MoS@4.and 5 sgpcentrated in

vacuo. The crude product was purified b
temperature. A precipitate formed and was collected by

filtration to vield the desired product {0.043 g).
Step 4: 1~-{5-Cyvano-pyrazin-2-yl}-3-{[ B-methyl- -

| 2—-(morpholin-2-yimethoxy)-phenyl]l-urea. A slurry of 2-
{2-[3~(5~cyano-pyrazin-2-vl}~ureidol-4-methyl-

phenokymethyl}~morpholineméwcarboxylic acid tert-butyl
ester {0.043 g, 0.0918 mmol) in THF (2 mlL} was treated
with HC1l in dioxane (4M, (.11 mi) and stirred fox 20 h.
Additional HCl in dioxane (4M, 0.25 mL) was added and the
reaction was heated to 50°C for 18 h. The reaction was
cooled and concentrated. The resulting solid was
suspended in ether, and the suspension filtered and air
dried to afford the desired product as the HCl salt
(G.042 g) .

S8tep 5: 1-({5-Cyano~pyrazin-2-yl}-3-{S-methyl~-
2- {4~methyl-morpholin-2-ylmethoxy) -phenyl]-urea. A
solution of 1w(5—cyano—pyrazin—2—yl)—3-[5—methyl—2w
(morpholin-2-yimethoxy}-phenyl]-urea hydrochloride salt
(0.0104 g, 0.129 mmol} in MeOH (1 ml) was cooled to 0°C
and treated with an agueous solution of formaldehyde

{0.12 mmol) followed by scdium triacetoxy borohydride



flash chromatography (70:30 hexanes/EtOAC) to give 480 mg of a light
orange oil. The oil was taken up in CH2C12 (5 mL) and cooled in an ice
bath. The alpha chloro ethyl O chloroformate (0.18 mL, 1.65 mmol) was
WERIBEH10FAE reaction was stirred for 2 h, then 2N aqueous HEH USENIfEH >3+
was added. Stirring was continued for 10 min, then the mixture was
. concentrated to dryness. The resylting residue was taken up in MeOH
and refluxed for 2 5 h. The reaction was concentrated under reduced
pressure and the residue was taken up in 2N aqueous HCI solution (75
(L) @ng, washes wilkl EtOAR: €2 x=B@mb) Tee pHtbf thd dguedds tayer
2483 SIe 6,281 0 11 e Adiian of sol NaOH. The resuiing

asic solution was 0 extracted with EtOA¢ (2..x 50 mL) and the combined

C&rﬁﬁ?ﬁ@%ﬁé@ﬁ%r‘é‘\mﬁﬁf&?wﬁ%bﬂﬁ@ﬁaﬁ&d?%&'d\}e RgBE Fiftration
pandwoncentratigniivevacuddaftérdad 240 mg b R0 didcth s fightiyellow
5 ngirsdrvcgzg)@eéboqgezlpq;r /US2006/011584 81 ghe qikwas digsplved in
CH2C12t(L mL) , é treatfg wréh TEA (O 11 mL O 83 m oI)Ha}nd
BaitetEbut ditarBonhdte (0 >0 884 mitol . The reacI{Lon wa
Jalfowed td stittat rdofm temﬂeréﬂrre %0P1 tdthén diluted 57W|ﬂ‘r'1ad7d4t|onal

#EH2C P2 (2Q0 mL)mndeﬁsm,d with:10% aqyeaysitya2€0OB selution (100
hr)nL) T or&anlc Iage{ %/ggg eg Qyer WB%, fsltered and concentrated
[ .

under reduced | pressure Purr Ication was achieved using flash
chromatography (7:3 hexane/EtOAc) to give 252 mg of the 10 product as

10  cokpavite foam. Step 3: 2-(2-Amino-4-chloro-phenoxymethyl)-

NH
Y
W B R T
AT
Cl

1-[5~Chiore~2-{[1,4]oxazepan-2~vimethoxy) -phenyl ] ~3- {5~
methyl-pyrazin-2-yl)-urea
Step 1: 3-Benzyl-2-chloromethyl-

15 [1,330xazepaﬁe. & solution of 3-benzylamino-propan=-li-ol
{14 ¢, 88.0 mmol} and epichlorchydrin (81.4 g, BB0 mmol)
was heated to 40°C. After stirring for 3 h the reaction
was cooled and excess epichlorchydrin was removed by
evaporation in vacwo. Sulfuric acid (10 mlL} was added

2C slowly, then the reaction £lask was placed in a preheated
oil bath at 130°C. Stirring proceeded for 1 h, then the
reaction was allowed to cool to room temperature and
guenched with the addition of ice. The mixture was
adjusted to a basic pR with 10% agueous Na,C0; solution

25 and extracted with EtOAc (3 x 300 mL). The combined

organic layers were dried over anhydrous MgSQO;, filtered,



La

[1,3)oxazepane-3-carboxylic acid tent-butyl ester. Prepared from
2-(4-chloro-2-nitro-phenoxymethyl)- [1,3)oxazepane-3-carboxylic acid
tert-butyl ester (0.252 15 g, 0.65 mmol) according to the prcl)l%erglllf#%éo[m "
w%&?ﬁ%b A3, Step 2 to give 150 mg of the product as a clear oil. 9ep x
1-[5-Chloro-2-([l,4]oxazepan-2
ylmethoxy)-phenyl)-3-(5-methykpyrazin-2-yl)-urea. Prepared from
2-(2-amino-4-bromo-phenoxymethyl) 20 [1,3]oxazepane-3-carboxylic acid
tert-butyl ester using according to the procedure for Compound 2, Step 4
ancand i@einpoded 5e8taed, 1o efiveIs 175150 odtEt”H-NMR {480 MHz,
wascggﬁ?m%@@? (bt Ssil, dAk BBl dagty 8726 £8,:2, H), 6.98 (dd, 1, H),
6.8 (d, 1 22 4 8&\] g§3 ),.3.8 m, 1 )iq 385:(S, 4.4k 3:25(d, 1
! ’ t d d ’ &) . 3 ~ ] )
hexgjes fr%H J1z|’§9§ n%é, ,iB?l.BSam, 2 Hl%l. ERMS (esi, <Jp?l(l)smve) We
ye139r 90 tM+1). WO 2006/105262 PCT/US2006/011584 - 82 Compound 7
NH /N H Hs@eN BEY Nz= s Nl far-ddetini 2=¢Lpheting rpiperny) -
1, Zfi;;géyé@peéﬂ &Iél-gysmﬂﬁi&%fma,@erm-gzyaggsafs Step L
-Hydroxymethyl-4-methyl-piperazine- 1-carbox1yllcla%|gtert-bgt | ester.
st ipipefazZitd-2t @itbBky i 258920 ¢ 158 TRRTIT h A's1dry Rith™200 mL of
mmcl: 1 H20/oisxane tvas costed ddavicerbats and wealwgnate (2.76
g, 20.0 mmol} followed by 3-benzyl-2~chloromethy J-—
[1,3]oxazepane. The reaction was stirred at 60°C for 12
h then allowed to cool to room temperature and diluted
with BEtOAc (200 mL) and 10% agueous NapCOs solution {200
mL). The layers were separated and the organic layer was
washed with brine, dried over anhydrous Mg30, and
concentrated in vacuo. The crude product was purified by
fiash chromatography (70:30 hexanes/EtOAc) to give 480 mg
of a light orange oil.
The oil was Taken up in CHpCl, (5 mL} and
cooled in an ice bath. The alpha chloro ethyl
chioroformate {0.18 mL, 1.65 mmol) was added. The
reaction was stirred for 2 h, then 2N agueous HCL
solution was added. Stirring was continued foxr 190 min,
then the mixture was concentrated to dryness. The
resuliting residue was taken up in MeOH and refluxed for 2
t. The reaction was concentrated under reduced pressure
and the residue was taken up in 2N agueous HC1 solution
(75 mL) and washed with BEtOAc (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 MgSOQ,.
Filtration and concentration in vacuc afforded 240 mg of

product as & light vellow oil.
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15

20

A
(A1)

with solid NaOH (11 g) followed by a solution of di-tert 10 butyl
dicarbonate (21.6 g, 99 mmole) in dioxane added dropwise from an
addition funnel. The reaction pH was adjusted to pH>10 as needed durlrég

WSS %f the reaction. The resulting mixture was allowBd & EiFed 13%

h, then diluted with water until homogeneous and 15 acidified with
concentrated aqueous HC1 until gre 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 precipitase Wwag colieeted dfiliratintd give R0 , then

p@%{%ﬁﬂ%&% digarboyvlicagid 1-4egshuty esfer.ag %W@%@BQ@J 9).
slurry of piperazine-I,3-dicarboxylic acid 1-tert-butyl ester (4.62 g, 20.0
ARSI IT EF3GH {%0% RRTES W@a}éd with 8qtidu ﬁlﬁﬁm‘éﬁehyde (40

aMhook ANdo25 formic acieb{7 @ enroly tiven Featdd ht G5 fotiseveral

WAQUrs, Hipan sempletion by, Hitl G thefeagtianamag allowerl to cool and
was concentrated in vacua. WQ 2006/1,95262 PCT/U% 006/011584 - 83

PRGBSI s TRKBRE inl THIE SN cooted i °an fcé DA, then treated
cwithch sukXiorEPlithifiA talefired IFRNGEE Fi THE mg@@mlﬁ%ﬁ‘}cﬁﬁ@er 1h,
ptf@séaee@tiOQM$§JJ@m&dat%\éarmm€r@@m kemperaiwrenand 5 stired for an

SAGHoRaL I TS FRCARD RS, Sopled laan e WA

guenc Yo aqueous NaOH solution (0.75
C}“ﬁﬁd‘ﬁZQfa@ah‘F%? 6°P8'mL). The salts were removed by filtration
and the filtratesgoricenteatetl-ander vaeotivinto-grzetheyoradeyllo product.

(chegratogranhy over silica 9ek(2.29%4 MeRH MRyl ester.
Prepared from 2-{4-chloro-2-nitro-phencxymethyl} -
{1,3}o£azepane~3wcaxboxy1ic 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—
yimethoxy)-phenyl]~3~ (5-methyl-pyrazin-2-yl}-urea.
Prepared from 2~ (2-amino-4-bromo-phenoxymethyl) ~
[1,3]oxazepane~3-carboxylic acid tert-butyl esﬁer 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, CDCl3), & 8.65 (br s, 1, H), 8.3 (s, 1, H),
8.25% (s, 1, H), 6.96 {44, 1, H), 6.8 (d, i, E), 4.08 (m,
3, #), 3.8 {(m, 1, H), 3.35 (s, 1, B), 3.25 {d; %, H), 3
(m, 3, B), 2.5 (s, 3, H), 1.98 {m, 2, H). LRMS (esi,
positive) m/e 391.90 (M+l}).



CH2C12) gave the product as a yellow oil (0.70 g). Step 2:
1-[5-Methyl-2-(1-methyl-piperazin-2-
ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-urea. Prepared according to
Wih&pratEdtre for Compound 3 using 15 PCT/US2006/011584

3-hydroxymethyl-4-methyl-piperazine-l-carboxylic acid tert-butyl ester,
and the procedure for Compoundsb, Step 4. 1H-NMR (400 MHz,
de-DMSO) 6 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), 6.08 (s, 1, H), 6.91 (d, 1, H), 6.82 20 (d, 1,
ddippotfd, 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, 11). LRMS (esi, positive) m/e 371.40 (M+1).
Compound 6 (NH C)HHO NNYN O KA
1-(5-Cyano-pyrazin-2-yl)-3-[5-methyl-2-gmorpholin-2-
ylmethoxy)-phenyl]-urea WO 2006/105267 PCT/US2006/011584 84
Prepared according to the procedures fg¢F” Compound 5, Steps 1 through
4, using 4-methyl-2-nitro- pherjl. 11-NMR (400 MHz, CD30D), 5 8.80 (s,
1,H), 8.7 (s, 1, H), 7.9(s, I H)V6.8 ,H),4.2(m, 4, H),53.8 (m,
1, H), 3.6 (m, 1, H), 3. . H)93.2 , H), 2.3 (s, 3, H). LRMS (esi,
positive) m/e 369.30 (M+1). compound
1-[5-Methyl~-2-(l-methyl-piperazin-2-ylmethoxy)-phenyl]-3-
(S—methyl—pyrazin—zwyl)~urea

Step 1: 3-Hydroxymethyl-4-methyl-piperazine-
l-carboxylic acid tert-butyl ester. Piperazine-2-
carboxylic acid (20 g, 154 mmol} in a slurry with 200 mL
of 1:1 H;O/dioxane was cooled in an ice bath and treated
with solid NaOH (11 g) followed by a solution of di~terg-
butyl dicarbonate (21.6 g, 99 mmole} in dioxane added
dropwise from an addition funnel. The reaction pH was
adjusted toe 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 agueous HCl until the pH was
betwesn 2 and 3. The solution was washed with ether then
the pE was adjusted with NaOE until pH was 6.5 to 7. The
solution was aliowed 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 (8.7 g). _

A slurry of piperazine-1,3-dicarboxylic acid
l~tert-butyl ester (4.62 g, 20.0 mmol) in CH3OH (100 mi)
was treated with agueous 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.
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NH HHONVNTN JNOC! O
1 [5 -Chloro-4-methyl-2-(S-morpholin-2-ylmethoxy)-phenyl]-
me;&%/l pyrazin-2-yl)-urea Prepared according to the procedure for
}56& A, Steps 4 and 5 using 2-hydroxymethyl-S-

morphollne -4-carboxylic acid tert-butyl ester, prepared 5 using the
procedure for Compound 4, Stepgk and 4- chloro- 5-methyl-2-nitro-phenol,
prepared according to the procedure for Compound 4, Step 2. 'H-NMR
(300 MHz, d6- DMSO) 5 10.32 (s, 1H), 10.21 (s, 1H), 8.75 (s, 1H) , 8.29-
8.10 (m, 211 FR 06l dbbl)wFs1 8 {Hen Hip 4112 BiA2a0A, G-66)=3.29-2.63
dm.;4H), 1248 (SR, 2:284Sq %wawh%lﬁﬁﬁoaosﬁivﬁﬂﬂeﬁw 2 (M+1).
WO 2006/][%(526 PCT/%% ooﬁ OI3115845 glot)rha HH ~

uﬁl@fﬂ J10?034[1 yI morp?mlln- -yFm thoXy) enyI)
@ew@mwmraiﬂ:pzeﬁ) “Eﬁe‘aaEfFPFé’péFé@P a*é@@ﬂﬁﬁ@%ﬁe%cedure for
MEQU@drl aatepssd ang S using2 hydrpymethiyt-RBn then was
dgiphelne-deeaboryden pigpaRd Iin(RisBanayb QYo fieTae
ert- butyiLester using the roce%ure
15% agueous NaOB solutlon {0.75 mL), and Bx0 again (3 x
0.75 mi;}). The salts were removed by filtration and the
filtrate concentrated under vacuum to give the crude
product. Chromatography over silica gel (2.5% MeOE in
CH,Cl,} gave the product as a yellow oil (0.70 g).

Step 2: i-[5-Methyl-2-{l-methyl-piperazin-2-

yimethoxy)-phenyl] -3~ {5-methyl-pyrazin-2-yl)-urea.
Prepared according to the procedure for Compound 3 using
3-hydroxymethyl-4-methyl-piperarine~l-carboxylic acid
tert-butyl ester, and the procedure for Compound 5, Step
4, “H-NMR (400 MHz, de~DMSO) & 10.24 (br.s, 1, H), 10.1
(s, 1, H), 9.7 (br s, 1, H), $.42 (s, 1, H), 9.12 (s, 1,
g), -8.2 (s, 1, H}, 8.08 (s, 1, H), 6.81 (d, 1, H), 6.82
(¢, 1, H), 4.6 (4, 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
©

Ne NN
POR

0D
Nf; N

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

PCTVUSZOGﬁKﬂ1184



for Compound 4, Step 1, and 4-chloro-5-methyl-2-nitro 10 phenol,
prepared according to the procedure for Compound 4, Step 2. 1H-NMR
(300 MHz., d6-DMSO) S 10.32 (a, 1H), 10.21 (s, 1H), 8.75 (a, 1H),

W8 3418199, 2H), 7.06 (d, 1H), 7.18 (d, 1H), 4.12-3.42 (m FE&{jE52006/011584
3.29-2.63 (m, 4H), 2.48 (s, 3H), 2.25 (s, 3H). LRMS (ES, positive) m/e 15
392.3 (M1). Compound 11 CNRO-HH C "~NJ C CI CI
1-[4,5-Dichloro-2-(R-morpholin-2-ylmethoxy)-phenyl)-3-(5
‘methyl-pyrazin-2-yl)-urea WO 2006/105262 PCT/US2006/011584 - 86
Prepared acoearding 40 dheqprotesure foreCumpedndek, Steps 4 and 5

u5| 2shydrosx gtqylﬁrg%%@ph@hqps fhgam;gﬂmmgjﬁr_{@gyl ester
%‘ qlchloro -2-nitro- henol repare CCOI’dI I'%e cedure
Phﬂs%oéompo%ﬁii‘“ﬁ &88 éd Fg 300M 28 46 SDn%rso‘% ogz; (s, 1H),
(510129 ¢3) 1H), 8.93 (s11H)) 8 A28 ($miHh, 8121 ($,- EH)m7.32 (sHLH),
3. §-1§:3.41 () 5H3, 3.03;2:66 tm, 4k 238 (5, i), LRMS (&S, ositive)
H) r:w/e_412 2 (N3|+I) ilO CIOJRI\%ou(gdsil,z pNoI_élg:Lvl_el}H ZQ/GN%¥'§|¥30

(M+1) .

Compound 2

Ci
j-[5-Chloro~4-methyl-2=~(8-morpholin-2-ylmethoxy)~phenyl]l-
3- (5-methyl-pyrazin-2-yl)-urea

Prepared according to the procedure fox
Compound 1, Steps 4 and 5 using Z2-hydroxymethyl-5—
morpholine-é4-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
DMsO) & 10.32 (s, 1H), 10.21 (s, 1H), 8.75 (s, 1H), 8.28~
§.10 (m, 2H), 7.06 (4, 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 382.2 (M+1).



i5

~N Q 1-[4,5-Dimethyl-2-(morpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-y1)-urea Prepared according to the procedures for 15

w&amwadag 1, Steps 4 and 5 using 2-hydroxymethyl-S- POT/US2006/011584

morpholine-4-carboxylic acid tert-butyl ester and 4,5-
dimethyl-2-nitro-phenol, prepargd according to the procedure for
Compound 4, Step 2. 'H-NMR (300 MHz, d6- DMSO) 6 10.02 (s, 1H), 9.89
(br s, 1H), 8.85 (br s, 1H), 20 8.27 (s, 1H), 8.91 (s, iH), 6.84 (s, iH),

o 4.18-%9]0{m, 3H), 3.69 (t, 1H), 3.43-3.26 (m, 2H), 2.97 (t, 2H), 2.33 (s,
OTRIY, 2718 (s, 2H), 2.12 (s, 3H). LRMS (ES, positive) m/e 372.3 (M+1). WO
2006/105262 PCT/US2006/011584 - mpound 13 ~NH H 0 NY
NYN t if 1-[4-Chloro-5-methyl-2-(S- clrt?o in-2-ylmethoxy)-phenyl]

3-(5-methyl-pyrazin-2-yl)-urea 5. Preparéd according to the procedures
for Compound 1, Steps 4 and 5 using.2-hydroxymethyl-S-
morpholine-4-carboxylic acid{ertguty ester and 5-
chloro-4-methyl-2-vitr B according to the procedure for
Compound 4, Step 2 _14- RIEOO ~d6 10 DMSO) 6 10.26 (s, 1H),
8.82 (s, iH), 8.19 (s, 1H)',“!8.17 (s, 1H) (7.10 (s, iH), 4.21-3.96 (m, 2H),
3.90-3.86 (m, 2H), 3.54 (dt, 1H), 2.987(d, 1H), 2.84 (t, 2H), 2.36.¢s, 3H),

1-—Bﬁrléé,cglq).4tRMSS(E§,“dc?§1ﬁ%?ﬂ‘%l§§§le)&ﬂiﬁ}f&y%—ghenﬁg -

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

Prepared according to the procedure for

compound 1, Steps 4 and 5 using Z-hydroxymethyl-R-
mo:pholine—4~carboxylic, prepared from (R} ~benzyl
giycidyl ether scid tert-butyl ester, using 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-DMSO} © 10.32 (s, 1H),
10.2%1 {s, 1B), 8.75 (s, 1H), 8.29-8.10 (m, 2H), 7.06 (d,
1§y, 7.18 (d, 1H), 4.12~3.42 (m, SE), 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

(" NH

o

o)

no N R

/Ej/\lf
o © cl
Cl

1-[4,5—Dichlor0w2~(R~morpholin—2~ylmethoxy)uphenyl]~3—(5m

methyl-pyrazin-2-yl)-urea



Compound 14 ~NH O~ HHaNNI/ yo~N15CN
1-[5-Cyano-2-(S-morpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea Prepared according to the procedure for
WEBMHHIREE 1, Steps 4 and 5 using 2-hydroxymethyl-S- 20 F€/ CS20061011584

morpholine-4-carboxylic acid tert-butyl ester and 4 WO 2006/105262
PCT/11S2006/011584 88 hydrexys3-nitro-benzonitrile, prepared according
to the procedure for Compound 4, Step 2. 'H-NMR (300 MHz, d6- DMSO)
6 10.43 (br s, 1H), 10.30 (s, 1H), 8.62 (br s, 1H), 8.53 (s, 1H), 8.21 (s,
1H), 7.48 (d, B44p288 @EAMAE DY 2 4che (AYZENNTD4E373 (M, 2H),
BRdddialtl), 3QQ:(ds 1k 257553@_3, @nhgwokﬁM&z@asSpositive) m/e
369.2 q;/l+1) com oun %CS: NH. OHHO ~ NPIY Jagéi(q] 0

"ngk@n PS4 ety T s horph Sholin-2- yimetroxy}-pheny!

d}%@lﬁéﬂﬁﬁTﬂkéﬁﬁTgbyﬁqkeaprepared accordlng to the
procedure for Compound 4, Step 2. 'H-NMR {300 MHz, &

DMSO) & 10.42 (s, 1H), 10.2% (s, 1H), 8.93 (s, 1H), 8.42.
(s, 1H), .21 (s, 1B), 7.32 (s, 1H), 4.18-3.41 {(m, 5H},
3.03~-2.66 (m, 4H), 2.38 (s, 3H). LRMS (ES, pecsitive) m/e
412.2 (M+1).

Compound 12

W AR
Ly
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 aclid tert-butyl ester and 4,5~
dimethyl-2-nitroe-phenol, prepared according to the
procedure for Compound 4, Step 2. 'H-NMR (300 MHz, d¢-
pMsoy & 10.02 (s, 1E), 2.8% (br =, 1H), 8.85 (br s, 1H),
§.27 (s, 1H), 8.91 (s, 1E), 6.84 (s, 1H), 4.18-3.87 {(m,
3H), 3.6% (&, 1H), 3.43~3.26 {(m, 2H), 2.87 {t, 2H), 2.33
(s, 3H), 2.18 (s, 2H}, 2.12 !s, 3H). LRMS (ES, positive)
m/e 372.3 (M+1}.



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 accordingpto the

WEr8dtFor Compound 4, Step 2. 'H-NMR (300 MHz, d6-ToMB3|%/011584
10.33 (s, 1H), 10.19 (s, 1H), 8.56 (s, 1H), 8.33- 8.01 (m, 3H), 7.05 (d, 1H),
4.29-3.39 (m, 5H), 3.29-2.91 (mg?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). WO
2006/105262 PCT/11S2006/011584 89 -. Compound 16 I NH O~ HHO

Chidatani .30 Cl 1 1-[5-Chloro-4-methoxy-2-(S-morpholin-2-ylmethoxy)-
phenyl I-3-(5-methyl-pyrazin-2-yl)-urea 5 Prepared according to the
procedures for Compound 1, Steps 4 ?ﬂﬁgusing 2-hydroxymethyl-S-
morpholine-4-carboxylic acid tert-butyl gstegand 4- )
chloro-5-methoxy-2-vitro-phenol, prepared according to the procedure for
Compound 4, Step 2. 'H-NMR (300 MHz;"10 d6 DMSO) 6 10.11 (s, 1H),

10.05 (br s, 1H), 8.664 (sylH 8.@ (si2H), 6.91 (s, 1H), 4.29 (s, 2H),
4.16 (m, 1H), 4.09 (d, ),\ .87\]'(/8, m@(t, 1H), 3.44-3.17 (m, 2H),
3.01 (t, 2H), 2.39 (s, 3H)>{RMSYES, ivg) m/e 408.0 (M+1). 15
Compound 17 |
1—{4mChlor0w5wmethyl—2—{S—mcrpholin—2~ylmethoxy)—phenyl]—
3—{5-methyl-pyrazin-2-yl)-urea '
5. Prepared according to the procedures for
Compound 1, Steps 4 and 5 using 2-hydroxymethyli-S5-
morpholine~i-carboxylic acid tert-butyl ester and 5-
chloro-4-methyl-2-nitro-phenol, prepazed according to the
procedure for Compound 4, Step 2. ‘H~NMR (300 MHz, d¢
10 pMSO) & 10.26 (s, 1H), 8.82 (s, 1H), 8.19 (s, 1H), B.17
(s, 1H), 7.10 (s, 1H), 4.21-32.96 (m, 2H), 3.20-3.86 (m,
2H), 3.54 (dt, 1Hj, 2.98 (d, 1H), 2.8B4 (t, 2H), 2.36 (s,
3H), 2.21 {s, 3H). LRMS (ES, pcsitive) m/e 382.1 (M+1).

Compound 14

o])
N
ALTT
P
N
15 : : 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-S5-

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



10

i3

20

rNH OHHO NeYNyN NJOi/
1-[5-Dimethylamino-2-(S-morpholin-2-ylmethoxy)-phenyl]-3-

ézongt}@éz ﬁ|o razin-2-yl)-ur.ea Prepared according to the pr gggg /{é@%@%m

our 1 Steps 4 and 5 using 2-hydroxymethyl-S WO
PCT/US2006/011584 90 morpholine-4-carboxylic acid tert-butyl ester
and 4- dimethylamino-2-nitro=ph&nol, prepared according to the
procedure for Compound 4, Step 2. 1H- NMR (300 MHz d6 DMSO) 5
10.11 (s, 1H), 10.05 (or s, 1H), 8. 6%(1% , 2819 (s, 1H), tzi% (s, 1H),
By $290 i ST, 16 B2 QI OTHT T 14853 "(‘ P , 3714 (d, 1H),
pr 8% (the LEYr 28Gtsn6H)4 2. 36e2.63- (), wrsz 4398, %E& R'MS (ES,
g%glté(eib'n 3§7 4 %MHP) ,Cogpeyngs18 iyH g.ldA INs;;l\IQNlhlﬂ,a 10 Br
romo- mef—hy émorpholln iaylmet ox¥)
r

8 . 335 {metti pyr@zhi-2(51)-dfa Preparddracéoraing ?o the procedure for
¢ .Compaund#, WEng 4beamib-B3methyRnitd-phe Bt L5 Preparétf using

(dthelﬂroceguﬁ fQV&OFH{PO%Q4 Shems2 (26 pos:Ltlve) m/e
360.2 (M+i).

Compound 15

" NH

O
O
H H
N, NN
/[TT
o O
N
i

1~[5-Chloro-4-ethyl-2~ (S-morpholin~2-ylmethoxy)-phenyli-~
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 anc 4-
chloro~5-ethyl-2-nitro-phenol, prepared according to the
procedure for Compound 4, Step 2. y-NMR (300 MHz, G
pMSOY & 10.33 (s, 1H), 10.19 (s, 1H), 8.66 (s, 1H), 8,33~
§.01 f{m, 3H), 7.05 (d, 1H), 4.29-3.39 (m, BH), 3.29-2.91
(m, 2H), 2.89-2.70 (m, 2H), 2.58 (q, 2H), 2.42 (s, 3H),
1.17 (&, 3H). LRM3S (ES, positive) m/e 406.1 (M+]_.).



NMR (300 MHz, d6-DMSO) S 10.31 (br s, 1H), 10.19 (s, 1H), 8.63 (s,
1H), 8.41 (s, 1H), 8.20 (s, 1H), 7.07 (s, IH), 4.13-3.94 (m, 3H), 3.87-3.74
%m, 2H), 6 3.52 (td, IH), 3.00 (d, 1H), 2.69 (t, 2H), 2.42 (s, 1H)eg.25((s, _
WI§U{(2EMS (ES, positive) mie 438.2.0 (M+1). WO 2006F0EBY16/011584
PCT/US2006/01 1 584 - 91 Compound 19 ~NH HH O NNyN O
1-[5-Methyl-2-(morpholin-2-ylmethoxy)-phenyl]-3-(5
methyl-pyrazin-2-yl)-urea 5 Prepared according to the procedure for
Compound 3 using 2-hydroxymethyl-morpholine-4-carboxylic acid
cenpbutytiester which was prepared from the corresponding acid
according to the procedure for Compound 2, Step 1. ‘H-NMR (400 MHz,
CD30D), 6 8.90 (s, 10 1, H), 8.6 (s, 1, H)7#94s, 1, H), 6.9 (m, 2, H), 4.2
(m, 4,H),3.8(, 1, H), 3.7 (s, 2,H),3.54d, LIH), 3.2(m, 1, H), 2.6 (s, 3,
H), 2.3 (s, 3, H) . LRMS (esi, positive) m/¢ 358.20 (M+1). compound 20
NH QHO :N1/15ci o .
1-[5-ChIoro-2-(morpho|in-gryln%thﬁ(y)- henyl]-3-(5-
methyl-pyrazin-2-yl)-ure
= ]
N™ - 0
o
1-[5-Chloro-4-methoxy-2~ (S~morpholin-2-ylmethoxy) -
phenyl]-3-{5-methyl-pyrazin-2-yl}-uresa
5 Prepared according to the procedures for
Compound 1, Steps ¢ 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) 8 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),
£.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 Compeound 17

NN
AT T
o
N
-~
1-[5-Dimethylamino-2~ {§-morpholin-2-ylmethoxy) -phenyl} -3~

N

(5-methyl-pyrazin-Z-yl}-urea
Prepared according to the procedure for

20 Compound 1, Steps 4 and 5 using Z2~hydroxymethyl-5-



Prepared according to the procedure for Compound 3 using
4-chloro-2-nitro-phenol and 2 20 hydroxymethyl-morpholine-4-carboxylic

qu&gﬁﬁtgpﬁtyl WO 2006/105262 PCT/US2006/011584 92 gster Which11ss4
was prepared from the corresponding acid according to the procedure for

Compound 2, Step 1. 'H- NMR (400 MHz, CD30D), S 8.70 (s, 1, H), 8.5
(s, 1, H), B.4, (s, 1, H), 7.05 (m 20, H), 4.2 (m, 4, H), 3.8 (t, 1, 5 H), 3.5 (d,
1, H), 3.2 (m, 2, H), 2.6 (s, 3, H). LRMS (esi, positive) m/e 378.50 (M+1).
Compound 21 NH O~HO NN N\( p/ c(
mo iR 47 @ERGTPHOIM- %cg} 53“6}%’61@?"39(5 Tl
dinetiyl-pyrdzio-2-ylj-treaPreps e dracperding 2othedirgedard-fer

o%@BBEQdf%P% BHL‘?V@ 25*& g phengl K AIMEB (@ MHa, -
d6-DMSO 610355 rslH)855 %PslH)HBZS(mZ

D?F%)Wéz% | H?f4%ﬂ()m § 0485Y°F (&7 118 2% 41d, 1, H)
g 312 (ds], Hi), 2.8.(n3, LsH)1B)45 €5,98, K, LRBAS (€sPdpdsitie)lil/e
2 378:30 gM+1). CEMPoRNgk22NH @), 3.14 (4, 1H), 2.93 (d,

1H), 2.80 (s, 6H), 2.76-2.63 (m, 2H), 2.41 (s, 3H). LRMS
(ES, positive) m/e 387.4 (M+1).

Compound 18

N NN
i
i
N
Br
1-[5-Bromo-4-methyl-2-8- (morpholin~2-ylmethoxry) ~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, de~DMSO) 8§ 10.31 {br s, 1H), 10.19 (s, '1B),
8.63 (s, 1H), B8.41 (s, 1H), 8.20 (s, 1H), 7.07 (s, 1H),
4.13~3.94 {m, 3H), 3.87-3.74 {(m, 2H), b 3.52 (td, 1B},
3.00 (d, 1H), 2.69 (t, 2H), 2.42 (s, 1H), 2.25 (s, 1H).
LRMS (BS, positive) m/e 438.2.0 (M+1l).



0 HH (N~NuN N% 'Ql WO 2006/105262 PCT/1JS2006/011584 - 93
1-[5-Methyl-2-(S-morpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea Prepared according to the procedgj I -
W&%‘Fﬂ%&ﬁ%& using (R)-benzyl glycidyl ether and 4-methyl- E‘f‘/{%meﬁ/mmm '
2-nitro-phenol. 'H-NMR (400 MHz, d6-DMSOQO) 5 10.20 (s, 1, H), 10.1 (br s,
1, H),9.89 (brs, 1, H), 9.5 (brs¥4,7H) , 8.7 (s, 1, H) , 8.3 (s, 1, H) , 7.98
(s,1,H),6.9(m, 1,H),6.8(m, 1, H),4 (m, 3, H), 3.42 (m, 2, H), 3.19 (m,
2,H),3(m, 2, H), 2.43 (s, 3, H), 2.25 (s, 3, H). 10 LRMS (esi, positive)
Compeasd 36 (M+1). Compound 23 NH OHH N NYN NJO/CI
1-[5-Chloro-2-(R-morpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea 15 Preparedfaccbftling to the procedure for
Compound 4 using (R)-benzyl glycidy r and 4-chloro- 2-nitro-phenol.
'H-NMR (400 MHz, d6-DMSO) 5 10.45 (3, 1, H), 9.6 (br s, 1, H), 9.3 (br s,
1,H),8.7 (ders, 1, H), 83 (541, ), 9 (m, 2,),4.2(m, 2,H),4(d, 1,

H), 20 3.84 (t, 1, H), iﬁﬂgﬂ/m,\ﬁw d, 1, H), 3.02 (m,
. P O
N

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

5 Preﬁared according to the procedure for
Compound 3 using 2—hydroxymethylPmoxpholinem4~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, CD;0D). & 8.90 (s,

10 1, H), 8.6 (s, 1, H), 7.9 (s, 1, H}, 6.2 (m, 2, By, 4.2
(m, 4, HY, 3.8 (t, 1, #), 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). ILRMS (esi,

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

Compound 20

NH
0:‘)
 HoH T
/U“If
M
15 . : Cl

1-[5-Chloro—2~(morpholin—2~ylmethoxy)—phenyl}—B—(5—

methyl-pyrazin-2-yl)-urea : .
Prepared according to the procedure for

Compound 3 using 4-chloro~2-nitro~phenol and z-

20  hydroxymethyl-morpholine-4-carboxylic acid tert-butyl



2, H), 2.5 (s, 3, H) LRMS (esi, positive) m/e 378.30 (M+1). WO
2006/105262 PCT/US2006/011554 94 Compound 24 ~NH d 0 HH
NYNy N~ N I/ci
W?—fgqé}ﬂ%-Z-R-((l,4)oxazepan-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea 5 Prepared according to the procedure for
compound 1 using (R)-2-hydroxysagethyl-[1,4]oxazepane-4- carboxylic acid
tert-butyl ester. 'H-NMR (300 MHz, d6- DMSO) 5 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), .
52613 98B0 (WR 2R D03, 76 ¢, thiF) C3 BBeER oN9Y, 19 189386 (m, 2H),
23004ddnd Ho 2:54 (SrotHax06:b 8L tMpStd la‘?l\/ﬁéﬁs;a positive) m/e

2. Co d 25 HHO QI cl,15

Ni/? %‘,{%r%&é %%h& pl%beér\lainlg-ylrlgethoxy) phenyl] 3-9 H}'
E(54mé%hyl-’-pyl%l)zm'Q-~§‘|5) b 1+ H), 4.2 (m, 4, H), 3.8 (L, 1,

5 H), 3.5 (d, i, H), 3.2 (m, 2, H), 2.6 (s, 3, H). LRMS

(esi, positive) m/e 378.50 (M+1l).

PCTAIS2006/011584

Compound 21

7 NH

JON
M
¢l

1-[5~Chioro-2—-{S-morpholin-2-yimethoxy) ~phenyl]-3-(5-
10 methyl-pyrazin-2-yl)-urea
Prepared according to the procedure for
Compound 4 using 4~chloreo-2-nitro-phenol. IH-NMR (400
MHz, de~PMSO) & 10.35 (s, 1, H), 9.4 (br s, 1, H), B.55
{br s, 1, H}, 8.25 {m, 2, H), 7.22 (m, 2, H), 4.2 (m, 3,
15 H), 4 (d, 1, H), 3.8 (t, 1, H), 3.4 (d, 1, H}, 3.2 (4, 1,
H), 2.8 (m, 1, H), 2.45 (s, 3, H). ©LRMS (esig‘positive)
m/e 378.30 (M+1).

Compound 22

£



10

15

Prepared according to the procedure for Compound 7 using
4-chloro-2-nitro-phenol. 'H-NMR (400 MHz, d6-DMSO) 5 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,
W?,%?%@é%%/lOSZGZ PCT/US2006/011584 95 H), 7.08 (m, %%@% 384

1, H), 4.42 (d, 1, H), 3.7 (m, 6, H), 3 (s, 3, H), 2.44 (s, 3, H). LRMS (esi,

© positive) m/e 391.40 (M+1). Compaund 26 (NH /N~ HH O N~ Ny JNJO

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

%rb%e‘&ﬁFé‘)‘ér EOMRpBERER? Liding SHIBERs e PRIFBOXYIRE 46id and 4 10
nmﬁangymmemmwa (400 MHz, CD70D) 5 8.80 (s, 1, H), 8.28

(d, 2, H), 6. 9%1(§E| -0, A L0AM ) Sid Sgré-cé‘é%m?e%é‘} 2,H), 284,

1,H), 2.5( 245 (m, 2, HJ), 242 ( s H). LRMS (esi posmve)

Crﬁ%’%’é?tdsd (Wﬂﬂg 1ERCONPEURIZ Y IR OTTSH BN y N Y

2-nitro-phenol. *H-NMR (400 MHz, d&¢-DMSO) & 10.20 (s, 1,
Hy, 10.1 {(br s, 1, #), 92.89 (br s, 1, H), 2.5 (bxr s, 1,
Hy, 8.7 (s, 1, By, B.3 {s, 1, H), 7.88 (s, 1, H), 6.9 (m,
1, #), 6.8 {m, 1, #), 4 (m, 3, H), 3.42 (m, 2, B}, 3.19
{m, 2, H), 3 {m, 2, H), 2.43 (s, 3, H}, 2.25 (s, 3, #H).
LRMS (esi, positive) m/e 3258.30 (M+1).

Compound Z3

NH

o

&)

Nives

N N._R
AT
N
Ci
1-[5-Chloro-2- {R-morpholin~Z~ylmethoxy)-phenyli]~3- (5~
methyl~-pyrazin-2-yl}-urea
Prepared according to the procedure for

Compound 4 using (R)-benzyl glvecidyl ether and é4-chloro-
2~nitro-phenol. ‘H-NMR (400 MHz, de-DMSO) & 10.45 (s, 1,
H)Y, 9.6 (br s, 1, H), ©.3 (br s, 1, H), 8.7 {(br s, 1, H),
8.3 (s, I, B}, 7.18 (m, 2, ), 4.2 (m, 2, H), 4 (d, 1, H),
3.84 (&, 1, H), 3.41 {4, 1, H), 3.21 (d, 1, H), 3.02 (m,
2, Hy, 2.5 {s, 3, H)
LRMS (esi, positive) m/e 378.30 (M+1).



1-[5-Chloro-4-methyl-2-S-([1,4]-oxazepan-2-ylmethoxy)-
phenyl]-3-(5-methyl-pyrazin-2-yl)-urea WO 2006/105262
PCT/US20061011584 -96 Prepared according to the procedure fo

W MBI 1 using 4-chloro-5-methyl-2-nitro-phenol which P\ﬁgmﬁ%%%g}rle} i
according to the procedure for Compound 4, Step 2. 1H-NMR (300 MHz,
d6-DMSO) 5 10.2 (s, 1H), 8.62% (s, 1H), 8.27 (s, 1H), 8.24 (s, 1H), 7.32
(m, 1H), 7.18 (s, 1H), 4.09-3.91 (m, 3H), 3.90-3.79 (m, 1H), 3.77-3.62
(m, 1H), 3.14 (d, 1H), 2.85 (m, 1H), 2.73 (s, 2H), 2.39 (s, 3H), 2.27 (s,

copprB24 .67 (m, 2H). LRMS (ES, positive) m/e 406.2 (M+1). 10
Compound 28 NH d\JHO NN NJO Br
1-[5-Bromo-2-(S-morpholin-2-yImethgxy)-pinenyll-3-(5-
methyl-pyrazin-2-yl)-urea Prepared ag¢gcording to the procedure for 15
Compound 4 using 4-bromo-2-nitro-phepol. 'H-NMR (400 MHz,
d6-DMSO0), 6 10.30 (s, 1, H) 86§(br$/1 H), 8.43 (s, 1, H), 8.22 (s, 1,
H)715(m1H)705@1 H)n4.08(m, 3, H), 3.82 (m, 2, H), 3.47 (t, 1,
H), 3.17 (s, 2, H), 3 (d, 1, H), 3107 (&, 3,|H), 2.68 (m, 2, H). 20 LRMS (esi,
positive) m/e 423.9 n1). W8 2006405262 PCT/US2006/01 ] 584 97

Ci

1»{5wChlorew2-Rv({2,4}oxazepan-2—ylmethoky)“phenyl]~3-(5—

methyl~pyxazin»2~y1)»urea

5 Prepared according to the procedure for
Compound 1 using (R)~2—hydroxymethylm[l,4]0xazepane—4~
carboxylic acid tert-butyl ester. IH-NMR (300 MHz, d¢—
DMSO) & 10.83 {br s, 1H), 8.39% (dd, 18}, B.iB (s, 1H),
g.04 {(br s, 1H), 6.99 (4ad, 1R}, 6.82 (d, iH), 4.25-3.98

10 (m, 2H), 3.90-3.76 (m, 1K), 3,38 {d, 1H), 3.13-3.00¢ (m,
2H), 3.00 (44, 1E), 2.54 (s, 3H), 2.06-1.89 (m, 3H).
LRMS {ES, positive} m/e 382.3 {(M+1) .

Compound 25

7 TNH

/Nj/'
oo 0
"y
A
N
Ci
15 lw[5—Chloro~2—(1"methylwpiparazin~2~ylmethoxy)—phenyl}~3~
(5-methyl-pyrazin-2-yl)-urea
Prepared according to the procedure for
Compound 7 using 4-chloro-2-nitro-phenci. H-NMR (400

MHz, de-DMSO) & 10.35 (br s, 1, H), 10.2 (s, 1, H), 9.84
>0 (br s, 1, H), 9.6 (5, 1, H}, 8.31 (s, 1, H). §.21 (s, 1,



Compound 29 (ThH O O~ HH N NN ~Nf (r)i Br
1-[5-Bromo-2-R-(R-morpholin-2-ylmethoxy)-phenyl]-3-(5-

W@%@%@ﬁ@zm -2-yl)-urea 5 Prepared according to the proc%’ﬁ%gﬂfnsmusm
Compound 4 using (R)-benzyl glycidyl ether and 4-bromo-2- nitro-phenol.

'H-NMR (400 MHz, d6 DMSO), 5 10.30 (br s, 1, H), 8.65 (br a, 1, H), 8.43
(s, 1,H),825(s, 1, H), 7.18 (dk=l,H), 7.03 (d, 1, H), 4.03 (m, 2, H) ,
3.82 (m, 102, H), 3.52 (t, 2, H), 3.19 (d, 1, H), 3 (d, 1, H), 2.76 (m, 2, H),
2.43 (s, 3, H) LRMS (esi, positive) m/e 443.90 (M+1). Compound 30 I N~
HO~ H©G ~aN RyNEU,-O4BpBLEd, 1, H), 4.42 (d, %, H), 3.
(ﬂt [ssBr@mo 3-S(4-methy|-marpholie; 23/Imethoxyjuhersdk
metE nk?gr%lg % gll) Mﬁ; Prepared according to the procedure for

using 4-bromo-2-nitro-phenol and the procedures for
Compound 2, Step 4 and Compound 5, Steps 4 T and 5. 'H-NMR (400
cMigze®@E3), 5 11.43 (br s, 1, H),

N NN
ou
N
5 Cl
i-[5-Chloro-2-5- (i-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-phencl. *H-NMR (400 MHz, CD;OD) & 8.80 (s,
i, H), 8.28 (d, 2, HY, 6.992 (s, 2, H}, 4.17 (m, 3, H},
3.1 (d, 1, H), 2.92 (4, 2, H}, 2.84 (t, 1, H), 2.5 (s, 3,
Hy, 2.45 {(m, 2, H), 2.42 (s, 3, H). LRMS {esi, positive)
m/e 381.30 (M+1).

15 Compound 27

(f—u\NH

0

R
N
]

1~ [5-Chloro-4-methyl-2-8-([1, 4] -oxazepan~2-ylmethoxy) -
phenyl]-3-(5-methyl-pyrazin-2-yl)-urea



WO 2006/1.05262 PCT/US2006/011584 98 9.02 (s, 1, H), 8.6 (s, 1, H),
8.33(s, 1, H),8.2(s, 1, H),7.12(d, 1, H), 6.76 (d, 1, H) , 4 (m, 3, H) ,

W{ﬂ %\&“%‘425%83(02 (d, 1, H), 2.73 (d, 1, H), 2.51 (s, 3, H), 2%‘&’/&5”6/&%4

t, 1, H). 5 Compound 31 ~NH Oj HO NNU NJI0I B
1-[5-Bromo-2-([1,4]oxazepan-2-ylmethoxy)-phenyl)-3-(S-
methyl-pyrazin-2-y1)-urea Prepaged-according to the procedure for 10
Compound 6 using 4-bromo-2-nitro-phenol, which was prepared
according to the procedure for Compound 4, Step 2. 1H-NMR (400 MHz,
CDCI?), S 8 Fzefinrsd]l aHF8U8 Ys ta, iR 82459894 IH)T9A1 (d, 1, H),

cBrfR(thd, 1H)JsﬂT@J2 4%@#&3&%%&)731&4%&@@12%(m 152,
251 (s, 3 H) ﬁgar 28%) LRMS si, %S'EV% /e #36.00°

ﬁ%ﬁfe@oﬁ%ﬁoﬁn i SRR e‘F& WO 2006/105262
SPW/@Szd@(S}@%S@@U dflz, C-DMSO) 3 10.2 (s, 1H), 8.62

s (s, 1H), 8.27 (s, 1H}, B.24 (s, 1H), 7.32 (m, 1H), 7.18
(s, 1H), 4.09-3.91 (m, 3H), 3.90~3.79 (m, 1H), 3.77-3.62
{m, 1H), 3.14 (d, 1H), 2.85 (m, 1H), 2.73 (s, 2H), 2.39
(s, 3H), 2.27 (s, 1H), 1.82-1.87 (m, 2H). LRMS ({(ES,
positive) m/e 406.2 {(M+1).

1¢ Compound 28

Ni

3)
/ET'

Br
1=-{5-Brome-2-(S-morpholin-2~ylmethoxy)-phenyl]-3—~ (5~

~

O

Q

methyl-pyrazin-2-yl)-urea
Prepared according to the procedure for
15 Compound 4 using 4-bromo-2-nitro-phencl. ‘H-NMR (400
MHz, dg-DMSO}, & 10.3C (s, 1, H}, 8.63 (br s, 1, H), 8.43
(s, 1, H), 8.22 (s, %1, Hy, 7.15 {m, 1, H), 7.05 (d, 1,
Ky, 4.08 (m, 3, HY, 3.82 (m, 2, ¥), 3.47 {t, 1, H}), 3.17
(s, 2, H}, 3 (d, 1, ®), 3.07 (s, 3, H), 2.68 (m, 2, H).
20 LRMS (esi, positive) m/e 423.80 (M+1}).
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1-[5-Bromo-2-(4-methyl-[1,4]oxazepan-2-ylmethoxy)- phenyl] -3-
(5-methyl-pyrazin-2-yl) -urea Prepared according to the procedure for
Compound 6, using 4-bromo-2-nitro-phenol, and by the 5 procedure for _
W SMHLURES, Step 5. 'H-NMR (400 MHz, CDC13), S 8.25 (8¢1/1830%41 584
(s,1,H),7.1(d, 1, H), 6.72 (d, 1, H), 4.19 (m, 1, H), 4 (m, 1, H), 3.95 (m,
2, H), 3.42 (brs, 1, H), 3.02 (d*, A), 2.84 (m, 1, H), 2.62(t, 1, H), 2.5
(s,3,H),24(s,3,H),2(m, 2, 10 H). LRMS (esi, positive) m/e 451.90
(M+1). Compound 33 O~ HH O N~ NuN i IOl H3O NI CI "
CoFREYER|0f8-2-S-(4-cyanomethyl-morpholin-2-ylmethoxy)-
phenyl]-3-(5-methyl-pyrazin-2-yl)-urea 1
1-[5-ChIoro-2-(S-morphoIin-2-ylmetho>15-\NH
phenyl)-3-(5-methyl-pyrazin-Z-yI)-ureaC(Q.,]:'é9 g, 0.5 mmol) was
suspended in DMF (2 mL). Potassium cgrbonate (0.104 g, 0.75 mmol)
and bromoacetonitrile (0.035ynL,9.5 $imol) were added and the reaction
mixture was heated to IS fol e reaction mixture was allowed
tocooltoromntemg;ﬁﬁlr aiﬁqu d by addition of H20O (10 mL) .
The resulting solid wés cdllected by filtfation and recrystallized from
McOH to give the product as a white gbwder (0.072 g). 'H-NMR (400
1-MbHz 6:BMSB) (R4 (e P51 2 T 1H)me OIRG Hr 8P ERY L6763 (5rs, 1H),
m&ﬁgi(gpyggzﬁlé@,l;l:l)rgalo (d, 1H), 7.03 (dd, IH), 4.14 (dd, 1H),

Prepared according to the procedure for

compound 4 using (R)-benzyl glyecidyl ether and 4-bromo-z-
nitro-phenol. ‘HE-NMR (400 MHz, de-DMSO), & 10.30 (br s,
1, H), B.65 (br s, 1, H), 8.43 (s, L, H), 8.25 (s, 1, H):
7.18 {(dad, 1, H), 7.03 {4, 1, H#H), 4.03 (m, 2, H), 3.82 {m,
2, H), 3.%2 ({(t, 2, H), 3.1% (&, I, B}, 3 (¢, 1, B), 2.76
{m, 2, HY, 2.43 (s, 3, H). LRMS (esi, positive) m/e
443,90 (M+1).

Compound 30

N/

¥

oyr
e
' N
Br

1—{5-Bromo~2~8~(4—methyl—morpholin~2~ylmethoxy)-?henyl}—
3-(5-methyl-pyrazin-2-yl) ~urea

Prepared according to the procedure for
Cempound 4 using 4-bromo-2-nitro-phencl and the
procedures for Compound 2, Step 4 and Compound 5, Steps 4

and 5. H~NMR (400 MHz, CDCls), & 11.43 (br s, 1, H},



WO 2006/105262 PCT/US2006/011584 - 100 4.09 (dd, 1H), 3.96-4.01
(m, 1H), 3.91-3.95 (m, 1H). 3.81 (d, 1H), 3.72 (d, 1H), 3.64 (td, 1H), 2.95
{brd, 1H), 2.72 (br d, 1H), 2.43 (a, 3H), 2.32 (td, 1H), 2.18 (t, 1H). LRMS
Wfbgif'%@ﬁﬁ?e) m/e 417 (M+i). 5 Compound 34 ~NH S H O R A3
NJ 'Ol ClI 1-[5-Chloro-2-(thiomorpholin-2-ylmethoxy)-phenyl]-3-(5-
methyl-pyrazin-2-yl)-urea Preparegl according to the procedure for 10
Compound 2, Step 2 (using 2-hydroxymethyl-thiomorpholine- 4-carboxylic
acid tert-butyl ester obtained from thiomorpholine-2,4-dicarboxylic acid
%4fartiisutyl ester atebrding fo the prbeddiufé fof Cothpotind 2 SStelp 1),

;@ndﬂhg pr(@qed,qrqq;)fpr@omg@;nd 3, 15tem?2 and SomppurdL, (25 Steps
OO@{I ? ds- DI}{ISQ) 0.48 (_;’Qr I—g 19)27 (brs,
I?br S, IH? 1

1H), 8.21°(s, 1H) 7.12 (d 1H), 7.03 (dd,
21|3|) (&661@ Hh), 2432 (éﬁ ) BB 02 (8 1), 31618:17 (m, 1H), 2.99
(dd, 1H), 2.94-2.98 (m, 1H), 2.89 (ddd, 1H), 2.71 {ddd, 20 1H), 2.46-2.48
5 dipdhha244 (a, 3H). LRMS (esi, positive) m/e 394 (M+1). WO
5006/105262 PCT/US2006/011584 - 101 Compound 35

(f_*\NH

Q

PR
o
N
Br

1-[5-Bromo-2-{[1, 4l oxazepan~2-yimethoxy)-phenyl] —3- (5~
methyl-pyrazin~2-yl)-urea
Prepared according to the procedure for
10 Compound 6 using 4-bromo-Z-nitro-phenol, which was
prepared according to the procedure for Compound 4, Step
2. ‘H-NMR (400 MHz, CDCls), & 8.72 (br s, 1, H), 8.48 (s,
1, By, 8.45 (s, 1, By, 7.11 (4, 1, H}, ©.75 {(d, 1, H),
£,02 {m, 3, ), 3.8 i{m, 1, H), 3.21 {d, 1, H), 2.97 (m,
15 2, Hy, 2.51 (s, 3, H}, 1.92 (brm, 2, H). LRMS {esi,
positive) m/e 436.00 (M+l).

Conpound 32

Br



H CN~ O H s 1-(5-Methyl-pyrazin-2-yl)-3-(3-5-(morpholin-2-ylmethoxy)-
5,6,7,8-tetrahydro-naphthalen-2-yl]-urea 5 Prepared according to the
procedure for Compound 3, Step 1 (using ‘

WS A0S xymethyl-morpholine- 4-carboxylic acid tert-butyi‘estey006/011584
prepared from S- morpholine-2,4-dicarboxylic acid 4-tert-butyl ester
according to the procedure for.Cegpound 2, Step 1 and 3 10
nitro-5,6,7,8-tetrahydro-naphthalen-2-o01, prepared according to the
procedure for Compound 4, Step 2, and the procedure for Compound IF

1S1Ep S: ArloNBAR {408t Z, [ U6t DMSR ) BrHE 691w (1 #H ¥106-05 (s,1,H),

B0 80 8 EDafi 5 b ABES MO8 (S1H, 397 15 (m.LH),
3.8 (m,l,H)§3.78 (m,2,H), 3.5,1 %t_,{l,H), 2.98T%d,I,H : 2'6r3 (filn,G,H), 2.44
(m,IH), 241 (ES8 9. 65 C0FC - H) © CORpBERTS6 TTH PRNH O H H N\

CRupbunf| B10vsiay 10-brome~2-nitro—-phenol, and by the

et
thyl-pyrazin=2-yl)-urea \\ ]
¢ (r% afe a%:b%di%ég't%{fhéyg'rogg%r;(sférz%o?h%oﬁaZ{G%ng]j[ R,

émotplBling:3:8-4-Gickfbé¥ylidadid 4-4 (@, 1, H), 3.93 (m, 2,
By, 3.42 (br s, 1, H), 3.02 {4, 1, H), 2.84 (m, 1, H).

2.62 (t, 1, H, 2.5 (s, 3, K}, 2.4 (s, 3, B}, 2 (m, 2,
H}. LRMS (esi, positive) m/e 451.90 (M¥1l).

Compound 33

s hid
Hsc/[N/j/ ©
Ci

i-{5-Chloro-2~8~{4~cyanomethyl-morpholin-2Z-yimethoxy) -
phenvl]-3-(5-methyl-pyrazin-2-yl)-urea
1-{5~Chloro-2- (S~morpholin-2-yimethoxy} -
phenyl]-3=(5-methyl-pyrazin-Z-yl)-urea (0.18% g, 0.3
mmoi) was suspended in DMF (2 mL). Potassium carbonate
(0.104 g, 0.75 mmol) and bromoacetonitrile (0.035 mL, GiS
mmol) were added and the reaction mixture was heated to
" B0°C for B 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 & white
powder {0.072 g). ‘E-NMR (400 MHz, de-DMSO) & 10.46 (br
s, 1H), 10.2¢ (br s, 1H), 8.63 (br s, 1H), 8.31 (4, 1H),
8.17 (s, 1H), 7.1C {d, 1H), 7.03 (dd, 1H), 4.14 (dd, 1H),
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15

tert-butyl ester. 'H-NMR (400 MHz, d6-DMSO) 5 10.22 (s,I,H), 9.96
(br,1,H), 8.74 (s,1,H), 8.29 (d,1,H), 8.18 5 (s,1,H), 7.04 (m,2,H), 3.94

% E(—)! %‘720 (ord, 1,H), 3.42 (m,,H), 3.23 (m,2,H), 2.83 (bﬁéﬁgﬁg{m%ﬁﬁ%im

ompound 37NH HHONNN NJO 10
1-[5-Methyl-2-R-(morpholin-3-ylmethoxy)-phenyl)- 3-(5-
methyl-pyrazin-2-yl)-urea Prepdred according to the procedure for
Compound 2 using 4-methyl-2-nitro-phenol. 'H-NMR (400 MHz,
d6-DMSO) 5 10.08 (or s,1,H), 9.76 (br,1,H), 8.17 15 (s,1,H), 8.03 (d,1,H),

1630 (9 H} 6 BG (1714 03 88/ mIE H), B, 78 1Br 52,19y, 3744 (et BB, 3.20
(:m 2H), 2822(md, H)1L,43 (88,k)a2.24i(s,32HpsCompalind 88,~NH O H
2 T2 aN &F CHWQ %%069;95292ﬁCT4}&5299?/O%1§%4 (t103

0ro-2-S- mor holin-2-y methoi/ gj
1€f‘|’fluorﬁﬁ‘?§h§/ﬁ)’yraﬁﬁ52‘§ﬂ)vﬁ}eéi‘/ Prépare ﬁﬁéordlng to the procedure for
Compound 1, Steps 2 through 5, using 5-trifluoromethyl-

Compound 34

" NH

S

M8 T
o
HaG” N
Cl

1-{5~Chloro-2- {thiomorpholin-2-ylmethoxy}-phenyl}-3- (5~
methyl-pyrazin-2-yl}-urea

Prepared accerding to the procedure for
Compound 2, Step 2 (using 2-hydroxymethyl-thiomorpholine-
4-carboxylic acid tert-butyl ester cbtained 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. 'E-NMR {400 MHz, d.~-DMSO)} & 10.48 {brl S,
14}, 10.27 (br s, 1H}, 8.62 (br s, 1H}, 8.31 (4, 1H),
8.21 (s, 1H), 7.12 {4, 1H)}, 7.03 (dd, iH), 4.36 (t, 1H},
4.12 {(dd, 1H), 3.24 {(gd, 1H), 3.16~-3.17 (m, 1H), 2.99
(dd, 1B), 2.94~2.98 {m, 1H}, 2.89 (ddd, 1iH), 2.71 {ddd,
1H), 2.46-2.48 {(m, 1H), 2.44 (s, 3H). LRMS {esi,
positive) m/e 394 (M+1). '
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i5

0

5 pyrazin-2-ylamine prepared according to the method of Miesel U.S.
Patent No. 4,293,552 and (S)-2-hydroxymethyl- morpholine-4-carboxylic
acid tert-butyl ester. 'H-NMR (d6-DMSO) S 10.85 (bs, 1H), 9.97 (bs, 1H),
W 190¢08520y), 8.98 (bs, 1H), 8.73 (bs, 1H), 8.22 (bs, 1H), 758 (Ha204g011584
1H), 4.19-3.73 (m, 6H), 3.32-2.98 (m, 4H). LRMS (esi, positive) m/e 432
(M+1). Compound 39 ~NH OY +#H O N~ N O NCXNX O CI CH3
1-[4-Chloro-5-methyl-2-S-(morpholin-2-ylmethoxy)-phenyl] 15
3-(5-cyano-pyrazin-2-y1)-urea Prepared according to the procedures for
Cemprpdandd, 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 20 NMR (300 M 13) 6 10.39 (br s, 1H),
9.05 (or s, 1H), 8.74 (s, 1H), %168 (%, 1H), 8.8 (3, 1H), 6.91 {s, 1H), 4.04
(m, 4H), 3.78 (m, 1H),£ , TH), 2 : , 2.78 (m, 1H), 2.36 (s,
3H). LCMS (esi, p%sé' 403.165¥#1). WO 2006/105262
PCT/US200 6/01 1 -10 (NH OHHO

4 compouny

i-{5-Methyl-pyrazin-2-yl}-3-{3-8~ (morpholin-Z-ylmethoxy)-
5,6,7,8-tetrahydro-naphthalen-2-yl]-urea

Prepared according to the procedure for
Compound 3; Step 1 (using (8&)-Z-hydroxymethyl-morpholine-
4~carboxylic acid tert-butyl eétex prepared from S-
morpholine-2,4~dicarboxylic acid 4-~tert~-butyl ester
according to the procedure for Compound Z, Step 1 and 3-
nitre-5%,6,7,8~tetrahvdro~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,
de-DMSO) & 10.09 {(br,1,H), 10.05 {(s,1,H}, 8.60 (br
s,1,H), 8.17 {(=,1,B), 7.86 (s,1,B), 6.68 (8,1,H), 3.97
(m,1,H}, 3.89 (m,1,H), 3.78 (m,2,d), 3.31 (t,1,H), 2.98
(d,1,8), 2.63 (m,6,H), 2.44 (m,1,H}, 2.41 (5,3,H), 1.68
(m, 4,8) .

Compound 36

O/

N
PO
Ci

1-{5-Chioro-2~-58~ {morpholin-3-yvlmethoxy)-phenyl]-3- {5~
methyl-pyrazin-2-yl)-urea



N~ N~N NCXNX O (n" Cl
i-[5-Chloro-4-methoxy-2-(S-morpholin-2-ylmethoxy)-
phenyl]-3-(5-cyano-pyrazin-2-yl)-urea 5 Prepared according to the
WErdtedttEIor Compound 1, Step 2 (using 5-amino-pyrazinB$EatBuHitAng+
prepared according to the procedures for Compound 5, Steps 1 and 2)
and the procedures for Compouri¢ 1, Steps 4 and 5 (using
2-hydroxymethyl-S-morpholine-4-carboxylic 10 acid tert-butyl ester and
4-chloro-5-methoxy-2-nitro- phenol, prepared according to the procedure
for CompouBders step 23 coEEMNMRUBOG M PRoascBMSOPS 10.82 (s, 1H),

C&n&%&ﬁdlbl)ugl%@royﬁﬁo& Ble(3-HH) B0k (Sck).i 6.936s3 1), 4.25 (s,
4.13-3.98 (m, 2H), 383 (5,15 ;3@1%#4 R‘Z% -3,19 (m, 2H),
t%rfﬂﬁﬁﬁl(n’?sfﬁ’f LRR/@% s\ positive) mfe i Compound 41
(BH, ®~uDINTHH NN N O.CF (s/1,B), 8.23 {ci 1,’8), 8.18
5 (3;1b;&hlorp:82S-(a)erpholire2edmethoxy)-pherty[k3x(54,20L, H)
cxgn np ragn ygsurp . W@,20 6/105262 g’gT@HSZQO@@llSM 105

Prep according to the procedure for Compound 1, Step 2 (using
férrrﬁﬂo pyrazine-2-carbonitrile prepared according to the procedures for
Compound 5,

Compound 37

&

~
jNH

v AL
P
N/
10 1"[5~Methyl~2—R—{morpholin—Swylmethoxy)~pheny1]—3—{5w_
methyl-pyrazin-2-yl)-urea
Prepared according to the procedure for
Compound 2 using 4-methyil-2-nitro~phencl. 'H-NMR (400
MHz, dg-DMSC) & 10.08 (br sél,H), 9.76 {br,1,H), B.17
s (s,1,H), &.03 (d4,1,8), €.90 {(d,1,H), 6.80 (d,1,8), 3.88

(m,3,H), 3.70 (br &,2,H), 3.41 (m,1,H), 2.20 (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

Steps 1 and 2) and the procedures for Compound 1, Steps 45 and 5
(using 2-hydroxymethyl-S-morpholine-4-carboxylic acid tert-butyl ester
‘and 4-chloro-2-vitro-phenol). 1H- NMR (d6- DMSO) S 10.9 JH ,
VPP B H), 9.05 (bs, 1H), 8.95 (s, 1H), 8.85 (s, 1H), 8. '%?“ 3,“‘5’.‘3?8“
(m, 1H), 3.96-4.24 (m, 4H), 3.68-3.78 (m, 2H), 3.3 (m, 2H), 10 3.0 (m,
2H) LRMS (esi, positive) m/e-388@+1). Compound 42N CY HH O N\
NyN NCXNX O Cl
1-(5-Chloro-2-s-(4-methyl-morpholin-2-ylmethoxy)-phenyl]-
13{(5-CpanapyiaZ in@oyynwbin 5 SY Pt IS CHBEsY {Merphalin-2-
r Yieethoxyi-phgnylind-to-cyanospyrazia=2-yl)-urea. Prepared according to

the procedure for Compound 1, St usin
5-amino-pyrgfi‘%%i?gar%%cnﬁﬁﬁ]%n :g%%ée a%gg%ej%urt% t%%rprocedures for
COuwpdEnd 5,35&%s 2 TP and Wé?ﬁoééﬂﬁ?gg?&réﬂﬁw&ﬁd 1,
poienRs 4-ang bafUsing 2eRydeaxyaetndiSgnorphalknetzbarhoxglic acid
uiEEEpY esterand ¢ ghlorg 2roire phanl) (@ lve e/ heraguct

S8p 2: ;-Q[é-C loro-2-(morpholin-2 5 ;
NORREMEY S SRR -G aR 6L Ey i 2 a8 (6276 ¢ 0-73 mmol)
(aassaspended.insSDME (S1HL) ahPffedted WB 20061105062 1E) .
¢PGT/\US20Q6/011584 -6 with petassiyskarhonate. @el5igs 1.1 mmol)

and meth

. | .
iH), 4.19-3.73 (m, 6H}, 3.32-2.98 (m, 4H). LRMS (esi,

positive) m/e 432 (M+1).

Compound 39

" NH

C
oyr
MNC N i
CHa

1-f{4-Chloro~5-methyl~2-8§~ (morpholin-2~yimethoxy) ~phenyl] -
3~ (5~cyano-pyrazih-2-yl) -urea

Prepared according to the procedures for
Compound 5, Steps 1 through 4 using S-chloro~d-methyl-2-
nitro-phencl prepared from 3-chlorc-4-methyl-phenol
according to the procedure for Compound 4, Step 2. TH-
NMR (300 MHz, CDCl;) & 10.39 (br s, 1H), 2.05 (br s, 1H),
8.74 (s, 1H), 8.68 (s, 1H), B.18 (s, 1H), 6.51 {s, 1H},
4.04 (m, 4H), 3.78 {m, 1H}, 3.19 (&, 1H}, 2.97 (m, ZH),
2.78 {m, 1H), 2.36 (s, 3H). LCMS (esi, positive} m/z
403.16 (M+1). '
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iodide (0.046 mL, 0.73 mmol). The mixture became homogeneous and
was stirred at room temperature for 4 h. The reaction was quenched with
the addition of water (20 5 mL) and extracted with a 3:1 mixture of
WORRYRPOH (3 x 25 mL). The combined organic layers wr&/US2006/011584
concentrated under reduced pressure and the residue was triturated with
EtOAc. Filtration provided 0.214 g 0f the product as a white solid. 'H-NMR
(300 MHz, d6-DMSO) 6 11.01 (s, 10 in), 10.16 (s, in), 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
clehoUdhB8.64 (t, 1H), 2.89 (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). 15 compound 43 Hs
OJHHb N~NYN N~OC1 NH
1-[5-Chioro-2-(S-4-methyl-morpholin-2-ymethoxy)-phenyl)-
3-(5-methyl-pyrazin-2-yi)-urea Prepared agcording to the procedure for 20
Compound 42, Step 2 using 1-[5-chioros2<(S-4-methyl-
morpholin-2-ylmethoxy)- p en 3- -meathyl-pyrazin-2-yl)- urea. 3H-NMR
(300 MHz, d6- DMSO) E;zr BQ’s | .24 (s, 1H), 8.73 (s, 1H), 8.30

(s, IH), 8.27 (s, 1H) 43781 (M, 4H), 3.59 (t, 1H),
3.91 (d, 25 1H), 2. 6 2 18 (s, 3H), 2.03 (td, 1H),

1.82 (t, 1H). LRMS S sitive M-+l 06/105262
1p@%|-7 6] 111 ‘éﬁf} pg JS Ir?orp o .'LII"' -li)n %3;&9

phenyl] -3~ {5~cyano-pyrazin-2-yl)-urea

Prepared according to the procedure for
Compound 1, Step 2 {using S-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 Znhydroxymethyl—sumorpholine—é—carboxylic
acid tert-butyl ester and 4~chloro-5-methoxy-2-nitro-
phenol, prepared according to the procedure for Compound
4, Step 2). ‘E-NMR (300 MHz, de-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, Z2H), 4.13-3.98 {m, ZH), 3.83 (s,
34), 3.61 (t, 1H), 3.41-3.19 {(m, 2H}, 3.17-2.91 (m, 2H) .
LRMS (ES, positive) m/e 418.1 (M+1).

Compound 41

¢ NH

O

1—{5~Chlor0w2m8w(morpholin—z-ylmethoxy)~phenyl}~3~{5—

cyano-pyrazin-2-yl)-urea
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- 107 THERAPEUTIC METHODS Compounds of the invention can be
used to treat conditions involving aberrant cell proliferation. For example,

the com#)ounds can be used to potentiate the 5 therapeutic effects of J
WEhdiatdhhd/or a chemotherapeutic agent used in the treathTeht of *6/011384

cancers and other cell proliferation indications involving eukaryotic cells,
including those in humans and ¥ther animals. In general, the present
compounds inhibit 10 aberrantly proliferating cells, both cancerous and

noncancerous. For example, comgourt]ij,g ofgge%\égntiggrcan be used to
enhance treRtARATRES RIFTBFS ClStmanly freated with an antimetabolite,

cof@pumetiotréxate, 2 gémsétabhersrs-fRisreaiac B-FIP I Beel 6f

D on or Shants, oliorating ool e e seductan g

SteRfitation’ of suEh csits frpoxr%ct%geuégﬁ po%fulg?gﬁﬁ) ) E’ér exémplel,gswﬁen the

anpopulatiohsf Zodyaney metirefatiresrisd derntisrERAE Yddmpounds of

the inventienwan bedisedia tetanddhe-ate vf tummregrath, diécrease the
numper rsapg/ox ind paftial,ar gamplete turaop Fegrgssion.

NM&ofn6ogg§égo%hzoﬁr%z§r%€ﬁv%n ion can bequséF():i %% in vivo or ex vivo'

1Hvheh-R5 aberrabit oel BpfiiféFatidh) ha teelftdentifed of WhBH no
1rabeyapteell Zarotiferation iss ofgeing sbuitwheih) abérraintellZBroliferation

3.5 Syspestsd oraxpected: Compounds ofjhe syesestinvention also can
be used when aberrant cell 30 proliferation has been previously treated in
order to

Compound 42

o8

Y

Hoe T
r
e
NC N
Cl

1m{5wChloro—2~S~(4mmethyl—morpholin~2—ylmethcxy)npheﬂyliw
3;(5~cyano—pyrazin—2~yl)—urea _

Step 1: lﬂ[SQChloro—Z*(morpholinvz—
ylmethoxy)~phenyl}~3~(5~cyano~pyrazin~2~yl)wuxea.
Prepared according to the procedure for Compound 1, Step
2 (using S-amino-pyrazine-2-carbonitrile prapared
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

tart~-butyvl ester and G-chloro-2-nitro-phenol) to give

0.27 g of product.

Step 2: 1-{5-Chloro-2-(morpholin-2-
ylmethoxy)-phenyl]—3»(Smcyano—pyrazin~2-yl)—urea (0.276
g, 0.73 mmol) was suspended in DMF (5 ml) and treated
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prevent or inhibit recurrence of the same. WO 2006/105262
PCT/US2006/011584 - 108 One method of the present invention
comprises administration of a therapeutically effective am (
W r"‘e"s‘%r‘i?%%l inhibitor, in combination with a chemotherap%ﬁ:’%'1&;9%‘r}m(fj,ﬁgc}j584
an individual in need thereof. 5 Alternatively, a method of the present
invention comprises administratigp of a therapeutically effective amount
of at least one present Chkl inhibitor to an individual in need thereof, in
combination with an antibody, e.g., herceptin, that has activity in 10
winhibitingthe:prplifaration of cancer eglls. . Cancers, thefefosehate
. susceptiple 1o _enhan treatment hy admipistration of apresent Chkl
1Fn‘?1jigf?or*i¢1‘c&c?r%b’%bétigﬁe%igﬁ%ogkémotherapeutic agent or_an antibody.
hORPReRs freatabi By hetdresshahvERtBn-ERIGGE Earémorat -and
TRAIGRas that ake: Chasacterized by sodaadiorsoandicarcers dizthe
mﬁ;y%l%'g %:x'm@_&%' systems; inclyding leukemias,lymphemags and other
cancers that typically lack a tumor mass, but are dlstrlbutgd in the
29a86Ular of mpPHErEhEH 88t e 26 Theler SatCBiS AL e Yor
naxampledoolode oot camoerspahaae arrkhdek cemeersipanerestic cancers,
wﬁﬁs%téﬁe?ef%hﬂ@ QEiQﬁﬂlgﬁrévmed@t%@@cgr%ﬂ/pdmar SEOGES,
eukemias, lymphomas, melanomas, renal ce rcinomas, pvarian
agafcdist Braflaficers! "§D&té%%8ar§§ﬁfas§6ar$g%%ﬁg%cagr:%é?s. Ompounds
1686 thet présentdnvéRtiont thérefdre 2fre Wseltl iffeanBers febfatett by
16Nkl activityMose particidarlyp £hid activity is assogtatetrwithfosms of
(4, 1H), 3.61 (t, 1H), 2.8% (d, 1H), 2.65 (d, 1H}, 2.18
(s, 3H), 2.02 (td, 1H), 1.83 (t, 1B). LRMS (ES,

positive) m/e 403.0 {M+1).

Compound 43

~y

of
-
N

H
/JEN:I,Njg,
" Ci

31— [5~Chloro=-2-{8~4-methyl-morphelin-2-ylmethoxy) -phenyl}-~
3~{5-methyl-pyrazin-2-yl)-urea
| Prepared according to the_procedure for

Compound 42, Step 2 using 1-[5-chlioro-Z-{S-4-methyl-

_morpholin-2mylmethoxy)—phenyl}—Sm(S—methyl—pyrazinmz—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), B.27 (s, 1H), 7.12-
6.93 (m, 2H), 4.17-3.81 {(m, 4H), 3.59 (t, 1H), 3.91 (d,
1H), 2.64 (d, 1H), 2.43 (s, 3H), 2.18 (s, 3H), 2.03 {td,
14}, 1.82 (¢, iH). LRMS (ES, positive) m/e 392.1 (M+l).
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cancer including, but not limited to, adult and pediatric 30 oncology,
growth of solid tumors/malignancies, myxoid and round cell carcinoma,
locally advanced tumors, metastatic cancer, human soft tissue sarcomas,
WihekieM§Bring's sarcoma, cancer metastases, including IFmPHSHEA4
2006/105262 PCT/US2006/011584 - 109 metastases, squamous cell
carcinoma, particularly of the head and neck, esophageal squamous cell
carcinoma, oral carcinoma, blodd &l malignancies, including multiple
- myeloma, leukemias, including acute lymphocytic leukemia, 5 acute
antilymphocytic Ieukerg'g ;E{HB%B’WEC leukemia, chronic
myelocytic leukemia, ard-tairy cefrfeukemia, effusion lymphomas (body
cavity based lymphomas), thymi¢ lymphoma lung cancer (including small
cell carcinonta Bt s T-E8I ffr%%?%ﬁﬁg, Hdag ?n'tslsfodlyﬁphoma,
tmeniHodgkitts dyraphoma véagceb et thaadrehal RIGHEES&eT ¥ roducing
Fumats, Ronsmall celbeaBoaes breastcaseer, taclisiag siaalk celle
qarcinoma.and ductal, carcinoma). gasygiyestigal cancers (including
EBHRESH "cancér colon cancer. colorectal cancer, and polyps 15
cHETSHBRIG I 6| GeERll NEGHladia ) IaricrEafBTAn et fRTCahcer,
awkolegical canrers fircluding:blad derd canmceensuchesiprimary superficial
ipddor famars, Jovasiye fansitiongleell gareiname ofshe bladder, and

muscle-invasive bladder cancer), prostate cancer, 20 n%al_'igir]cancies of the
sfeifaksgenttal #5REGACIUIAG BYEFEN cAREIRSHA, pritiary peritoneal
aepitivelial : nepptdshey eervicatedtsinomdhuterireeenddn#éWial cancers,

yaginal.capger, canceehiha vulvarderines cancerandsakd fumors in the

ézgag%pégggKQb 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 proliiferating 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 ce;i
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 order to

prevent or inhibit recurrence of the same.



w

25 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
WML mas, and metastatic tumor cell invasion in 30 thie" E Qj6/013584
nervous system), bone cancers (including osteomas and
osteosarcomas), skin cancers_(ipgliding malignant melanoma, tumor
progression of human skin keratinocytes, and squamous cell cancer),
thyroid cancer, WO 2006/105262 PCT/US2006/011584 - 110
retinoblastorgae nﬁﬁﬁ@bka%&ma;q:)@fmm effusiani anatignant péeural

effusion, mesatheliom; Imrégl%moﬁ y Al Aladder cancely o a
asms h

tropﬁoﬁlastlc neop angiopericytoma, and Kaposi's sarcoma. 5

Pmﬁﬁﬁﬁoﬁﬁli]ofﬂiﬁ%lﬁ%n |h9eﬁﬂ‘6?|1§%’ir8§n WiERiged to radiosensitize
calls Diseasestteatadde withoradiationiinctice, Hut aueedotlimiteEto

Aenlgstic ,disgases, hepignand maaligaapt umersnand,cancerous  cells.

Radiation trea’[ment employs electroma netic 10 gglatlo such as
GHRFE TS AR 620 161 075 ﬁw)“%e A7 SAiSAon{16=15%96 164 m),
atitraviletlight {E@ sim doe4D0awmenvigile Hgitilfotrani-fo 90 nm),

sipfrapeduradigtondd90-Er i 1,0 mMieancthaticwwane radigtion (1 mm to
30 c 15 Some c{gncert eatm%plt Qr%tocols gurr Iy rgzmploy :

ar%l%llg SHeitisefs activat

vated yélectromagnetlc radiation, e.g., X-rays. -
imRaRDIES Bf SpayictivErEd LiatoS B EifFeS |ﬁ%Md5e, but are not limited
to, the follovdageszetronidazaie raiseniddazcies20ible to

e%%%mgg&yl@}lé QQM lBy pHHﬂDﬂ%%@Qtféﬂ” @929 l?)f;:es ent Chkl
inhibitor in combination with a chemotherapeutic agent or
an antibody. Cancers treatable by the present inventien
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 lagk a tumor mass, but are
distributed in the wvascular or lymphoreticular systems.
These cancers include, for example, colorectal cancers,
head and neck cancers, pancreatic cancers, breast
cancers, gastric cancers, bladder cancers, vulvarn
cancers, leukemias, lymphomas, melancmas, 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 teo, adult and pediatric
oncology, growth of solid tumors/maligrancies, myxoid and
round cell carcinoma, locally advanced tumors, metastatic
cancer, human soft tissue sarcomas, including Ewing‘'s

sarcoma, cancer metastases, including lymphatic



nimorazole, mitomycin C, RSU 1069, SR 4233, E09, RB 6145,
nicotinamide, 5-bromodeoxyuridine (BUdR), 5- iododeoxyuridine (IUdR),

bromodeoxycytidine, fluorodeoxyuridine (FUdR), hydroxyurea, cisplatin,_
WERA'9E% 8 apeutically effective analogs and derivatives thBfaSfS2006/011584

Photodynamic therapy (PDT) of cancers employs visible light as the
radiation activator of the sens#izing agent. Examples of photodynamic 30
radiosensitizers include the following, but are not limited to:
hematoporphyrin derivatives, PHOTOFRIN(r), benzoporphyrin
roeraatine s s N PeB 2t st operp AR FISHET 2p ashiéobéfdideract the
Mﬁ%@'@é@@bygﬁnﬁﬁgfm@/&m P&E@%@Q@%5B4~orallll
naphtha locyanines, phthalocyanines, zinc phthal .ocyanine,. an

e Rt e ek R B
vsdionansitireESTEET belaGiRisISretF it & domprrEvhifithtgukenia,
dhempeisicallyreieetive ameuréaf apneraombrelgampotipdd th addition to
108, Gl Bhiiior s sugh cpapovdedogliing. Dl netiijedde,
compounds that promote the incorporation of radiosensitize rs to the
karjertets, toMPOER IS YRR THir ol REYH GR 010 tR&fRbeutics, nutrients,
antibpoxyyentothicctargebhoslis, oiremothespautic dgehtsdhatalt on the

dumorwith.; b dthout-additionat radiationiether thesapeutically
effective comg,o_uﬁnds Lo,r treaygg cancer or gther %IEG%?S aEé(aemg!Les of
LARRSRAthERPEITE adefts P ncthods AT TS5 2an be ussd i
corerctiGr Wit radiostrith2ERincl Bde STt aresidt MdfisE s,
r-fugrowasddb;Fi)cluding small cell carcinoma and ductal

carcinoma), gastrointestinal cancers {(including stomach
cancer, colon cancer, colorectal cancer, and polyps
assoriated with colorectal necoplasia), pancreatic cancer,
liver cancer, urolegical 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 sclid 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 costeosarcomas), skin cancers (including
malignant melanoma, tumor progression of human skin

keratinocytes, and sguamous cell cancer), thyroid cancer,
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leucovorin, oxygen, carbogen, red cell transfusions, oerfluorocarbons
(e.g., FLUOSOLW -DA), 2,3-DPG, BW12C, calcium channel blockers,

Eentoxi lline, 20 antiangiogenesis compounds, hydralazineP; anﬁl Iz‘ﬁ[?%?cé%em
WEAEHE ?apeutic agents that can be used in combination S A

compound of the present invegtigtfﬂto__ treat a cancer include, but are not
limited to, alkylating agents, antifmietabolites, hormones and 25
antagonists thereof, radioisotopes, antibodies, as well as natural

Redicts, andeombinations. thereof. Fotsexample.an hibifor compound
of the present invention _can be administered with antibiotics, such as

HoxcHiBitm Péﬁar&&me?fa’?ﬁﬁﬁ&clﬂ?es%‘ﬁ%?&g‘s?%tro‘&%ﬁ“ﬁnbéta“r&%%ﬁth 30
@l ey Elophosphamide; pyrimidinklasalbgsrsumh aswsfluorouracil,

HasRialnopydiQiRa, taxel apddts -ratikal-apd synthetic derivatives,-i and
the like. As ;r;)other ex%{né)%,t%ghe case thE)f mixedttumorslsuch as WO
2006/105262 PC 17U52006/01 1584~ 112" adenocarcinoma of the breast,
kighare the-furhinfd PeRRIL: Hoh afdttepin-dépendent bFrp table with
ganadatepitatepsndent £elsnihe compednd carbgiadaipistered in
onjunction, with leuprali r reli thetic, peptide analogs 5 of
BT Gl el St S e e o
FimPounbaFith GiBther tRERmEN CTRO Bty £5G - MGeRF St fadiation,
gl afiarmed tohheseprasdadpshict ArtneGpizsSticandddfities.; Xddiional
chemetharapestic agengsaugsfulin the-LQ inventioninclyde harmenes and
4a0n&a§i(gr§1|sts Iht?h{ﬁ%tjfga |0|s{04tgges, agélbg)%es, natural produgts, and

. vis L TITT) infrare
combindtions thereof.” Examples Of chémo herap)efutlc

radiation (700 nm to 1.0 mm), and microwave radiation {1
me to 30 cm).

Some cancer treatment protocols currentiy
employ radiosensitizers activated by electromagnetic
radiation, &.g., ¥~rays. BExamples of X-ray-activated
radiosensitizers include, but are not limited to, the
following: metronidazole, misonidazole,
desmethylmisonidazole, pimecnidazole, etanidazole,
nimorazoele, mitomyecin ¢, RSU 1062, SR 42323, EQ@S, RB 6145,
nicotinamide, 3-bromodeoxyuridine (BUAR), 5-
iododeoxyuridine (IUdR}, bromodecoxycytidine,
fluorodeoxyuridine (FOUJR), hydroxyurea, cisplatin, and
therapeutically effective énalogs and derivatives
thereof. .

Photodynamic therapy (PDT) of cancers emplovs
visible light as the radiation asctivator of the '
sensitizing agent. Examples of photodynamic
radiosensitizers include the following, but are not
limited to: hematoporphyrin derivatives, PHOTOFRIN®,
benzoporphyrin derivatives, NPe&, tin etioporphyrin

{SnET2), pheoborbide~a, bacteriochlorophyll-a,
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agents useful in methods employing compounds of the present invention
are listed in the following table. 15 TABLE 1 A) Alkylating agents G)
Natural products i) Nitrogen mustards i) Antimitotic drugs <
WAL (’f(]j(}%t?%amine il) Taxanes cyclophosphamide paclitaxelpl ggrsazr%(lys g11384

vinca alkaloids melphalan - vinblastine (VLB) chloroambucil vincristine ii)
Nitrosoureas vinorelbine carmustie (BCNU) Taxotere (docetaxel)
lomustine (CCNU) estramust.ine semustine (methyl-CCNU) estramustine
phosphate iii) Ethvienimj.ne/Methyl-melamine iii) E)Ei%ogcég)h lotpxins
RBHYIETSHETARTIAG (TEMY BG5Sk HrethyiBRe oG phoTant

jophosphoramide
dthiotépa) dpaipdsidel hexbfncthymclamines HVIM delvietgntiiiey svpt
Aptiigtics iv) Alkyl sulfonates actimomycin D busultan daunomycin
(rubidomycin)R VJiTrbjazines.doxoruclggi%gagg%rln‘{cin) deq:garibazine (DTIC)

. ens lrzers. . iL8Ler . .
mltoxantronelcf]aru%mln %)T'eomycm spllcamycm mlﬁ"uramycm mitomycin

rHCUAGAREIN I APhidiEbRASPFERYSHSY Lt aSpaFdgih AR kgifase
one or more compounds in addition to the Chkl imhibiter,
such compounds including, but not limited to, compounds
that promote the incorporation of radiosensitizers to the
target cells, compounds that control the flow of
therapeutics, nutrients, and/or oxygen to the target
cells, chemotherapeutic agents that act on the tumor with
or without additional radiation, or other therapeutically
effective compounds for treating cancer or other disease.
Examples of additional therapeutic agents or methods that
can be used in conjunction with radiosensitizers include,
bﬁt are not limited to, S5-flucrouracil (5-FuU),
leucovorin, oxygen, carbogen, red cell transfusions,
perfluorocarbons (e.g., FLUOSOLW®-DR), 2,3-DPG, BW1Z2C,
calecium channel klockers, pentoxifylline,
antiangiogenesis compounds, hydralazine, and L-B3O.
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 therecf, radioisotopes, antibodies, as well
as natural products, and combinations thersof. For
example, an inhibitor compound of the present invention
can be administered with ahtibiotics, such as doxorubicin
and other anthracycline analégs, nitrogen mustards, such
as cyclophosphamide, pyrimidine analogs such as 5-
fluorouracil, cisplatin, hydroxyurea, taxol and its
natural and synthetic derivatives, and the like. 2As

another example, in the case of mixed tumors, such as
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S) Antimetabolites H) Radiosensitizers i} Folic Acid analogs -
metronidazole methotrexate misonidazole trimetrexate
desmethylmisonidazole pemetrexed (multitargeted antifolate)

WSHEAiEAZRe i) pyrimidine analogs etanidazole 5-fluoroura@fHiBYEABEs4

fiuorodeoxyuridine RSU 1069 gemcitabine E09 WO 2006/105262
PCT/US2006/011584 113 TABLE1 cytosine arabinoside.(AraC, -
cytarabine) RB 6145 5-azacytidine SR4233 2,21 -diluorodeoxy-cytidine
nicotinamide iii) Purine analogs 5-bromodeoxyuridine 6-mercaptopurine

=Bandedeyasiding: -tioguaning bismedeayyeyitdine Azaibioprine
CHGAARIE oS oo AR R e G 2.CaA) )
cEype | Toboisomerase iaRTbiks sIPMstERFRO U a§eRE RS RBthecin i)
Llatinuaugesidination gemplexes tepotecanicispiatini denateeangs
Sahoplatin oxgliplatin, anthragenedions, MUGXANIONE 1 tde the

use of an inhibitor compound with another treatment
modality, e.g., surgery or radiaticn, alsc refexrred to
herein as "adjunct antineoplastic modalities."

Additiomnal chemotherapeutic agents useful in the

invention include hormones and én"r_agonists thereof,
radioisotopes, antibodies, natural products, and
combinations thereof. Examples of chemotherapeutic

agents useful in methods employing compounds of the

present invention are listed in the following table.

TRABLE 1
B) alkylating agents [=3] Hatural products
i} Nitrogen mustards i)_ antimitotic drugs
mechlorethamine ii} Taxa:?es
cyciophosphamide paclitaxel
ifosfamide vinca alkaloids
melphalan . va‘l.nble}stine {VLB}
chicoroambucil vincristine
ii} HNitrosoureas vinorelbg_ne
carmustine {BCRU} Taxotere® {docetaxel)
lomustine (COND) estramustine
semuestine {(methyl-COND} estramustine phgsphate
iii) Ethvienimine/Methyl-melamine iii) Zpipedophylotoxins
triethylenenelamine (TEM) etoposi:?le
triethylene thiophosphoramide {thiotepa) teniposice
hexamethylmelamine (HMM, altretamine) iv) antibiotics
iv) Alkyvl sulfeonates actimemycin D
busuelfan daunomycin (rublidomycin)
v} Triazines doxorubicin {adriamycin)
dacarbazine (DTIC) mitoxantroneidarubicin
pleomycin
splicampesin {mithramycin)
mitomycin €
dactinomycin
aphidicelin
v} Enzymes
L-asparaginase
L~arginase
B) antimetabolites 1 H} Radiosensitizers
i} Folic Acid anslogs - ‘ metronidazole
methotrexate ‘ misonidazole
trimetrexate desmethyvlmisonidazole
pemetrexed {multitargeted antifolate) pimos}idazole
ii) pyrimidipe analogs : etanidazele
f-finorourecil nimorazole
finorodeoxyuridine R8T 1068
gemcitabine BO9




i) Substituted urea hydroxyurea iii) Methylhy.drazine derivatives
N-methylhydrazine (MIH) procarbazine iv) Adrenocortical suppressant

Wil

ytokines

1536

p'-DDD) ainoglutethimide D) Biological respong oifiers Sos
-CSF interferon (a, R, V) GM-CSF interleukin-2 E;

Differentiation scants X) photosensitize=a retinoic acid derivatives
hematoporphyrin derivatives Photdfrin(r) benzoporphyrin derivatives
Npe6 tin etioporphyrin (SnET2) pheoboride-a bacteriochlorophyll-a

naphthalocyanines phthalocyanines._ zing phthalocyanines F) Hormaones

and antagonists L) Radiation_i) Adreé¥i®iEotticosteroids/antagonists X-ray

predni§Bife BRIV ME titratABIRTRght dexaniktiid8one gamma

radiatiene ‘amogtatedhimigiediisible light ii) Rrooestinsertiraredaadiation

h 9&)0 rine anzlogs : diati S-promocdecryuridine
X REoteStEIuRe caproate microwave| radiatiollycasae oxyeridine

mydrogygmthiggﬁg?one acetate megestrol gcetate rremoteoxyeytidine
2 *~deoxycoformycin (pentostatin)
erythrohydroxynonyl-adenine (BHNA}
fludarabine phosphate
2~chlorodeoxyadenosine

{cladribine, 2-Cdh}

) Tvpe I Topoisomerase inhibitors I} Miscellmneous agents
camptothecin 1) Piatinduwm coordination complexes
topotecan cisplatin
irinotecan carboplatin

oxaliplatin
anthracenedione
mitoxanitrone

ii) Substituted urea
hydroxyvuxez

iii) Methylhwdragine derivatives
d-methylhydrazine {MIH}
procarbazine )

iv) Adrenocortical suppressant
mitotane {(o,p'-DDD)
aginoglutethimide

D} Bielogical response modifiers I} Cytokines
G-CSF interferon {a, B, v
GM~CEF interleukin-2

E} Differentiation agents K} Photosenasitirers
retinoic acid derivatives hematoporphyrin derivatives

Photofrin®
benzoporphyrin derivatives
Nped
tin etioporphyrin (SnETZ)
phecboride~a
bacteriochlorophyll-a
naphthalocyanines
phthalocyanines
zinc phthalocyanines
P Hormones and sntegonists Ta} Radiation
i} adrenccorticosteroids/antagonists X-ray
prednisone and eguivalents niltravioclet light
dexamethasone gamma radiation
ainoglutethimide visible light
ii} Progesting infrared radiation
hydroexyprogesterong caproate microwave radiation
medroryprogesteronse acetate
megestrol acetate
iii) EBstrogens
diethylstilbestrol
ethynyl estradiol and equivalents
ivy hatiestrogen
tamoxifen
<7} Androgens
testosterone propionate
fluoxymesterone and eguivalents
vi}  Antiandrogens
flutamide
gonadotropin~releasing hormone analogs
leuprolide
vii} Nonsteroidal apntiandrogens
Fintamide




i6

15

20

25

30

iii) Estrogens diethylstilbestrol ethynyl estradiol and equivalents iv)
Antiestrogen tamoxifen v) Androgens testosterone propionate

fluoxymesterone and equivalents vi) Antiandrogens flutamide

Wﬁ&ﬂ ﬂ@%‘ﬁln -releasing hormone analogs leuprolide vii) NJHstaraYK 01584
antiandrooens flutamide WO 2006/105262 PCT/US20061011584 114
Examples of chemotherapeutie agents that are particularly useful in
conjunction with radiosensitizers include, for example, camptothecin,
carboplatin, 5 cisplatin, daunorubicin, doxorubicin, interferon (alpha, beta,
gamma), irinotecan, hydroxyurea, chlorambucil, 5- fluorouracil (5-FU),
methotrexatE BRI eGSR MidaReADIRE, 273 AdRE2 geftéitabine,

pla%%l@&:ﬁe}.(@ﬂlyinﬁeﬂeukima tringiecan; docttaxet jiaditaxe i thzepstecan,

Jud sherapeslicaliglietiienalogsang detkaiives ol fne same. In

accordance Wltht e present mventlon compoun ds of the present

GheBhHGH Bre SR T 2 Edmbi HﬁﬁBﬁ‘W&ﬁﬁémbﬂ’éﬁﬁ%rﬁB’ne‘ Btilifther with
ri pachtaxed.) Compoundsaof, theygresemirewentivhratgebarei isefut in

Sombination withspemetrexedalong oL fusthel 1 oroadenosine,
fludarabine, azacytidine, gemcitabine, pemetrexed,
interleukin 2, irinotecan, docetaxel, paclitaxel,
topotecan, and therapeutically effective analogs and
derivatives of the same.

In accordance with the present invention,
compounds of the present invention are useful in
combination with gemcitabine, alone or further with
paclitaxel. Compounds of the present invention also are
useful in combination with pemetrexed, alone or Ifurther
with cisplatin,'carboplatin, or other platins. A present
Chkl inhibitor also can be administered in combimnation
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
tissué sarcoma, renal cell cancer, adenocarcinoma, and
Hodgkin's disease. A present Chkl inhibiteor administered
with pemetrexed can be useful in the treatment of
mesothelioma. .

Compounds of the present invention zlso can
potentiate the efficacy of drugs used in the treatment of
inflammatory diseases, conditions, or discrders
characterized by aberrant cell proliferation. Examplies

of inflammatory diseases that can be treated with



with cisplatin, carboplatin, or other platins. A present Chkl inhibitor also
can be administered in combination with gemcitabine and pemetrexed. 20
A present Chkl inhibitor administered in combination with gemcitabi _
W?é%“ﬁ@"ﬂ%@ful in the treatment of, for example, pancreatic %)aér%%%ﬁ&gf%ﬂam
leiomyosarcoma of the uterus, bone sarcoma, metastatic nonsmall cell
lung cancer, extremity and trunkidaft-25 tissue sarcoma, renal cell cancer,
adenocarcinoma, and Hodgkin's disease. A present Chkl inhibitor
administered with pemetrexed can be useful in the treatment of -

cARRSIREIO A, EFmPOEFRIE of & PreBnt ifvéiitfon Bio &FF38Yjotentiate
1the effigacy of thegsatisdd inthertteatmertof inflamanatery diseases,

+§Q0ditigns, erdisqrders ;characterized by akerrant cell proliferation.

‘Examples of inflammatory diseases that-can be treated with WO
I3P8BibR 2B PRI UIS 26061015897 1 P LPEERES of ¥ Present
einvertioR iostusle{ it lare Aotdimiet ©f racohwitbid arffeisiRA)s

gPaftiasina Miligo, \Wegener's sranulor@iosis, systaic-enset juvenile
Shromc anhitis ICA), and systemic lupus 5 enhematosus (SLE)
PSR SHEOT arthntis, We geners granufomatosis, and StE often ihvolves
S 056 SEARTMBTES UPITEIRIRS Bherdsies, sGeRmS tRZERG Padiation,
rRatbetrexatnang cystophasphasidey Suchitieatraents, typisally induce,
cgither directly or jndisaetly, BNA 1Q.damage. Inhibition,of Gidactivily
within the offending immune cells render'the cells more sensitive to

LEBHEB| B thesE R ArRe 65t TS TP sORASK ANRE Viflighont ol

by these standard treatments. Psoriasis and vitiligo
commonly are treated with ultraviolet radiation (UV) in
combination with a psoralen. The compounds of the
present invention enhance the killing effect of UV and a
psoralen, and increase the therapeutic index of this
rreatment regimen. In general, compounds of the present
invention potentiate control of inflammatory disease
cells when used in combination with immunosuppressive
drugs.

The ccmpound of the present invehtion also can
be used in methods of treating other noncancerous
conditions characterized by aberrantly proliferating-:
cells. Such conditions include, but are not limited to,
atherosclercosis, restenesis, vasculitis, nephritis,
retinopathy, renal disease, proliferative skin disorders,
psoriasis, kelold scarring, actinic keratosis, Stevens-
Johnson Syndreome, ostecporosis, hyperproliferative
diseases of the eye including epithelial down growth,
proliferative vitreoretinopathy (PVR), diabetic
retropathy, Hemangio-proliferative diseases, ichthyosis,.

and papillomas.
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commonly are treated with ultraviolet radiation (UV) in combination with a
psoralen. The compounds of the 15 present invention enhance the kiIIing
effect of UV and a psoralen, and increase the therapeutic index of thi

Wi eatiEnit%egimen. In general, compounds of the present |ﬁ%ﬁt%ﬂ0(’m”r’84
potentiate control of inflammatory disease cells when used in combination
with immunosuppressive 20 d'rub]s The compound of the present
invention also can be used in methods of treating other noncancerous

conditions characterized by, e% %Ig@rg&g@&ggeggg& Sughconditions

include, but are n%lﬁl teg erosclerosis, restenosis, vasculitis,
inbphiitier refinbpatky crsTd &%&%%El FohferaarE kAT disatairesan
=psatiasispielQifscarsing;matinic Keratusis pSredans Jahisah Syndrome,

sg3tanoles fw hypsproliferative digeasesf theweya inpluding,gpithelial

Bwn growth, 30 proliferative vitreoretino athy P dlabet

A@%ﬁtﬁ%%@rﬁﬁ@o%oh@/ﬁ%&%@a 1?&“?]?,85)@ ahd pdplllomas
20,2006/ 165262 PCELE14S 200631 ¥584h - 13 6l eheerprefdrred Pethod of

-administering 3%91;1Khela%@;orfezth%msﬁe@h@vaaﬂswfa@tdwnbed in
Keegan et al., PCT a%llcatlon

I\L éILnJSZO 4/ §c9r§ (lejged %ﬁgﬁember
pi?lééﬁiaﬁﬁghzi‘gf)a 58 8RS F3>r§V|S|ona{Im5S catlon Seria
260/568;925 filat Sei)téh%@ttwr%@‘@lm@@ﬁﬁl’@ dﬁéﬂoﬁjr%héiﬂwmch is
; incorperatedday refarence tBuchrastheds forinhibiting aberrans cell

@rcfh'f%fat n !L”VO'VGC;SA?Q%%%@QNQ&%@@ of 2 GEhkd. agtivatar (e.g.,
ac emoﬁ1erapeutlc agent) and a Chk
dose and for a time sufficient to induce substantial

synchronization of cell cycle arrest in proliferating
cells. Upon achieving substantial phase synchronization,

at least one Chkl inhibitor is administered 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 Same or different methods {e.g.,
simultaneously or seguentially, 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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10 inhibitor according to the present invention. In this method, at least
one Chk1 activator is administered at a dose and for a time sufficient to
induce substantial synchronization of cell cycle arrest in proliferatin

WP #5817 achieving substantial phase synchronization, 13 ST’I%%{@(%?]]&SM

Chkl inhibitor is administered to abrogate the cell cycle arrest and induce
therapeutic cell death. The method s useful with any Chkl activator, and
finds application in treating or preventing cancerous and noncancerous

conditions involvin rrant cell 20 proliferatio .Apﬂpﬂl tion of
*%W&?nt@ﬁ?olﬁ%?a%ﬁg %e?lék%‘éﬁkgé closnt%%?égd v?/tlt eor)e, of; more than one,
adhklairdiilsitorf bive GoveatdR A hbRe Thansre THA-HEILIEE iISTRd, the

o Chikldrbibitarsieambessontasted 25 with the cellsersing thensame or -

different me %qs gelgi sﬁimulta%equésly or sequentially, for the same or
c{a?ﬁg?%%tégura |ons,nor Bf/ the same or different moldalities) as determined

by the skilleBoarRERE R §Z diatRFRARGT phy &M Uh fRLa2R of human
afatinnds)or adabosaiory 30 expedmentalist (frthe:sase beanthavitro or ex

oVivo, procsdine). A Ropyiatiopf.ahserrantly prolifgrating cells also can be
contacted with one or more Chkl activator. WO 2006/1{95
1Y

S CTRYSSODETOT LS 4 1970 Tt SHE Nl ACEAS, 837684, the
f&Ehkidmétivatorsican betddritatrddwitiethéwells ysigthe same or

1 dlifferant spethads, generallysas described #rthe neentexeafi@bkkinhibitors
pa? rbaO:rrYee t ngOn%Rglsmgxsl icg rtrgae A& ecnatni 55 ntgg 0L %P eexp-erimental
purposes or in a clinic to determine protocols for in

vivo treatment. Other ex vivo uses for compouncis 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 alsc 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 with the nature of
+he condition being treated, and with the age and the
condition of the patient, and is ultimately detezmined by
+he attendant physician or veterinarian. In 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 adwministered in a single
dose, or as multiple doses administered at appropriate
intervals, for example as two, three, four or more
subdoses per day. In practice, the physician determines

the desing regimen suitable for an individual patient,



applied to cell populations ex vivo. For example, the present compounds
can be used ex vivo to obtain information concerning the optimal
schedule and/or dosing for administering a Chkl inhibitor for a given 10
WindieatiBiotell type, patient, and/or.other treatment paramétef’ FREe/011584
information can be used for experimental purposes or in a clinic to
- determine protocols for in vive tneatment. Other ex vivo uses for
compounds of the present invention will be apparent to persons skilled in
15 the art. As appreciated by persons skilled in the art, additional active
sgvdaridifarycagents vy Heised thehedmettods:dleserBedrkerginsAs also

APpreeigtadd-pessons cskiled intthe adoveferepsediergindo treatment
extends 20 to.prophylaxds as well as,to reatment, of established diseases
eoxre?fmp%s. The amount of & corr’lpoundlo the mvention required for
aisesih treafRent hbglearwith thefantieserihedtndiidoh @iy #Bdted, and

with the-ageianddheneS coniition afitbeppatient; andimulfinately
determined bdoﬁtﬁgé_n%'}d%%pﬁﬁ'f'%% Metednagiag, Ingeneral; .

however, doses administered for adult human treatment typically are in

HETahBRIGE D01 ffyRVto a56ut 190 Mgikd PBF d3YF THE HORE &8n be
admevstesetddnansigledbkdoseion asfmiligplesddseyabiministered at

SRPHAR . InteRalsforexamplg R WO ntess faun ¢ magsubdoses
er da_y,. In prgé:tié:e,_ége hysici )jletermines the dasing re imf:n suitable
6P%h INIAIGAI PAER WO 2006/105763 PETUS2006107 1584 - 118
T I U8 sAgR VARES Avith TRC S welghtSanel upsig@ents, 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
nours, 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 invenmtion.
Chkl inhibitors‘ of the present invention can
be administered over a plurality of doses. For example,
the Chkl inhibitor can be given at a freguency oIf: four
doses delivered as one dose per day at four-day intervals
{gdd 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 (gwk3); five daily doses, with two days rest,

and another. five dalily doses (5/2/5); or, any dose
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of the particular patient. The above dosages are exemplary of the
average case, but individual instances exist wherein higher or lower
dosages are merited, and 5 such are within the scope of the present
WRGAKIEAZ6 Contact of the cell population with a present ChRFHERATEH A%+
any dose, is for a time sufficient to achieve substantial abrogation of the
cell cycle checkpoint. Typically, {hgugh not necessarily, such 10 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
rEhkhinhibier auera peried ofpr-ta:abotd seyerahweeks or more, as
C:determigedcbey the attending physician or technician. 15 Thus, a present
ChRIhhibitor fypically 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, ExpatepaBeut 18 hours, up to about 24 hours,
up to about 48 hours, or up to about 72 20 hours. Persons skilled in the art
eabRfacate that the ranges of time expressed herein are merely
exemplary and that ranges and subranges within and outside those

pEXRigssesalso ake wilhinihgscape efihie fusafion.Chklinhibitors of the
preésent invention can 25 be administered over a plurality of doses. For

example, the, (0Kl wlybitarean e diven af & I§AMENGY:Qfjour ;doses

delivered as one dose per day at four-day intervals (g4d x 4); four doses
IgEfverefal THe UUSE paP db) MRty ifREATE (450X 4); one dose
pdeliveredi per Bay 80 #Sikic-day infEieds tgaseBlhcond dode per wéek for
rige weeks:@wk3) fivesdajly dases. with twe-days iestangk agether five
o%altl. 90 1.? 1(51%415 t’ho%h%(qx do’%ﬁe 5" primer contains an EcoRI

site, a Kozak seguence, and zlso encodes a _FLAG® tag for
affinity purification using the M2 Antibody (Sigmma, St.
Louis, MO). The 3' primer contains a S5all site. The
PCR~amplified fragment was cloned into plCl-Neo as an
EcoRI-8all fragment (Invitrogen, Carlsbad, CA), then
subcloned as an EcoRI-HNotI fragment into pFasthBacl
{Gibco-BRL, Bethesda, MD). Recombinant baculovirus was
prepared as described in the Gibco-BRL Bac-to-Bac manual
and used to infect 8f-9 cells grown in CCM3 mediwum
{HyClons Laboratories, Logan, UT) for expression of
FLAG*~tagged Chkl protein. |

FLAé®~tagged Chkl was purified from frozen
pellets of baculovirus-infected 8F¢ cells. Frozen cell
pellets were mixed with an egual volume of 2¥ lysis
buffer containing 100 mM Tris-HCL pH 7.5, 200 mM NaCl, 50
mM B-glycerophosphate, 25 mM NaF, 4 mM MgClp, 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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WO 2006/105262 PCT/US2006/01 1584 - 119 regimen determined to be
appropriate for the circumstance. EXAMPLES Example 15
Determination of ICsO Values of Chkl Inhibitors Human Chkl cDN
WEira*ahd cloned as described previously in Internatlona(fﬂgﬁ:f ﬂé ?6?1“84
Publication No. WO 99/11795, filed September 4, 1998. A FLAG(r) tag
~ was inserted in frame with the-amano-terminus LO of the full-length Chkl.
The 5' primer contains an EcoRI site, a Kozak sequence, and also
encodes a FLAG(r) tag for affinity purification using the M2 Antibody
HSigwen Bterl e, MO Tieostphmdteditains a San shtel Tie:

ﬁ@%@%%ﬁ%@%gngmgmwﬁa pGl- 5@@@9@1115@@ Sall

ragmen InV|tro r CA Ioned Notl
EEroagme(r:‘u{L 1to pF stéa cl%sg?b 5- é’ tﬁw)g le) Reco %%ant
TBACIAGH rRysCRERR p?é%a’?é@%s Hé@@ﬁbéﬂ%ﬁﬁ@%ﬂoéﬁ%@ Hac-fo-Bac
waanuak and used tenfest Si<hcels granmekn CGM3amediumad (HyClone

Labagalodss bongn, L)t axpression g RLAS(hiaguesGikLprotei

AG(n)-tagged Chkl was purified from frozen pellets of
Hacutolitu ‘gﬁfé’ctéd’@@ I§’1§ro]z>én38§‘ﬁ’lﬁ§lf’etl§3\ﬁéré>ﬁﬁ§885\ﬁlth an

tegiad neolumehef 226 bysisl Sipuffer containrg 100smM RrigtHCL pH 7.5, 200

42M NaG), 20s 1M B-glvcerophosphate 22 mM Nafe 4mMMeGE2, 0.5
mm . EGTA, 02%T EEN( -20, 2 mM sodlumv nadate dZQ}lM DTT,

TSR T BT RF Brofeilt e hiBRSS TeoRlete mlnmﬁoe%nnger
MannheiaBd00chtay 183817 0)Célls then washed with 10
column volumes of 20 mM Tris pH 7.5, 150 mM RaCl, 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 zssay for Chkl kinase activity that
includes 100 ng purified FLAGS-Chki (150 pmol of
ATP/min), 20 um Cdc25C peptide (H-leu-tyr-arg-ser-pro-
ser—metupro-glu~asn~1eu—asn—axg~arg~arg-axg~0ﬂ) {SEQ ID
NO: 1), 4 um ATP, 2 pCi [*%p}y-ATP, 20 mM Hepes pH 7.2, 5
mM MgCl., 0.1% HP40, and 1 mM DTT. Reactions were
initiated by the addition of ATP-containing reaction mix
and carried out at room temperaturs for 10 min.

Reactions were stopped by the addition of phosphoric acid
(150 mM final concentration) and transferred to 7
phosphocellulese discs. The phosphocellulose discs were
washed five times with 150 mM phosphoric acid and ailr-
dried. Scintillation fluid was added and discs were
counted in a Wallac scintillation counter. The assay was .

incubated in the presence of & broad range of
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0 were dounced 20 times with the loose pestle of a dounce WO
2006/105262 PCT/US2006/011584 - 120 homogenizer and centrifuged

at 48,400 x g for 1 hour. The M2 affinity was prewashed Wi{’%%%%émﬂsm

Wgozii&%%%s%%z 50 mm glycine pH 3.5 followed by 20 mM Tris p

mM NaCl alternating three times %qd ending with a Tris 5 NaCl wash. The
column then was washed with Zécolumn volumes of 20 mM Tris pH 7.5,
150 mM NacCl, 0.1% TWEEN(r)- 20, 1 mM EGTA, 1 mM EDTA and 1X

Eomuplste UNLREOIRASE, tablets: The,cleargd dysate hen wagdyound to M2

affinity resin in batch at 4C for 4 h. The mixture of 10 resin and lysate then

=
Vs Bodid o SEBIGHIH afesthe? oW Hifdtigh Ebhte EEE THEFeSih was
washietreathi ©0 eohumnateclubtes vt 288 T phi 768 180 i Ne€l,

aRdi3 MM Nty ghicosidenFLAGE)4ag9ag Chkl then was eluted from
the column with 6 column volumes of cold 20 mM Tris 15 pH 7.5, 150 mM

NaCl, 3 mM N-octyl glucoside containing 0.5 mg/mL FLAG(r) peptide
£2800 Catalog # F-3290). Three fractions were collected an
analyzed for the presence of FLAG-tagged Chkl. The assay for Chkl
fidssetawhifry that 20 includes 100 ng purified FLAG(r)-Chkl (150 pmol of
ATP/min), 20 pm Cdc25C peptide (H-leu-tyr-arg-ser-pro- _
ser-met-pro-glbidsnideusmasgaigeary-argH) (SEQADIiNOwE)ed pm

AR 2 P32 ATP; 20 mikHepsgipls/ 2nd BMMEGL?, 0-1%
NP40, and 1 mM DTT. Reactions were ?5 initiated by the addition of
[

T
HFPTEoritaning Teattion X and caried St At room 1eIRpEranTre for 10
emRYTRESECi G frerehdtdpgethBy tRetddditiBRigiphdsphiorid GERE (150 mM
figakeoncentration) apdiansieyetis, p38beta, p38delta, Ros,
Rse, Rsk2, TrkaA, TrkB, protein kinase A, protein kinase
C, pp60v-src, protein kinase B/Akt-1l, p38MapK, p70S6K,
calcium calmodulin-dependent kinase II, and abl tyrosine
kinase.
The ICs value of a compound versus Chkl was

measured as described above. The ICg, value of the
compound against comparator enzymes was measured using
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
ENZIyRes.,

- ARlternatively, assays for determining ICg. for
cach of these kinases have been previously described in
the literature, including U.S. Patent Publication No.
2002-016521 Al, and PCT/US585/00812, filed January 23,

19985, bpoth of which are incorporated by reference here.



i35

phosphocellulose discs. The phosphocellulose discs were SO washed five
times with 150 mM phosphoric acid and air- dried. Scintillation fluid was
added and discs were counted in a Wallac scintillation counter. The
WK WEY Zincubated in the presence of a broad range of VWOI/US2066/011584
2006/105262 PCT/US2006/01 1584 - 121 concentrations of Chkl
inhibitor compound and an IC50 Mdlue for the compound was calculated.
All compounds of the invention subjected to the assay exhibited IC50
values in the assay of less than about 200 nM. 5 Example 2 Selectivity
ors of the present invention were tested for selectivity, with
Chkl as the comparlson enzyme and the following protein kinases as
% RPAIGT AR, EphAl, EphA2, Erkl, FGFR1,
= : : Siislat 38beta p38delta Ros, Rse, Rsk2,
TrkA TrkB proteln klnaseA protein kinase C, pp60v-src, protein kinase
B/Akt-1, p38MigaK -preSE Ky ctalvityn calrfbddlinidepbadentkinase I,
andabiibrgsing 1h&inasefhelC3 valieof a.comp Ogmgygmghk'

was measured as described above. The IC50 value of the compound

BR8P Eothparbr BRSy FIBRILE thégs Tea Bhhnf thE Befe dtSRRtm

&Mﬂﬁﬁhﬁanae%.ewmn&omell;@:ﬁb%mﬁﬂﬂ%on WS AYPEQRHRIARE res
@né)l%ge}/ plgtfogm th%o era modlf ed E ISA Qrocedure or
Gorescence po Nanzation, AP mhisdrs e§t% Showed at lea §t a 20-fold

Telestivity BriChkl wver thetested codtipayator éheymesention

was synthesized by methods described herein. The

compound was dissclved in 100% dimethyl sulfoxide
{DMSO} at a stock concentration of 10 mM and stored
at -70°C. HT29 cells were obtained from the ATCC
and maintained in growth medium consisting of RPMI
containing 10% fetal calf serum (FCS8), pen/strep,
glutamine and other supplements. Gemcitabine
hydrochloride was obtained from (Qventas and
dissclved in phosphate buffered saline (PBS) at

50 mM and stored at -20°C. JH-thymidine was obtained
from-Perkinnﬁlmer.

HT29 cells were plated onto 86 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, 0.186,
0.032, 6.4x107%, 1.28x107%, and 5.12x107° nM. The
diluted gemcitabine then was added to the cells for

-2 hours. The gemcitabine then was washed out and
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?5 Alternatively, assays for determining IC50 for each of these kinases
have been previously described in the literature, including U.S. Patent
lication No. 2002-016521 Al, and PCT/US95/00912, fil
Wﬁg&k?@%ﬂ%of which are incorporated by reference here. W?@ﬂ%&‘ﬂﬁr%%@m
20061105262 PCT/US20061011584 - 122 Example 3 Cell-Based Assay
for Determination of ECT,S Values:of Chkl Inhibitors Cell-based potency
of Chkl inhibitors 5 according to the invention was assessed by measuring
the ability of the compound to sensitize HT29 human carcinoma cell line
thgedicitabing. PinkavensigeE CTE S ¥ahie was derivedfoli@sing multiple
SAREAMER S nLhiasa SNt RGtordingd B daeryion 10 was
synt%esaed y met escrlbed erein. The compound was dissolved
 im100%0di Ry istifd e Y DMSO) tat BESIBER cBRESNTFatich PP mM

apflsoredo 8k 7 QG T 2910l s weresehiginedhiomdherATCC and
maintained in growth medium consisting of RPMI 15 co gnln g 10% fetal

ERFSRIARTFCRS, BeRidrey QiutathfR and StferStppt
Garaeitabine S drocklDdgdegvas 9btmmedim@xemam ehﬁsolved in

gFSSp%atg EPUff&r%g Sa&ngé PBS’?datéogg]M i %%ﬁ%%ty Is were plated

~thymidine was obtain rom Perkln Imer
ontor96 hfkcoll thitureplhtes (Conitigyatid deasity 6RP8%Ed3 per well

gndiallowed; tosadhere.gvaright, Fhe follwing, daythegemeitabine was
initiall dlluted 125-fold,

-70° The plates then were thawed and harvested

onto 96 well filter plates (Millipore) u51ng a Cell
Mate™ plate harvester (Perkin Elmer). Microscint™

20 (Perkin Elmer} then 30 ul was added and the

plates were counted.on a Top Count plate reader

{(Perkin Elmer}). The data was normalized to cells

" treated with the Chkl inhibitor acceording to the

invention alone; then plotted on a log/log graph of
gemcitabine concentration (uM) vs. relative cell
growth (100% egualing 1.0). The increased fola
sensitization at 90% growth inhibition was derived
for each concentration of Chkl inhibitor used, which
then was plotted or a graph of Chkl inhibitor
- concentration ves. fold sensitization. The ECpps
value then was calculated.

4 Chkl imhibitors of the present invention that
were subljected to the assay have measured ECres values of

less than. about 1000 nM.
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?5 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,

0.16, 0.032, 6.4x10"3, 1.28x10-4, and 5.12x10-5 nM. The diluted
WEHAHIE4BIAE then was added to the cells for 0 2 hours. The HeHiciEAa!584

then was washed out and WO 20061105262 PCT/US20061011584 - 123

- the diluted Chkl inhibitor of the i tion was added to the cells for 24

hours. Following an initial 2000-fold dilution in growth medium, a 10pM
(DMSO stock) Chkl inhibitor according to the 5 invention was serially
#ilyted 3-fold in 1.2 ml Titer Tubest, yielding a final dilution series of: 2.5,
"0.83,0.28, 0.09, and 0.03 pM. Seventy-two hours later, the cells in each

Wl were Jlabeled with ApMCi 3H:thypaigiae far, 12 hours, then frozen at

bl kbeinlates thenvere thawed.ang harvested onto 96 well filter
plates (Millipore) using a Cell Mater” plate harvester (Perkin Elmer).

Microscintt (Perkin Elmer, éh t tes were
counted on a oﬁF %%%%%tg%g re%%gglﬁgﬁ}%%%%%&%dﬁﬁﬁas
riormatizet trodlls frddied BrEFEREChRNPAILIOR atebithig- fthe
inventionfleae;thepplefied pma log/lag-geanh of gRMCHARIRE ng
concentration (pM) vs. relative cell growth (100% equaling 1.0). The
e e FRtd 2 FERNRRIZR[BI At 800k ot hARRATHGH \ﬁgs%ierived for

macfeoonCoifrativhibiChkl atvibitoresed, Wwhiehttiven ivawpisttddon a
graphefehkLinhikitor coneentratienwys. felsh sensitizedionadhe ECTFS

density of 1000~2000 per well in 96-well microtitre

plates are grown in RMPI 1640 containing 10% FBS, 100
U/mlL penicillin and 100 pg/ml streptomyein for 18 h at
37°C in & humidified incubator with 5% CC2. Cells tested
can include any cells or cell lines of interest, such as -
Hela, ACH®, 786-0, HCTilé, HCTLS5, SW620, HT23, ColoZls,
SK-MEL-5, SK-MEL-28, AbB48, H322, OVCAR-3, SEK-OV-3, MDA~
MBR-231, MCF-7, PC-3, HL-60, K562, Bx-PC3, Mia-Palal,
H810, HZ26¢, H2126, and MOLT4. All cell line designations

refer to the following human cell lines:



value then was calculated. 25 Chkl inhibitors of the present invention that
were subjected to the assay have measured ECTFS values of less than.
H}/fnog)@ nM. WO 2006/105262 PCT/U82006/011.5_84 124 Fexampls Ass
W%%ﬂl‘ nhibitors of the Present Invention Enhance Killing of Cells by
Cancer Treatments To demonstrate that the inhibition of Chkl 5 by a
compound of the present inventioh-sensitizes targeted cells to the killing
effect of DNA-damaging agents, cells can be incubated in the presence of

resent Chkl inhibitor exposed to either irradiation or a chemical
%E{%A-damaging agent. Cgi}érﬁé%%@%%:ézﬁs %lenr%}?y of 1000_-2_000 per well
78¢2@-well microtitre plates are grown pcm 1640 containing 10% FBS,
1E9; Y/mL penicillin andc]bQ(énpgamrct s?reapfémycm for_18 hat 37Cina
dwegydified incubator with, 5% CI g g@?s tested candlnc_lude any cells or
H&el dines of interest, such as i5 He a%?:HF\}, B0 HAT TS ARE T 15,

. Col0205. SKMELS, CRERMEES8“R549, H322, OVCAR-3,
e DR MB-25 Th agerig&a’é‘fllffﬁf‘@o, K562, Bx-PC3,

selrfVs3, MDR- MB-23] MCF-7, : _ _
sMigesPaza2, H810, szgaﬂérﬁ , and MOLTA4. All cell line deS|gnat|ons

xEgfer to the following human ce;ﬁ:
a

mltl%r:l?ﬁrQRIO 2006/105262

ﬁ

Und Carcin .

ABLTIUS20061011584 125, Hel 3 ceffal adenacercinoma ACHN renal
an a

oadlgnacarcinoma 786-0 jgfaladetiocarcnoria

SK-0V=3 ovarian adenocarcinoma

MDA-MB-231] breast adenocarcinoma

MCE-7 breast adenocarcinoma .

BO-3 prostate adenocarcinoma, from metastasis
to bone

HL~6&0 acute promyelocytic leukemia

K562 chronic myelogenocus leukemia

MOLT4 acute lymphoblastic leukemia; T
lymphoblast

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, doxorubicin,
cisplatin, chlorambicil, 5-fluorcuracil (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, Z2~-chloroadenosine,
fludarabine, azacytidine, and gemcitibine to assess
therein ability to enhance killing of the agents.

Compounds of the present invention can be compared to one
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HCT116 colon carcinoma SW620 colon carcinoma, lymph node

metastasis HT-29 colonrectal adenocarcinoma Colo205 colon

adenocarcinoma SK-MEL-5 melanoma SK-MEL-28 malignant melanoma
Wﬂgﬂ@ﬁﬁmbﬁaaminoma H322 broncholoalveolar carcinoma GVEKRSS/ 11584
ovarian adenocarcinoma SK-OV-3 ovarian adenocarcinoma
MDA-MB-231 breast adenocareid@tha-MCF-7 breast adenocarcinoma
PC-3 prostate adenocarcinoma, from metastasis to bone HL-60 acute
promyelocytic leukemia K562 chronic myelogenous leukemia MOT T4
SRHE RimPHobRESTE fAk ST FHnipHob1aSt el aPe HRHREEHHRR media
centainmge chematieradautic diugsinaetdiahemotherapeutic drugs 5
and a Chkl inmpigq{dgﬁlagr%g%c%@tﬁdcgprggpgﬁgxi&@ctfly 5 days before

e

growth is measured by determination of levels of 3H-thymidine uptake.
CHEmOHRErApRUHEarIgY FHNER &0 PUEIAB SGokdiibith, Pisplatin,
chibranilsucit B fleroaeaeiti(5-FU) The drug concentration necessary. to
inhibit cell growth to 90% of untreated control cells is defined as the
gga%%.lgogwpounds of the present invention can be tested with additional
T lites, including methotrexate, hydroxyurea, 2-chloroadenosine,

{udarabine gzacyiding, and geqygfbine to assess

Inhibitor Activity in Animal Models

The following sensitive assay was developed to
measure Chkl inhibitor activity in rodent tumor models,
In particular, the assav can be used, inter alia, to
measure the ability of a Chkl inhibitor to block Chkl
function irn the tumor model, and to allow for assessment
of conditions that facilitate access of the Chkl
inhibiter to the molecular target.

The ability of selective Chkl inhibitors to
abrogate a chemotherapy-induced Checkpbint ls measured
using a guantitative immuncflucurescent 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, 1996;
Goto et al., J Biol Chem., Z274:25543-9, 1998). 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
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WS E5¥ectal carcinoma in combination with gemcitibine®

therein ability to enhance killing of the agents. Compounds of the present
invention can be compared to one WCs 2006/105262
PCT/US2006/011584 - 126 another by assessing enhanced killing of
R
the ability of the Chkl inhibitors of the invention to enhance killing by 5
radiation can be tested. Example’s Sensitive Assay to Measure Chk1
Inhibitor Activity in Animal Models The following sensitive assay was
developed to 1Q measure Chkl inhibitor activity in_rodent tumor_ models.

i pBratiiar, e a8€ay tBh be Uked ihtEF affg ‘to° 1REASTre tHe Ability of a
Bhkl witibitéi to block Thkl {(Alctionria the waerorsmode| aard 2§ allow for

Bhéﬁﬁgin@@lfuﬁ\f Q@B&E%ns_%ﬁ_w@&fﬂﬁai% 6}9&@3&%&2@;@@&@5 inhibitor to
the molecular ta t. anity se ve nnibditors to a rogatea
At GRS o S s e U o

A LATETIUBL res e BrR Ais s PR T Sds iR mitedie -infie& 15y ordiforing
hhstalaedja %Dphoﬁpt@éytati@ﬂ@msﬂme A0 H3rEOh @it osis-spesiic _
%‘EQE@W&EBE‘L’ JRio! Chem. 2 ¢1.13197-201,,1996; (oto atal,,J, Biol

IC
em., 274:25543-9, 1999). The assay protocol Is as follows. Tumors

fontFSdents e ated BrahtrESRIAN CARPASK B F{FAfR fresent
studigréehénotherapy agedt] Bnd/6b-Chliinhbiteidede £xcistd and

paraffingmbedded. Thelumarsaig,eut NP L migrepdhick,slices gpd
cranfo%rlti?dp% ng.lla% E%id Ssi:;rxba?} p??lafglgosphate buffered salines
(PBS) is added and allowed to stain for 30 min. The
slideé then are washed two meore times in PBST and mounted
with Vectashield {Vector, cat # H~1400). Slides are
viewed using flucrescence microscopy. The percentage of
cells stained with H3-~P antibody relative to total (DAPI
stained) cells are guantified using Metamorph software

{Universal Imaging Corporation, Version 4.6).

Examplie &

Selective Chkl Inhibitors Abrogate DA
Damage~Induced G2 and 8§ Phase Checkpoints

Previous studies demonstrated that selective

.Chkl inhibitors substantially abrogate the DNA damage-

induced G2/M and S phase checkpointe.: In the former, DNA

damage 1s induced by ionizing radiation {IR), whose

target phase is the GZ phase., In the latter, DNA damage

is induced by chemotherapeutic agents whose target phase

is the & phase. Bee published U.S. Patent Application

Publication 2003/00€9284 and references cited therein.
Briefly, Chkl inhikdtor abrogation of

IR~-induced GZ DNA damage checkpoint is assayed by mitotic



is removed from the slides by 3 minute successive treatments with xylene,

100% ethanol, 95% ethanol, 70% 10 ethanol and deionized water. The

slides then are heated to 95C in 10 mm sodium citrate for 10 min followed
VB YeRI525906/305262 PCT/US2006/011584 - 127 20 mintitd E38HHE" 584

step. The slides are blocked for 30 min with Block buffer (20% normal

human serum and 2% bovine Setdfh albumin in phosphate buffered

saline containing 0.05% Triton X-100 (PEST)). The antiphospho 5 histone

H3;aatihoy &J state Bigtech, Cat. #06-570) is diluted 1:200 in the Block
buffer anag)i\éﬁcurﬁg%ga'wit HREOXHIRE oY oo Fhesgiides aFe washed

SHAE B RNV P8 . T seadndanpamtibo dso tlonkeyaantratabit
Peodarmine {daeksen cak #7 1&88@1&%)1@@9@§d;f9?§9117%ﬁm' -J{‘e «
slides then d.twice in PEST and. 75 pM of 0.1 pM/ml DAPI
%Sigma in gggg\%ﬁ?a?g bll%%fegrged SAMS BRLS is Atfietf aftoam#edao stain
SFSE THE Sifded tReRHBTWaBHednwtoAtme tivrslin REST ant

rourftBe weitd Mectashieh(lenios eat Hdd0MeSlidesats, 15 ewed

HISRY JHOKRSCRREE 1NICIASEORY. TEE Rercentage of, cells stained with
H3-P ag};ibod{/ relative toétotal (eDAPI s%a:len%j)%eﬁ%lg?es Jq%a%}fi‘ﬁ‘?éd using

Metamorpht so are TMVB R R GIREEC BRaGratiors \arsiod 4.6).
FE AP 6520 SeiertivEichkimhibifors plmegate: DINA) Damage-Induced
s82and GPhase Checkpelnts;Rredaug stydies demonstrated that

selegtive Chkl inhibitors substantially abrogate the DNA damage-
“induced G2/M and S %9 %%"é%ﬁ%&%ﬁ&mé‘iaﬁf‘ﬁn% fBiifel BRAPPS damage is

“RER BT RMIRT tadat mURISWHOSEL and centrifuged

again. The cells then are fixed in 3 mlL of freshliy
prepared cold, acetic acid:MeOH {1:3) and incubated on
| ice for 20 min. Cells are pelleted, the fix solution is
aspirated and the cells are resuspended in 0.5 mi of PBS.
Mitotic spreads are prepared by pipeting 100 ul of the
fixed cells onto a glass microscope slide and flooding
the sample with 1 ml of fix sclution. Slides then are
air dried, stained with Wrights stain (Sigma, st. Louis,
MO) for I 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 inbibitors result in an increase in the number of
mitotic cells in the presence of irradiation, thereby
demgnstrating abrogation of the IR-induced G2 arrest.
This checkpoint abrogation results in an enhancement in
the activity of CyclinB/cde2, which is regquired for
progression of cells into mitosis. Cells treated with IR
followed by Chkl inhibitor thus progress iﬁto mitosis
with damaged DNA. These experiments confirm the

hypothesis that Chkl is inveolved in the IR-induced Gz.



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
Wifarae¥sTited therein. SO Briefly, Chk1 inhibitor abrogatiBfTgp52006/011584
IR-induced G2 DNA damage checkpoint is assayed by mitotic WO
2006/105262 PCT/US2006/011582 =128 index experiments.
Approximately 1x106 HelLa cells are irradiated with 800 rads and
eincubated for 7 h at 37C. Because these cells are functionally p53

Tnhegative, they arrest exclusively in G2. Nocodazole then is added to a 5
g/mL and incubated for 15 h at 37 C. (The addition

concentra ion of 0.5
cERICFEIES a§s$ &G ceff@°that progressed throtigh the G2

odagom &
Egrrg%kgﬁgggsggrmoﬁﬁgg}[ﬁg tHER 8T Rirther progressing into G1
fcat Is.) A 10 selective Chkl

and allowing for qua
inhibitor is agged for8 h @d the cells are harvested by centrifugation,

S ?aft t ; j
washed once with PBS, then TesuspaRtetrint2denities navek Cl and
SRETRILGR I HgaiRT dheebns thencimoficed imarmlonf fiaghly] prgpared
argblek Idcaticiacid:ded@H ¢1 Ajcandincuated an.5 ise for 20.min, Cells are
winelletedthe géﬁ%yggnéggaggygtegﬂr&d tf;le cells are resuspénded in 0.5
JIL of PBS. Mitotic spreads are pgreparedlb)}1 pipetity 166 prodite fixed
IS Simto 8 JlAsSINRBOREBpR Sl s f68dmy theGanmle with 1 ml of
1rfind Baleiore8lidds taeharesdiair drieds staibed:with Wrights.staig §Sigma,
apsi b auisoNO)foikminute.flloyed by.oae wash In water and one wash
byIN20%,MeQH, The presence, of condensed ¢ romosomes Zhddack of
nuclear envelope ident e PitatRPCdlicor and gemcitabine
results Iin a four-day growth delay in tumors compared to
gemcitabine zlone.
To assess the diffusion of Chki inhibi tors
into tumor tissue, plasma and tissue levels of Chkl
inhibitor are measured. Using an Alzet pump, 500 mg/kg
Chkl inhibitor is administered to HT2¢ tumor-bearing mice
in a continuous delivery system over a 24 hour period.
Plasma samples are taken, then tumors, kidﬁey, 1iver,
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 guantified. This
experiment demonstrates that a Chkl inhibiter penetrated
into normal and tumor tissua,.reaches a level of about 15
pM in tumor tissue, and peaks in spleen tissue at 8 h at
about 20 uM. Thus, Chkl iphibitors 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.



10

15

20

Chkl inhibitors result in an increase in the number of i mitotic cells in the
presence of irradiation, thereby demonstrating abrogation of the
IR-induced G2 arrest. This checkpoint abrogation results in an
WEMAHEEAENt in the activity of CyclinB/cdc2, which is requited/for0t6/011584
progression of cells into mitosis. Cells treated with IR followed by Chkl
inhibitor thus progress into mitosigigvith damaged DNA. These
experiments confirm the hypothesis that Chkl is involved in the
IR-induced G2. WO 2006/105262 PCTIUS2006/011584 129 Example 7
Eiddntleibitor Is Taken Up by Tumor Cells in the Presence of Chkl
Activator in a Xenograft Tumor Model 5 In a xenograft tumor model, nude
paice Fespagsafted withddd 28-ealpnicarcinoma tumors on the flank and
wdlowathioLgmovitoi2e@snard. Niceihehiare treated with either vehicle,
300 mg/kg Chkl inhibitor, 2 0 mg/kg gemcitabine or coadministered with
300 mg/kg Chid Ginhibitotane 20smg/kg:gersciabine twarimes, three
lr?1¥3n§98‘£t ot %{y nﬁgang & [Ieatment of lymer-bearing, guge, by,

coadministration kFinhibitor and gemcitabine results in a four-day
SRR ERFRFRT iR S RAHDar8B 0T YerAtitaNAESaRRY 76 SEsess the
giiffusionaof Ghkliinhikitoes dote tumgrdissues plasineanditissue levels of
og}m@tor are measured. Using an Alzet pump, 500 mg/kg Chkl
inhibitor is administered to HT29 tumor- bearln mlce |n a COI‘I'[II’]L!LOUS

delivery systeiBvarE 24 FoUF o S PIaaHA Sampled™Fe Bkeh then

aorhorsFRithes! ligeed to develep for 10 days. The tumors at

the start were approximately 100 mm®. Animals were
treated with gemcitabine at the MTD (160 mg/kg) foliowed
by Chkl 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 tvpe 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.

Bxample g

Bssay to Determine Whether
an Agent is a Chkl Activater

To determine whether an agent is a Chkl
activator, the phosphorylation state of Chkl can be
measured using phospho-specific antibodies tc specific
phosphorylation sites on Chkl. Serines 317 and 3453. have
been shown to be phosphorylated after treatment of cells
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spleen, and lung are harvested. Time points are collected at 1, 2, 4, 8,
and 24 in Tissues are extracted and levels of Chkl inhibitor are quantified.
This experiment demonstrates that a Chkl inhibitor penetrated into
Wﬂmvg?ﬁf tumor tissue, reaches a level of about 15 pM i fuHiOPHed a8
and peaks in spleen tissue at 8 h at about 20 pM. Thus, Chkl inhibitors
were readily taken up by the pral#ferating cells and are useful, in
conjunction with Chkl activating chemotherapeutic agents, as therapies
for the treatment of proliferative diseases. WO 2006/105262
wRC11162006/0115842L130 Elampied Bose2Rexpbfise of Tumors
nltaaladu it Ghkkinhipitoss and Gemaitabine Jaudaterine ameficacious
_dose o Ch.kA 5 inhibitor foILO\gmr%gerEg%ag@e freatment gngevyrhether-the

“GOS&EL e%%ghcferﬁnc égcﬁznpcéin abrogation corref&téd with - antitumor activity,

14 tobttrelhonse8RBerintéritise peHorm&gINueelhide afe engrafted with
HT29zunzaneells obQ ancbiwners sllowed ta develepdor A8 ays. The

Aumorsal; the start were, approximaisly, 100 gy, 3aimals,yere treated
with gemcitabine at the MTD (160 mg/kg) followed by Chk1 inhibitor at 50
GRRAc, 20 mdAdy b 408 ?ng%&feé(gﬁ]‘&%bﬁ?e pretredtmEitiime is 32 h

dndhis expeliatartt-13 asldetMlingtbbyta eéll-basatiadsaydmat indicated
Ahis, tmepeid-as opsinal fordhis tpe of fumer Analysigef wineogvolume
in each tria[%%gye_rgzregérgg%msdé%a&ed g%ata ireatglgnnt ofDI;;I;ZQ tumor bearing
MW fithie dedéfiba erap); sfows tiimor grovﬁﬁ greater than
Ifeihtitabfivd —44, 2004. These serine sites are
phesphorylated by upstream checkpoint kinases, Atm and
Atr. Liu et al., Genes Dev. 14:144B-145%, 2000; Zhao et

al. Mol. 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 o
demonstrate that gemcitabine results in Chkl activation
at serine 345 and 317. HT29 cells are treated with 20 pM
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-polvacrylamide gel electrophoresis. Proteins
are transferred to PVDF membranes and probed with
antisera (Cell Signalling) specific for either
phosphorylated serine 317 or 345 (Cell Signallingj}.
Western blots show that gemcitabine treatment of HTZ9
colen carcinoma cells results in the phosphorylation of

both serines 317 and 345,



20 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 ?5 an Agent is a Chkl Activator
W?&‘B@E@ﬁ%ﬁe whether an agent is a Chkl activator, the phBSBAGRAK L™
state of Chkl can be measured using phospho-specific antibodies to
specific phosphorylation sites .o &hkl. Serines 317 and 345 have 10 been
shown to be phosphorylated after treatment of cells WO 2006/105262
PCT/US20061011584 - 131 with ionizing radiation, ultraviolet radiation,
Bydrgeurt®, N-methyl-N-nitro-N-nitrosoguanidine (MNNG),
temozolamide and gemcitabine. Liu at al., Genes Dev. 14:1448-1459,
2008y ZhaouehatoMahiQelhBiak-beg1:4129-4139, 2001; Lopez-Girona et
&h, Reepohist]. tACRdCISEl, UniBibA+08:11289-11294, 2001; Guo et al.,
Genes Dev. 14:2745-2756, 2000; Gatei et al., J. Biol. Chem.
278:14806-14811.22003eNgret:ak, Bial Chesmph2AH(d0)8808:19nR004; -
Wang atal. Natl Acad Seit) S.A- 10 100(20):15387-92,2003; Stajic et al.
Genes Dev. 18(11):1331-44, 2004” These serine sites are, )
BhER phERsiLtal W up&ittahh & hetkDTRCRRELCAAT ahiB Ate 156 at al.,
Genet Deic el 5462145912000 @tvao ekhals ok el Bigl. at this
21:4129-4139.:200L). ¢k The phospharylatiopafthese-sitas in seaponse
to a %atndlda% Chkl activator can behmonitgfced by \élester,n blgg or. g
RfmdTohistdc Temistry of tmdr caits. Eor example’ tﬁg%ﬂgwmg s
pretaagie tapbEirepheyryiation at serines 317 and 345. 1In
addition, it has been found that this site is

vphosphorylated in purified Chkl preparations, suggesting
that the purified enzvme is able to phosphorylate itself
or other Chkl molecules at serine 296. Taken together,
these data suggest that phesphorylation at serine 296 is
performed by Chkl itself. Therefore, this approach can
be used to monitor Chki 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 pM
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-polyacryviamide gel electrophoresis. Proteins
are transferred to polyvinylidene fluoride (PVDF)
membranes and probed with antisera (Cell Signalling)
specific for phosphorlyated serine 296 (Cell Signailing).
Western blot shows that gemcitabine treatment of RBT29
colon carcinoma cells results in the phosphorylation of
serine 296. Further, HT29 cells treated with selective

Chkl inphibitors for 15 min show no serine 29¢
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Wgemcitabine is washed out of the cell growth media and c

- together,

demonstrate that gemcitabine results in Chkl activation 20 at serine 345
and 317. HT29 cells are treated with 20 pM gemcitabine for two h. The

iy 2006011584
iheUBated for 22 additional h. Protein lysates are prepared and separateﬁ

by an SDS-polyacrylamide gel electrophoresis. Proteins 25 are transferred
to PVDF membranes and prob?adl\:/\r?th" antisera (Cell Signalling) specific
for either phosphorylated serine 317 or 345 (Cell Signalling). western

b}I}ots %hoo}yv Qgt gemci&%binee t(gg%tment ofSIEIT%gagolonrgggci_Qg@a cells

eSS i the bho%bhoryﬁslstlon of 30 both serines 3 7 and 345. WO

PO 103262 PCT/US 20067085 LY FME {ahipliB3&&say to Monitor

Chkl Activity in Response to a Chki Inhibitor It has been found that

nggﬁgbgr)ilgtion of Chkl 5 at serine 296 is stimulated by treatment of
with gemcitabine, and that phosphorylation at this site is

inhibited by Ch ighi itors. Phosphorylation at this site is not inhibited by

el ﬁxn,or l% Tritfibits Atm and Atr. Therefore, the phosphorylation of

serine 296 is 10 distinct from phosghorylation ats %‘es, 317 and 345. In
a

addition, it haSbeerrfourdtthaPitid S¥e 3¢ pritssp hpUTied Chk

prepafatians;sugiesting el thecputified lehzymedgs@ble tomors by
sphorylate itself qr.oth olecul ri .

R e R R AL B DB e

peifoemed WrChikniselicFhérefdhe thistapsroaeh £aRBE usedto monitor

Shklactiitydn tumorsin respans8dd:abine can be used as
DNA damaging agents. HT2% and Colo205 {(human cclon
carcinoma) and H460 and Calu~6 (nomnsmall cell
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 alrfiow
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
pa/mlL 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
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Chkl activators. Further, this approach can be used to measure inhibition
of Chkl activation by Chkl inhibitors. 20 Thus, HT 29 cells are treated with
20 pM gemcitabine for two h. The gemcitabine is washed qut of the cell
W&B&AH 8lia and cells are incubated for 22 additional h. Pro é?r?%‘i}’sﬁé g%
are prepared and separated by an SDS-polyacrylamide gel
electrophoresis. Proteins 25 aretfdnsterred to polyvinylidene fluoride
(PVDF) membranes and probed with antisera (Cell Signalling) specific
for phqsp%oe{l ated serine 296 (Cell Signalling). western blot shows that
GEmicitad {}r/eé?ﬁﬁéﬁ? gf @Q%%Ibn%éﬁ%ﬁ]%rﬁfﬁzgwg results in the
phosphonytation of Sthsering 296 tEuxtiter; HE20 dely traatedhwith
elective Chklinhibitors for in eripe;29 06/105262
%@%%s?z%?}%i 584Olr-§f§§ Pﬂgﬁggsp or)%/'lyé%i]gr% %f?eéé dgagg&%gg est that
setine2o6! phvsphoryiation iSPEEsHREd DY tHETHIG &k, Fxample 11
Aaimal Fymor Models:3, Todestither-abjlitvafihe Chid dahibiersi of the

invention to enhance the killing of tumors by DNA damaging gents in

ThigeMi&fodrafatiftbrble BERSHLARIBR wumor CaftRRES an
established. bofluonosnaeit (54 Uy pigienabiiabing candmised as10 DNA
damaging agents. HT29 and Colo205, (huma I ° rcinpma) and
"H“%gb %’ﬁ’a alas nlosn%s%aa -Gell %%rgkﬁgrynajjz%e%%%%n%e a{]s%d to
propagate Xemograft crntonsdn 6v8 lvswdcokriénizte HaraiciB4iBic (nu/nu)

FiGE -Mice, are maiptained-insa laminar girflow e gabinet upder
pathogen-free conditions and fed
duration of the experiment.

Obviously, many modifications and
variations of the invention as hereinbefore set
.forth can be made without departing from the spirit
and scope thereof, and, therefore, only such
limitations should be imposed as are indicated by

the appended claims.



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
pg/mL streptomycin, and 1.5 mM L-glutamine in a 5% 20 CO2 humidified
environment. Single cell suspensions are prepared in CMF-PBS, and cell
concentration adjusted to 1x108 cells/mL. Mice are inoculated
subcutaneously (s.c.) on the right-flagik-or right leg with a total of 1x107
cells (100 pL). 25 Mice are randomized (5-15 mice/group) into four
Wetéfa][tﬂr'nent groups and used when tumors reach a volume of 75-100 cm3
ally 7-11 days post- inoculation). Tumors are measured with vernier

calipe n maer volum I imated using the WO,2006/105262
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1~ {einiBjo=RuRa(i Jefegzsom) 2 timetonidtpi(om) bouifroetldpiréem)23y8)-urea,
T e . ) intapesitoneal dip) inect o
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expected to reduce tumor volumes and prolong life. 10 Tumor siZe 1S
yD-#¥8mitored every other day for the duration of the experiment. Obviously,

1-{SU&B&HJQQ'[fiQﬁjﬂﬁﬁﬁe@ﬁﬁz%%MPF%W@Q@%M%S@&Q@@%&%@
forth can be made without departlngi rom the S%II’I'[ and scope thereof,
1-[3#@1{};@%%@;%&{&%@&2@3&2 methoxy)-phenyl}-3-(S-methyl-pyrazin-2-yl)-

urea

and a pharmaceutically acceptable salt thereof.

2. A compound which is selected from the group consisting of
1-[2-(1,4-dimethyl-piperazin-2-ylmethoxy)}-5-methyl-phenyl}-3-(5-methyl-pyrazin-2-yl)-
urea
1 —[S—methyi-z—(l -methyl-piperazin-2-yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea
1-I5-chloro-2-(1-methyl-piperazin-2-ylmethoxy)-phenyl}-3-(S-methyl-pyrazin-2-yl)-urea,
1-[5-chloro-2-S-(1 -methyl-piperazin-2 -yimethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-
urea

and a pharmaceutically acceptable salt thereof.

3. A compound which is selected from the group consisting of
1-{5-cyano-pyrazin-2-yl)-3-[5-methyl-2-(4-methyl-morpholin-2-yimethoxy)-phenyl}-
urea,
1-[S-bromo-2-5-(4-methyl-morpholin-2-ylmethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-
urea, '

1-[S-chloro-2-S~(4-cyanomethyl-morpholin-2-ylmethoxy)-phenyl}-3-(5-methyl-pyrazin-
2-yl)-urea,



limitations should be imposed as are indicated by the appended claims.
-135- We claim: 1. A compound which is selected from the group
consisting of 1-[5-chloro-2-S-([ |

,4loxazepan-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-urea,
1-[5-chloro-2-([

1,4]oxazepan-2-ylmethoxy)-phenylj$4(5-methyl-pyrazin-2-yl)-urea,
1-[5-chloro-2-R-([1,4]oxazepan-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-

2-yl)-urea, 1-[5-chloro-4-methyl-2-S- )
1-5:&#52&@5&@%%%&9 %Myﬂ@g%x}f@hw&ﬁa%ﬁwwpmi"ﬁ%
ureal-[S-bromo-2-([1,4]oxazepan-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-
)-urea ) .
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ureyrazin-2-yl)- urea and a pharmaceutically acceptable salt thereof. 2. A

R R o

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

4. ﬁ:E})}T)E_%@%&ié%‘éﬁ%'é@@&éﬂ%}%‘éﬂ@‘ﬁ%&iﬁ%‘%ﬁé‘k?'(5'methy"pyraZi

1~[14@5&:,#1:1&dmmm?etwwwrmﬁwﬁwmwﬁwmmzi
2~ s de[5-chlora-2-Se(1- R ; Ny
Rl e
1-(pteyamerpotariadRr dAtddptamsiadal- tmerabplm-A-rhpsovt sl yres,

198 T HE) ISt . 3(5- . in-2-v1)-
! {%%g%;%gﬁo@% r?(g%% -[5§Ellr§ng]t ﬁ%ﬁz}-{r?r?e ﬁ;ﬁ%]o?pﬁoﬁ?ﬁgyilgnyé?ﬁgxi)y )
urgghenyl]- urea,

1-[5-2iRre MRy 4-rRetutp ROl MbRe et e e {Prmatiry)-

azin-2-yl)- urea,
WeA[5-chloro-2-S-(4-cyanomethyl-morpholin-2-ylmethoxy)-phenyl]-3-(5-meth
1-M:P\EaRiIBro22 YR LifReptrdiB02 -yimethox y)-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea,

Bl irenrnati bbb kel Fat Rkt
1-[4-chloro-5-methyl-2-(S-morpholin-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-
urea,

1-[S-cyano-2-(S-morpholin-2-yimethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-ures,
1-{5-chloro-4-ethyl-2-(S-morpholin-2-yimethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-
urea,
1-[5-chioro-4-methoxy-2-(S-morpholin-2-yimethoxy)-phenyl}-3-(S-methyl-pyrazin-2-yl}-
urea,
1-[5-dimethylamino-2+(S-morpholin-2-yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-
urca,

1-[5-methyl-2-{morpholin-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-urea,
1-[5-chioro-2-(morpholin-2-yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea,
1-[S-chioro-2-(S-morpholin-2-yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea,
1-[5-methyl-2-(S-morpholin-2-ylmethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea,



urea,

1-[5-chloro-2-(S-4-methyl-morpholin-2-ylmethoxy)-phenyl]-3-(5-methyl-pyr
azin-2-yl)- urea and a pharmaceutically acceptable salt thereof. 4. A
compound which is selected from the group consisting of

1-[5-chloro-2-(R-morpholin-3-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)
-urea, -137-

1-[4,5-dichloro-2-(S-morpholin-2-yImethoxy)-phenyl]-3-(5-methyl-pyrazin-2

-yl)-urea . .
LS R s A P TR S
1 [@%mmo—Z—(&morpholm-Z ylmethoxy)-phenyi}—?:—(S-memyl—pyrazin—Z-yl)-urea,
L LR BRI VT RLROAS - PheRS o2 SR by 2y L,
1- (1*@%*3*@%@9“?%2{@9%@@?%hﬁ%‘mﬁw}fﬂﬁﬁ)ﬂkﬁﬁ(&mhy|-pyr
N+ rea

d|c ro 5’(R -morpholin-2-ylmethoxy)-pheny11-3-(5-methyl-pyrazin-
1-[3- yﬁl)awéaﬁ -(morpholin-3-yimethoxy)-phenyl}-3-(5-methyl-pyrazin-2-yl)-urea,

1-%;{lﬁ%%gmﬂnxla%@%ﬁﬁpﬁ%mﬁwﬁ%&wxﬁEﬁz@xuaﬁaﬁ:ﬁgﬁ&m:@sﬁ%&-é-y
1-[5-phlorockes Srmamhglin-Simetsolrm hepietbiy) SieampBsisomatn L ojh-
urdgin-2-yl)- urea,

1-[5-cyano-2-(S-morpholin-2-ylImethox henyl]-3-(5-methyl-pyrazin-2-yl
1- Mrl;@hl(%() S—metglyl-Z S-Fémorphol%/n—iz -yl me%/lzogzy)- ﬁtl,nyé 3-(5- cy%ng-);yrazm-fly}?l)-

uréa,[5 -chloro-4-ethyl-2-(S-morpholin-2-ylmethoxy)-phenyl]-3-(5-methyl-pyraz
)- urea,
1~&5-1vaﬁl3wo¢z?-%m85&$?@h%%ﬂdﬁw%&mw%ﬁe@ﬁ%mﬁpm
ur¥hazin-2-yl)- urea,
S Ametyaming 26 mopholn Zymshox phen 2 gy
intPaprivbentMmIBhalieppleiheetphenyl]-3-(5-methyl-pyrazin-2-yl)-u
rea,

1-[5-chloro-2-(morpholin-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)-ur
5.ea, A compound which is

1R SRR AR PR RS R B Bk Rs NS e B -
urkq5- rﬁethyl 2-(S-morpholin-2-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)

3y Lkehlly acceptable salt thereof.
Or oro-2- ?R mgrp%o na2 ?/ISr?lethgrf)(/)) -phenyl]-3-(5-methyl-pyrazin-2-yl)-ur

na

ea,

61-[5- b@g@ﬁ%ﬁ@gf@glin-zylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-y|)
-urea,

14 shpspra- bR R RSN EINRRGR b Tsthy rRetRzns A yirea

oY B pH&%haceutically acceptable salt thereof.

7. A pharmaceutical composition comprising the compound according to any one of
Claims 1 to 6, or a pharmaceutically acceptable salt thereof, and a pharmé,ccutical}y

acceptable diluent or carrier.



1-(5-methyl-pyrazin-2-yl)-3-[3-S-(morpholin-2-ylmethoxy)-5,6,7,8-tetrahydr
0- naphthalen-2-yl]-urea,
1-[5-chloro-2-S-(morpholin-3-ylmethoxy)-phenyl]-3-(S-methyl-pyrazin-2-yl)
-urea,
1-[5-methyl-2-R-(morpholin-3-ylmethoxy)-phenyl]-3-(5-methyl-pyrazin-2-yl)
-urea,

1-[S-chloro-2-S-(morpholin-2- yImet]n%§<y) -phenyl]-3-(5-trifluoromethyl-pyra
zin-2-yl)- urea,

g. 1- [4ml%m&ym@tmd&d&gmmmeﬂeﬁfﬂm@ﬂmxw@hﬁm@hamazeuﬁcany
2-yl)- urea
accfpf% én ﬁ%&)@%ﬁ r‘?{SPﬁholm 2-ylmethoxy)-phenyl]-3-(5-cyano-py

razin-2- yI) urea,

1- [Sﬁhloro -2-S- g'nor&;holm methO}éﬁ nY]1:3-65:6% a{@&{{}c

9. 01k
urea and a4 pharmaceut Cal y ac}c/:ep? esal thereof 5. A'compound
acosptitiieisalt thereof, for use in the treatment of a colorectal cancer, a head and neck

canta? ég%apeéx&%% 2; BrRPERRGIN zg ylmethoxy)-phenvl=3(asethylRy:

azin- urea or a pharmaceutically acceptable salt thereof, 6. A
carssmpérwidrutiet ysphoma, a melanoma, a renal cell carcinoma, an ovarian cancer,

2 biain hi02-(RINARRA!IDr 2-MARethgey)-phenyl]-3-(5-methyl-pyrazin-2-y|

)-urea or a pharmaceutically acceptable salt thereof. 7. A pharmaceutical
composmon comprising the compound according to any one of Claims 1
to 6, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable diluent or carrier. -138- 8. The compound according to any one
of Claims 1 to 6, or a pharmaceutically acceptable salt thereof, for use in
therapy. 9. The compound as claimed in any one of Claims 1 to 6, or a
pharmaceutically acceptable salt thereof, for use in the treatment of a
colorectal cancer, a head and neck cancer, a pancreatic cancer, a breast
cancer, a gastric cancer, a bladder cancer, a vulvar cancer, a leukemia, a
lymphoma, a melanoma, a renal cell carcinoma, an ovarian cancer, a
brain cancer, an osteosarcoma, or a lung cancer.



