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application clains the benefit of priority to U. S

Provi sional Patent Application Nunmber 60/797, 949,

filed 5 May 2006. The full disclosure of this

application is incorporated herein by reference inits

entirety and for all purposes. BACKGROUND Field of

the I nvention [0002] The invention provides a nethod

for nodul ating the activity of the hedgehog signaling
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thosatlabnt of such di seases. WD 2007/ 131201

PCT/ US2007/ 068292 Summary of the Invention [0003] In
%gkﬁ%gq)tfthetm\een%@sent i nvention provides conpounds

of Formul a . R2 R4 R3 R6 R7
[0002] Durlng embryomc development, the hedgehog signaling pathway is

essential for numerous processes such as the control of cell proliferation,
differentiation and tissue patterning. The aberrant activity of the hedgehog signaling
pathway, for example, as a result of enhanced activation, however may have
pathological consequences. In this regard, activation of the hedgehog pathway in
adult tissues can result in specific types of cancer that include, but are not limited to,
cancers of the brain, muscle and skin, prostrate, medulloblastoma, pancreatic
adenocarcinomas and small-cell lung carcinomas. Enhanced activation of the
hedgehog signaling pathway contributes to the pathology and/or symptomology of a
number of diseases. Accordingly, molecules that modulate the activity of the
hedgehog signaling pathway are useful as therapeutic agents in the treatment of such

diseases.



H NY R8 O~~ Y2 RO [0004] in which [0005] Yi and
Y2 are independently selected fromN and CR10; wherein
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hal osubsti t ut ed- Cl. 6al kyl , CI1. 6al koxy,

hal osubstitut ed- G _6al koxy and - OXNR1GaR1(b; wherein

Ri os and R10b are i ndependently selected from

RyghReest B Bv&iticgal kyl; [0006] RL is selected from

ano, halo, G 6al kyl, hal osubstituted-C _6al kyl, Cl

éqﬂébxy, hallBSBDEPEURERIEEt BXFIGR providss quaoynds of Formila
gi met hyl -am no, C1. 6al kyl -sul fanyl and C3_

8het erocycl oal kyl optionally substituted with up to 2
C _6al kyl radicals; [0007] R2 and R5 are independently
sel ected from hydrogen, Rgyano, halo, Cl_ 6al kyl,

hal osubsti t ut ed- Cl. Gal k. RE1. 6al koxy,

hal osubsti t ut ed- Cl. 6al and di net hyl am no; [0008]
R3 and R4 are indepgpC r.Sel ected from hydrogen,

hal o, cyano, Cl 6al Ky | osubsti t ut ed- C1. 6al kyl ,
Cl. 6al koxy and hal osub ut gd- C1. 6al koxy; or either
Rl and R2 or Rl and R ogethersyi th the phenyl to

whi ch they are both attached f 'Cs i ohet eroaryl ;
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hydr ogen, C1_6al kyl, hal o§ubst i tuted-CG _6al kyl,

C _6al koxy and hal osubst i t ut ed- G _6al koxy; with the
proviso that R6 and R7 are not both hydrogen; [0010]
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and R or R; and Rs together with the phenyl to which they are both attached form Cs.

1oheteroaryl;

[0009] Re and R; are independently selected from hydrogen, C; ¢alkyl,
halosubstituted-C, salkyl, C;.¢alkoxy and halosubstituted-C; ¢alkoxy; with the proviso that
R and R; are not both hydrogen;

[0010] Rg is selected from halo, C;galkyl, halosubstituted-C; galkyl, C;.

salkoxy and halosubstituted-C; ¢alkoxy;



prodrug derivatives, protected derivatives, individua

i soners and m xture of isomers thereof; and the
w@barisieeut i cal |y acceptabl e salts and sol vat eBCT/ESI07/068292

hydrates) of such conpounds. [0014] In a second

aspect, the present invention provides a

phar maceuti cal conposition which contains a conpound

of Formula | or a N-oxide derivative, _individua
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[0017] In a fifth aspect, the present invention provides a process for
preparing compounds of Formula I and the N-oxide derivatives, prodrug derivatives,

protected derivatives, individual isomers and mixture of isomers thereof, and the

pharmaceutically acceptable salts thereof.



i ndazol yl, qui noxalinyl, quinolinyl, benzofuranyl,

benzopyranyl, benzothi opyranyl, benzo[ 1, 3]di oxol e,
w0 pdodazbyl , benzo-im dazolyl, pyrimdinyl, fur@mnyk2007/068292
oxazolyl, isoxazolyl, triazolyl, tetrazolyl,

pyrazolyl, thienyl, etc. [0011] "Cycloal kyl" nmeans a
saturated or partially unsaturated, nonocyclic, fused
bi cyclic or bridged polycyclic ring assenbly

contai ning the nunber of ring atons indicated. For
exanpl e, C3_locycl oal kyl includes cycl opropyl,
q%@h@@ugyl cyclopentyl cycl ohexyl, etc. [0012]

ﬁfterocycloa %ﬁ' nmeans cycl oal kyl , as defined in
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nor lino, . rrolidin rrolidin
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%ﬁ?hﬂ%ﬂ' pr&bAbRIpHESA 8« Mlylent Nin@#0 h BRAlehN@dical derived from an aryl
f anonor phol i no, sul f ononor pholino, etc. [0013]

‘ZMaPogen” (or hal o) preferably represents chloro or
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Gil, di2 and di3. [0016] "di gain-of-function”

refers to an aberrant nodification or nutation of a
w@Rio7gane; or an increased | evel of expressi onPOf/U$1967/068292

gene, which results in a phenotype which resenbles

contacting a cell with a hedgehog protein, e.g.,

aberrant activation of a hedgehog pathway. [0017]
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aheerialy tlalapaﬁ&rwp ratpdieacialion ﬁ%@%‘g St Y
$ehead fdulimnaie ﬁ%@&g@ﬁ@g“ga‘mbﬁﬂﬁhetldﬁh IRhBypd, leWar i hedgélgﬁqs

trifluoromethyl and nethoxy; the proviso that R6
agonwgted pethpgellbot h hydr ogen; and R8 is selected from

g)(ﬁg 0, chl, @Etghedqgsts%@flfurﬁﬂgn”trgfefs ty 9{; M&ththodn{t&gﬁ? l)r I'n
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SRRIORL i SORT O 06, DU Y HELUONY, o v aberra

ta&ﬂnfatlulomcm&tigaﬂog phthivhy. UBE QIFBbIANYionaNAl IREIR@Y B Bf lthe
opt i onal substltuted with up to 2 nmethyl radicals;

iligyef tsPte gene arofsidencesitd hie Saplat eariesion ! RYideryens-

Qﬁhoéﬁza%i@ﬂio cyano, nethyl, trifluoromethyl,
i sopropyl oxy, methoxy, ethoxy, trifluoronethoxy and

do0hed hyI am rigili gamdofRBnaod” Riers @rag abm@pmndﬁﬁnzttioy or mutation

rom oro, hoxy and
E0 850 <50 oF BT PRI et SRSl T s TRD RN A ¢
tph@’lO@hb@ Rhlichtresedbies Bortigiyig acal Wik b hatgtelas‘gqﬁ@temf ©F.Mberrant
gui noxal i nyl. [0021] In another enbodi nent, R9 is

SeeEpref Fhedeshogpefomil, -OR11, - QO Rii, -NRL2aR12b

71 R11; m@ﬁl%bﬂﬂeﬁ%l]%afnsofsf%cﬁeﬁ etgfeﬁrsr 8'%h ta‘b‘l%rﬁﬁ%@&lﬁ&du@{? or
sulfononDrphollno sul fanonor phol i no, norphol 1 no,

cwnmmh@ﬁysmoahmhytmnazegahbldyﬁemﬂammn@bmpemazmhwhnyhhs
a Pt?ﬁ)fll% Eﬁﬁ 6%’18?111[)188 eralcEj ing a cellyv!/lth a hedgehog protein, e.g.,

aberrant act1vat10n of a hedgehog pathway

[0018] “Treat”, “treating” and “treatment” refer to a method of alleviating

or abating a disease and/or its attendant symptoms.



pi peridin-3-yl, piperazinyl, pyrrolidinyl and

1, 4-di azepan-1-yl; R12, and R12b are independently
w@edoeased from i sobutyl and hydroxy-ethyl; wheP€l/nS®ai/eh8292

t hi onor phol i no, sul f ononor phol i no, sul fanonor phol i no,

nmor phol i no, cycl ohexyl, phenyl, azepan-1-yl,

2- oxopi perazin-1-yl, 1,4-oxazepan-4-yl,

pi peridin-1-yl, tetrahydro 2H pyran- 4-y
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pyri di nyl -met hyl , benzo[d][1, 3]d|oxol-6-yl and 2,3-
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trifi uoronethoxy)blphenyl 3- car boxam de,
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M;{tlen}ﬂc?dartﬁ&}h&acﬁf{da M&ﬂ@ﬂd&flﬁﬂﬁlﬁﬂxhzﬂ)@h@j!)@lﬁﬁfﬂh@i%{ﬂ]) 2-m
- (trifluoronethox phenyl - c arboxam de.
IR TR EAR Ct SR A Rl R o o W
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aspects of hedgehog, c, or snoot hened “si gnal
ma@n&sdla@ﬁllddﬁr(%qmmlm §rykme|thyl pipreginsleylyeyedipdbilleanyfle, 4'-
raki o .bi,al og| . .

fé(g 5 Eﬂeen gpgjaﬂﬁ/ﬁ 8! cg}boiqﬂ dgggjﬂ gyréc}}g—é—éflhﬁgthilgl\}]i)eﬁ%zng1—y1)—
patched Ioss of - function phenotype, a hedgehog
gai n-of -functi on phenotype, a snoot hened gai n- of -
functi on phenotype or a @i gain-of-function
phenotype. Thus, it is contbnplated that in certain
enbodi nment s, these conmpounds may be useful for
i nhi biting hedgehog



activity in normal cells, e.g., which do not have a
genetic nutation that activates the hedgehog pat hway.

wo poopnaf2er r ed enbodi nents, the conpounds are CRBEHDF®OT068292
inhibiting at | east some of the biological activities
of hedgehog proteins, preferably specifically in
target cells. [0024] Thus, the nethods of the present
i nvention include the use of ds, of, For

WA bpisle Pleatntrimsthyi- Blﬁh‘“dlbfl %éa@@%@ aglidéﬁé‘} Pﬂghn 2-
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gm 6-chleguN a64(bmeafylﬂmpmﬂ1mpxpyﬁdm6 s c(tﬂfﬁ;monreﬂgm}/mphemyl-
skin and hair gro aver,
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webReEnidan %/@nq bl] @r(E$6RIF 4 Riaeitimorpkalin by ey Say)-2-
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can in treati r preve basal

PR g Sheng sroy e By Gipesheny -3
@h&@iaﬂhﬁﬂ@ N-23 MO 2Ry EBIBAinE)pPiRZ08 (1) 06884 0026]
In certain enbodi ments, a conpound of Fornmula | can

i(wlupiomegiory piberyl3 shrbax gy eHughyldY-Kukgrapydisi APy o
?Y&g%@ﬁﬁhﬁ% - 4 d diﬁ%filéﬁdx fbgBhefPﬁ%t c%ﬂﬂﬁamlﬁlg 1685-LRAbR-6-

ment's, Ject antagoni'st may I nhi bit
ai(@Sl%ﬂt@hmmybﬁlorbtwdige)pmgdlmét}hMmebyl Binding to

G A b R ATl S T
PegpyFRN4 fyppyﬂm{ B{3}'[)@hetﬂ?l%kﬂn@lbb@ﬁfe@ﬂﬁﬁ)b@ﬁﬁly@tiQ@fboxamlde
pri mary gnhant neuroectodermal tunors. [0028]

|N1<6a(ﬁo€tﬂwéﬁ>lp%¥§2¢@c% CafP‘Pfé’DBY%‘g’éﬁtyl)i mehyl-bn provi des
RO BRGRHOL HB! phergri 9&%@&&&@@ 299&9351'1\% (DB-0RPipRRAACLI Ve

i ngredi ent, gnal i ng nodul at or such as a
wbmmima yOF4 ﬁ@ﬂmomethoxxab@h@yhgambgtamlée Srahyenéed(1-

0 at hva ta
SRR Blen i BN LB Mag RER TR PR
ambuxmmaa;fzfmahﬁm (d Q-dxokd- @jyhdmmylmethgu)plpmimﬂeg,n@pn«nﬁ 3-
or. ot her bi ol ogical consequences of
yl)-4'-(trifluoromethoXy)biphenyl-3-carboxamide, 2- methyl N-(6-(1-(pyridin-4-
ylmethyl)piperidin-3-yl)pyridin-3-yl)-4'-(trifluoromethoxy)biphenyl-3-carboxamide,

N-(6-(1-ethylpiperidin-3-yl)pyridin-3-yl)-2-methyl-4'-(trifluoromethoxy)biphenyl-3-
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Ptc | oss-of -function, hedgehog gai n-of-function,
snoot hened gai n-of -function or Ai gain-of-function.
W 2®2A312The subj ect treatnents using a conmpouneCDiIS2007/068292
Forrmula I, patched agonists, snoothened antagonists,
or downstream hedgehog pat hway protein antagonists
can be effective for both human and ani mal subj ects.
Ani mal subjects to ch the invention is aBp i cabl e

ExPernidoIy i +6- G%Fvé& ?é dé‘ﬁ‘i’ﬂf’r?ép@fp&ﬁlﬂnq Xt &e m?%ﬂs‘bd

%entﬂnslrorr@ﬁloseﬁbﬁ)ha{yl&Qarbegamaé cial purposes. Exanples
are dogs, cats, cattle, horses, sheep, hogs, and

doR8s. Phar rial@dhcrggprqmmctﬂtcalﬂy Qoylteﬁr@d)xwlj thﬂfh:empmmslenﬁ
e e
pahdidveion aetigty, wﬂﬂolkemi@e bé tapatle bf mﬁﬂbltlng Ipﬁj/}dlfd?iatﬁdné’(bﬁ@her

resul ting from phenotypes such as

PR G CHMFRIETGSN, N AYELL DY a@fgpwellﬁhmwatc@ﬁd loss-of-
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ti n Ql [ mal e Vi

SR il hERIe Gt DR sl TR RS b

acﬁmt\ylm yorenafcells tep. el el dendd ha\(eafgehﬂic Itnliteu@hbm raamates the

r h state. 31 ers of the eho
gﬁ%@%@ﬂﬂﬂ‘@ %L@?Fﬂﬁ é&m MERE thmlﬁpowg%ﬁ% i % ort -
3Hbili RN 1828NBBhe RAHe BIIM M1 RIRERS SEfedgétok PELIMEY, bl%befrﬁilye
devel opnent. Pattern formation is the activity by
wbceisa tgzr@pﬁC@Ha:el |'s form 14 WO 2007/ 131201

S2007/ I
S L o e
I@Dgp@mdmogﬁjnmsml \xamqhsagemem?tlc ntgntamlqufdng@ehsg dgiainggdh as
i.nter $ -in (iEIPSI C “fﬁ% df

él“fhﬂlé%gr HY tl?n&f é‘ﬁ%ﬂ@‘?ﬁ‘@ °1i d‘G’é?‘?%"% B?Ilé%? iBhdent e
%5&3}@& Jifthelr€u@iiBA YORAT afd@dr F@ichoMY pérforefide@Ph R range of

evel opnent fromthe earliest est aBI i shnment of the
ts&idy tigsheprand ofggng, msh}ﬁlmgtr@rrﬁ@lﬁglls@ﬂssy% ansk jaAns 3 gted g thopgy

[
P P b R bR b b B Fhened
|ga1lneqfdmtqtlom er @k gamaf lflmdtlon rkes pmtatmen thecabjtd ngthed has
glﬁlerte ferentlatl b
StRRYC By CO?‘WE‘& 8?1?1155‘%%15 r%“gt%affo%feﬁ? aron ?fd‘ﬁ?rﬁgttsﬁ“ﬁsh e

uhd bahiia edfoanslionndd eptir St all #%n of sgeRfatogeasprdungocs | s
(i nductions). Sonetinmes cells induce their neighbors

toaPmusrledesaition of e lHRedARrEsTeerGHIsBgdet fhg primitive
' ﬂfj i’B‘gtﬂaﬁgﬁ of Heﬁmﬁ%&%ﬁc fofiStor, 1% ﬁ:lgﬂl(!n df @Pﬂnkah& ﬁalf §1§wth etc.
ne| ghbors fromdifferenti atl ng Ii1ke itsel
iMierevag thegwmbjed trmaslzads yardepetfoparsien cetiywhieh als @cp)/ehﬂ iml |

n_init ducti on .bet ween two cell types
e Sl el o SRR AT AR TER ot "G versi 1,

Weo2spver, irnd ldﬁdthétenibﬁdhﬁiéﬂtc thie Qtitgec® e thod Bt bed ly¢atiePithelial
enbryos, but in adult cells as well and can act to

ég]ﬂsal}gpqng | PRFRPUYPEICh Sl PFS-OfrBitns ey brfigehog PHreleALiofs wel |
ARobtREHEa St ritecBOH bAGT @41n-of-function. For instance, the subject

method can be used in treating or preventing basal cell carcinoma or other hedgehog

pathway-related disorders.
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[0032] The vertebrate famly of hedgehog genes

i ncludes three nenbers that exist in mammals, known
w@go002e3ent (Dhh), Sonic (Shh) and | ndian (I hh)PCT/US2007/068292

hedgehogs, all of which encode secreted proteins.

These vari ous Hedgehog proteins consist of a signal

peptide, a highly conserved N-term nal regi on, and a

more divergent C-terninal domain. Biochemical studies

28] shown IS¢t EBRRdERRIGY. § comPoRp ok Gorgwladtcap ibitih
REG&AHEP O a liéﬁgéh%g Batﬁ&z%%eﬂﬁdlh fRhEHI R Red dHi€ uBBhstream
thi oester internedi ate which subsequently is cl eaved
|pnote1nsn ubl ceapthlembedlmqbtsta ubjettomtagomistingaylinticeit getivatipmtofthe
hile i.s I philic nol ecul e which
%%E aé%“\’/ 6 nt Hfds&%o@%tah%o the Ctermnal end of the
III-)(RG]Jt i de, tIﬁhht&hdrlp@fdartedteﬁlbbmﬁleﬁe tHe sabjedt aethod ThEbe used as
bi ol ogi cal i Ilcatlons are profound. As a result of
tPH% of %W?é‘?“?‘ﬁ éegl%lelhfoé Aafignagh mE‘E’HB‘é‘ﬁstt?fﬁ%sl 25} ogger primary CNS
?ﬁm RaoddedagheanRepti de is generated on the
surtace of the Hedgehog producing cells. It is this
0281 mi nal Jeprgthks agiectc Heipsesprotity cpeanasevidss phpighaceutical

i)y allaré)lﬁs&%gl%ﬁlglﬁ QQ guli actl[@g %@Eﬁ?ﬂ%‘h B%n(%%{lgsqgagg%mﬁdulator such

Sk g oahpaugd pﬂFdsrmla I SPMA'agdilﬁstI d@nootieastsaneagbniam er @mt;teaam
recept or Patched i nhibits t eactlwlr%]11 .

2y (PEBY, ntég 13 &vrheds 4ASH % afrpe
LhROSGHRIn OB iAAGE, O vitd,i rolﬁeﬂ%bf@@ﬁ‘olo%QaM@nsequences of
2007/ 131201 PCT/ US2007/068292 conponent of Hh
$icgiasstafrignetios, hedgahen gdaof-Ffupsiiemeapothened Beinwiréynstien or Gli
t eractions with cytoplasm c proteins,
|nglod£ FI}%Q used and Suppressor of fused (Suf u). As a
¢ai29equ e n ce, Theralyjec |t1ie:|t1mie1m alinge topund of Birmbdad geindgd

t ar get ress Activati.on of the pathwa
RO 60 Bl R bR B Py BAGeGE ety Freb M
ABIAE® dtodhn e OGS e (dABih holifan @hd Adil)l suBjedts. Anithh1GaBYEcts to

binding results in a reversal of the repression of

Srhich thhiap tsipn dcappliceplergtead M@&a@mqsﬁe@nlm@aded ksstople
bLi8RAGAL A oPlor cdififierBl bitfot CEMAfled B ADRCELM, ON

actor Q1 to the nucleus, ear acti Vat és
tharsgethegprhegexpt gssi. on, i ncl ud| ng Ptc and Gi itself.
[ 0034] Increased level s of Hedgehog signaling are
PEAd e i@yl t1ate  cancer fornation and are

r survival. These cancers incl ude,

kﬁQﬁSOhr e notTheipmsme@InweotloIpnd@s atadalge method{ dndedyetrays for

TR L TR L SRR B s B RhRR e B,

%Iov@ﬂ mdtee FesBfing fl/BImtphalOf-‘ypei SRRAGSP:d TossBemiaterMdngg‘am

Nat ure. 2004 Oct 7;431(7009):707- 12; "Inhibition
<9f f‘B}CB%“t sipgothensd &#inyof bimicrion %ft(?lbﬁa%f?f [UREEQns eRRTsR i t h
SEMh&ing H%%%a@efn%o&id%%fn‘ﬂga I, irRfERGEn BmoliR i O 8RAEE 2
AM Stecca B, Kahler AJ, Guemre AM Barrett A, Beyna
IVPHJIBéPtC&ICMNy mafegonizSa nRoa hﬁdgAthmaVlAf antwg@czemalpbthened

Agt?vqtgsgr a,nHé§ 1%Gl% lewté %%I %04 fegf'grg'ef %4&)1”1&(% ?l?e abgl)rant Efow%ﬁ' gtate

o apeut i ¢ NManiges off the Hpdkh@namilwof hgrtamegﬁioleealas:medlate
Kubo

many important short- and long-range patterning processes during vertebrate
y mmp: g gep gp g

development. Pattern formation is the activity by which embryonic cells form
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M Nakamura M Tasaki A, Yananaka N, Nakashi ma H,
Nomura M Kuroki S, Katano M, Cancer Res. 2004 Sep
wa 24012yt 6071-4), medul | obl astoma (" Medul | obPEBEUSIAT/068292
growt h i nhibition by hedgehog pat hway bl ockade",
Berman DM  Kar hadkar SS, Hal |l ahan AR, Pritchard JI,
Eberhart CG Watkins DN, Chen JK, Cooper M, Taipale
J, Ason JM Beachy PA., Science. 2002 Aug_ 30;
?glyz(@ggg)al ilgeg}gelgql)ts ofﬁlé@(gpnt@@dms%? CTWSlcal complexity of
(hléhgleé}%zhﬁén%aﬁls&rﬂuﬂflg @m@&@ééneﬁp h #h the 1ht91%!a9'otf 9511 ﬁ’itrmtsﬁe
hedgehog si gnal i ng pat hway: ef s on basal
diaeage podres! Hixkiensicl swam Indlwwd m@m@tlglﬁ ar@ﬁsemhelrtp temeMomc
Zat?ea}{lwllng Pnavﬁelrtéa ‘IS eloprrje'&t Ygecegtuefgtle\%g ’1shE1%rr1]t of reobcodhg{a}l,
/é@ald p&itdrnibk &F the o%@@@zsteﬁﬁr to 1t gera@dn (ﬁ@ll\@fsz ]:ell types during
"Activating Smpot hened putations in sporad

B‘é?ﬁldlf@é‘m“atl% rOF FHRES Of dRyeopmenigl celhi@ Ctlﬁlﬁ?dﬁe YA Ry an

'?espS%ﬂn% ceiRR Ql\@HeCBQ&h foﬁ§roﬂlM of b8 e\ oA &S arl¥ther b
A, Rosenthal A Epstein EH Jr, de Sauvage >l/:J

Natuging cellsalys diffea from: lpgnthe BERJucodarphindysed eniene the cancer

%ﬁg@%@gi t@;@?ﬁ(ﬁﬁg B%%?‘%@%i léegfs GI‘%CE@ 9 glglcl:‘ E{él @‘Dors\/@ dlfferentlate

tlikkerdeingd na s hatigogdieay arduSiyn);dn otlkibIgdas@ naeel/Rhitisiits emglEBAts

i el s Lauwers GY, Q sin S,
E@Ph‘iﬁﬂaréﬁtw&‘@{% ‘éste’fl I&} ECTICHORS 10 oG y d%ﬁl%’ﬁﬁeﬁtc%ay be
NeqMRRe shdh tmra%hﬁﬂ‘alﬁducm%eeMtwo bat Yp&-1eadO3a B Eressive
23, 425(6960) : 851- "W despread requirenent for
H@@Q@%@n pf ‘é‘a‘ﬂ”&lt)’s tM‘PFﬂ‘P‘é?f ii Cilw Infgragtipls oefur @pigady inv e

D S R i S

AkyrpHslgenveid pat¥érnsis lnleB mmindddr, difféeieiarisn.DN, Beachy PA. ,

e. 200 Oct 3: 4 9 846-51),. and smal | -cel |
e IS e IR o R %1H3Hf9€aiﬂ?rﬁwem§ers
et b6l ih AlamPla@gRIYWNQ Deddtel DhR), SBRi [(SKHY hhd TnkidAgIhh)
cancer", Watkins DN, Berman DM Burkhol der SG Wang B,
Bg%h%spyl\l of vgagh qugodsecretRg pipksans. Abhoss Vl%‘@usj@,dgehog proteins
%ggs(s@g?zggl éi'ﬁe aie a[hqgﬁé&onlsé}vépﬁ—%r?l Wnt eﬂldtahﬁo e

foregol ng, & prese i mvention further provi des a
metetpsdt @wmpmbdQMm @oahbmtcamdmglam]ghowh thah eutoprstealses

Sliatfes PLEE BT iht eRCinuTHaR b SoRGHREEr i ng

tiRedRddteSitaieGibsequé g iagedvbd mad hugleshHi BEiubvt@usno Uik likely
(See, "Adm nistration and Pharnmaceuti cal

dpsarelpenhde is 5 sirafldipopfiiligmelsaipewhigh Secomss remalenily Bpung to
9111%3(‘5 RRGEHT &feddr ke l‘@f)&ﬁfa& abh&inal b tﬁé"&h‘%&fface Fie i0¥il
the above uses, the required” dosage wll vary
dl@plermdomgirfomdohed odgest @dmtﬁh@mgaa high localrpencentratlon of
%géerr}né%ll ﬁ%& oo%dple{)tllc%tl? %eﬁle%lneg OBAIL ik Sﬁlﬁ ace qr%(éhet I!i]edgghog producmg

Celrg asis tHiONsern{ifd 3gide Ki/hgﬁnf_‘lbcaﬂl nece @AY S ficibnitfbeshort-
invention wll be adm nistered in therapeutically

&nd loagiringe Blederhpg sighaling AGHvEfest he usual and accept abl e
WM@? Known Afinactive Hedgehog signaling pathway is where the

transmembrane protein receptor Patched (Ptc) inhibits the activity of Smoothened

(Smo), a seven transmembrane protein. The transcription factor Gli, a downstream
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the art, either singly or in conbination with one or

nore therapeutic agents. A therapeutically effective
wa@emans12omy vary w dely dependi ng on the severPe€lUs$007/068292

the disease, the age and relative health of the

subj ect, the potency of the conpound used and other

factors. In general, satisfactory results are

i ndicated to be obtained systemically at daily

R IR Iy sigiing siaresniyd fog ‘?‘t@rﬁ‘ﬁﬁl@g‘mﬁ ps @%ﬂﬂ?h

\{\ﬁélgumons Aith c&t@ﬁl‘aﬁﬁ% %ﬂ)tgﬁé in%lqu%%ged' ald %Gﬁpr&s@&gﬁ fused

manmmal , e.g. humans, is in the range from about 0. 5ny

fSufahoAsta @@angencedmnmpemaﬂ yctlaeltmnmféieég@dg taggegj geriem is

?r%)\fflzsgee Ac%%etsoguog rL}hetpaI our 1s 1%1 1gtr%rrs ?ué?l)f)m%u}g ol} aﬂye gﬁhg three

aehminlSh 1igind® (DhG SR Iﬁle) t6 PaiMLGgand biddmgYENuls ACi eve@sal of

[ ngr edient. 17 WD 2007/131201 PCT/ US2007/ 068292

t 89‘}355&9#6 SORaSesPY peeatingAstehthatifads & ha ey

A% RO fORE SPHe G@hscrifHRAGbL d}l@ Rﬁh@ﬂuc@é&y NQ&&Q ithi a‘%ﬁé‘altes

route, in particular enterally, e.g., orally, e.g., in

fi1get gPrsrarpEHsiom ichdingditc @Elp@uit%‘éf or parenteral |y,

inth t
iusp nsi onseln{rge[sgﬁc %I ti:lé Qi} ﬁ&fé 0g. s%‘lg%?llhrgg %rg pusfflgl nt to {mtlate ’
geﬂmx foahatoneand Sreaéquﬁ'e@ﬂijmrsunerah Mseadanmrs 1nclude but are

pository form Pharnmaceutical conpositions
2ehpes tﬂgéas—e@%g%ﬁsz '{';%gelmélga? HBBIRPTPYRIBITEPH IR
& fasf LI Rasiabisd KARAHRRSSUBbaakd, YWASIGAN, aNaf S @atdner D,
formin association with at |east one

e claack EhIBeyman My Batshe PAadyause. 20P4 At LidH(7®an’ e
n

TRL AnRGhUn Srbrb B FRMNANLL NS oy RAREn Vol S0

diﬂf?ﬁ‘EHI@Gdh]sIlsfglnalhg tSabtletr P, HemgteleatAiM] SezpsB) eshler A,

REBEnE a¥ e 4 B DR Bhes SR ERI iR e

SGQ:E@S& ab s ACebduh@sBl; BNE4eN 230101 hiRastRinded PHea
1SI I i ca, ta%um stearic acl a | tl; rmgngéshlb%m or

g.,
é@ﬁ@lmgma@aﬂatf isshREMoPeTaRUie faget &ﬁ@@mwﬁh Bregst ¢aapiretisbo
huf N 98Bk A YdmanakTRIRERIH LN’(} Mf'ﬂ S@se,
st aréﬁ 1|c1)ast e, Sgé at'i Irllmnat ragghglar?t ¢ net nﬂ# u:rosg
Sathna vl c@umm@weimlscp I 166(165 @0761H@ medulloblastoma

Lyvinyl pyrroli desir d di.si nt egrant s
et g e ot Riinan 5 e Bt by s Ra S i
MartikfIS8CHERIMLN AR] Riitdli£28 JI, BRhQr C€) WalkkaR e [hen JK,
col or ant s, flavors and sweeteners. |njectable

K iralech f1398 ING Bewshs Phs Seishsee 2481 A48 ons or
%@%@%%@%59 BN RUPRAT L B IS FR AR P EPM A SIEQD

ty emul si ons Or suspensions. The conpositions may
b@ﬂstoe of the hetgehegragnolinTontitvedynetéadfsianansad celbuachincas:-like
rese a r
B Dbl SR BR8] RS e o

azs matchﬂlaﬁrCESPSﬂérGAaRﬂﬂh@ LLbwhh€F¥., Plot Naald@baﬂlsem StAh epo3
| so contain other ther apeutl cally val uabl e

%é? APUBsI018il§ a‘}ﬂt’éatlffgogrf?ﬁﬂﬂ%ﬁl?‘blﬁgtaflﬂis ip PRoFsliehadtcel]

RRInbHAt, X90$ Niehdidier ash W{f fnl AV L OAYS 81T ef B&nﬁ@ﬁ‘ﬂ?{oﬂﬂﬂ
of the present invention with a carrier. A carrier can

iGYE] Hiehes é{bﬁwﬂﬂm@ AeRogshtn havdéristsgi BRI, ge Savegs b Nature. 1998
FQ]J%L 1’,%‘%@66&?9@ S cr@ o aiEer (hlgl%églbo 1? §n g’alﬁ r'cllnc? atett xﬂ(gdiator

i'ces are in
form of a bandage conprl sing a backi ng
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menber, a reservoir containing the conpound optionally
Wth carriers, optionally a rate controlling barrier

W o00desi2ver t he conpound to the skin of the hoRCT/EHS2087/068292
controlled and predeterm ned rate over a prol onged
period of time, and nmeans to secure the device to the
skin. Matrix transdermal formulations may al so be
used. Suitable formulations for topical application
©f gancrepiic ¢apeerdpneriggpgrisey Byerafedigfasliona MR, Haigerdol sNiglgen
\@/I %%Z{té-ﬁj- %Q&wErQHYUg{- %7 GQ§§ 3 %rna%@!:ij&él @Q§ﬂlo C, Yajnik V,

ol ntrents, creans or gels well-known in the art. Such
rfeyoncwRt M Makasl MbWaishew AL, H@labk M. Zdatare. 209R3iCst t y
%O'HB‘@ %:83? %F ‘L\gidie? lfgea]:g]lterg Sl’lhrgrglgrhtq T erégt%fglh\é?rzdr sél([:rlnu(i)a?ﬁoll in
tghﬁ»vta pedigéstiad tryct niduect ]BMﬁlaﬁm{[ll’KaShddlaar(SSHManﬁtA QWiontéstIbe
one or nore ther gfeutl c_agents _(pharmaceuti cal

SR E’S{SFCBR@? Migdiriggs Snpirker AR mbiadary. Esilpmpatths Wagkns
PNE HealMylFA ., NATMIRB et 24.956980): 8484 1)] A1 s AATTRER fudh
substegnces or other anti-t u5)r(mr % her argeut ﬂ:ﬁt‘sg
\shecer (tHededhoapigndting within hiswhnepdtheliad progemtogcmidmi snall-ed
[ n t [ he
e AR S RernBh DR PR 5, wilBP BIERA) P
mpEmS{B NYa@re. IZ(DIB Ny, 4TQ(6®@9)darlemerrpl oyed, on the

[fic dr e oyed, on_the ndi tion bein

i&g‘gi ed andtig Gccgg‘lﬂf‘% W‘[ﬂb%% §ﬁregﬂ’1‘ég f \Pé%?ﬁt&hVeﬁﬁl%%““her
PEAYded @ ettt fé ﬁé@ﬁ%%htﬁ@ an§ O AREASONS diRrddrs deeribed
Kit, conprising a) first agent which is a conpound
abovetie a syivesh in tsad afssualn gedqugersgwhiplemethad comprispseadnfipiptarieg
t(psﬂ@%ﬁ@gﬁﬁgﬂag&hkMly%%%&%%%oﬁnts(géet “L%Hﬁstﬁp&l zﬁh at

east o gent e kit can conprise 1nstructions
fPanrnatautiagdr@onipetirieds’” ,Onfra)[dﬁ@tﬂzﬂlhpdﬂmd of Bomsila L or a

"co-adm nistrati rrlg m ni stratjon" or
ehgrr g R fiokf el e T aroo AETH R b anbo e
AEHO WS vaY HepRn@hg bBe $RIdE 6f RiinkshaIoa PEY barficd@eBhdEddto
a single patient, and are intended to include

e &gteetnd thegffasedrsied- n whi ch the agents are not

necessarily admnistered by the same route of

adm ni stratlon or at ‘the sanme tine. [0041] The term
Anipeatie aqehiiqab € itgms:used hereln neans a

ﬁ@@gff Laﬂhgﬁa %‘S{ie?%l&fémpﬂw@sﬁ Gt P RSB, 8

fihexg@utaaty @ttt xaclneonbimadfitensudiand Etﬁ:ept@lilé MBdes known in
ingredients. The term"fixed conbination" neans that

trerra githey singly §F BioBkingtionpwih one (diase EPEHc Bt a |
Waﬁut‘f&ﬂ?gﬁ&hve Ah&un? ﬁlta? Vﬁ? Wl('ﬂ%lys H&Jeﬁ(ﬂné &n e Q&kh@% the
st mul taneously in the ormof a single entity or
dl@s'&gethe Tgeeant eerlzmve hexithfdf mub]@ﬁbuhﬂ attemy of heanmpourdtused
ang oth Cftaclzt\o/r% %rngrgl S 1tsf K toe' sults AR c{j o%fe OE nyl a |
cO-agents are istered to a alent as

39@@111&11@ a@ﬂillytdoeﬁgeebﬁﬂﬂ@ﬁ alSduﬂU IOB amaﬁm§/lkg perda¢ wergﬁntAry
sequentially with no specific tine |imts, wherein
Shtgates Y, ﬂ%@@%ealfl.ﬂaﬁﬂarps?wwa@él e EHMRIR it i1 ¢l fgee from about

@fSInf‘gctB::aU&l_lt_ L 6%RS, SofentehEy AnGRRRAUNGS ih Bivideg abRd¥p Rffolihe
atl en he
ICt)1mes a day or in retard form. Suitable unit dosage forms for oral administration

comprise from ca. 1 to 50mg active ingredient.
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| atter also applies to cocktail therapy, e.g. the

admnistration of 3 or nore active ingredients. 19 WO
wWQe®7n3120201 PCT/ US2007/ 068292 Processes for RERUSIP07/068292

Conpounds of the Invention [0042] The present

i nvention also includes processes for the preparation

of conpounds of the invention. In the reactions

described, it can be necessary to protect reactive

00821 i onal  dresRReundsrab thedpvenpiocanbg ra%@wstea?ﬂ Hphanyeesical
tcBﬂnBos‘?c[ong 8y ng)%nvegﬁleﬂﬂ §outm]%a?tléumﬁ%§teﬁﬁ$ e?,sdrﬁlﬁg e.g.r,‘ in the

final product, to avoid their unwan
émrt ofgitpets piorapsutest dreareemetlly ons . inConfeen pf imyealable solutions or
p{lS%tﬁl’? cfotnI qgglgalgr;'l C'g 3@? }%ém é) g’lons gelgjl COJCI:n 10 ngrg%(\é\e%nsg%r n Ig
@asaMbr s‘vﬂ{i@c&ﬁoﬂy I’]TorrrPrRHaﬁﬁ:etchEaﬁoﬁipbﬁtld)m cahgﬁﬁhgla compound of
Chem stry", John Wl ey and Sons, 1991.
@ﬁﬁi%ﬁﬁﬁtdgV%‘FlmF’élrflfﬁﬁlf%m} orda A P%%?@B%@&thahké@é@aﬁnﬁ’@

%§sob1ﬁt1&h\$1th ﬁt%ajs%e %Qarﬁﬁ@&ftlbeﬁﬂf aobdpEIvR clameR@la&ifu'thrban be
Schene |I: SR RSRR RSR2Z R4 R4 R3

HENU@Pquteld 1H~a erlVRSlonR TRnaer Uy IRXRE, {Anudatggidr Q'Mtlrlg (IlethvdﬁR
R ' 2,

KoY e g Beonyg oy gl ol By
faoti veFogrediém tdgethar \tzinlea)Sln]mm y.gaflactdse, dertv@ntduodse, Aannitol,
conpoun f Formu be repared by reactin

SOMBBa B FEydhisaing: D oporays e 4o dBpBUA bF. i
fn‘i’drgﬂééhﬁ‘n &r calciurh B8x AAORS ﬁ(ﬁl?\l hénedlyedl for RlbRtsSPows Bfnders e.g.,
(e.g., dichloronethane N-di net hyl form de or

|m4g9981um1 plugpinuanpleqae gifgh Papiry eclafin, gpgnganth, zmeﬂmce&lbl@m
L A R AL D R S A A
@unmqunmsegt§ﬁmhﬂyhgnhﬂganadberﬁnmdmnumhnh&ﬂEwaupMes,
e A S S L S R
RempésaRME ech RSaqaeoup RafoRRGEMEbitsdr kikpakaPlaabképasiodies can
%g %Iretpgrgg frgr?ll fgttybgmlilggr?stolr rs]lgspfenhs?onfs ' %?e ctz)?nsp%sélgrisr?neg/fbetslge%hzed
and/or contain adjuvants, such as preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the osmotic pressure and/or buffers. In
addition, they may also contain other therapeutically valuable substances. Suitable
formulations for transdermal applications include an effective amount of a compound
of the present invention with a carrier. A carrier can include absorbable
pharmacologically acceptable solvents to assist passage through the skin of the host.
For example, transdermal devices are in the form of a bandage comprising a backing
member, a reservoir containing the compound optionally with carriers, optionally a
rate controlling barrier to deliver the compound to the skin of the host at a controlled
and predetermined rate over a prolonged period of time, and means to secure the

device to the skin. Matrix transdermal formulations may also be used. Suitable

formulations for topical application, e.g., to the skin and eyes, are preferably aqueous
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compound with a pharmaceutically acceptabl e i norganic
or organic acid. 20 WD 2007/ 131201 PCT/ US2007/ 068292
wQ@\doensevi vel y, a pharmaceutically accept abl e pEB©S2007/068292
addition salt of a conpound of the invention can be
prepared by reacting the free acid formof the
conpound with a pharnaceutically accept abl e i norganic
or. organi ¢ base. 004gé Al ternatively, the salt forms
Selutions. UBIHSBENT-A I OT weHvanrn shthg ath Sysé I?ﬁyéﬁﬁﬁa’é‘d
UshPE-&&lstaBili9rs tt@lﬁm é'i‘iﬁﬁﬂcﬂ‘% a%@ﬂt? LS 2 preservatives.
i nt er nedi at es. rée acid or free base forms
d9038he corrpdimdzpumds qf e inyenden ¢anrbe admimistreebingraspedtically

e% r{]Vte gr%o&n [ rneS 1na 10 %gr?e oz%%(ljlrft: h%n guatlllcta eonrt aci d
g:{ I on saf{ %% respect q E% nple a

a;lmmpﬁwaduaaf cdnhﬁnanwse) nF@mmplea;ynagisdc &ﬂﬂtstctm) occafivith
form can be converted to the correspondin ree base
B PUERIUIATHOE #tis NP RARNS U Rey @ qber anthﬁ’ﬁ‘iﬂﬁf hgrapeutic

f&g&iﬁso X H&e ﬁféchfnb&Hlds sodé Hﬁkﬁl%qra@(dd%mst@i@g irf &%Jdnbtlﬁ%)wuhb‘

rrpound of the invention in a base addition salt
fomemh@@nlebélO@e«gQWrthee@ ad@nmhtered@ﬁmmdmﬂlhﬁ chuieevari d

B SEHAR DB PRG350 (o DUAERED 0

unmﬂmdﬂ&ﬁ@tﬁamﬁnmﬂnﬂbﬂhprepared from N-oxi des of

unds of the |nve tion treating wt uci n
e e R S
Btk@cswﬁhﬂﬂﬁmglab 4 RisunehonRbY dhal @ fiposIds WY iRRILAGY S di’sed
phosphorus trichloride, tribromde, or the like) in a
dgietng Y fece; forap or ip p@ﬁma@eusl@alwﬁ@ep(aélegalt fogmernsrh) et feasg one

I 0 to 80C.
FoOaar e i U ERISoRL it IRaciRhafh 0 OF fhe
i[OﬁA@ht i on cé&fhehams ﬁﬂﬁmﬁmﬁﬂtﬂﬁy)ni’mt froohdinkd admintsoatidnd sethe

) na in the art (
Hse & 028 LR e e g ot g e
Megdpehidge i @A Shdly pdeRhd @ddare M@dnded #.indlude 8 @ent EBimens
exanpl e, appropriate prodrugs can be prepared by

reaBich fiy age e nefelerssairily etmigsiepdbndhofmere pvent i on
Wity @aﬁwﬁb 18 AL BAPY! all ng agent (e.g.. 1 1

acyl oxya | car banochl ori date, para-nitr ophenyl
dedbnat e, dﬂwtheﬁmhMwamﬁﬁﬂBammﬁmﬁmé@$a@dheﬁhmaMMW$s
of the co unds .of th ntion

Reosh i SR B8 B w8 oG SE PR R prf R eredien
ded mcluaél Khasttddphd aeh-Aked dogbinaticHi@s tRPPliveGadt@Eedt® ThBe
creation of protectln%lgrou ps and their renoval can be
N dixpheombingfions, wede tha ﬁiﬁ@f%@tl%@dl@t&a Gi¥s? FHRIBART ¢

RRLST Er)ﬁ a o3, tegrla bb@Rdmi M ed W ¥erft @f#ﬂ&gﬁk%uslif Mthe
1999. [0051] nmpounds of the present invention can be

cf@m/@rw semld sntipr @plasagel, The@frrmf“mpmﬁdedjmhu@tlpﬁ emgnno des e
ntion, as solvates (€. 9. at s

QR TR oo fRuB® b ey uuse WAL AR, can e

Qomimeyidrediol aypapére Bﬁﬁe@ﬁiraié}énﬁdes\é@lé}@ﬁ&ﬂ&ﬁebﬁﬁlﬂl concurrently or

PCT/ US2007/ 068292

sequentially with no specific time limits, wherein such administration provides
therapeutically effective levels of the 2 compounds in the body of the patient. The
latter also applies to cocktail therapy, e.g. the administration of 3 or more active

ingredients.
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recrystallization from an aqueous/organi c sol vent
m xture, using organic solvents such as di oxin,

wWa@ edorabmnedr of uran or nmet hanol . [0052] ConpoundsPCrf/U$1967/068292
i nvention can be prepared as their individua
stereoi soners by reacting a racemc m xture of the
conpound with an optically active resolving agent to
ﬁ%&ﬁk@sﬁ@kﬁk&%gﬁh@é&ﬁ&%@ﬂé@ﬁ%ﬁﬁ&lCO”DOUHdS separating

I astereonmers and recovering the optically pure

é?%%l i omer s. Thoywrasent isBiQR dloringpdes EWé?ﬂs‘?Scfﬁ’étP% PEeatatiRn of
CBpliRHs Ghe HS LB CRVAL AL ANLABRONEL fo MELLYUAN YBRcr
of the conpounds of the Invention, dissociabl
cowupleikagioatlergipeffer axeaipledydroxy, @nym ahllnp,ntblo or carboxy
S8 R e Rl g LI ERRG Mg R e S g

@@mmﬁﬁumﬁﬁMuhthmbnﬁskmwaﬁﬁhﬂphﬁamnggﬁmmuaﬁ@eﬁaﬂ1be
readily separated by taking advantage of th
dreosqdante with ptpndard pradicgyifaicgxamplsmse - Wahrepee @éﬁaﬁaMe sy
qyr}qg@&%r@% in @Egaﬂfe@lﬁfrﬁ’s@by J oﬁ)ﬂ/Wlley and Sons, 1991.
separation/resol ution techni ques based upon
d9G¢48Er ences Gampoohdsisif Fommyula Tgwe boprepetad by pypgeading as in the

I Scthen,recovered, along with the
%]l? “flr\ﬁoﬁeacuon SCthel%ﬁy any practical neans that woul d not
result in racem zation. A nore detail ed description
of the techni ques applicable to the resolution of
st ereoi soners of conpgﬁﬁa@n%F%ﬁ@%%eir racem c mxture
can be found in Jean Jacques, Andre Collet, Sanuel H
Wlen, "Enanptioners, cemat es and Resol utiogs", John
1981. [0053] In summg
can be made by a pra

Rt h se”ﬁ Reacti on_schehe I+%and
rtlng a and Of ths Qtlon
y acceptalll e salt; N

piA, onal | sy
@b r mac [ Sy
' y \converti a salt formof a conpolnd of{_ tife
inveftiOn t® a RorRsAlt form (d) optionally Yz Ro

converting an unoxidi zed form of a conmpound of the
i nvenion into & pharnaceuticllly acceptabl e N-oxide;
(e) optionally converting an N-oxide formof a

conmpound of ih ka@ichnvews,iROIR,, R9, RLR5GQQRJR&aﬁﬂRJﬁwﬁﬁddﬁ&d
optlonally resol ving an i ndividual isoner of

CHFsBIMA L& the RBMMAYERS tedAventip nf SORpRng 08 Fepmulikisae.
Pt p i1 B0 4t A2 34980Q.({ PR3 é%%/lth(eg()on%ﬁﬁcp(gfeflnln}ﬁla 3

convertln a non- éBrlvatlzed conpound of the invention
iimthe pa%sgha phragetable sellény (o cogtiamethpreo YrNidinteifoatidy e

kel SRHIBARL M BB A51o0Rl 0649 THE LY 45 L
up to about 20 hours to complete.
[0044] Detailed examples of the synthesis of compounds of Formula I can

be found in the Examples, infra.

Additional Processes for Making Compounds of the Invention

[0045] A compound of the invention can be prepared as a
pharmaceutically acceptable acid addition salt by reacting the free base form of the

compound with a pharmaceutically acceptable inorganic or organic acid.
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invention to its non-derivatized form [0055] Insofar

as the production of the starring nmaterials is not
weanrigubarly described, the conpounds are knP@EUS2007/068292

can be prepared anal ogously to nmethods known in the

art or as disclosed in the Exanpl es hereinafter.

[ 0056] One of skill in the art mAII appreci ate that

t he above transformations are representative of

rEEABHEelY, &rphﬁlil%‘a}tléﬁliyo%c@tabﬂq{@s% B sals ofyr conppeund of the
RERARESH cah BY ?ﬁbé@@ by re@&ﬁlgzﬁ@ﬁee%ﬁ%m‘{‘@f the KSH¥AndRAR QS

can simlar be used anpl es 0057] The present
|phment¢1mnally§c¢qptabl¢enorem qrganetbanbut not limted, by

&ﬁqu‘f ol I owi A‘l%:rr?a)t(lee Itﬁe satllaft i l st r at 81§ndts QF tha 1nvent on can
rep ration o conpou unds O or rru accor

tbh @reipiree Ddih®snlts Eﬁ(taémhﬁmg néhteriald @0 ﬁrtfﬁmmﬁhths
&) | - 3- carboxyllc acj
[0 hoEphol i e %e agif Pbﬁ?ﬁ basframisy P the earprpundsqthe ipveption

%% B@p&?\g@ fgbng(lg'&)gfe%ndmé?asé addhtlﬂélal%gdld/ﬁdﬁg)ﬁ%@r&n
KF, di oxane W 1)

@(Sa?(yllVel&h F@quXg@ple BIVFMPEHERIQE ﬂlewevemlwem/an aDﬂ@Q@h@n A dorn

it ot B RSB0y P R

Bﬁ'ﬂdﬂﬁﬁﬁ@ﬁm&@ﬁ(&%mtio{l &Géﬁ&]n IStiepide; andoherlikep| Aitdopount of the

3-i odo- 4- ben c acid (10.0 ). in .
BRSO 2 ‘%‘F")ﬂo? 8l QER AR é Q?Oetae %‘?}Tersﬁf?r‘%g‘gé{?? geid

Gog teattg)with I \Rith9@&did Q. HyaechibAe hdd heat ed at 70C for
hours, cooled to room anbient tenperature and then

dUH8Ent r at edCommonags of Hgtinveatipn /in vagedigedform om be Hreppryl
%ﬁ'f?ﬁ—%%ld'\’@g%p()&rﬁfs UF gk %gf'ent]&looy treating with a reducing agent (e.g.,

sulfur, sulfur dioxide, triphenyl phosphine, lithium borohydride, sodium borohydride,
phosphorus trichloride, tribromide, or the like) in a suitable inert organic solvent (e.g.
acetonitrile, ethanol, aqueous dioxane, or the like) at O to 80°C.

[0049] Prodrug derivatives of the compounds of the invention can be
prepared by methods known to those of ordinary skill in the art (e.g., for further
details see Saulnier et al., (1994), Bioorganic and Medicinal Chemistry Letters, Vol.
4, p. 1985). For example, appropriate prodrugs can be prepared by reacting a non-
derivatized compound of the invention with a suitable carbamylating agent (e.g., 1,1-
acyloxyalkylcarbanochloridate, para-nitrophenyl carbonate, or the like).

[0050] Protected derivatives of the compounds of the invention can be
made by means known to those of ordinary skill in the art. A detailed description of
techniques applicable to the creation of protecting groups and their removal can be
found in T. W. Greene, “Protecting Groups in Organic Chemistry”, 3™ edition, John
Wiley and Sons, Inc., 1999.

[0051] Compounds of the present invention can be conveniently prepared,
or formed during the process of the invention, as solvates (e.g., hydrates). Hydrates

of compounds of the present invention can be conveniently prepared by
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m ) solution are added to the residue. The organic

| ayer is separated and washed again w th aqueous
wORMCDBI20sat ur at ed, 100 m ) solution. The orgaPCTUSAYB068292

IS separated, dried over anhydrous Na2SO4 and

concentrated to yield 3-iodo-4-nethyl-benzoic acid

met hyl ester 1. It is used w thout further

purification in the next step. 1H NWR (400 MHz,

maa]g)atl@n igom fn e%ueogs/ q_q;amqsoévpnz 1alxtqfe pysing orgagic &Olp&ﬁI)tS

Zucqlgas@g)xmltelt_fahthfm%n%r fﬂéaha 13.85 (s, 3 H, 3.35 (s,

. I\/H-l) [0059] Step 2: To a
dQﬂiﬁ]}l bot t orﬁ?drﬂlmkdsm ﬂtean‘rﬂnhgl @Guiibe geeparedrat fyir indpaduadi ¢
E%reoasﬁ%% Q){)Hy er m genélg Hgkttllf ?816 comp?}un2i18w1th anl 3ptlcally active
pablvatd dgentas ﬁinata@a(r:bﬁ Biaftereoifoniet cm‘ﬂpbl)nds ,Aeparating the

(di cycl ohex&FﬁChos phi no) bi phenyl (0, 526 w 50 mol

SHACFOES SN FRCPYBR | I}fi’é)PEW”gPGre e@‘ant?@e@ 9 regodution 96 g

%Hﬁﬁ(l@ﬁl@fé%ar;bélcagﬁ%E‘ @sn(glgbvﬂ'ﬂeﬂt diabReohledd HerivariRUT0g afd
argon sealed.” The m xture is stirred at 130C
fcgmpqssldh@ﬁ}h@mverts@hefassmaldﬁmr@piexes pempdeaedye a., anvdtatlinen
t e

ggﬁgléffofnégc giét%r)ojﬂgst&g(}% rrs @%g lfll%%l c];t g)ﬁ?suq! %roﬁérﬁﬁsﬁ(g% ﬂieltlng
fpbintsr Bditing jsoix tspiabilieek, vdatthvity! DAL ar(d2@n b readiB) separdiee by

anl c layers are conbj ned shed with ueous ‘EI?
(t aslargse of flygse dsiplattisy N erf%erﬁf‘)n ISEPFUCHPY ed
Qﬁﬁhal\ﬁﬁ%ﬂy O@Bféfeﬁ?m %Wsé;ﬁl’a%@n/ré@ﬁﬂé@@b%eb BasedPldnf i ed
by silica gel col um chromat ogr aphy ( Et OAc/ Hexane,
gl;fg?@q:r@pﬁ n st)lgblé}l:yv d'hg'optically pure enantiomer is then recovered, along with

gﬂe%%lﬁ&é‘%eﬂé’ l)% %EA@%} fﬁeaﬁ?{hgto\ééﬁld %ot%‘s'u Eé}%{&atﬁaﬁt ar

smﬂrutletmed«iésoﬁpmnycﬁmlmﬁchmelubydppbcqbtae:nyﬂe-rasommoboﬁyI iC

nmet hyl. ester 2.56 g, 10.3 mml) in .
fteZFOEP‘&’%%? r?éc‘?l@@“(“is fi"(‘ﬂﬁ?tr&?"éfn“z‘@lxﬂir? Cﬁl“)sbe faden s digaves.
(Alnd22Clet, 3Qmel MATWViloh, “HlaBtidiRas Rabdits 5t Res@elioat”, John
anbi ent tenperature for 24 hours. To this mxture is

éﬂ‘é@&@qﬁ?@éd@ci—@m(l N, 36 nf) and it is then

cted y
T are oty e e PR ot drat ciloe B LB PRLE
gdlichenvdlesr ermved The solid obtained is washed vvlth
smal | thF g t OO%/ 1d’31201 PCT/ US2007/ 068292
acetom‘l PE AR Yo give

- cyans- @mf@ﬁilnydonmrmwwmp%uﬁca@fam(mwrﬁloa@m@la 3: 1H
NI\/R(DI\/BOd6)8794(,2 J =8.0 Hz), 7.84 (dd, 1
mha@}acwtlsalw degeptable saltiy o ) | 7 75 (d, 1 H J=1.2
! 4

(gloﬂtlgnalgr cane}tlné Heafl f foi mﬁéo%lo)f Jrhe"'%\éeél%on %t ep

moniaitié?rrsuspen& on of

i Cya?(% o6 tlrgFl%lEycr?nvergn r%1yunomd (% oxylf'a%grp@o&%ng 8§

Frous ethilene &
Ilﬁ/eﬁlﬁtdﬁdto& phapseuthllyDNEeptaieN- OQXEI yl chloride (32 ng,
22 | 0.25 mmul) is added. The m xture is stirred at

anbi enf®)t %Rﬁ*ﬁ%%l%(tcap\éeﬂurf& anyN-pyide fgrpeof ajcampoundf e igygagon

itd itd Snok R8RS hAt ed, re- dissolved in anhydrous
met hyl ene chioride (3 m), and added to a sol ution of

4~ ( o roiprdly dessbirfecmyindivighad iphandiecop@ountpr (g ipgention
58! d Al b fs§hy) am ne (34 o,
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47 1, 0.33 mml) in nethylene chloride (2 m). The
m xture is stirred for 2 hours, concentrated and the
WO e®irdsieoi s purified by preparative mass tri ggeeBUSHPLES292
(C18 colum, eluted with CH3CN-H20 contai ning 0.05%
TFA) to give 4'-cyano-6-nethyl- biphenyl-3-carboxylic
acid [4-(norpholine-4- sulfonyl) phenyl ] - anide 1H NNR
(DVBO-d6) 8 10.64 (s, 8.07(d, 2 H,
7.97 ( (gg) g_pqqnal]y c.ongergng_&l}on d;engglze(é aomgpup‘d of]the. 1ngelg1qq251to
4 Hz), 7.67 (d, 2
chpﬁgmfa%utlltalb’)acce%tﬁ% 5;(r9drugde§lwadve aﬁi 8 Hr) 3.63 (m 4
H) , 2. 8124) Qpnonmllyl-gonﬁer@@ { prodi3g Idﬁﬁvan@mqmmounmzhel
yano- 6-neth phenyl - 3-carboxylic
gnw%aTgbfﬁnglgm“M1ﬁﬁ1-nDIpholln 4- pyridin-3-yll-amde
Zﬁ()s\ﬂp 2007hdo3d20the BfBHﬁddSQGDtKé Qﬁ&ﬂ@ﬁatexﬁ)ﬂsl\is hbtlﬂZIMcm‘ilaIQZN I
+ NK2COB N H2/Pd-C NC ODVMF O MOHO 4 5 6
§FSC’BPedth RPIPONSISBrecip YR BF 9an R piepapetppalogqualto pgipody lq\?wn
RAGERIR 3D £ disNBEFBiht ENmpldNnéQnkieH3- Et O H20 0 1/ N(
1T Li0O 8 Exanple 2 06)62 Step 1: To a solution of
20458] or o- 50w af slgll piytlhﬁ (218 Wél appiegiatg Gragthe 1®Vm§0rm%ﬁ@ds are

Rﬂ%d%jr%ﬁgﬁfﬂg top %g,tgocfs ‘i’or%gepar?ltl.é1 1 of zhe Xctglal ou%d ”3@1?19 epref‘sérg 1rgvegtgon,

Sﬁcﬁh@t\bﬁrenwglhknowAfrmeﬁfodcm@emaﬂﬁbet @had. the residue is
partitioned between EtOAc and water. The Et OAc | ayer
irs dried over anhydrous Na2SO4 and concentrated to

grverp—c-sr de product 6 as a yellow solid. The crude
pe@sdlict i sThegeehedtiineatidyis furthenexempiifief) bwi rtonbuited, by theer

ificatio en 2:
Hlloins el it Thabes G por Al ahEszon Tty
RERSARER B invégiok (0.2 g) in MeOH (100 nl) under
hydrogen over 10 h. The suspension is filtered

through celite andthef Itrélt is concentrated to
gi ve the crude product 7 ark brown oil which is
usieeladbbaadthyi-bighe hi1S-daebok yisd R M (hldedhblifhidld-tiRsnyl)-phenyl]-
purification. LCM mz: 208.1

amide
CN
I

NC—< >—B(OH)2 O
2304 N
OMe o

MeoH Pd(OAc)s, ligand Me
(0] KF, dioxane OMe
cN CN

NaOH l 1) Oxalyl chloride, DMF, CH»Cl,
—" Me o > Me
2) HoN S—N 0 N
OH 2 = LS \@\

Dioxane-H,O

le} 0 O /P

EtsN, CH,Cl, PN

o}
3 Example 1 K/O
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(Mt1l). [0064] Step 3: To a solution of

3- brono-4-nethyl benzoic acid (108 ng, 0.5 molL),
W®2{021820i et hyl - mor phol i n- 4-yl) - pyri di n- 3- yl aPeES2007/068292

(104 ng, 0.5 mmolL), and HATU (190 ng, 0.5 mmolL) in

dry DMF (5 nL) is added triethylamne (139 uL, 1.0

mmoL) dropwi se. The resulting m xture is stirred at

roonltenperature for 2 h. After concentration

W58lue is push i tlogrelrtiprelnsioro drngpy! é’ﬁaz%%célfaoﬁge% 2

%ﬂéﬁ‘incmétﬁa)ﬁ%f b %11) dnicd BRdncARLEMFiLEd d PGl V& £R%on
crude product. final conpound is purified by flash

egktyrens béntasma O g?rfap‘h%/hqwsﬁ P8I0 EEMOMpbient térapearierc agd then

| t 1 - - 404
ErlET R e B PiLafo il (R Dby otoubs B fimtara oo
S’(lﬁ@hﬁlonérd‘ﬂdlﬂédm)&hﬂfeméud: Yanopheniyediosepiiaed aad tashtBagain

, 0.12 , ) . .
%Waww%c@ (B st W MDRBI AL ITIA CUAYF JOBYF FARRLS: y
|d1‘1e<ﬂox‘@5ﬁﬁ$rldrog§ Nﬁ?’@ qu gonQ@rQra% to 91e dmha 4- II?QIQ)RB)@I@O?C acid

In a
G@ﬂml Aee 1s Bllaﬂ@ntl wstyzo,ltt éwﬂ@f pltrﬁlca@qnem (o r@xmf)pngg M t40p

2 nply, ( at ;140
W‘aé ]mrrng%r \%iag\%gepﬁf &i&ﬁo’n&l’or— g% }Eﬁ’ﬁf‘fﬁﬁef Pégc |4o}%1z)’
13188t (sir3eH), 3.35 (N, BH}; @ -MiStolvz.Et 7O V1ol wat er. The aqueous
| ayer is extracted with Et OAc. The conbi ned organic
| ayer is washed with brine and concentrated to give
the crude product which is purified by preparative
mass triggered HPLC (C18 colum, eluted with CH3CN H20
0% ni ng (St@gb/o"[’ppa,qyurtdob(@t‘pmé‘lask containing 3-iodo-4-methyl-

éﬁnz%}/caig Iﬁetﬂﬁt E%Il g%ﬁ%hf By lnn?b'l)c a1 9%{1&?9&@&3‘3% JCE]_ é(l ﬁ/g%

|nEthy norphol | -pyridin
48 midaly,. pﬁll:(diﬁhﬂ)lceta[t@@ﬁ&}ngBQ T4epeat) g the procedures

SRS M S @R R R b Tl safie onblfas

lg, 1596 mind@Nt hdde@ dniyaroud dfal @oxhne aEnIQLhAIfAGs pliabd ®ith argon
Conmpound Structure Physical Data Nunber MS (1l z)

2] tgsledy Phegniate ip siigdiar 130°§ N & hquyy, spodediteaniseny 7 H
FGoefarkiMidd then Whieef(20/mi}dnd ethyl acetate (20 ml) are added. Solid is
removed under vacuum filtration. The filtrate is extracted with EtOAc (20 ml x 2).
The organic layers are combined, washed with aqueous HCI (5%, 20 ml) and
saturated NaHCQOj3 (20 ml). It is dried over MgSQy,, and concentrated. The residue is
purified by silica gel column chromatography (EtOAc/Hexane, gradient) to give 4'-

cyano-6-methyl-biphenyl-3-carboxylic acid methyl ester 2; LC-MS m/z: 252.1 (M+1).

[0060] Step 3: To a solution of 4'-cyano-6-methyl-biphenyl-3-carboxylic
acid methyl ester 2 (2.56 g, 10.3 mmol) in 1,4-dioxane-H,0 (1:1 mixture, 20 ml) is
added NaOH (1.22 g, 30.2 mmol)). The reaction is stirred at ambient temperature for
24 hours. To this mixture is added aqueous HCI (1 N, 36 ml) and it is then extracted
with ethyl acetate (40 ml x 3). The organic layers are combined, dried over anhydrous

Na,SO,. The solver is removed. The solid obtained is washed with small amount of
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00\NNLGMS Mz H400.2 (M1). N500 27 WO

2007/ 131201 PCT/ US2007/ 068292 H LC-M5 miz 01?2 N a~-/
Wa187232d1). 6 ONNOLCMS mz H 413.2 (Mdl/uS2007/068292

7N\ OLCMB mz H416.2 (M1). / N8\ | Ol / N

O / LGCMSBmz -N451.2 (M1). 9\ /- HN NIl C -N

O/ LCMS mz -N437.2 (M1). 10 HHNO C a NO /

LC- VB i z

acetonitrile and air dried to give 4'-cyano-6-methyl-biphenyl-3-carboxylic acid 3: 'H
NMR (DMSO-dg) 6 7.94 (d,2 H, J = 8.0 Hz), 7.84 (dd, 1 H, J; =8.4 Hz, J, = 1.2 Hz),
7.75(d,1H,J=12Hz),7.61(d,2H,J=8.0Hz),7.48 (d, 1 H,J=8.4 Hz), 2.29 (s, 3
H); LC-MS m/z 238.1 (M+1).

[0061] Step 4: To a suspension of 4'-cyano-6-methyl-biphenyl-3-carboxylic
acid 3 (40 mg, 0.17 mmol) in anhydrous methylene chloride (5 ml) is added 2 drops
of DMF. Then oxalyl chloride (32 mg, 22 ul, 0.25 mmol) is added. The mixture is
stirred at ambient temperature until it turns clear. After that, it is concentrated, re-
dissolved in anhydrous methylene chloride (3 ml), and added to a solution of 4-
(morpholine-4-sulfonyl)-phenylamine (61 mg, 0.25 mmol) and triethylamine (34 mg,
47 ul, 0.33 mmol) in methylene chloride (2 ml). The mixture is stirred for 2 hours,
concentrated and the residue is purified by preparative mass triggered HPLC (Cys
column, eluted with CH3CN-H,O containing 0.05% TFA) to give 4'-cyano-6-methyl-
biphenyl-3-carboxylic acid [4-(morpholine-4-sulfonyl)-phenyl]-amide: "H NMR
(DMSO-dg) 6 10.64 (s, 1 H), 8.07(d, 2 H, J =8.8 Hz), 7.97 (d, 2 H, ] = 8.4 Hz), 7.95
(d,1H,J=88Hz),7.89 (s, 1 H), 7.43(d,2H,J=8.4Hz),7.67 (d,2 H, ] = 8.8 Hz),
7.53(d,2 H,J=28.8 Hz), 3.63 (m, 4 H), 2.84 (m, 4 H) 2.32 (s, 3 H); LC-MS m/z:
462.1 (M+1).

Example 2
4'-cyano-6-methyl-biphenyl-3-carboxvlic acid [6-(2,6-dimethyl-morpholin-4-yl)-

pyridin-3-yl]-amide
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-N 449.2 (M+1). 11 HN N C 0 O-OLGMs mz
438.2 (M+tl). 12 HNNO d O -OLC-Ms mz 438.2

W@ kwIN31203 HN Cl N \--/ O 28 WO 2007/ 131201PCT/US2007/068292
PCT/ US2007/ 068292 -O LC-Ms mz 436.2 (Mrl). 14 HN N
Cl N-OLGMs mz 424.1 (Mrl). OO 15 HNN C \ /
aNO O/ -0 LGCMS mz N404.2 (M+l). CI-N 16 HN O

-OLCGM nlz y ON HaNx
0Ny N KoCOg | _HoPd-C | =
| + BRI N N
A, 5 DMF kr TMeOH kro

4 5 6 7

N
N
8

CN

»
be By o= 2

HATU, EtsN, DMF Pd(PPhg)s, NasCOsg SN
PhCHg-EtOH-H,0 s \
Kro
8 Example 2
[0062] Step 1: To a solution of 2-chloro-5-nitro-pyridine 4 (2.38 g, 15 mmoL)

and cis-2,6-dimethylmorpholine (1.73 g, 15 mmoL) is added K,COs (4.14 g, 30 mmoL).
The mixture was heated at 50°C overnight. After concentration, the residue is partitioned
between EtOAc and water. The EtOAc layer is dried over anhydrous Na,SO,4 and
concentrated to give crude product 6 as a yellow solid. The crude product is used directly

in next step without further purification. LC-MS m/z: 238.1 (M+1).

[0063] Step 2: The above crude material 6 is hydrogenated in the presence of
Pd-C (0.2 g) in MeOH (100 mL) under hydrogen over 10 h. The suspension is filtered
through celite and the filtrate is concentrated to give the crude product 7 as a dark brown
oil which is used directly in the next step without further purification. LC-MS m/z: 208.1
(M+1).

[0064] Step 3: To a solution of 3-bromo-4-methyl benzoic acid (108 mg, 0.5
mmoL), 6-(2,6-Dimethyl-morpholin-4-yl)-pyridin-3-ylamine 7 (104 mg, 0.5 mmoL), amd
HATU (190 mg, 0.5 mmoL) in dry DMF (5 mL) is added triethylamine (139 uL, 1.0
mmoL) dropwise. The resulting mixture is stirred at room temperature for 2 h. After
concentration, the residue is partitioned between EtOAc and water. The organic layer is
dried and concentrated to give the crude product. The final compound is purified by flash
column chromatography using 50% EtOAc in hexane as eluent to give 8 as a white solid.

LC-MS m/z: 404.1 (M+1).
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418.2 (M+l). 17 HNNI N~/ O -OLGCGMsS mz 418.2

(MH1). 18\ / HNNO NO OLCGMsS mz 431.2 (M1).
wWORMN7/131201,, 19 NHN\ O | LGMs miz N O 43HCRUS2007/068292

(M), \ N 20 INOLCMS Mz --Nf -"\0417.2

(Mt1). N CNl 21 HN O 29 WO 2007/131201

PCT/ US2007/ 068292 -O LCG-Ms mz 416.2 (M+l). 22\ /

HNN NO OLGCMS mz \1-10 N 430.2 (M+1l). 23 HN

C~-N\ ~ O

[0065] Step 4: A mixture of 4-cyanophenyl boronic acid (18 mg, 0.12 mmol),

3-bromo-N-[6-(2,6-dimethyl-morpholin-4-yl)-pyridin-3-yl]-4-methyl-benzamide 8§ (40
mg, 0.1mmol), Pd(PPh3)s (11 mg, 0.01 mmol), and Na,CO; (42 mg, 0.4 mmol) in a
combined solvent system of toluene (0.2 mL) and water (0.2 mL) and ethanol (0.05 mL)
is heated at 140°C under microwave irradiation for 30 min. The reaction mixture is
diluted with EtOAc and water. The aqueous layer is extracted with EtOAc. The combined
organic layer is washed with brine and concentrated to give the crude product which is
purified by preparative mass triggered HPLC (C;g column, eluted with CH;CN-H,O
containing 0.05% TFA) to give 4'-cyano-6-methyl-biphenyl-3-carboxylic acid [6-(2,6-
dimethyl-morpholin-4-yl)-pyridin-3-yl]-amide. LC-MS m/z: 427.2 (M+1).

[0066] By repeating the procedures described in the above examples, using
appropriate starting materials, the following compounds of Formula I, as identified in

Table 1, are obtained.

Table 1

Compound Structure Physical Data
Number MS (m/z)

LC-MS m/z
411.2 (M+1).
3
LC-MS m/z
416.2 (M+1).
: U
\

LC-MS m/z
H 400.2 (M+1).
N
: O ]
~o
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-SLCMS Mz 432.2 (M1). 24 HNN N O OLGM niz
iNN429.2 (Mt1l). 25 HNOLGCMS mz 462.2 (M+1). O
wo-poN1280+-I H CI N LCMsS mlz 454.1 (Mtl). /POEUS001/068292
11 A NHLGMSmz 28 C ONNA420.2 (Mr1). H 1
LCMS m z 420.2 (MH1l). 29 ~N 1 \ %kH LCM niz
420.2 (Mtl). 30 C ONNN '~

LC-MS m/z

H
O N\@\ 418.2 (M+1).
<. ~N
N
LC-MS m/z
O H 413.2 (M+1).
N
LC-MS m/z
O H 416.2 (M+1).

/ LC-MS m/z
—N 451.2 (M+1).

Qi
o

0

/
—z
O

Z/

O
p
)

/ LC-MS m/z
—N 437.2 (M+1).

/ LC-MS m/z
—N 449.2 (M+1).

—0 LC-MS m/z
438.2 (M+1).

—Q LC-MS m/z
438.2 (M+1).
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\' H H 30 WD 2007/131201 PCT/US2007/068292 CI LC- M5
mz 31 Cl ON454.2 (Mtl). N N HLGCMSnlz FF
wad®ra3el). ~-NNCd H 32 F\ LCGMs mz 40BCRUS2007/068292
(Mr1). 33 HNN NO OLCMSmz N414.2 (M1). 34
HN O LCMS mz 442.2 (M+t1). 35 ONH | LGCMS Mz N
428.2 (Mrl). 36 HNI -NOLCMs mz 442.2 (Ml). °N

—Q LC-MS m/z
436.2 (M+1).
14 i
i N NQ
<)
@]
—Q LC-MS m/z
O 4241 (M+1).
15 —\
HN /7 N N @]
o~ =
@]
—0, //\O LC-MS m/z
O / N N\) 404.2 (M+1).
16 HN =N
A
—Q LC-MS m/z
418.2 (M+1).
17 i
i S )
O
@]
—0 LC-MS m/z
418.2 (M+1).

LC-MS m/z

0
431.2 (M+1).
NN,

/ LC-MS m/z

431.2 (M+1).
/ NN/
20 HN =N

/ LC-MS mvz

_N //\O 417.2 (M+1).
Lo
21 HN —=N
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37 HN/,N OLCMS mz 428.2 (Ml). N 38 HN-N O
LCMS mz | ONN414.2 (Mr1). 39\ H 31 WO
WQ@e®7/1120201 PCT/ US2007/ 068292 LC-MB i z 414. PCT/NEA)7/068292
040 HHNN OF FLCM mz 454.2 (M1). 41 FONN

N H LCMS mz 454.2 (M¥l). 42 F\ O'NNF Fi N\

H FLCMS mz FF522.2 (M1). NN43F\ OFFHU
LC-MS mlz 4444429 (Mrl). L-H N-( 44 D LC-MS mz

416.2 (M+1).

22

LC-MS m/z
430.2 (M+1).

23

LC-MS m/z
432.2 (M+1).

24

LC-MS m/z
429.2 (M+1).

25

LC-MS m/z
462.2 (M+1).

26

LC-MS m/z
454.1 (M+1).

27

LC-MS m/z
420.2 (M+1).

28

LC-MS m/z
420.2 (M+1).

29

LC-MS m/z
420.2 (M+1).
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\N N OLGCMSmz O/ \ 430.2 (Mtl). 45 HNa_No O
LCMS mz 0O446.2 (MHl). 46 -O- HNNO NO LCM
wWort®7/18124i70. 2 (Mrl). N N 47 F F O N'  H LC MPen/BS20p7/668292
/ 470.2 (M+l). 48 1 yNQF I NN H 32 W 2007/131201
PCT/ US2007/ 068292 LC-MsS mz | O373.2 (Mtl). 49 ON
JI1 i HiO10LCMSmMz NJ 403.2 (M1). 50 HN O
LCMS mz Q 4032 (Mrl). LC-MS m/z

454.2 (M+1).
31 O 0 2NN
Cl
LT
H
LC-MS m/z
o F 488.1 (M+1).
o /N N
32 F O |
cl N
H
LC-MS m/z
O 400.2 (M+1).
33
i NQ
Uathe
@]
LC-MS m/z
414.2 (M+1).
or
34 HN"\

LC-MS m/z
442.2 (M+1).
N N
: D3 L
AN

LC-MS m/z
428.2 (M+1).
e
36 HN =N
S
LC-MS m/z
442.2 (M+1).
Q_ O
37 HN"N =N
a
LC-MS m/z
428.2 (M+1).

DO
38 O HN =N
LC-MS m/z
414.2 (M+1).
) QT o i)
I
N
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51 HN & Noml OOLCMsS mz J 460.2 (Mtl). N,,) 52

HN OLCMS mlz /N416.2 (M1). 53 HNN OO F LC M
wore@7/1820 J 391.2 (Mrl). 54 N1 i H LG M mEeCT/US20Q7/068292

391.2 (M+l). 55 FOIl NJ NNi HLCGCMS nz %/ 391.2

(Mtl). 56 ON HOLGMS Mz 425.2 (MHl). 57 CNON

H 33 WD 2007/ 131201 PCT/ US2007/ 068292 LC- M5 N~ 471.2

.2 (M) . O\lf--\8 LC-MS m/z

414.2 (M+1).
40 NQ

41

LC-MS m/z
454.2 (M+1).

LC-MS m/z
454.2 (M+1).

42

LC-MS m/z
522.2 (M+1).

43

LC-MS m/z
444.2 (M+1).

44

LC-MS m/z
430.2 (M+1).

45

LC-MS m/z
446.2 (M+1).

46

LC-MS m/z
470.2 (M+1).

47

LC-MS m/z
470.2 (M+1).

48 >< Q N N
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0 LCMS mz r'O 398 2 (Ml). H

fO0398.2 (M1). 60 N NJ / HOLC
wa1e7asedl). NNN61 O\ HLCMS mz N
(MF1). ONNG62 N HLCMSmMz N\ NOA4

m z

I\Ul

\

59 O/ NJ

63 HN O N L7.2 ( +1) 397.2 (M1).
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[0067] Compounds of the present invention are assayed to evaluate their capacity

to inhibit the hedgehog signaling pathway.

Gli-Luc Reporter Assay for Hh Pathway Inhibition

[0068] Mouse TM3 cells (obtained from American Type Culture Collection,
ATCC, Manassas, VA) are cultured in DMEM/F12 medium (Gibco/Invitrogen, Carlsbad,
CA) supplemented with 5% heat inactivated horse serum and 2.5% FBS
(Gibco/Invitrogen, Carlsbad, CA ), 50 unit/mL penicillin and 50 pg/mL of streptomycin
(Gibco/Invitrogen, Carlsbad, CA ) at 37°C with 5% CO, in air atmosphere. TM?3 cells
were transfected with pTA-8xGli-Luc reporter plasmid. A stably transfected clone
termed TMHh-12 was selected. TMHh-12 clone showed good response to Shh-N

stimulation. To evaluate the IC50s of the antagonists, 8000 TMHh-12 cells were plated
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into each wells in 384-well plates with 50% DMEM/F12 medium supplemented with 2%
FBS. After 12 hours, Hh pathway is activated by adding recombinant mouse Shh protein
(expressed in E.coli, 8 ng/mL) or by adding Smo agonists. The testing compounds are
added into plates with different concentrations. After 48 hours, the firefly luciferase
luciferase activities are assayed with the Bright-Glo™ Luciferase Assay System
(Promega, Madison, WI). The ICs, is measured when the effect of the compound reduces
the luminescence signal by 50%. Toxicity of these compounds are evaluated in TM3 cells
using CellTiter Glo assays or by TM3-Luc cell line (a TM3 cell stably transfected with a
constitutive luciferase expression vector).

[0069] Compounds of Formula I preferably have an ECs, of less than 500nM,

more preferable less than 200nM.

Cyto-toxicity Assay

[0070] A cytotoxicity assay is performed to compare the effects of a
compound of the invention on medulloblastoma cells (Daoy cells), basal cell
carcinoma cells (TE354.T cells) and control cells (human normal fibroblast)
according to the following procedure:

[0071] Daoy cells (medulloblastoma cell line) are purchased from ATCC, and
cultured in Minimum essential medium (Eagle) with 2 mM L-glutamine and Earle's BSS
adjusted to contain 1.5 g/L. sodium bicarbonate, 0.1 mM non-essential amino acids, and
1.0 mM sodium pyruvate and 10% FBS at 37°C with 5% CO; in an air atmosphere.
[0072] TE354.T cells (from ATCC) are cultured in Dulbecco's modified Eagle's
medium with 4 mM L-glutamine fetal bovine serum and10% of FBS.

[0073] Normal human dermal fibroblast cells (Clonetics) are cultured in
Fibroblast Growth Medium (Clonetics).

[0074] Each of the above cell lines are independently seeded into 96-well plates
and cultured to a density of 5,000-10,000 cells/well. A compound of the invention, at
different concentrations, is added into the cell cultures. After 2 days, the cell viability is
evaluated with Cell Titer-Glo Luminescent Cell Viability Assay Kit (Promega) following
the manufacturer’s protocol. The cell viability is directly measured by luminescent

signaling and ECsys are measured when the signal is inhibited 50%.
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pellioghens urmmnéqmm @@nmnphcez%ls FRS hefn asg hexgbyhoenreoratphby
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gro H@%b} %@ﬁ%gésed in E.coli, 8 g/nm) or by adding
Sno agonists. The testing conpounds are added into
plates with different concentrations. After 48 hours,
the firefly luciferase luciferase activities are
assayed with the Bright-GLoTM Luci ferase Assay System
(Pronega, Madison, W). The IC50 is neasured when the
ef fect of the conpound reduces the |uni nescence
signal by 50% Toxicity of these compounds are
evaluated in TM3 cells wusing Cell Titer G o assays or
by TMB-Luc cell line (a TMB cell stably transfected
with a constitutive luciferase expression vector).
[ 0069] Conpounds of Forrmula | preferably have an EC50
of | ess than 500nM nore preferable |ess than 200nM
Cyto-toxicity Assay [0070] A cytotoxicity assay is
performed to conpare the effects of a conmpound of the
i nvention on nmedul | obl astoma cells (Daoy cells), basa
cell carcinoma cells (TE354.T cells) and contro
cells (human normal fibroblast) according to the
foll owi ng procedure: [0071] Daoy cells
(rmedul | obl astoma cell [ine) are purchased from ATCC,
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1.5 g/L sodium bi carbonate, 0.1 mM non-essential am no
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[0073] Normal human dermal fibroblast cells
(Conetics) are cultured in Fibroblast Gowth Medium
w@ Gloongdcs) . [ 0074] Each of the above cell |iPeBUS2087/068292
i ndependently seeded into 96-wel| plates and cultured
to a density of 5,000-10,000 cells/well. A conpound of
the invention, at different concentrations, is added
into the cell cultures. After 2 days, the cel
ﬁ?kglty is evaluated with Cell Titer-do
Weent Cell Viability Assay Kit (Pronega)
fO||OMAng the manufacturer's protocol. The cel
vi abi liity i sA défigibdl yf Feeaslaried by | um nescent
signaling and EC50s are neasured when the signal is
i nhi bited 50% 48 WO 2007/131201 PCT/ US2007/ 068292
[ 0075] Conpounds of Forffula | preferably have an EC50
of |less than 500nM Ray yRef erabl e | ess than 200nM
[0076] It is understog
enbodi nents descri b& hg
pur poses only and t Irg

changes in light ther wi HI be suggested to persons
skilled in the art and

: HvﬁAvncl uded within the
spirit and purview of tRhisappll gation and scope of
t he appended claims. Al publicatifens, patents, and
pat ent applications cited herein are hereby
incorpgagggg reference for all purposes. 49 WO
2007/ 1 PCT/ US2007/ 068292 W Caim 1. A conpound
of For il a land YRare iRfepBRRlentRAseR8ted ROMRY ahtl CRljo; WherB8 RQ) is

sepet g Bt it CralB bl B e R EOE Bt
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hydrogen an Cl1- 6al IS se rom cyano,
hakexy, GlosBbdtiayed- Ch(aﬂ@sm&tmat}d,tcamet@yl'ﬁmhkﬂl,6a1©11-su1fany1 and

Cs.sheterocycloalkyl optionally substituted with up to 2 C;salkyl radicals;

R, and Rs are independently selected from hydrogen, cyano, halo, C;.
salkyl, halosubstituted-C;¢alkyl, C;salkoxy, halosubstituted-C; salkoxy and
dimethylamino;

R; and R, are independently selected from hydrogen, halo, cyano, C;.
salkyl, halosubstituted-C;¢alkyl, C;¢alkoxy and halosubstituted-C;_galkoxy; or either
R; and R; or R; and Rs together with the phenyl to which they are both attached form
Cs.ipheteroaryl;

Rs and R7 are independently selected from hydrogen, C;¢alkyl,
halosubstituted-Cj_salkyl, Ci¢alkoxy and halosubstituted-C; galkoxy; with the proviso
that Rg and Ry are not both hydrogen;

Rg is selected from halo, Calkyl, halosubstituted-Cjgalkyl, C;.
salkoxy and halosubstituted-C; galkoxy;

50



6al koxy, hal osubstituted- Cl-6al koxy, C6-1loaryl,
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Guoabisilo, tn'ﬂlﬁb&ﬁiéﬁ&t zhfd%&ﬁb‘xg wﬁl@{hlé){)kows@lhat Ra 'allf(pK%/are not
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R hyAmermeedit i cal |y acceptable salts, hydrates,

oLV, AN LA ST S8 Rea RECATRIGL,

CR10; wherein R10 is selected from hydrogen, nmethyl,
fluoro,, chlqto, bro

LrTT oar omeciiRicombaa oty BV A e ik F e e

fchre, AVsHo g eRyInBhYl-but@hpep, lséﬂum rioprdpfy R Mdpropyloxy,
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RH@xRMeshexy ndmethybapinpy ediosyeneth Wrinlfrg L iphenyd | telucsemethy m
tﬁﬂ‘lﬂﬁ&ﬂ%ﬁ&%}&ﬁ? glpgﬁhlﬂ%/ll op\%ﬁﬁjallk sﬁlgs iHid %ﬁ'{lg)y g?ethyT?a%lcals
conpoun Im 2 Rl I's selected from
cyano, R, and R are independently selected from hydrogen, chloro, fluoro,
cyano, methyl, trifluoromethyl, isopropyloxy, methoxy, ethoxy, trifluoromethoxy and
dimethylamino; and

R; and R, are independently selected from hydrogen, chloro, methyl,
methoxy and cyano; or either R; and R, or Ry and R together with the phenyl to

which they are both attached form quinoxalinyl.
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6. A method of inhibiting the hedgehog pathway in a cell, comprising

contacting the cell with a compound of claim 1.

7. The method of claim 6 wherein the cell has a phenotype of Ptc loss-of-
function, hedgehog gain-of-function, smoothened gain-of-function or Gli gain-of-

function.

8. The method of claim 7 wherein the cell is contacted with the hedgehog

antagonist in vivo or in vitro.

9. The method of claim 8 wherein the compound is administered to an

animal as part of a therapeutic application.
10. The method of claim 9 wherein the therapeutic application is selected

from pancreatic cancer, prostrate cancer, medulloblastoma, basal cell carcinoma and

small-cell lung cancer.
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11. A method for inhibiting unwanted proliferation of a cell, comprising

contacting the cell with a compound of claim 1.
12. The method of claim 11 wherein the cell is selected from pancreatic

cancer, prostrate cancer, medulloblastoma, basal cell carcinoma and small-cell lung

cancer.
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