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WO 2008/109184PCMJS2008/003200 HETEROCYCLIC CYCLOPAMINE
ANALOGS AND METHODS OF USE THEREOF Technical Field The
present invention generally relates to cyclopamine analogs,
wdharnasautical compositions thereof, and methods for using ;gxp)%% $r00
and compositions. These compounds 5and compositions can be useful for
the treatment of hedgehog mediated disorders, such as cancer and
psoriasis. Background The Hedgehog polypeptide is a secreted

rote 5'%5 ﬁigﬁ?ﬂ'n i ' %ipﬁiigleél—i Ify\‘?é/
Hﬁﬁéﬁead&g#é%ﬁorms@%é e ge‘%%}g %?g?iegir{tk are foundin %ﬁans;FlgﬂEREOF
Sonic hedgehog (Shh), Desert hedgehog (Dhh) and Indian hedgehog
(Ihh). Sonic hedgehog is the most prevalent hedgehog member in

Te F[Hggmlatgnd also is the best characterized ligand of the hedgehog
amily. Prior to secretion, Shh undergoes an intramolecular cleavage and

lipidrRegiicatian paetiqRndhe imﬁmiﬁﬁa@%ﬂ%}m&gpmwmcm

signaling activities. Inhi |t|%n of the hedge o??%?thway in certain cancers
COBSHIoBA LRERA %B%ﬁ?ﬁ formsiBRiSI D PRl G ARATRP Rl o8 arRs compounds
andoiidpedgehogaanithediesibaite hesmshoihdoraiggadizedrisiroatipmef as

the hedgehog pathway and inhibit the growth of tumors. Small molecule
Cal}g ﬁ%ﬁ%%%?%%e%gehog pathway activity has also been shown to result in

cell death in a number of cancer types. Research in this area has focused
on the elucidation of hedgehog pathway 20biology and the

discovery af new hedgehog pathway inhibitors,, Although inhibitors of the .

eag e R B T A RS B hand in
thej @eﬁgﬁmp@w@wnﬂmﬁ Witiescot thered gehog pativayteBuamniand in humans;
Soﬂi@%&fé&%@t( Pﬁ%@e??i@i?g’%ﬁ‘a ) gﬁngfﬁ}iﬁﬁ’ B@&B%‘ég MSngﬁgtﬁ@ehog is

compositions, 25and methods of using them. The invention includes
theégﬁbg{maggf%fé%mg_@?@i%ﬁ@mgls and also is the best characterized ligand of

the hedgehog family. Prior to secretion, Shh undergoes an intramolecular cleavage and lipid

Ba

modification reaction. The lipid modified peptide is responsible for signaling activities.

Inhibition of the hedgehog pathway in certain cancers has been shown to result in
inhibition of tumor growth. For example, anti-hedgehog antibodies have been shown to
antagonize the function of the hedgehog pathway and inhibit the growth of tumors. Small
molecule inhibition of hedgehog pathway activity has also been shown to result in cell death in
a number of cancer types.

Research in this area has focused primarily on the elucidation of hedgehog pathway
biology and the discovery of new hedgehog pathway inhibitors. Although inhibitors of the
hedgehog pathway have been identified, there still exists the need to identify more potent
inhibitors of the hedgehog pathway.

Summary

The present invention relates to analogs of cyclopamine, pharmaceutical compositions,

and methods of using them. The invention includes compounds of the formulas (1a) and (1b):
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WO 2008/1091MPCT/US2008/003200 Me Me R4 R3 XX 6R50Raft's a

7Me RI1,11110mCaegrw, T1T3\ T2- T3 RiciR5 RI lalb and tautomers,

saturated derivatives, and pharmaceutically acceptable salts thereof;
wivhREeine Rl is H, alkyl, allcenyl, alkynyl, aryl, cycloalkyl, hydrpxylyasalisyles2oo

heteroaryl, Sheteroaralkyl, halpallcyl, -SR20, -OR20, -C(0)R20, -002R20,

-0C(0)R20, -C(0)N(R2Q)R20), _s(0)R20, _s(0)2-K 20, S(Q)@N(FEQO)(RZO)

-RW)-C(0)bR20, -JW),CIC D, -[(W)- 00(0)]pRg§3 $021pR20,

BetpRary, Jiw): Q,pg\l(R213)1lsR 0 VRNA Ve

& of R2, R6 and R9| ndentfy H, alky!

and tautomers, saturated derivatives, and pharmaceutically acceptable salts thereof;

wherein,;

R! is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, -SR?, -OR?, -C(O)R™, -CO,R*, -OC(O)RY, -C(O)N(R**)(R™),
-S(O)R™, -S(0)2R”, -S(O)N(R*)(R™), -[(W)-C(O)],R*, -[(W)-C(O)OJ,R™,
-[(W)-OC(0)pR*, -[(W)-SOJpR™, -[(W)-N(R*)SOJ,R™, -[(W)-C(OIN(R™)J,R™,
-[(W)-OJ;R?, -[(W)-N(R*)J,R*, or -[(W)-SJ,R*;

each of R?, R® and R’ is independently H, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, nitrile, alkoxyl, aryloxy, acyloxy,
halide, hydroxyl, amino, alkylamino, arylamino, acylamino, aralkylamino, alkylseleno,
aralkylseleno, arylseleno, alkylthio, aralkylthio, or arylthio;

R? is H; or R* and R taken together form a bond;

each of R* and R’ independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, nitrile,
aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulfhydryl, alkylthio, arylthio, aralkylthio, hydroxyl,
amino, alkylamino, arylamino, acylamino, aralkylamino, heteroaryl, or heteroaralkyl; or R* and
R’ taken together form =0, =8, =N(R), =N-OR?’, or =N(N(R?) ,);

each of R’ and R® independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, or aralkyl; or R® and R’ taken together form a bond; or R® and R’ taken
together form a bond;

each of R'” and R"' independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, or aralkyl; or R’ and R'? taken together form a bond; or R' and R' taken
together form a bond;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or -[C(R)z]q-Rzl; or any two occurrences of
R? can be taken together to form a 4-8 membered optionally substituted ring which contains

0-3 heteroatoms selected from N, O, S, and P;
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10heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroarallcyl, nitrile, alkoxyl,
aryloxy, acyloxy, halide, hydroxyl, amino, alkylamino, arylamino,
acylamino, aralkylamino, alkylseleno, arallcylseleno, arylseleno, alkylthio,

woralMR e 0r arylthlo R3is H; or R2 and R3 taken together FMV{%R@%@SZOO

each of. de ndent |s H, alkyl

cycl%allcaﬂeprﬁ fife Xéz) rz%% Pcchl< eéﬁy OX 2 lﬁEP&i(y, Ilfg%l%%ogﬁﬁh)%?y?cydyl
am&Wmep&yymmmramydmmlﬁyﬂﬂmkwuamlmaaﬂtbdammkkymwwmxyl amino,
a@ﬁ%ll g}lﬁgi r%U%er&Rgi”&n%ﬁﬁ(ﬁFg%) ar heteroaralkyl; or R4 and R5

taken %oget er form =N-OR20, or =N(N(R20) ,); each of
R7 %dlmenﬂm@péﬁd@rmmsowwkwea%nmhwm aamide cycivailey|,

heterbTigRlInGY fiedkvh QiRRA0RH, Bkandeepinend ,
araﬁ% and R9 takenﬁ;Oto ther fgnt a bolnd l@leachf?)}t,f RI a%t;m he %‘ﬂq@ aryl

bpeiseRantly heteroarply apeeralp i RAlideypites chiftiley O, -SR™, -OR™,
N Ry CIOA R oS, nco(mmz%nd(lma%m%pemﬂmmm@ond

] @%&éﬁﬂg’{ %ﬁﬁ@j ?:1:]/ %58? cyclg)g%?ﬁ é}gﬁg tg%g)% oalkyl,

or éﬁé(lk)d]qﬂezteroaryl heteroaralkyl, or 1C(R)211 R21; or any two
OCC%’eHﬁ%ﬁeﬁﬁﬁﬁfﬁJ}‘ Qa%ﬁ%‘ﬁ%ﬂﬁgﬁ%tﬂ'eﬂ tgllf&frglﬁeﬂ § e[:,?gloagkgl aryl,

ptionally substituted ring which contains 0-3 heteroatoms S%Recte

amﬂm heteEtaayp hojgronsdivd mychaaplo s/ pddn adroonly. -SR'R2PR™, -NR™)R™),

-Cﬂmﬁemmzfg@@t{%C@(@N(:ins(klm}:yﬁig&ﬂs%@'ﬂ” hW?WG)Nl(tﬁm YR,
C 10, ar 10

S B S B d s eomemnmong

groupisR22, hdepehderbtly for each occurrence is H, hallde ester amide,
or nl&rige@ QRg%lngp&rbdently for each occurrence is I-1, alkyl, allcenyl,
allcynyl, cycloalkyl, aryl, arallcyl, heteroaryl, heteroaralkyl, perhaloalkyl,

halide IsieRsneientf fw@ﬁ@ﬂm@%@@(ﬁm) atsegyR atvob 2rAelkyl, aryl,

220 TON0 K20, BIBR20. 5(0)2R20, -S(O)2N(R20)(R20),
-N(1220)C(QIN(R20 R2 -S(0)R20, -S(0)2R20, -S(0)2N(R20)(R20
N(R2 )&% 8%& LIA‘m‘&r e%é@ntly for each occurrence is H, alkyl,
alkenydhaliyryld Bycldalkydieainy,is N, S or C(R?);

W 1s a diradical;

X is a bond or —C(R22)2~;

Y is -O-, -S-, or -N(R**)-; and

and each alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl,
heteroaralkyl, whether alone or part of another group, is optionally substituted.

The invention further includes pharmaceutical compositions comprising a compound as
set forth above, and methods of using these compounds and compositions for treatment of
certain disorders and for inhibition of the hedgehog pathway in vitro or ex vivo, use of such

compounds in therapy, and use of such compounds for the manufacture of a medicament.

Detailed Description

Definitions
The definitions of terms used herein are meant to incorporate the present state-of-the-art

definitions recognized for each term in the chemical and pharmaceutical fields. The definitions
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aralkyl, heteroaryl, heteroaralkyl, perhaloallcyl, halide, nitro, nitrite, -SR20,
-0R20, -N(R20)(R20), -C(0)R20, -002R20, -0C(0)R20, -C(0)N(R20)(R20),
-N(R20)C(0)R20, -N(R25C(0)N(R20)(R20), -S(0)R20, -S(0)2R20,
OggagmgﬁgO)(RZO) N(R20)S(0)2R20, or 4C(R)2L-R2I ; p i$PyAsZacdiofs200

o B G S SRRl S e,

spehé‘temﬂaym&ydmhéﬁﬁn“ﬂwmalis i3 &AarBe‘f‘(aAargcr@fBuy each of A and B

inde ens% I em %c d%%? V1¥ é%]xc ?Bl bdﬂ% %j; b4 |§t Whesn iBecurs

-N( AB d each /1, a cycl’o
morﬁet@@@yemamm ,smmw; ﬁeté@@@@?ltori@témmt M@tﬁéﬁrarmeebp\pbﬁe in the
sarf @nRihgr group, is optionally substituted. 25The invention further

includes pharmaceutical compositions comprisi ﬁffa compound as set

forth B ETE. 2 s tRSAL T RSHG e a2t B IRSY ESFBBIGRE Ror Where
R dﬁﬁaﬁmﬁ nligf catiain diskidets ankiondphibiipn af e beog@mmatmy is

0 Or ex vivo, use of such unds. jn thera se o
optlona substitute bxul% can$ ral?cyrn&gere ‘the ala/ P%H’? I?{
compounds for the manufacture’of a medicamen etaile enn |on

meéfirsdiormnatic offitedefinitiansrofgemd shesdid/ hersinrare édit ettkylene group,
and%%ﬂﬁé%ﬁ%@ﬁ?ﬁ%ﬁ&@a@ &Bﬁoﬂﬁl&j efinitiorsireceapiacd fRFLAEN such

term in the chemical and pharmaceutical fields. The definitions WO
gr%%ﬁ%ghsmw@z&%smgé%éeﬁ%P,reté%ﬁéﬁ@ﬁﬁéaa@nwéyaa%&ﬂsed
throggbeshihis aneeiications wieasiethanviag lipigddesiRe®ithe general
R rf?g'sifances either individually or as part of a larger group. As used
THBY&in, the definition of each expression, e.g., alkyl, m, n, etc., when it
occurs more than once in any structure,(s intended to be mdependent of
its definition elsewhere in the 5same strHcture.
N R54

|

R50
wherein R50 is as defined below, and R54 represents a hydrogen, an alkyl, an alkenyl or
-(CH2)m-R61, where m and R61 are as defined below.

The terms “alkenyl” and “alkynyl” refer to unsaturated aliphatic groups analogous in
length and possible substitution to the alkyls described below, but that contain at least one
double or triple bond respectively. Alkenyl and alkynyl groups may be substituted with the
same groups that are suitable as substituents on alkyl groups, to the extent permitted by the
available valences. Typical alkenyl and alkynyl groups contain 2-10 carbons in the backbone
structure.

The terms “alkoxyl” or “alkoxy” refers to an alkyl group, as defined below, having an
oxygen radical attached thereto. Representative alkoxyl groups include methoxy, ethoxy,
propyloxy, tert-butoxy and the like. The alkyl portion of an alkoxy group is sized like the alkyl
groups, and can be substituted by the same groups that are suitable as substituents on alkyl
groups, to the extent permitted by the available valences.

The term “alkyl” refers to the radical of saturated aliphatic groups, including straight-
chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl substituted
cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain embodiments, a straight

chain or branched chain alkyl has 30 or fewer carbon atoms in its backbone (e.g., C,-Cs; for

4




10

15

20

The term "acyl" as used herein refers to a group of the general formula

R-C(=0)-, where R can be H, alkyl, aryl, or aralkyl. In typical acyl groups,

R is H or C1-C6 alkyl, which is optionally substituted, or R can be aralkyl,
W(y\m,@ggi@mg aryI portion of the aralkyl isa5-7 membered aromqpi@@m)gmonoo

e oaro the alk rt| nis a rou
sra O s M RS ROAIS S b o Y R P eomains 1-10
caﬂv@gﬁm@@mmmmmdgmmbs stBstHuigd prnmmmybehiyﬂ(@me, certain
cycf%}aﬁ&ﬂm ﬁ&%@‘%&%@&&%ﬂ&?&l&f al %cméh&% ﬁzﬁ)@ %HHQ)? 7 carbons

refers to a moiet ﬁ hat may be represente yt e gen rmula:

in thering FB0tsy ke Risovisaddisairddasibipd el %Bwlréwa@ewﬁealer alone or
as payciDgRMh @iyl alkanydieyeddg) smﬁékuwm&mﬁma&@k@mﬁﬁm

f db I The ter Ik I d "allcynyl' f t
soch e 0, DTS LITa BT TSP A A S B RE O R e
nitrogwdfityedyh éhoing ot thiag cammtb:lnaayllﬁastooph)etdwlnt%ophnmhMembarbonyl
carss,%,qﬁcwﬁboﬁﬂg?ﬁyété}e@r%w& QYRR By BRSNS R Ry the

same groups that are suitable’as substituénts on alkyl’groups, to the
alkbéﬁvéﬁepﬁ@rﬁw%dosy gldehivdasnlenRaisrasyhyaRmp BHQteIRRreiafifymoieties,
_C}ng@ﬂS&@rﬁ@mﬂ?glo carbons in the backbone structure. The terms
yl" or. "alkoxy" refers to an alkyl group, as defined below, having an

oxy %%a&%s\alr AHEEH O kYN 1 RET RE BRI SRR RUFY Péﬁ%éqﬁ?éwéky“h‘o
etc mﬂnm@sebbﬁmyne&panp&dﬁ@rptgrtrbmtﬁxcyuamﬁiythledﬂ(e)na’]hesaﬂcydumdtiewmfalkyl
GRS PUR 15,855 LRI UM, OfRURS AN R0 DR RSHL (PO
%{;‘e same grou S re Sﬁ(ﬁn f\b ﬁ%leﬂts on a groups 1o the

purest%%tﬂp?smm@dwwmmm b@lrenéé?s, -SR’ ,Tﬁ@zt%r,nﬁ%wﬁzré?@@ﬁo
cotr’ gasbaaatnizsiatm@@ﬁkphmwﬁms 1elaeing seehichaitalisd R’ is
egIoups, Brancedcha sl erougs cuclaley (Gheych) croues, i

The term “alkylthio” refers to an alkyl group, as defined above, having a sulfur radical
attached thereto. In certain embodiments, the “alkylthio” moiety is represented by one of
-S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CHa3)m-R61, wherein m and R61 are defined below.
Representative alkylthio groups include methylthio, ethyl thio, and the like.

The terms “amido” and “amide” are art recognized as an amino-substituted carbony! and

include a moiety that may be represented by the general formula:

)J\ /RSI
N

|

RS0
wherein R50 and R51 are as defined below. Certain embodiments of the amide in the
present invention will not include imides which may be unstable.
The terms “amine” and “amino” are art-recognized and refer to both unsubstituted and

substituted amines, e.g., a moiety that may be represented by the general formulas:

R50
R50
+
—'—'—N\ ——N-——R53
R51 RS2
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30cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain
embodiments, a straight chain or branched chain alkyl has 30 or fewer
carbon atoms in its backbone (e.g., C1-C30 for WO

Wg%gg;i@%ﬁ4ITT/U82008/003200 straight chain, C2-C30 for P&Vﬁgﬁqwooszoo
chain n alky, contains 1-10 on atom
M T R e B )

aikeeyt&@i&(}&ﬂ&ﬂdyls&mvam)mcel{’m 6arR60 eaid)MmfthﬁlqmmWymHMged form),

t&k@ﬁ‘@'oé‘é@)éf@ﬁ{(ﬁ éxt—: %Eo Ctarb%xc%tﬂ hgrélatgaa rléiCtur P{gle%%tgxtgceyr avmg from

indicate yl and cyc oalky grou er along or 5as parto

4 A GRS drobprisgdtiraeiue RédikgPrgrons, aémeasublgatmw bycastisdste, 2
hetSHRSULSPES SHERAS, a%txmtimt&daipm&@&qﬁmh@m 0¥01 a0yl rysirallal,

hydroxyl, alkoxyl, amino, nitro, Su”;i{éil Imino, oximino, amido,

"mBBS}}K’r‘?ﬂFfoRBﬂBgéﬁéﬁa{?é‘d;ﬂ%gﬁﬂ?ﬁ 2 At ideRaasaiyITePtese 8 hgepgen, an
alkgBiefaieeamislesC Byl Rtkoxphal kphiomatkidglahonyt iabkydss e Ramdigoup, as

etong, aldehyde, e er h ero I arom or hetergaromatic
e Rt S B R A R U g o
RSQand)Réh@thealgmamsuch as in alkoxy, allcylthio, etc., or it is a
sub%tﬁy?e?ﬁpraraﬁ&&hegsg&mevefﬁ f&%quﬁpﬁyoﬁ@&%%'bf&l&a}g%ge such as, for

lower alké % roup or lower alkenyl'group, or alkynyl group, having up to six

eXHHPHoRTE ymf%a&ﬁ@ml&s&@@um@ e e BRIGD SPRS RS et arary] group
as d@d@nb@%emﬁ@??,arﬁéﬁﬁ%ﬁc?or@@@&noﬁ@%@ Bt tﬁ@%ﬁyl and the aryl

PO S Y o SR PR A Bt i oy grgups

mCéN@yrfyt %anw@daﬂmmeﬂmfémmm&ﬂ@{@mummm&pmﬁeammﬁ;ryi ring
an@?)’é@g Bég@%&%dfcé‘l attached thereto. In certain embodiments, the

Ithio" mmetﬁ\; is represented by one of -S-alkyl, -S-alkenyl, -S-alkynyl,
and Be(er)AvR et Wddiarin s R sloare trsfrfstobanger name such as

a@@%ﬁpﬁﬁ&ﬂaéatﬁv%aﬂﬁdtmaﬁ%ﬁa snchiladpaiERO e R HhiomaNthiifte from
The terms'’ aI{mdo andh%g?lde gare art recognized as_an

Zefgrﬁ%fsug&sgfﬁ?a B ERS ey SR RARP TR eI bR BLer figyelic an
tridye bhegemerabfermingaifGucR hhdR F0rwhargile, REtzan difhilaesecasadedinkde,

py%glg\rggﬁ%qegtﬁlnqésg%%guﬁ%?@zﬁﬁz&g Bi) -0 RIRSSI SYRRHO D Wiline,
pyrazine, pyridazine and pyrimidine, and the like. Those aryl groups having heteroatoms in the
ring structure may also be referred to as “aryl heterocycles” or “heteroaromatics.” The aromatic
ring may be substituted at one or more ring positions with such substituents as described above,
for example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, alkoxyl,
amino, nitro, sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl, carbonyl-
containing group, silyl, ether, alkylthio, sulfonyl, sulfonamido, ketone, aldehyde, ester,
heterocyclyl, aromatic or heteroaromatic moieties, -CF3, -CN, or the like. The term “aryl” also
includes polycyclic ring systems having two or more cyclic rings, often two rings or three rings,
in which two or more carbons are common to two adjoining rings (the rings are “fused rings”)
wherein at least one of the rings is aromatic, e.g., the other cyclic rings may be cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls. In some embodiments, each aryl is
selected from phenyl, thiophene, furan, pyrrole, pyridine, pyrimidine, pyrazole, imidazole,

oxazole, thiazole, isoxazole and isothiazole. Pheny! is sometimes preferred.
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The terms "amine" and "amino" are art-recognized and refer to both
unsubstituted and substituted amines, e.g., a moiety that may be
represented by the general formulas: R50 R50 / + -N-N-R53 R52 WO

W@QW;@)%§§4PC11/11142008/003200 wherein R50, RSJP&%’S%Q/OOHOO
ach independently, esent ah en, an alkyl, an alkenyl
B RS 5 B s B RN & GTAEHPP Groton
donoharged form), taken together with the N atom to which they are attached,

Corr'ﬁtlg Egr% hge[r ro havm gg}r}gﬁ 19 ”dgé%m% mﬁts 1&%@1 Struggl{f(a%re@gnjfed by
represents an aryl, a cyc ycloalkenyl, eterocycie or a
the gepgesldiermaies m is zero or an integer in the range of 1 to S. In other

embodiments, R50 anddR51 (and optionally R52) gach independently

represent a hydrogen, af alkyl, an alkenyl, or -(c Hi2),-R6 Thus, the term
"alkylamine" includes aglamine gregp, as defined above, having a
substituted or unsubsfituted aligy! attached thepeto, i.expaileast one of R50

and R51 js an alkyl group. 10The term "aralkyl”, as used herein, whether

aloﬁ‘éhSIfeﬁé%saQrfscﬁ B%F‘o‘tfﬁ??éﬁ%@‘é%hoéggt&oéﬁéﬂt% a&%m&%@%RS 6
rept@s&ﬂs&kkdé;@fﬂldﬁﬂ@&ﬁk@&ﬁfmddﬂei&m Sinbskistied(@h) AR aryd:gr oatfbAsepresenting

ap efn%rcltc)t? (1:i H%;%Icn t Te sal aetlc o 5‘ e{t&roargntlatlg ggou II}BS%%] tembodlments
a e ary rion o eac araa[ﬁyl group are yplca lonaﬁl

Whet@bistﬂmerwltiyptwmmcyp gy oupsthclusle ciorayinplel greupsofy enseltaly
gro(ﬂf%@léb@t AN ’eﬂ{%&%h{?%%sﬁ%%@ﬁs%r %Bﬁ@ﬂe%?ﬁ@%kk%:ﬁ‘%ﬁtﬁgﬁr oran

from 1-6. The term "aryl" as used herein, whether alone or as part of

Opt%tWé“ﬁ%éeQ@éWégr%ony includes 5-, 6- and 7-membered
singied iRgraremationreens ihakymma Mb@@ffiﬁrﬁleéﬁ gaotq;tqwm alkyl, alkenyl,

TS ORI : LTSS Y 7L Vg Rer SRS o, cach

benzene, anthracene, naphthalene, 20pyrenew?e furan, thiophene,
of mmzmmmlﬁhmﬁtataiaﬁeﬁxw@zp‘?e, pyridings an alky! diradical;

“n,
. —
%, 1s also an alkyl diradical; 1s an aralkyl diradical; and

\—LH‘/\E()}—_/M‘%
% is an (alkyl)heteroaralkyl diradical. Typical examples include alkylenes of

general structure (CH,)x where x is 1-6, and corresponding alkenylene and alkynylene linkers
having 2-6 carbon atoms and one or more double or triple bonds; cycloalkylene groups having
3-8 ring members; groups such as (CH,),C(=0)(CH,),, where a and b are each integers from 0-
4; and aralkyl groups wherein one open valence is on the aryl ring and one is on the alkyl
e

portion such as % 2 and its isomers. The alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, and heteroaralkyl portions of a diradical are optionally
substituted as described above.

The term “haloalkyl”, as used herein, refers to an alkyl group where anywhere from 1 to
all hydrogens have been replaced with a halide. A “perhaloalkyl” is where all of the hydrogens

have been replaced with a halide.
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pyrazine, pyridazine and pyrimidine, and the like. Those aryl groups
having heteroatoms in the ring structure may also be referred to as "aryl
heterocycles" or "heteroaromatics." The aromatic ring may be substituted

t re ring positions with such substituents as descrj
wd 2‘86}919%1)@9 ogen, azide, aIkyI aralkyl, alkenyl, alicynyl, CW P\{;%OSZOO
hyd Bﬂk&xﬁ rosderhinRs! e °§Mﬂ*ﬁ9l¥a§}| iR, Ak dwe@awhaf@ups as
demsphmaﬁe vdasaonyt jearbanyhreanieining @Hlil@l?dhdy@?ﬂléﬂfyl%%ﬁi%(?s replaced
L. sulfona Idehyde, ester cy romatic or
b B N R By el
allyhidnogdylpdl y@mbmn@@ystmn@thamgmﬁuanwmore cycllc rlngs often two

”ng%% frgedingsaithw Q'sc&gﬁlﬂe%mgﬁn%aa@%ﬁl%@a&f R, 9t ?Iﬁ;'n carbon

oining rings (the rings are "fused rings") 30 wherein at least one o

ork §8§Ihr8ﬁ%gt ee0§ haleosiay Bylike g ndyoBenCYRIGaticiesphorus, sulfur and
seleﬂﬁiﬁallﬁeB&I@«&yﬁs@&meﬁydse&wi&@mmgk%@&x@mﬁn*N WHE s.

dlments each a(al is selected from phenyl, thlophene furan, pyrrole,

oyricie SO AT A Gl HSAYEHE BB o CHiey e L SR iee
strwmmazolmrﬁ%lmtyh@sﬁmﬁﬂm.ﬁ priefeeasl riE) whose ring structures mclude at

RN LORRARG ISRO0PI005R00 Hhs e Brepsied s velors o an

substance that can act as a rogen ion pro on onor

Hetgeaqyishyl cdonpsg nginip' fmem@@@@hm@tié@mmmpmem@myfmn
CMM%n%%&@M&%ﬁﬁé% &éoiﬁéc@azole f% %@ﬁz@lpqg&g{&%le triazole,

represents an oxygen or a sultur, and each o 55 and R56 represents

thigzgle, BRAERIca B G THSIR AR Il GiEmcoisa BdRis nindole,

mdamne,sgntmg quipbarnacesfidadimcaeiptable paikawhasenapRRo-3HE, Flnoxaline,
dabov In som emb diments where arb lconta rou

qum&zreseh‘fl Oline, Dl ylic a%}l o e (grouélre ah oxyTﬁ ?851 %36‘13%“

phﬂmﬁubf@@mudmanps pammanhmtwmmﬁanmmemamn pertdiiine,

oxBRAPHANALY SHbstiuted AlexL q{@@gm %@ﬁpﬂ%m@ %E?&fg@'la£€a§%8§

of a series of divalent groups from alky alkenyl, alkynyl, aryl, cycloallc

Az i BRNRES ABRIRGTOH MRS Hroliraar JHaRe o formbish 1 b dalssowvabin mg may be
suWhtﬁh:@aﬂdﬂe aftienralbssienstiitesic enxammitalsiet el M Adical fog-é;@mple

ha%lggnaa arz%ldzﬁgenyl alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino,
amido, phosphonate, phosphinate, carbonyl, carbonyl-containing group, silyl, ether, alkylthio,
sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic moiety, -CF3,
-CN, or the like.

The term “Lewis acid” refers to any substance that can act as an electron pair acceptor.

Unless the number of carbons is otherwise specified, “lower alkyl” as used herein means
an alkyl group, as defined above, but having from one to ten carbons, in some embodiments
from one to six carbon atoms in its backbone structure. Likewise, “lower alkenyl” and “lower
alkyny!” have similar chain lengths. Certain alkyl groups are lower alkyls. In some
embodiments, a substituent designated herein as alkyl is a lower alkyl.

As used herein, the term “nitro” means -NO»; the term “halogen” designates -F, -Cl, -Br

or -I; the term “sulfhydryl” means -SH; the term “hydroxyl” means -OH; and the term

“sulfony!” means -SO7-.
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is an (alkypheteroaralkyl diradical. Typical examples include alkylenes of
general structure (CH2), where x is 1-6, and corresponding alkenylene
and alicynylene linkers having 2-6 carbon atoms and one or more double

w@hipedgnds; cycloalkylene groups having 3-8 ring membesgirafoMRg003200
sucﬁlhasté%HZ)Ea%C :H%%C%-gztba,where hand h are (taa(% itnteéger. f(riom 0- be
20 4:'8nd dra ﬁPg?o SOWHEIEin BreS pé’ﬁe{?allréﬁ%%%% Oft tht eé"rly I 505%31 i

unsghgiistehdhie migybparbamsautivids oanor isoiscuisrsuditetatkyleabot ayhsistent

witﬁ%%%%’b%%ﬁ%i A lé}%tg%r%é(ffélé%?ﬁ%)(heﬂr%%'g Eiésgtﬁ%% SMfhents, eac

eteroaralkyl portions of a diradical are optio as describe

optigmele substitutpr dieupis BEheRIve vashped fareibstarensster At kyl grstipients.

whergeapywhere framskda exsliiydiggens-ogve been replaced with a

halide. A "perhaloalkyl” is where all of the hydrogens have been replaced

with @ hiFds. RS sfioﬁgﬁﬁéer&ﬂ%‘ﬁoé"sffég%%‘bor MOFAEREINT &
cydtbeteinaliayhlaey theleradyeiodd|cyykefad/to terbayudlybycloaikyh gveupsmore
carfigRcHinea hereln OVXHH%E?J” atleast ong carbon 9‘%{13 e AV O tat are

cycToafky(f portion Is rep aceagoy Fhétstoatont selecte ronjﬁ\l', and g
joimegptrabek ampidntgotutdenmathtexnerethyid egilIthige thpkh of the rings of the
poldimatvlarBinsindandig LAy rofuanu -5 SNe et HICLCIO AP BB e,

used heréin means an atom of any element other than carbon or o
halpgenplkH, Balipdeny halerodiGHd RN Jo Brsrah, aiRsy o RyRYAryl, imino,
amplQ PRk as) b Sehar]enaibonyin aestai -esabadiperisp aaeh ether, alkylthio,
sl etcr attom islggle ted frlgm Nt, (r) anq § rThet.tern?lst"hoetr%rogtyccr%ll; or p

4 ﬂlaeroec?/réﬁtagrogpﬁ’ree éar’t%k?-%’ PG-rmethbere lrcir‘fé S rﬁcf‘urlens, In'some’ 3
-CHIsiaeas«rom 3- to 7-membered rings, whose ring structures include at
10least ogﬁe carbon atom and one to four heteroatoms. Heteroc%%:IeS C%Qch

also B8 BTy e HHERFER oI G5 B RIS RRA R PR T HIBHE N

prQWiamm?ail}rmc;jycénpwobé@oﬁpr&nWMMamhMSforrgations.
Exf ,%l&?é@%ﬂ&'ﬁaﬂé{{é&kﬁg'E%%E?A‘E&Xf@s%&lseoﬂég}ﬁé%ﬂéeacﬁﬁi’?@l@?'e%hé%@é?cohols,

thiazole, oxadiazole, pyridine, pyrazine, pyrlmldine,Lf ridazine, indolizine,

andssiptalsiandrestls, ghelasbrdeprithkcteRahdRznse 1ebguiRe fisld eftRFURRES group

ch@ﬂi@%@@edﬁ&@?@?ﬂ&ﬂ%&@éﬁomlE'\Vuﬁélm@wr}_%r%mﬂ@rﬁoﬁiﬁﬁﬂi@@ganic
carbazqle, carboline, phepanthridine, acridine, pyrinaidine,

&Bﬁ%ﬁé hrﬁ%ﬁ ,%Wé img?)gﬁé%@azine, phenothiazine, furazan,
p!ienﬁ)@m:‘wﬁ’lhﬁm&dﬁnﬁme&;iﬁnﬁd@meammmlﬁ; mip@ﬂcﬁhmpnosaccharide,

dis%%%&?i%ﬂ@& Sﬂ%l@%%'ﬂﬁﬁaéac‘%}%gﬁ§id§8§?er@§r§8r% AREUIDAVGR RO rings. The

pyrrolidinones, sultan's, sultones, and the like. The heterocyclic ring may
sugrs BB RtGealentboedah i dnp st olitlcdd of thepatwé sEcayon through an

eﬂ@ﬁ(%ﬂ?@&?ﬁ\?@gl?&ﬁ%ﬁ@xﬁﬂm@z 3R Mﬂﬂ%ﬂr?@ﬁéﬂffﬁg@w&@ék%@&£moiew may
alkynyli, cycloalicyl, nyaroxyl, InQ, nitro, sulthydryl, Iimino, amide, .

e GO RSB L AL ALRBGH P CLrBERYL GEARTAG GFOB IR cnter of
saeteidatioithingsulionyinkbion euaitehydenssten, ibhetensbjulyd, aylose, lyxose,

21BN O NEIROAAMANC MRIEYiactd, Bardelse Ll ificose, and trehalose.

The terms “triflyl”, “tosyl”, “mesyl”, and “nonaflyl” refer to trifluoromethanesulfonyl,

p-toluenesulfonyl, methanesulfonyl, and nonafluorobutanesulfonyl groups, respectively. The
terms “triflate”, “tosylate”, “mesylate”, and “nonaflate” refer to trifluoromethanesulfonate ester,
p-toluenesulfonate ester, methanesulfonate ester, and nonafluorobutanesulfonate ester
functional groups and molecules that contain said groups, respectively.

The term “thioxo” refers to a carbony! sulfur (=S).
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The term "Lewis acid" refers to any substance that can act as an electron
pair acceptor. 25Unless the number of carbons is otherwise specified,
"lower alkyl" as used herein means an alkyl group, as defined above, but

whaviggspm one to ten carbons, in some embodiments from ]R'f‘?/lﬁ@z%%/(mz()o
car ms in its o! ikewise, ' raI yl" an
o MRS ek i Ve AR Eh U R e
tnmikgdmethasemﬁoembmmm}mtsbwmdssﬁmhtvdemgmtéﬂ)irgérmd astidkybudfonyl,

res{;%‘é‘{%?'ky' 30;‘“%&3@%&%%%@ Q%E%@%B#@%ﬁﬁ% é\%&?yé g @hcmlsts of

aog n S|gnate ror I” the term s yl means -5

ordisaryesteil inyap ox\Appsatis toHIrdhtuneftessh vgmmmf thqdawgwédélrgamc
Ch¥HR:A093EHAD 18R IA] 5200R(A0329R EhaaeMS aRIRAZIM sERBHMEH ons.

as used herein indicates that a specified group may be unsubstituted or it
mawb%ﬂééfsmweﬂt% B s GhstERHIh tHE dRediee Shsigtabit
provith dine mnﬂwemhavaliab{amka@ﬁ&smmtb@rﬁmﬁemgmmhmmmted atom

ent c bstltut substltut d with up.t
an(?ouer Ssugjg’n ’n?s Or&\%& ‘%’ ??uen‘fs gﬁh 8termq%%o r%fe?s tohlgh%oeS not
smaabmyhom@egp(&@r)sfommmwhss po Ipeyreiydenmntpoigicysiio gripmypiation, etc.
referiQ iy RN 1aaLR Eﬁg%wtogé&ﬁk?w% SHeloalKeRYRWPYCIRaKYNZ 1o atoms

aryls and/or heterocyclyls) in which two or more carbons are common to
thWaa}&mﬁﬁ&sreetky bemdedrig saseothssebpTERIeS Ry Baphbefefai s oms to
wﬂfﬁugﬁgm@maaia@emtafgm%mrﬂﬂaa&nﬁ tidgest dirggy E@cdwfdlaa:ﬂ T%@Ser they

of the 1 e substituted with su u stltuent kibe
LA e DS RIGER AN et SRORY: EUETGIBT ™
tallepdtogxtpicreioring, it teelfirycingt; iGIAR 2GR’ pmwsmotsat@(A)—C(B)

phosﬁ!&'ﬂﬂ)é?nﬁ%%%ﬂ)ﬁe&@é&%&k&?&‘%%ag(&? Iy, ether, alkylthio,

sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatlc or

heteroaromatic m0|etyM CFSR‘ON or the like. 15The phraﬁe pr&fectmg

group" as used heg ﬁ)gn ansNemporary substltuents \gWﬁc

potentially reggtive fonall group from undeswlg:ﬁ RERILES

transfogma qm e§of Such protectmg Y Q :,.- \clude @sters of
'd.ece yand Ketals of

ctjng group

2/
etones, respectively. ThHe\ie

chemigi as q@nﬁrewewed (Greene, T. W ut N P- G. M., Protective

GroupsT’n”ﬁraanlc 20Synthesis, ri ed.: Wiley: ﬁlew York, 1991) The
term "sugar" astised herein refers to a natural or al? unnatural

ark'BRASACRIA I8 FHRRACENNHOL! SlINNREEBANIRRISORIIBING QIR Befasie
yrangl% e and/or furanose rings. The sugar may be covalently bonded to
the steYSfl alkaloid of the present invention through an ether linkage or

througlhsan alkyl, liikage, dtkpertainbmbbdiig nhy dhe gasciiaide woiety,

RS SRR e LBl G R RS
-S(O)R*, -S<0)2R2 -S(ORNR™)R™), -[(W)-C(O)J,R*, -[(W)-C(O)OL,R™,
-[(W)-OC(O)]pR*, -[(W)-SO2},R*, -[(W)-N(R*)SO;],R*, -[(W)-C(ON(R™)J,R™,
-[(W)-OL,R%, -[(W)-NR¥)J,R*, or -[(W)-S};R™;

each of R?, R® and R’ is independently H, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, nitrile, alkoxyl, aryloxy, acyloxy,
halide, hydroxy!l, amino, alkylamino, arylamino, acylamino, aralkylamino, alkylseleno,
aralkylseleno, aryiseleno, alkylthio, aralkylthio, or arylthio;

R> is H; or R? and R® taken together form a bond,;

10
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saccharide ring Sugars may include, but are not limited to ribose,
arabinose, xylose, lyxose, allose, altrose, glucose, mannose, gulose,
idose, galactose, talose, glucose, and trehalose. The terms "triflyl",

wolesd roonigsy!”, and "nonallyl” refer to trifluoromethanesulfopyyus2008/003200
p-toluenesylfonyl, methanesulfonyl, and nonafluprobutanesulfonyl groups, .
e kAR R R
araligfbmibotxifluandmethaylesyltehete edfeydndtclkgheou fonhie, @sititylthio, hydroxyl,
t n r, onafl tanes] f ianal 4
o A AT and
R’ koo zedter e 2@arBonMBAluTYECR T =NIN(R™),);

200844032 R4 Bl Rk pARRAA0 320 0akcy1, iEARDIRYAIORS M lohiBN,
Tf, Ni, Ts, Ms represent methyl, ethyl, phenyl, trifluoromethanesulfonyl,
retpRAFIgBl ot ABRELEIO . IR TS BT B afor &ken

togegispeotiviel\boAdnore comprehensive list of the abbreviations utilized by
organic ¢ ists, @fiordinary.skijll in the art appears in the, first.issu
coe BN G DB A B il B e

hetpresystaaldyh er exbleyb oo SR Uicn tsgethafbrenadtiodsor R endRbeaken

togeiflersiapd that. "substitution” or "substituted with” includes the implicit
provisg that such substitution is in accordance with permitted valence of

the SubEHicrRer saImefathesupenrsentl i inakensl silbealimr resindiyl,
he it FRAIRG OMIBH gkt € Ehsy IV RSB SREBVI0b SO C RAS Y rRge @O0 ccurrences of

sdransformation such as by rearrangement, cyclization, elimination, etc. .
R R Pk ARG BROISp L APEO A e RSTIRAIEN P5AIer B R Ho e sgntains
0-Zaltctve thias atbertsd fimtalhe OoftothéRyise directly_ bonded to each other,

they}fe QB%%%H(@M#%%W%@&%@JW E?a%'&i&?é}'&%% %@e%gﬁﬁggte%cyciyl;

the groups are on atoms that are directly bonded to each other, '
alkpyleditah satntoralseruibstdrskalingst oyl isnrsatiniliiogdyydroxyl, amino,
acA¥AmBlanidie R R2cand 38 dakentaoahgy; form a bond, the structure

COlSSler e OO e neos
R6RBR 2Mependently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, =0, -SR% .OR®
NRP (R, -C(O)RY, -CO,RY, -OC(O)RZ, -C(OINR®™)(R™), -N(RZYC(O)RY,
NR™)C(ONR™)R™), -S(O)R™, -S(0)2R*, -S(0:NR™)R™), - NR*)S(0),R*,
or -[C(R)2}g-R*,;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, -SR*, -OR™, -N(Rzo)(Rzo),
-C(O)R¥, -CORY, -OC(O)RY, -C(OINR¥N R, -N(R*)C(ORY, NER®OIC(OINR™)(R?),
-S(O)R¥, -S(0)R*, -S(ORN(R*)(R™), - N(R™)S(0),R, or -[C(R)]o-R?";

pis0,1,2,3, 4,5 or6;

gis0,1,2,3,4,5 or6;

R independentiy for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, or heteroarylalkyl;

-T'-T2.T- is Y-B-A, B-Y-A, or A-B-Y;

each of A and B independently is N, S or C(RZ3);

W is a diradical;

11
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OR6R5\R2 0 7Me S. la and the tautomers, saturated derivatives, and

pharmaceutically acceptable salts thereof; wherein; Rl is I-1, alkyl, alkenyl,

aIkynyI aryI cycloalkyl, hydroxyl, aralkyl, heteroaryl, 20heteroaralkyl,
W(Ig goR20, -0R26, -C(0)R20, -002R20, -0C(0)R20,  per/us2008/003200

- N(RZO C): $(0)R20, -S(0)2R20, -S(0)2N(R20)(R20),

[( BRI RWRE(0)01pR20 , -[(W)-0C(0)]pR20, -[(W)-S02]0R26,

-[(Wg- N(BgO}SQQh}RR@) -{@/g-C(0)N(R20)J1,R20 , -[(W)-0],R20,

[(W)-N(R20 and R e
AR RN M RE S, 20 AR, ARSI el nercroary,

het¢retsptintalkiyé theitatenatkmayt, cdrgtosyer goyloxip, dpabd@llhymvnyteémmo
alky@?@éﬂ{)@cﬁﬁ¥m&§ @f ﬁ?e}’lﬁl?él%h‘? n%ﬁi%qmw&lﬁlhyﬁﬂﬁ:ﬂ% COmetric or

arallcylseleno, arylseleno, alkylthio, aralicylthio, or arylthio; R3’is H; or R2
Sterﬁﬂﬁ%‘?ﬁﬁ@%g ﬁ@f% 15_\153Hgn aantsmplates all such compounds mcludmg cis-

an&@%ligﬁ&§4ﬁﬁﬁmm&m3@%teremﬁ@@h(ﬁf RBéuansl @fllsomers the racemxc
Im}lnde e%e tl éSOH alkyl, alke Yl alkyl, nltgl aralk-\ N
RGNS, ESH D e DI B AR S) ARG

Adthly@miyhyannm;: alkylarainomsanghabei pmsaﬂymmm;maimatmmm alkyl group.
Allgﬁ}:(%%%?{ér a.b%ﬁf g?@Mre% ]Eg‘egp qr@ﬁx&?}ﬁ%ﬂ t%oge?mcq{lé%rﬁx—tgs 1r§/bntlon
Where tautomers are posmble in a compound of the invention, the invention includes each
tautomeric form. Where stereochemistry of a chiral center is not expressly depicted or
described, the structure includes each isomer at that center. Where the absolute stereochemistry
of a compound is depicted in a drawing of a structure, the depicted isomer is a preferred
embodiment; a racemic mixture of each specifically depicted compound is also an embodiment
of the invention.

In certain embodiments, each R(’, R8, RQ, RIO, R" that is present in the compounds of
formula (1a) or (1b) is either H or alkyl. In some embodiments, the alkyl is preferably a C1-C6
alkyl that is optionally substituted; methyl, methoxymethyl, trifluoromethyl or ethyl is

sometimes preferred. In certain embodiments, each of Rf’, Rg, R’ Rm, and R'"' is H, and in

some embodiments R’ is taken together with R® to form a bond, or R' is taken to gether with
R'! to form a bond.

In some of the above-described embodiments of the compounds of formula (1a) or (1b),
R? and R® taken together form a bond, so the carbons on which they appear in the formulas are
connected by a double bond.

In some of the foregoing embodiments, R* and R’ are each H; or R* and R’ taken
together form =0 or =S,

In some of the foregoing embodiments, Y is -O- or -N(R**)-.

In some of the forgoing embodiments, X is a bond, and in others X is CH,.

W in the foregoing embodiments is a diradical, which can be an alkylene, cycloalkylene,
arylene, aralkyl diradical, or an (alkyl)arylalkyl diradical, or an (alkyl)heteroarylalkyl diradical.
In some embodiments W is an alkylene of the formula (CH,),, where t is 1-6 and often t is 1-4.
W, or any of its parts, can be substituted with the substituents that are typically suitable for an
alkyl or aryl group.
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each of R7 and Rs independently is H, alkyl, alkenyl, alkynyl, aryl,
cycloallcyl, heterocycloalkyl, or arallcyl; or R6 and R7 taken together form
a bond; or R8 and R9 taken together form a bond; each of Rl and R11

wdndeprpgently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl PCT/US2008/003200
heterocycloal I or ara yl 9 tha eth r form a bond: or,
HF ke e e e S AL e

RI ahe’ ether form epeno% t'fmtlgte &cho™
0-6;0ocamemcefésréd, catibgidiaikesyh sllcynyl, aryl, cycloallcyl hetcrocycloalkyl

ara%ysjorlﬂgtt%%rﬂr&%s M!m&{ts §(Rs)gﬂ'§} 5@}1 chﬂfa}/ng%%tlonalky substituted

occurrences of R2 can é‘@-ﬂ% en, toget er to form a 4-8 mem gged 2
Cl-Ghidiadiysobstiamba dmgithithitehtan sovp Hatddanhs Qe te § A9H

wheb %2(;’]38 m&eaﬁﬁ&lemsi@ml | f&&kypfemacﬁ Qp&@&%ﬁ&%ﬂr&n@l’%@@dﬂéﬁhemﬂ
aryh heteroary!, heterocyclyl; a Xy, ac alide su
e S i S0 RSOTHARARG b gnenc
R ma}bgﬁymmaihmg:grﬁﬂplld??z independently for each occurrence is H
ster, & r i i rea
I T A R B N T
takmw@h@aﬁ@ym pdronsowlhs hraenrEnahsearbons SR higRRIGnd R are

depbAR2OURRAN hofl0)R20, _cO2R20, 0c(0)R20, c(0)N(R20)(R20),
N(R290(0)R20 “N(R2Q)C(ON(R20)(R20), -S(0)R20, -5(0)2R20
-S()oRHRIGTLESS R(RSHEFBTEERHY 5FICcicordd 45IbHL ALYy FSPRR QY the

for&gzﬁngreﬁcﬁdi&xbhtalky&h&t&%fhyt 1&1&@@5@;& icyelepdiibnany 1 araliybnhibembaryhied

Cl Iﬁ ﬁ[gg( 31. erh?RﬂzaalgC%, (ef anrgtr nltrlleh é_& i:?g%rya:ﬁa can cyclize to
fonnl\a(m@w@ymmstlw(m@)gd(@m(;l?éz@y(nzoymig(@m Pescith@) 2R, and in some of

the fg@égxlh'é%%%g@rtg\l (BB AR Ok BrS e lzcZoFoftn 25U B rilelftieekt ring

or 6; 30R independently for each occurrence is H, alkyl, alkenyl,

havipg iy 1o SYOBEIRAQF)E sg}%ﬂr@ﬂ TR0 Oy, 20 RAB P IEMEATS THL 90909 3.
emisodinRertls, Bt Yot O5/RB-Y -60@)),0f I fagiBirdepRidentydeN, Smwe.

C(R12n3i)(;rmulas (1a) and (1b) and (6a) and (11b), THT2-T - s fused to a cyclohexane ring
to form a fused heteroaromatic group as described above. In the foregoing embodiments,
-T'-T%.T>- sometimes represents CR>-NR**-N or CR*-N-NR* or CR*-0O-N or CR*-N-0. In
other of these embodiments, -T'-T2-T*- represents N-O-CR* or N-NR*-CR® or NR*-N-CRZ,
R** in such embodiments can be H or optionally substituted C1-C6 alkyl, or C(O)R™, CO,R*,
CON(RzO)z . or SO,R?: in these embodiments, R% can be H or C1-C6 alkyl or aralkyl, such as
benzyl. In other embodiments of formulas (1a) and (1b) and (6a) and (11b), -T'-T%-T>- is —S-
CRZ-N- or -O-CR¥-N-, R? in all of the foregoing embodiments can be H, halide, or
optionally substituted C1-C6 alkyl, including CF;. Frequently in these embodiments, R*isH
or C1-C6 alkyl or —SO,-[C1-C6 alkyl].

In some embodiments, the compound of formula (1a) is represented by formula (6a):

Me Me,
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W is a diradical; WO 2008/1091S4PCT/US2111M/041321111 X is a bond
or Y is -0-, -S-, or -N(R24)-; and and each alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, heteroarallcyl, whether

w@EK0e@6#an of another group, is optionally substituted. SCeptafings2008/003200
compounds of the present invention (/@52/ exist in particular geometric or
stereoisomeric forms. The present invention contemplates all such
compeundspicekadirgedideanativarns-iHommesuRcaiidSephblstiaththecof;
diastgr [Gomers, (D)-isomers, (L)-isomers, the racemic mixtures thereof,
and other mixtures thereof, as falling within the scope of the invention.

AddRichE alpialkend cllgpn.aommeysiagiod suskentaralispisirrest such
het&%@é@gmmmz 1089 soetisonmis’’ a0Ee s oT RS, t@m&(a%fgl(a%“ ,
epded t inc Rothiseiny, e omers.are,possible in
'S(és of fﬁéggi%g%t Hi }57 {lmrﬁér% Iuézi})é?@ﬁ)a?ﬁ{%meric form,
[(Xs%r@ce@lﬁzécmm@wm‘il cgm Néﬁr;%)S@zW%XEWWNﬂéﬁeﬁiﬁPh
[( mcy @%ﬁ%ﬁ womer at that center. Where the
ute S e om

trv of a und'is depicted in a drawing of a

struetahenftRe andgictaderusnntis l&%{éﬁ@t‘?eﬂ@s@hﬁéﬁmmwi &Yploehaid nitrile,

araRP{YIEoRf LG ety KBRICIRdROARAOLING RISl 8 RN S TRRJIMRNERiroxy,
the invention. In certain embodiments, each R6, R8, R9, RI, R11 that

amyagy AlCWATIR R EBRIBB AT B rATRASY (Atnsr PR LiRIER I dtraligh. g and
R’ sﬂmewgamedfman%@ the-glkyl is preferably a CI-C6 alkyl that is optionally

subsiitute ethaxymethyl, triflyor thyl or e
ZOsgme c% ﬁrreﬁle ;chertalr?}4 gm (I%l I?Sa eearl1 %lg? ﬂxgl §Clﬁc}lkyl
hefarmmlqalk)m mwm@m@m@wm i$GEkeh fbgeth@rbwvm Rgupences of

R0 PRBE (YeREISIEGR fa%eeh vty Bodarid /ML ring wicE ¥R Rains

of the above-described embodiments of the compounds of formula (la) or
O-Jibpterostama Ristshdirm dethe?-®tPa bond, so the carbons on which they

appedl indepedashylas a&@%@@ﬂﬂe@ted{m&amm@p fhéteroarylmﬁwﬂﬂycyl'
of tr11e foregoin emb ent %R@hare eE}%hoHara Fi) . ammo
Vehafgé)e % s'gme 6|hg e ﬂn&fmé%rts
acyﬁmondnasmdwecofathe’lfongbwgtmbg)mts X'is a bond, and in others X
is Clg2, independently for each occurrence is H, halide, ester, amide, or nitrile;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, =0, —SRzO, -OR%
N(RPWR?), -C(O)R™, -CO,R™, -OC(0)RY, -C(O)N(R™)(R™), -N(R*)C(O)RY,
NER®COINR*NHR?®), -S(OIR*, -S(0),R%, -S(O)NR>)(R?), - N(R™)S(0),R™, or
[CR)I-RY;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, -SR*’, -OR® | -N(R**)(R™),
-C(O)R?, -CO,R®, -OC(O)R”, -C(O)N(R™)(R?®), -N(R™)C(O)RY, -N(R*))C(OIN(R*))(R?),
-S(O)R™, -S(0)R™, -S(ORNR™)(R™), - N(R*)S(O)R*, or -[C(R)2]¢-R*;

pis0,1,2,3,4,5, 0r6;

qis0,1,2,3,4,5,or6;

R independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, or heteroarylalkyl;

-T'-T*-T%. is Y-B-A, B-Y-A, or A-B-Y;
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30 W in the foregoing embodiments is a diradical, which can be an
alkylene, cycloalkylene, arylene, aralkyl diradical, 07 an (alkyparylalicyl
diradical, or an (allcyl)heteroarylalkyl diradical. In some embodiments W is
W@Q(%ﬂﬁ)% of the formula (CH2)" where t is 1-6 and often t ig L Mo®h03200
any of EEe sybs |tute with the.substituents that are typically
SuERE ¢ édfa APLIB 9/109184Pc|A152008/003200
In sevme emiaddnnents Rl is defined in terms of W and p, where p is an
mteggr fr% !%ﬁﬁme preferred embodiments, p is 1. In some of the
foregomg em Odl entd, Rl is H or alkyl, including optionally substituted
CI-ObiaHeH. 1#r ot @mboeithents, Rl is an acyl group, including C(--.0)R2
or C(Q@Esch,mhm@? Ayl %fnlﬂegy@t%‘éﬁﬁrl Seesifisaxamplesfl Reeroaryl,

these embodiments inciude methyl, ethyl, tert-butyl, Phen yl"and benzyl. In

hetswéﬁlémbwaﬁ%ﬁﬁ?nﬁmsvwfwawér%é?ﬁbdaﬁﬁemé IRYRSEEI9R' . where

R' 94k eyl diments b senaemidheitaregemd-Le)oxlimeBisdRMqandohérs X is
re both H. In others, R6 and R7 taken together form a bond, so the bond

¢onnecting the carbons on which R6 and R7 are 10depicted is a double
bondi soonﬁta@iﬁOmgnimmbommmrMemm&mtyxMéM\as (@exCrilreeD-, and

in &hgyﬁlch?&%&rﬁéﬁgeﬂ%e eﬁl@&l&#ﬁ*&% %@s%@“t@&sﬁﬁf%{m&% and in
independently H o saF{;;t%g')lrgﬁa;Ié/ substltuted Gl -C6 aIIc . Where fwo R2

SO!B%@mb@ﬁlm%éimé Al s &rPQBomer Mcawfeva&e toGorirpatyl or
ary@mg@nw)awbaﬂweﬁ@x?ﬂgemwmﬂo%mmgmﬂg a&aﬁﬁre]z:rdbed above,
an othe nts, tw; pnthe s tom
e RS E60 40 BRI PR 08 i M ARove. In
sorge Iei:tbdfﬁmgmhdg m&mmﬁmg{n@mmh @6@@2% R0 RTE et R is

Cllgzéigu%]fe%f%r)’ (§{§Ib Jep S tjg aa%%% ?Séf% dﬁaﬂ}ézsullpstituted. In

sopgEiathedapRng 1‘éo“form a fused heteroaromaﬂc group as described

abovg.Jirdhefeseneing enbedissemM 40l At)3s SEPAGIIMESof formula (11b):
represents CR23- NR24-N or CR23-N-NR24 or CR23-0-N or CR23-N-0. In

other of these embodiments, -TI-T2-T3- rgpresehts N-0-CR23 or
N-NR24-CR23 or NR24-N-CR23. 324'\1?1 sh eftibodiments can be H or
optionally substituted CI -C6 alhyl or Z(0)'R20;, CO2R20 , CON(R20)2, or
S02R20; in these embodlmentsgvila an be K or CI-C6 aIkyI or arallcyl,

such as benzyl. In oth ﬂ@@ of formulas (la) and (Ib) and (6a)
and (11b), -TI-T2-T2- is™ N- or -0-CR23-N-. R23 in all of the

foregoing embodiments can be H, halide, or optionally substituted C1-C6
alkyl, including CF3. Frequently in these gghnbodiments, R24 is H or CI-C6

alkyl or Sag%xéc' %?u!?tes deg e%"@“ﬁ%&?&& mRound.atioimula.dp)
is représénted by ormu 645

wherein;

R'isH, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, -SR*, -OR%, -C(O)R¥, -CO,R®, -OC(O)RY, -C(O)N(R*)(R™),
-S(O)R*, -S(0)2R*, -S(ORNR™)R™), -[(W)-C(O)},R, -[(W)-C(O)O],R?,
-[(W)-OC(0)];R*, -[(W)-SO],R*, -[(W)-N(R*)SO,],R*, -[(W)-C(O)N(R*)],R*,
-[(W)-OJ:R*, -[(W)-NR*),R™, or -[(W)-S};R*;

each of R* and R’ independently is H, alkyl, alkenyl, alkynyl, aryi, cycloalkyl, nitrile,
aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulfhydryl, alkylthio, arylthio, aralkylthio, hydroxyl,

amino, alkylamino, arylamino, acylamino, aralkylamino, heteroaryl, or heteroaralkyl; or R* and
R’ taken together form =0 or =S ;
15
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WO 2008/109184PCT/US2008/0032011 (6a) or a tautomer, saturated
derivative, or pharmaceutically acceptable salt thereof; wherein; Rl is H,
aIkyI alkenyl alicynyl, aryl, cycloalkyl, hydroxyl, at-alkyl, heteroaryl,
aRmalkyl, haloalk-yl, -SR", -OR.20, -C(0)R20, -002R20,,
-C(O I}KRZG)(RZ S(O)RZO -S(0)2R20 é%LZN(R 25(R21. 1)‘0&9 Fosyo0s200
c(o)F 1, Ridsesndaptiy o epiressrenanrSictiybalkw) %‘@zlybm éycloalkyl,
hef@&WWﬁk&DBﬂaﬂcyi(Wbeﬁé@N R2ejpelid{Vv})- Q@(IB%{}R ; or any two occurrences of
2 (W):N 20 of ach f R4 and en entI
R Ff< bgl en ?)) yer{yt cyc oark ?eregn 3m1 T t“f(%)&? a‘@f%} gontains
0- &byt@mtdmaﬂlsﬁéeogedfﬁydr% Qlkyltimd, Parylthlo arallcylthlo hydroxyl, amino,
alkylgming. AR Br @M%Hﬂﬁeﬂglgﬂa@g?galmt%gﬁryété%aa; heterocycyl;

heteroaralkyl; or 1:4 and R5 taken togethér form =0 or’=

a"fﬁﬂ@p@ﬁ&@ﬁtl%?@a@ﬁl@écﬁﬂ@yé&?swm; agtibiry| arllgyiipioahyRiroxyl, amino,

acmiﬁaalkyﬂmhet@f@cwmyqy&oamﬂwé distgroaryl, heteroaralkyl, or
“[C(@ﬁ]‘é’ R2'; or two occurrences P&IelSRZ can be taken together to

form ef%eéi% o??ﬁgr?ﬁﬁi}%ﬁ}fgﬂ GaAG SR iR LS
hetei&émmsaedbadt;eﬂ)frmrh Ne@irfenaad B, alkyl Rikadepaogentbyisatiatharyl,

B N S S %"%ﬁ.ﬁi&#ﬁ%ﬁ’% o oo,

‘Négy(#)iﬁqlﬁdcéﬁ’ﬂao; cﬁ(ézgarab@@ﬂ@éin mﬁ[@%uﬁR ORING apEpntly for

-NFRENROGNTIENER S, s (plide  sptsIRAMICIen AT RATIR), - NRBB)S(0),R™, or
[&;1?%5% pdently for each occurrence is H, alkyl, alkenyl, alkynyl cycloalkyl

r%llcyl heteroaryl, heteroaralkyl, perhaioalkyl, halide, nitro, nitrile,

=0, -BY28@:paRA0y D R2D}HRABEncE (@R 2tkyl, kS konyG @Mbalkyl, aryl,
AEIEEONTGER) AR BAZTRR SRLNRAORD o,
-C(O)RY, -CO.R™, -OC(O)R —C(O)N(RZO)(RZO -N(RZO)C(O)RZO NER®CONRPYRY,
-S(O)R™, -S(0):R”, -S(ORN(R¥)(R™), - NR™)S(0)R*, or -[C(R)J¢-R™;

pis0,1,2,3, 4,5 or6;

gis0,1,2,3,4,5, 0r6;

R independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, or heteroarylalkyl;

-T'-T>-T- is Y-B-A, B-Y-A, or A-B-Y;

each of A and B independently is N, S or C(R%);

W is a diradical;

X is a bond or -C(Rzz)z-;

Y is -O-, -S-, or -N(R*)-; and

and each alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl,
heteroaralkyl, whether alone or part of another group, is optionally substituted.

In some embodiments of the compounds of formula (11b), X is a bond, and in others X
1s CHs.

In some of the foregoing embodiments of the compounds of formula (11b), Y is -O-,
and in other such embodiments Y is —-N(R?*)-. In such embodiments, R** is as defined above,
and in some embodiments R* is H, C1-C6 alkyl, or COORZO, or SOzRZO, where R? is C1-C6
alkyl or aryl-(C1-Cé6)alkyl, and wherein each alkyl or aryl is optionally substituted.

16




R24 independently for each occurrence is H, alkyl, alkenyl, alkynyl,

cycloalky!, aryl, aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide,

nitro, nitrile, -SR ", -0R20, -N(R20)(R20), -C(0)R20, -00212.20,
Woﬁz‘%{&lgﬁ% -ﬁ(g)zl\(l)(Rég)(Rzg)é 'ngog),c(oz)gzg’ N o PCTUS008/003200

N(RESTETT IR e SIS ROP RO S0t Do Dy G gy I
song; o, the Grégoing eRbodapensdiitly ForGiach dbslyiGaRR s ¢d SaHR/A’, atkermyR ™ is

I , aryly aralkvl , rylalkeyl: AT0-T2-T3- |

St e N S S AR R
some spbcEimespariddntly is N, S or C(R23); W is a diradical; Xis a bond or Y

IS -Qp, cRrailerhHRZMnt AN conadrRan TRk alkeBY L1 BIKY b Y from the

cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, whether
following empRatstAR8tHeH SPBIRTSE BptiBRAMPStH N a TR HTalts:
embodiments of thg. camhbonds of formula (6a), X jg.a BBNdxand in others
X'is CH2. In $6e of' egeiftg embodimentsN¥ thetq@mngtMds of
NG 10 in other such embodigentgyY: Is -N(R24)-. In
as defined aboveyiaf e Embodiments

such emi ) 2 i
R244sH O-alkyl, or COORN, Qp/SGZR20 -y
51‘}} -2 1-CR)alkyl, and wherein each g| I Aaryls optionally substituted.
In such embodiments of the compgurws of fermula ((la), Rl is as defined
above. In some of the foregoing embodiments, R1 is H, O-qgglkyl,

HN
wherein each vhQ
e
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some embodiments, p is 1. In other embodiments, the compound of
formula (Ib) is a compound of formula (lib): llb or a tautomer, saturated
derivative, or pharmaceutically acceptable salt thereof; wherein; Rl is H,
wadkyd @kanyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, hetecaargko0s/003200
heteroaralkyl, haloalkyl, -SRN, -OR20, -C(0)e, -002R20, -0C(Q)R20,
-C(O)N(R 20)(R20) -,@G(O 20 S(O)2R20 S(O)2N(R20);(,|328 N

/- O (D) (0)N(R20)]pR20 25
40,11)-SlipR2():  eamb o@;
' apyT eyclodlkyl, nitrile, aralkyl,
2 Xy, acyloxy, halide, sulfn i thio, arylthio, aralkyithio,
hydroxyl, am 0, allcylamino, arylarnino, acylamHno aralkylarnino,
heteroaryl, or heteroaralkyl; or R4 and R5 taken toglgther form =0 or =S ;
WO 2008/109184PC171,482008/0032011 R.2 mé’ep ngdently for each
occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hﬁte cycloalkyl,
aralkyl, heterggryl'"'ﬁe% oaralkyl, or -[C(R)2L- thkeor"%?n /0 ogClprences

3

-
~
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K independently for each occurrence is H, halide, ester, amide, or nitrile;
R23 independently for each occurrence is H, alkyl, alkenyl, allcynyl,
cycloalkyl, aryl, 10arallcyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide,
wdEes/nitle, =0, -SR20, -OR20 . -N(R20)(R20), -C(0)1220, -GR2RBM08/003200
-0C(0)R20, -C(0)N(R 20)(R20), _N(R20)c(0)R20,
_N(R20)c(0)N(R20)(R20), _s(0)R20, _s(0)2R20, s(0)2N(R20)(R20),
N(R20)s(0),R20, or -[C(R}2kR21; R24 independently for each occurrence
is H, alkyl, alkenyl, ,‘ {ibros
heteroaralkyl,\perh@
-N(R20)(R20 /-C(0}

ocfturrerhtc is H aIkyI alkenyl alkynyl cyclé‘blkyl aryl, aralkyl, heterwaryl,
or heteroarylalkyl; -14-T2-T3- s Y-B-A. B-Y-A, or A-B-Y;

The pharmaceutically acceptable salts of the compounds of the present invention include
the conventional nontoxic salts or quaternary ammonium salts of the compounds, e.g., from
non-toxic organic or inorganic acids. For example, such conventional nontoxic salts include
those derived from inorganic acids such as hydrochloride, hydrobromic, sulfuric, sulfamic,
phosphoric, nitric, and the like; and the salts prepared from organic acids such as acetic,
propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, palmitic, maleic,
hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sulfanilic, 2-acetoxybenzoic,
fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isothionic, and the like.

In other cases, the compounds of the present invention may contain one or more acidic
functional groups and, thus, are capable of forming pharmaceutically-acceptable salts with
pharmaceutically-acceptable bases. The term “pharmaceutically-acceptable salts” in these
instances refers to the relatively non-toxic, inorganic and organic base addition salts of
compounds of the present invention. These salts can likewise be prepared in sifu in the
administration vehicle or the dosage form manufacturing process, or by separately reacting the
purified compound in its free acid form with a suitable base, such as the hydroxide, carbonate
or bicarbonate of a pharmaceutically-acceptable metal cation, with ammonia, or with a
pharmaceutically-acceptable organic primary, secondary or tertiary amine. Representative
alkali or alkaline earth salts include the lithium, sodium, potassium, calcium, magnesium, and

aluminum salts and the like. Representative organic amines useful for the formation of base
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each of A and B independently is N. S or W is a diradical; 25X is a bond or

Y is -0-, -8-, or -N(R24)-; and and each alkyl, alkenyl, alkynyl, aryl,

cycloalkyl, heterocycloalkyl, arallcyl, heteroaryl, heteroaralkyl, whether
walQs @b part of another group, is optionally substituted. In SQBS/U$2008/003200

mbodijments of the, compounds of formula (1 1h), Xis a hond, and in others
s e TSP D e BB e
dietfafoinmubee (bifis)a s atd tanidkin Bherfsuckrepibodirgetsay, ispk(R24)-. In

SUCE&‘%&RQJQL%@&W HgASSI0RE: AN A0 R SRS RAUBIERSin at
R24 is H, CI -C6 alkyl, or COOR20, or S02R20, where R2'is C1-C6 alkyl

leagroap sqonems) afidgrmael (i oveitP b ae ek st BRI© bibiGhany embodiments, or a
phadhstitidanty WML B4R GRxiled 0B/ QDIGROMhH bRk aceutically acceptable

embodiments of the ‘comPounds of forrnula (11 b), RI is as defined above.
XGIPEBMENSPIRR FBRAGINTG NS SAMRSHRS 1R S PRAERAtsBisikfOBRTHSB 1of
corBfRM20f WhardaREZ)2OIHEG, abkytdinarylafy ¢{Tit)atoyle andodhrenain each

a'kyh%r%%i«s gptionally substiiuted;dn FofC ?%%H&‘g ”SES.co%JSa%nE"Q iated by
certain embodimerits, the comp%un of formula ? a) or % IS sellecteﬁé rom
thethedgshow righecm pondis sadinthisicrmgtnmatd isatap s s ticcaumioaifyof a compound
de@TRERIRRIESAS: inYMAZ008/ %MN&M%%Q%@%@% the hedgehog pathway
in a subject, including administering to the subject an effective amount of a compound
described herein. The invention also provides a method of treating cancer in a subject,
including administering to a subject a therapeutically effective amount of a compound »
described herein. Such cancers include cancers of the central nervous system and cancers of the
gastrointestinal tract. The invention further provides a method of inhibiting activation of a
hedgehog pathway in a patient diagnosed with a hyperproliferative disorder, including
administering to the patient a compound described herein in an amount sufficient to reduce the
activation of the hedgehog pathway in a cell of the patient.

The invention further provides compounds of formula (1a), (1b), (6a) and/or (11b) and
pharmaceutical compositions thereof for use in therapy. It further provides compounds of
formula (1a), (1b), (6a) and/or (11b) for use in the manufacture of a medicament. It further
provides compounds of formula (1a), (1b), (6a) and/or (11b) for use in manufacture of a
medicament to treat disorders mediated by the hedgehog pathway, including cancers as
described herein.

In another aspect, the invention provides a method to treat a subject afflicted by
excessive activity of a hedgehog pathway, which comprises administering to the subject at least
one compound of formula (1a) or (1b), as described in any of the above embodiments, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition thereof. In some
embodiments, the compound in the pharmaceutical composition is a compound of formula (6a)
or (11b), according to any of the above embodiments. In some embodiments, the subject is a
subject diagnosed with a hyperproliferative disorder, and in some embodiments, the

hyperproliferative disorder is cancer.
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The pharmaceutically acceptable salts of the compounds of the present
invention include the conventional nontoxic salts or quaternary ammonium
salts of the compounds, e.g., from non-toxic organic or inorganic acids.

wdaegKample, such conventional nontoxic salts include thosepgefivedion200

S [ %Egsar}i%t%%ild Fk&ﬁlal %ydroglt;rlﬁride, hydrobromic, sulfuric, sulfa_lmic,_
E?W%W%%M ) ; the salts prepared from organic acids
sucﬁ@@@d @@pa@pmwmdmﬁwmpmmmw Fh&li?éi,y from
nath R GBS, &éf&ﬁgi(&lmg'& Epﬁtlﬁ'éﬁc QXQ@X@%%'IIP&@%%%ECES, the

glutamic, benzoic, salicyclic, sulfanilic, 2-acetoxybenzoic, fumaric, ,
sterRjrifb abainfdAlaRRIRARS PR e BtHARTHISIARRINGXAREsSSEHaIIAl @ligiefds can
be peclikedl BoathRrEABESs: dhecam pouNs-af-ihechigsenkiny eniebnvayence, the

. _contain one or mo&}e[ cidic functignal groups an(%, ttﬂus, e c?(PabIe of 1l
rings 4 g OTRTHALE IS ) VSRERP tARIATE ARa! QRS to those of eyclopamine i
sor&pharmatectical lyyaceéptiablalsases.of ngclepamine, for which the rings are
; de;%l?%@?n ggigqﬁy-a(_:ceptab_le salts” in these instances refers to the

relatively non-toxic, inorganic and organic base addition salts of

compounds of the present invention. Thg{séﬁ Es likewise be prepared

in situ in the administration vehicle or the @ form manufacturing

process, or by separately reacting the pg iftegf Gempound in its free acid

form with a suitable base, such ag Y

bicarbonate of a pharmaceutjeathy-acss ﬁtable metal cation, with ammonia,

or with a pharmaceutically-agceéptalile tyganic primary, secondary or

tertiary amine. Represen’f&?ive alkall or alkaline earth salts include the

lithiuPhe soiptnpdsotessiben abalcivan, v agnbsiund, iandyalumiruni sajts asidg

the like. Representati rgani ine I j
o T A e S SD0 D0 40D oy <ol A iy s
arecptylsinnth By etngraniagihrieie 3 ath siEiah e gletwidrlsiammmendsiserazne
cy@Bgathmdkam(PafuiosiaxasnBlie BRIGSp LA s bRkAbs il e Ah ah A%RERed

the invention provides a pharmaceutical composijtion_c rising. at least
by B SR O ABHACHEE T BB} AT ESCHTF T Ly PP IRE SR o

copfehadimenissobstituted hydrazines, N-hydro-amines, or N-mercapto amines to access a

wide variety of 5 membered heterocycles. [3+2] Cyclo-additions on compounds having a
double bond in the A-ring, for example, can be used to access pyrrolidines, isoxazolidines,
1,2,3-triazines, and unsaturated derivatives thereof. Alpha halo ketones can be condensed with
primary thio-amides to access thioazoles.

In certain instances, the compounds of the present invention may contain a six or seven
membered D-ring. Briefly, as illustrated by the example in Scheme A, the seven membered
D-ring analogs may be accessed by cyclopropanating the D-ring of a suitable steroidal alkaloid
followed by treating the resulting cyclopropanated product with a Lewis or Brensted acid to

catalyze a ring expansion rearrangement to yield the seven membered D-ring analogs.
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5pharmaceutically acceptable salt thereof, admixed with at least one

pharmaceutically acceptable excipient. In some embodiments, the

compound in the pharmaceutical composition is a compound of formula
Wé%?/ﬁ(gﬁ@' according to any of the above embodiments. Pclfh?%a,%%&zoo

aspect, the invention provides a method of treating a condition mediated

by tRé SR O EXCTODIATY, 10T atio ol 9 =10 FIEMAR .o subject an

effective amount of a wd 10described herein. The inwention also

provides a method of"a:H agomizing.ihadedgaheg pathway in asubfect,

including administerjpgidgthe sublfEtt an effective amou a.ggmpound
described herein. J]"ﬁ» vention A1S6°IrEWEEY a method!pf treating cancer
in a subject, i g administering to a subject rapéutically effective
amount o?“é?compou:pd described herein. Suc®€ancers inglude cancers of
the central nervous system and cancers of the 15gastrointestinal tract.
The Thichtoprrantier providesinerunhsPafornndibalp s anadtrs e beamodifications
to idﬂ@dqaaqgeg?ﬂgwamgm@amw@ﬂgmh %ﬁ@/ﬂm@ab&ﬁ@fmpgtﬁéaﬁy%i rciings as
isorder, including administering to the patien{ a compound descrihe _ _
S i R e R
furpaithsidnaiivaresitioftheqeatiendcTdre iRvprtomfirtkenppdddeswcengdodncs
col) 1‘I9§PF la{le toﬁk%égﬁ?aﬁgé’s’ Qr %@@a?}@e‘i %9%%%@3‘%@@&?@' §91%1:‘%9§#§%&
thereof for use in therapy. It further provides compounds o formula a),
nugigypelay. aprtiemTis) eiaciropliHah@mayrslifaeastions, anprdiidemad mrofecting groups,
rerfloRRRE AMRWIAES, GesnpoURdsiRifremula (1a), (Ib), (6a) and/or (11b) for use
in manufacture of a medicament to treat disorders mediated by the
Ph R luding cancers as described herein. 25In another
aspenie thenmnsianossddesemoeihiodiordtdaia subjesiaiféiciach bymposition
essive, activity .of a hedgehog pathway, which compris dministering. .
s T s, i B R B S Rt lnsadhives
an{foadyiesinthe Hisohereratsutimicstspositoph arandcentivally fcopytdd|éosalt

ad G010 f R TARRH ?&kﬁ%@&éﬁ@%@{&&ﬂwﬁ‘ﬁp&@f@fﬁ%ﬁp &Y Sal

the compound in the pharmaceutical composition is a compound of
ad iR Ba {8 G P1B) S BrRAIG 1B 4§ PRARERITS URHOE PR EHIREHONS),

tatioR)e. eInihosh agiatsd e nidoiechiblm Al et she@naseskyyion, capsules, boluses,

hyperproliferative disorder, and in s embodiments, the . . . .
por\%c%ésr, &{) | zFé’tR/%t szgf §8Pllxscegéor1]rxcteor. ﬁﬂgcue, l)parentera administration, for
cx2008/1D018IROEUS 2008003280 Byatbesis afeBidvuitajalkalait for example, a

stSARIPRIBAS: LgeaiesRidR salkalald Aerivatyar AaSRIIRS b ARAY EEALRG, for
prepared directly from . »
example, as a cream, ointment, or a controlled-release patch or spray applied to the skin; (4)

intravaginally or intrarectally, for example, as a pessary, cream or foam; (5) sublingually; (6)
ocularly; (7) transdermally; (8) pulmonarily, or (9) nasally.

Examples of suitable aqueous and nonaqueous carriers which may be employed in the
pharmaceutical compositions include water, an aqueous buffer such as PBS, ethanol, polyols
(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures
thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of coating materials, such as lecithin,
by the maintenance of the required particle size in the case of dispersions, and by the use of

surfactants.
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naturally occurring steroidal alkaloids or synthetic analogs thereof. In
certain instances, the steroidal alkaloid starring materials can be
cyclopamine or jervine. These steroidal alkaloids can 5be purchased

W@gmm%ggglly or extracted from Verat rum californicum. For ¢@RvweiRR&R3200
the{;O'hn s of the compounds of the .inv ntionttha are analogtous to those of
| ﬁge Uvi S

cyclopaRTBRIHGBETEs e desdiibed by ARAIOGY 10 The rings of & <ot
emwydiopangines, dispwiich algemmgé)ar@ddemﬁeqaas'qjqi@@m-rP_rqq@thc@mquehe action
of AR ARSI ARANE6o0 A IMESIERA I AR T R IHALRm of

using combinations of methods that are well known in the art.”In certain ,
varipistantibagierial eofpsiinres recainfRespEwpisy Restie ndigebutatel phgaol sorbic
acidlGHVeRLTRE RIEIQIANCOITMRAHMIS EURM AR RUHARAIPING Wilkh ¥aH@LSs, sodium

bi-functional nucleophiles, such as substituted and unsubstituted .
chlmﬂé@ Nc_q,]w %métlcbr}s,\llmgﬁ% piAlamged absorption of the injectable
phainitetatda(Noahlprg) veineg e be pdendensed viityannsuwbitittuééd absorption
Sucnxgra E{i{rl].esmNIﬁg dsftcgéar%irég , %[alt\lﬁmercapto amines to access a wide

variety of B membere etergcyc es. [3+2] Cyclo-additions on compounds

havivgteodoabiecbenns imebreinariniglifos exapmplesitars ieclude theosigp b dginging
int@YELOUGINGS, AARANCIRESHL GacdilfiRFAN6 5 ARG VSR RIS AeUVRIY Gftredients.

thereof Alpha halo ketones can be condensed with primary thio-amides to.
In genesds thei SAPBIBE CDDHE REFRAT Xt ARt EM K eRLIMBBIAY DEREMS Brocsspeiation
a cHERaRvIRY e bath &S i GhSBVENi dae RUvEAredridriing bBiieilyy &Sn, if necessary,
b illustrated g}i tthe example in Scheme A, the seven membered D-ring
ShaRINg SYPRS ycb'e accessed by cyclopropanating the D-ring of a suitable
sterditiah aikaioith folidndidchypedduting theadsmlisrgedyslojwopaaatieats, to humans
anIRAEL D 8L BWia A BRSGCL g hiGRIAIEE 8N SXARRRIOing, for

rearrangement togleld the seven membered D-ring analogs. W
exapls; bo1d4l SthtmenrebexeHipmr) forhabist bt & #0¥emisboat!PipHg. or about

10 2%, Babdun (N3P QYQkive irediMs it Anmird @ alvnethylahemdutically

CbZCbz 34
acceptable carrier.

Actual dosage levels of the active ingredients in the pharmaceutical compositions may
be varied so as to obtain an amount of the active ingredient which is effective to achieve the
desired therapeutic response for a particular patient, composition, and mode of administration,
without being toxic to the patient.

The selected dosage level will depend upon a variety of factors including the activity of
the particular compound employed, or the ester, salt or amide thereof, the route of
administration, the time of administration, the rate of excretion or metabolism of the particular
compound being employed, the rate and extent of absorption, the duration of the treatment,
other drugs, compounds and/or materials used in combination with the particular compound
employed, the age, sex, weight, condition, general health and prior medical history of the
patient being treated, and like factors well known in the medical arts.

In general, a suitable daily dose of a compound disclosed herein will be that amount of
the compound which is the lowest dose effective to produce a therapeutic effect. Such an
effective dose will generally depend upon the factors described above. Generally, oral,
intravenous and subcutaneous doses of the compounds for a patient, when used for the indicated

effects, will range from about 0.0001 to about 200 mg, or about 0.001 to about 100 mg, or about
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This ring expansion of the D-ring can be performed before or after other

modifications to the structure, such as modifications of rings A and B, or

addition of other fused rings as 5described herein. These ring expanded
o n (e at. Repressiatve.sxamples il soac 2"

wn i ive examples jnclude palladium . .

0.0L§5 ) PA et S5 AR B mR p oot ittt Semebhiosmm
of behctiengvyiehduycleophiles, reactions with electrophiles, pericyclic

reactions, installation of protecting.gro remayal gt oL FOURS i

and%%ﬁ?kme‘?om%lar%baec%{%}gél Compg&sgt%ié;n%m Thﬂél ’com%q%?r%g Hotwicea
weelisoioddn hebeinasklvallheiasied pabsible fommabiacrirtoigdalisesition. the drug

carShH B fof ALMRINISHEAN 08ks USINhORR B JHI05E tRRARALS MG ACKET OB G our

carriers (additives) and/or diluents. The pharmaceutical compositions may
weglss eperniaINeRkrAf PTG AP YN a4ftedioiding fovmTomBRRRSan be
adihoseredapiy tarrikentekoyingaithiaadalvadpivaityatiasdeakampitauscularly,
drenches (aqueous.or ngn-agueous solutions or suspensions), tablets,
Subé;}’gtéf’?ﬁ}%%é’t’g%aer{%sal%r &Eién ?ﬁ{rb(ffn%d'uagi,yé)r'?lﬁ rsr;(l)éLli%'mic absorption,
capSikes;holuses;yebisrssyrzany e anpastesifor meplicatichnppimates, in
pat QNS (Rd RAER G Adminiaiallans o[ SXAMmRIg. R ARGHIBREHURd poultry
intramuscular, intravenous or epidural injection as, for example, a sterile
an&phifiBrEeRSeispension, or sustained-release formulation, (3) topical
MaRplicatioRafeegOexample, as a cream, ointment, or a controlled-release
patch or spray.applied to the skin; (4) intravaginally. or intrarectally, for .
e e SR TR oP R 155 ST ARTeTe) SRRy o rmtion
of teansglerspaiiyc ¢8) puiswonatiytjor (Dhnigsadly signakibelnapios ofdtitable
d&‘%%ﬁ%ﬁﬁ”&%ﬁ?r@%ﬂa’%%&%%x%%&ﬁ'ﬂig\@%k‘tﬁéa}xo@?sﬁmﬁ'goé@%&m?c clopia.
p% rmaceutical compositions include water, an aqueots buffer such a
PBSYletyauslopayb st aangijessdiaysbpsichergye 8rpsah atfijtdisdschog
pa@i¥ee! ANdtRG ike) seitsttalieuninires thesgelomagatehia il sy iglial as
olive oil, and injectable organic esters, such as ethyl oleate. PEQer fluidit

compqURIS HRHRSHTERF RS BCArRHYe RIS HISRSFEs At g TSI ERGs 2T way
milegithinodayihespainie banded dreineaui@tepanicleosRaNmihe36ase0eT) and

pﬁ%g&%%%%iﬁge%g’?g%z%%fé%%%%%Qprg%f’vyt\llsosystem (Reifenberger et al. (1998)

Cancer Res 58: 1798-803). Uncontrolled activation of the hedgehog pathway has aiso been

shown in numerous cancer types such as GI tract cancers including pancreatic, esophageal,
gastric cancer (Berman ef al. (2003) Nature 425: 846-51, Thayer et al. (2003) Nature 425: 851-
56) lung cancer (Watkins ef al. (2003) Nature 422: 313-317, prostate cancer (Karhadkar et a/
(2004) Nature 431: 707-12, Sheng et al. (2004) Molecular Cancer 3: 29-42, Fan et al. (2004)
Endocrinology 145: 3961-70), breast cancer (Kubo et al. (2004) Cancer Research 64: 6071-74,
Lewis et al. (2004) Journal of Mammary Gland Biology and Neoplasia 2: 165-181) and
hepatocellular cancer (Sicklick et al. (2005) ASCO conference, Mohini ef al. (2005) AACR

conference).

For example, small molecule inhibition of the hedgehog pathway has been shown to
inhibit the growth of basal cell carcinoma (Williams, ef al., 2003 PNAS 100: 4616-21),
medulloblastoma (Berman et al., 2002 Science 297: 1559-61), pancreatic cancer (Berman ef al.,
2003 Nature 425: 846-51), gastrointestinal cancers (Berman et al., 2003 Nature 425: 846-51,
published PCT application WO 05/013800), esophageal cancer (Berman et a/., 2003 Nature
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These compositions may also contain adjuvants such as preservatives,
wetting agents, emulsifying agents, dispersing agents, lubricants, and/or
antioxidants. Prevention of the action of microorganisms upon the

w69RAYAds disclosed herein may be ensured by the inclusiol;bgwg(jw 3200
intibacterial and antifimgal agents, for example, paraben, chlorobutanal,
T 7€ SRET TR T b L B RS
(Kashddkie ggénm%uﬂhl@s s_mgw*@?-sauimwmmm,tmebmpouhesiam toepositions
ascRmAdRiians. n.arieien. rolonged apsorpiion ol he injsciable. ...
p armacedutical form may be rougﬁ’t a%out%y the ncRigion 6 agents
gasiRinieiskey) GibsorpHemhosnetr apdpurstateranpInostearate and gelatin.
Methpdgsaiarsraring e Rimyialans:A m&m@@%&&&%ﬂ%&@&@mn of

£
of bringing 10 into association a compound with the carrier and, optionally,
&

RsdtE e forAmle BB CRGEHEYAP, ¢he/ 1Rt SteRe Bresearch 84:
60Prepakestdeyl ey rapatintirmalelo brosdingnio ASSICRHENR HG) IHRNAH2942
. with liqui e finely divided solid caryi r both, and then, if .
S e e e A 0 R s
(Watbtaohminideene duasybhisiipdaesuitiyabesdbchwmams (Band ahinaly,. tHeyaaolec.

GeRE: HYCR PO SLQT. A1 2 RRATIAGRUIAALBARPASIOR SARBINING QL ¢ al., 1997,
example, about 0.1 to '99%, or about 10 to 50%, or about 10 to 40%, or

P . 4 :
Caggrsiteros 308 0bAnwist aastis sauecdMitul- 18005 Sancinstasagsie May 19, 2005
(Bfhgrgdieatdlicambisatioiwith v phatmaseuiitei ReeRRIANRISAI®Ee hedgehog
Actuaédosage levels of the active ingredients in the pharmaceutical

f
Palliya TAYOBE AL do° T8 BB RS bHof ke alitie

th

AH OIS

Dangaedient20thitoid Hifectivehtovachited taeplesitad direpapadiiidi saspaiseein have
r j ient, ifi nd f administration, without

oo RS AU mRes 0, AR LA M e

inhibj ety e Ptort indiatsivgetheligeer pdhese oapowds eunhgosel! to treata

vaBEPlsReRrdhResRl dsaliokamidedhareal dipsute of :
25administgation, the time of administration, the rate of excretion or )
metabolisn# ?91‘%@?)‘5?3&95%@0%S%Beﬁ’éﬁﬁ@d&ﬂﬁ%%&‘%m%@gﬁﬁed herein

indxtentvnb absamiiaydhe duedticn! odith edieatmeé nbrodhan detidsng cancer), other
a&g&lpqqggl ansio %rial in. combination with. the particular .

© compoou nd?gm Qé)f/r}e)g?st%g} élglgu,d%sﬁg?q\]?\%fg at%%ﬁ%%%ﬁ?ﬁgﬁe?g Shg%rfﬁ%eg%%camer’
bappl selrfaainnpastapgsbeaneeh AMesie b sing o eededharmdnilcatae s cangets,

gakOwR I SeNRalicahar G BANdenala castilab g daily da88 R uract, colon

compound disclosed herein will be that amount of the compound which is

CAE I RIBET (O SB"ERfe BHRR T PRSB CEPS RS AR B ARAE S feficgh(including
maffektivedase, willtgbmesadyyde pandrjaoar titenigelorgideaatingd, abowe: myelocytic

T o
ang pyeiPdysplsei QOAames) opdbetheron Ve afoliergtomy mecetabninlinemia, heavy
chain disease, soft-tissue sarcomas, such as fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, squamous cell carcinoma, basal cell carcinoma,
melanoma, and other skin cancers, adenocarcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, papiliary adenocarcinomas, stadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma,

choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, uterine
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WO 2110S/109184PCT/US2008/003200 0.01 to about 100 mg, or about
0.1 to about 100 mg per, or about Ito about 50 mg per kilogram of body
weight per day. The compounds can be administered daily, every

W@%gﬁ@xgghree times a week, twice a week, weekly, or bi-Wg@f%&%@ 1003200
dosing schedule can include a "drug haqliday," i.e., the drug 5 can be

S g e .
A Pl A R P3P S B AP E R BPP R RS STrE B B R Y eaREeS rER g ie!
carslaekQfflionigustvwe elssna menelvldedkonih, etenj@hapniiivsm) yedithotiaga
uigholiday, s compounds.can.bs adminisierad arall, Intavenousty.
P meirape’rl onea%fy, oplcaﬁly, ransdenna ) Infamuse ary,’su%c anegusly,
nepotierdeatly reatmo g walhy coddmpeinyl otheerr delleculan dysuthierotr ddéivingrgais-cell

lyrgﬁﬁ‘atxmf %Jﬁt@%@[&m%@ﬁ%ﬂat%ﬂﬁ%%ﬂélﬁb%@%%&@ p&;{&% %Eﬁm’c cancer,

umans, and other mammals such as equines, cattle, swine and Sheep;,
esophagsaLABYF sinbspd aihngeneragevemsl gslbrnraskfrepntial thrpaphpshtigmia,
agSHgealingyis @aseatiRh i Mepy staaesHIhdevaloRMant@sRasath Josis, familiar

formation, of left-right symmetry. Loss ar reductjon of hedgehog signalin
RS SRy S B S RSB S0 R I ESF SR BTG gers: and
camiosidstriking of dihtichaisieyeliepiancluddMamiitisrmordrand qubfiferatise

conditi h S :
aron o R e}
PagiipoliHangi seibebar eaEmaReeenty CIuNgS Pl pupestnd gigep; and poultry
an@pl¥atingeslgehog pathway mutations occur in sporadic basal cell
carcinoma (Xie et al. (1998) Nature 391: 90-2) and 20primitive

neuroectodBif e RS B RS URH A HE D SR rATREAE My g e ppancer
treahr(érﬁ%l)@ameplaese@&aﬂﬁsEeﬁﬂ&)ecﬂ)ﬂt_mmﬂi@lm tealivatichradithion;
wR898000. Pty nasalsg beenshown, I Aumerous anceryes 34,

as Gl tract cancers mcfudmg pancreatic, €s0p ageartll, yastric cancer
ne(Bothiaciet oIy idanmetl 28:t¢4 B notineglacethbréPDOB) Mags pad 25:

imBrki Saief . ( : A e era
l, cancgeéﬁ()ﬂlgér_}ﬁgdkar e%é% (Zg?)%%fé)ﬁlr\llé%f?ﬁ? ﬁ%@%ﬁdgﬁ%@ étﬁ%%}? b

(inglyipg REPEdRumensy 4orteqsieapids. GHOEEIFIGRBIGHY R inhiiors);
ankireasicean cep (Kathoxetal. K2R :Ana6e VRESOBIRILERIEAImEG, (E@Wissetclin and
al. (2004) Journal of Mammary Gland Biolo nd Neoplasia 2: 165-18
L AR B AR 2 G ST BRI Rt P e
meraiv (RO65AABR; pbofederuerl: BBRoLaeXamplatanerbin (id1Beé inPhbitionyanine,
phgt&t%ﬁﬁpwaaganaﬁbmmf-ﬁfggbmqw& @Bimtﬁr&é}gp,lg);pyﬁwcmaﬁékapem.

cell carcinoma (Williams, etal. 3 PNAS 100: 4616-21),
medulloblaStR e e etairapasQrrliss o iabing B qsHale Arol

mERBESDH(Binel Mhasyelaine 20RBoNAINE 473bia8iHe; 2 1)idgasipatestinalstantels
BeTman etal, 2008 Nature 425, 846,51, published PCT applicaton WO

B0 580G} RS Opage Al Can B (BeHan 6L 4l Bobs \atire® “°P ’
prednisolone, dexamethasone, cytarbine, campathecins, bleomycin, doxorubicin, idarubicin,
daunorubicin, dactinomycin, plicamycin, mitoxantrone, asparaginase, vinblastine, vincristine,
and vinorelbine. Additional agents include nitrogen mustards (e.g. cyclophosphamide,
Ifosfamide, Trofosfamide, Chlorambucil, Estramustine, and Melphalan), nitrosoureas (e.g.
carmustine (BCNU) and Lomustine (CCNU)), alkylsulphonates (e.g. busulfan and Treosulfan),
triazenes (e.g. Dacarbazine and Temozolomide}, platinum containing compounds (e.g.
Cisplatin, Carboplatin, and oxaliplatin}, vinca alkaloids (e.g. vincristine, Vinblastine,

Vindesine, and Vinorelbine), taxoids (e.g. paclitaxel and Docetaxol), epipodophyllins (e.g.

etoposide, Teniposide, Topotecan, 9-Aminocamptothecin, Camptoirinotecan, Crisnatol,
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WO 2008/109184PCT/US20081003200 425: 846-51), lung cancer
(Waticins eta!,, 2003. Nature 422: 313-7), and prostate cancer (Karhadkar
at al., 2004. Nature 431: 707-12). Accordingly, the compounds and

W@mgﬁjﬂgns disclosed herein are useful for treatment of medulloblagtieniace

Myto {) ar&cre%t I)gtag%r%ers d(%aslll Irﬁ&? !ﬂﬁ% ﬁrmltﬂggogg@c rxﬁ'&ﬂotx@xate and

a € tance ition, 1t een’shown that many cancer types

Tnmax;mm):dmmil@wmammﬁmbﬁerh&d@éhﬁ@ﬁwayc%r%&m@ Ribavirin,

andkifﬁﬁﬁ?f{?%%%ﬁﬂéﬁgg 2RktR0 %x@@)%%’ 65 R963HA 84 1R DL xamine), uracil
heptacéllular cancer i@e?tl etal., 2005 h Annual AACR conference,

omalg e IR B S S B AU L GHH G, REPRES), cytosine
anaf636 10}, Bﬁﬂi‘ﬂiﬁl@@lﬁﬂtm@y@mﬁ&m%ﬁ% nmanthddaibing)purutdishesks (e.g.

results), bas cinoma Ie&Y 2001.
RV BEALST808 KARTHE SO BG5S i eBul B Tetobaa (e 1060
xso;ﬁmblalﬁﬁ'ln}mame(d@&oﬁistc@@%éssanam}‘@asmmmwwé»ateaiy 2005
phe%ﬂfc'” &e”eﬁ% N&%M 1@%{5&@% i addilion. ryasiIRIaR haye

at sm mole ule inhibition of the hedgehog pathway has been
Actipraosirolhang Ireis ey i FOMECHIS SHakienYSE /ot dtleopein B2, and

PepREENAD I RAQR1H 85 310k SBRM) DbKBRE SR HAREm e S aaREIBES
disclosed herein have 15 bee %gown to momﬁ@%hedgeh%ath ?yc
E P RickR BERSP S AT ADE MR OHsi IS GPowtiP - -
ATmeeefmeltwd@lgdHhmgh@se) LOerhdbndis! clemlie, dsefiddo ideadirb tmibiefy fafnib,
sora Pu%r |fer tIV% dis rggtresé‘ssr%%h }’t%‘{%o RIGANEH Srtezomib. Proliferative
§P| Hh (?s disclosed he

Il
sorders cari% eated using the met rein include:

lung cancéV’dehmh@mmbﬂ‘Pmﬁ‘gdWﬁ Benginre SBInsErgd iy combination
withaREE e dhen < ACRACS IHINRIRHIMPOATY: Y SIaNvamSskHIoblasiomaases of

other brain cancers, pancreatic cancer, basal cell carcinoma, breast
cacRARERE Op rts%rfawamér% PSENSE YRR AT Ba fRBFsPoRing Aassdn aioete-

agéiitrﬂ{ﬁabwmqﬁ’o((ﬁi§3ﬁe&1ﬁtﬁﬂh€ﬁg}ﬂiﬁgemﬁftﬂﬁ£@aﬁﬁamtﬂﬁmahtl’&!ﬁ,semm
thecanctelr color C%%'t aue r’bg\elt rlellII;IlS ARG50 FEDGELS gf the etlcﬁto(p % ﬁxon and
SRt tnciiding muffiple’ myeloma, acute ymnhcjncytlc";l1 emia, a
mamyemyuoﬂémm@mm@i|mmgnwﬂ@25aetsketm$ab@h¢@nmwmhazséyfferent
rod @YK@, R0 KR YRR AN RaRiHedald Bl%lmP\be@"ih@Mond therapeutic is

myelodysplastlc syndrome), polycythemia Vera, Waldenstrom's
Ad ISR BIERAIS he kil e antion ! hometscticrdaaiiraiorandtitss
adﬂbaeﬁayamtanmyxasaﬁcm pesarcomae chao grasascairieslesiapgsniin, is well

wx%un t%nlmowqgg Qgipﬁarﬁgmﬁ %ndOthtell% arco MXion can be made according

phangiosa oma ymp ang loendothe osarcoma synovioma,
to m@@bﬁheﬁoma)cﬁwwwum@p @ledmsmmaomﬁbmmgéaf&@mahe dosage,

meRYAMRLS SallGaIcIam MGQ@@Q&&QHSQ&'{%HQ%%e%&%H\% ARAIGHRE clinician.
se

skin cancers, adenocarcinoma, sweat gland carcinoma aceous land
carcinoma, & fEPeaEHBYOA 2ph i 45 RICRDRRR BGOSR and/or Raciation may be
adﬁi@ﬁi@m&a&ﬁmﬁmﬂweguI&afm@dmgm&skmm@mgﬁmanewwommmé same

cell carcinoma, egatom bjle duct a]ticmod“%a tgho&locarc noma
tregtment TO10CO 8 sequentia lcy 1e., 0 an olp’tlonal time
eminoma, e ryonal car onia, I' cervical cancer, uterine
interval in between), depending upon the nature of the prohferatlvc disease, the condition of the
patient, and the actual choice of second therapeutic agent and/or radiation to be administered.
If the hedgehog inhibitor, and the second therapeutic agent and/or radiation are
not administered simultaneously or essentially simultaneously, then the optimum order of

administration may be different for different conditions. Thus, in certain situations the

hedgehog inhibitor may be administered first followed by the administration of the second
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WO 20081109184PC11/11S2008/0113200 cancer, testicular cancer,
bladder carcinoma, and other genitourinary cances, epithelial carcinoma,
glioma, astrocytoma, medulloblastoma, craniopharyngioma,

wERRRAYMMa, pinealoma, hemangioblastoma, acoustic NneupMAas2008/003200

oligodendroglioma, meningioma, neuroblasto [l
S R R
radimantieagdlk lyinphisteoragd fiepdtdosthd by dar eitromatrahyroi chgseshogashhitor.
ThiS MIGR S O%?ﬁ%%'o%@%%e'?@&@t@&‘ﬂu%@% %Héé?@&eﬁ%ﬁt‘iﬁﬂt@@&?%%

essential thr ocythemia, agnogenic myeloid metaplasia, L _
dettrypug e iiophidsyadnieissydeenird s ReBpR QS ramstifipgs of administration of
cach YREABOSR QAR AN AusREONifAaRNRBIbEIS W BNiavithiraid iGRRaedge of the skilled
neuroendocrine cancers, and caécjnoid tumors. Additi rt1.al %i 1%rederg(mt For
Physieip crie Lo At SR R PR IR T 7RG BE S B FeR Sl g RaEn
exatt@RINAe ¥dSoadyhanipaatidnner dnd/iol udiag Qrimgts aiwpastoedaihursaesally if it
._and other mammals such as equir i .
s alE Ha e e B B e
inhfhetooivibined, withrothésroarrsbrdyaningranes bF dhecadinipriatingyot s preond
theRRMNOEELIYIR SUF icRl b aatmentShradiption;chahiathrsareuticisich as
interferons, cytokines e.g. Interferon a, Interferon y, and tumor necrosis
factor, hematopoietic growth factors, monoclonal serotherapy, vaccines
andﬁmﬁ_ﬁg@glams); antil_:)odiesf (e.q. A\_/astin, Erbium, Ritu_xan, an_d
BexfaD); LG NG REIAPY-HBEHAIRGREPIIdENABRARGE LM ARIRIAIES by

estrogens, androgens and aromatase inhibitors); anti-estrogens (e.g. .
refoqranap ardis, RUOsRE SEaBR MY e s D e P ragyahi o5 RW%&QE?@H&“&H% of
cerdleh 4RERlIgRIActate) AnbaNERgans i eibulamidecalndiBiaaledatide) the
. gene therapy; bone marrow transplantation; photodynamic therapies (e.g.
GBR%hortin (BPD-MA), Phthalocyanine, photosensitizer Pc4, and

Demethoxy-hypocrellin A (2BA-2-[EyiA)y; land chemotherapeutics.

Examples of chemotherapeutics include ggmeitabine, methotrexate, taxol,

mercaptopurine, thioguanine, hydroxyurea;,tytarahine,

cyclophosphamide, ifosfamide, 25nityg o

mitomycin, dacarbazine, procatbizins oposides, prednisolone,

dexamethasone, cytarbine, ¢ap : t|ins, bleomycin, doxorubicin,
idarubicin, daunorubicin, dactinom{cin, plicamycin, mitoxantrone,
asparaginase, vinblastine, vincristine, dnd vinorelbine. Additional agents
include nitrogen mustards (e.g. cyclophosphamide, Ifosfamide,

Trof%sfamide, Chlorambucil, Estramustine, and Melphalan), nitrosoureas

(e.q. rnustine (BCNU) and Lomustine (CCNU)), alkylsulphonates

(e.g. busulfan and Treosylfan), triazenes (e.g. DacarbazineC§
Temozolomide), platinumpco ainin% compounds (e.qg. Ci pl?aﬁul;}”

i1} vinealaﬁé%ﬁzeré%-(e.g. vincristifieT¥inblastine,,
Vindesine, and \i

fipibine), taxoids (e.g. paclitaxel-apdit
epipodophyl{l(ij *ﬁ étoposide, Teniposide, o]l @ A
9-Aminocamptothecin 2Camptoirinotecan, Crisnatol, 3
Cyclopamine 2 (5.02 g, 12.2 mmol, 1.0 eq) was dissolved in anhydrous pyridine
(25 mL). DMAP (300 mg, 2.44 mmol, 0.2 eq.) and triethyl amine (5.5 mL, 3.1 mmol, 3.2 eq)

were added, followed by BtO-Cbz (10.5 g, 39.1 mmol, 3.2 eq) and the mixture was heated at 40

°C for 2h. The mixture was cooled to rt, treated with 30 mL water, heated to get a homogeneous
solution and allowed to cool to rt. The white precipitate that formed was collected by filtration,
the filter cake was washed with portions of water (3 X 50 mL), and dried in air to afford 9.53 g
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WO 2008/109184PCT/US2008/003200 Mylomyein C, and Mytomycin C),
anti-metabolites, DHFR inhibitors (e.g. methotrexate and Trimetrexate),
IMP dehydrogenase Inhibitors (e.g. mycophenolic acid, Tiazofurin,

W(ngg;y{(mggnd EICAR), ribonuclotide reductase Inhibitors (e ﬂ(ZT/[ISZ()()S/()()320(

of CE¥O rOX s Y:?u quggecro ﬁ)fr 1%9 aé%%%em H}J%P g1ve 6.75 g of

U luridine, |trexe ne) cyto |ne
the Beanatbgs)@eug. cytarabme (ara C), Cytosme arabinoside, and Fludarabine),
purine analogs (e.g. mercaptopurine and Thioguanine), Vitamin D3
analogs ie.g. EB 1089, CB 1093, and KB 1060), isoprenylation inhibitors
(e. statin), dopaminergic neurotoxins (e.g. 1-methyl-4-

phenylpyndlnlum ion), Cﬁ%ﬁyﬁle inhibitors (e.g. staurosponn@:)I ,
actinomycins (e.g. Actingm cmﬁxand@a@mmmycm) bleomygins/e.g.
bleomyein A2, BIeo B2, ah in), anthrgcyslints )
daunorubicin, Rexdkbicin (adrigdiiyEifiy eATbicin -;o@ n, Pirarubicin,
Hntrone), MDR inhibitors e é.‘mﬂ) Caz2+

Zombicin, an
ATPase ‘F?Fﬁbltors (ey9. thapsigargin), |mat|n|b halidomide, lenalidomide,

erlotinib, gefitinib, sorafenib, and sunl roteas
5 mclJ&ﬁd B’i‘f&%frﬂfﬁm\‘/\]/ﬁ@ﬁ ﬁezﬁ’é%g rr%ﬁ%é) % ?5]95 (ﬁ ﬁé’g oA at
-20e0 ministdedd: i koivtbifatio® Foiite hifiphdnebtiesptsy suchids 4Xgiddidainmol, 3
€ therapy%g% ) Vr\rlllatlhn aadlatl%l %r SHo%et Qr% Psgsion]; egaéh 'ﬁ% s&olﬁ{on was aged

SaRataCas e lower than th ecorrespondlng se for

fordifgien. aeiet, thrataibipdateshinaydridral Jiteie dgshogsnpdsitols susBHp &S aged
forh%rﬁn angs %&8&%&@%@9&%9 soat dmnethayeiada. @gglm@embl

in the sam‘\{jopharmaceutlca composition, and may, because of different

10 1.0gw)sie oM Khathlcaitaraelitaraiivy s S aanihRa A By it B Apd maintained
at ROEOUISS. Ak axamRIe raecmmpoxmd Gadn be@dmmstemedaﬂtauy tywhidd drop

.the S con ther eut|C| |n| Rx%o ell%rgn gt OQOCq)

Wigs 8d& ST AaminiS ra on an 1dV|sa tyo administration, Where
mapmtsmbig thn tmtsam@q@hmmabelmea%&n positiaxinis waslpgadHor #§20 min. and

quihgwiedas Q&Q\?ﬁl‘%ﬂ%%ﬂk@'@@ heinifighadmigiskatiomseaniemasin

accordln%?o established protocols known in the art, and then based u
15 tergmeralse RktFefie Gs Tl Rt Btaaw Wich A RRSHAT S aHa Yfﬁ?ég ifgpd for

162 RINial AR FrAiPiRar® Q@ltflﬁﬂeba&tb‘ﬁ skilledt clifictewnas successﬁh@ washed with 2.0

hog inhibitor and the nd thera t atl
Mgiéﬁﬁ’rﬁrﬁ% o B SRR EES émaé?reh aneoth’j'lé,slg‘fi’,yt ?%nt aIIm and b0
mkjmiilteasevissly\er withinsine: satfaeetmmemtw@tom»odﬁ éeq@emm [thejqaude was
pug'%%cf QUowed by Hieother- Wi AR PRionALIme Jterebin DRIMERR) 924 mg (1.3

epending upon the nature of the proliferative disease, the condition of the
20 meeba%ﬁe(ﬁt()éﬁn fseirse@rafERbice of second therapeutic agent and/or
radiation to be administered. If the hedgehog inhibitor, and the second
therap ch agent and/or radiation are not administered simultaneously or
essenrlgny simultaneously, then the optimum order of admlnlstratlon may

be different for different CQ itions. Thus, in certain S|tuat|ons th
hedgehog |nh|b|tor ay b |n|ster§dgof5r§; followed by )g}‘
NP :

HQO

To a solution of compound 4 (4.05 g, 5.83 mmol, 1 eq) in a solution of EtOAc:toluene
(2:1, 60 mL) was added 20% palladium hydroxide on carbon (823 mg, 0.583 mmol, 0.1 eq.).

25  The flask was evacuated and filled with hydrogen three times. The mixture was stirred under
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WO 2008/109184PCT/1882008/003200 therapeutic agent and/or
radiation; and in other situations the second therapeutic agent and/or
radiation may be administered first followed by the administration of a

W(Ig%ltgﬁn)ggsj‘nhibitor. This alternate administration may be repaaiacksliings2o0

a single treatment pratocol. The determination of t er of :
on SRRSO EHEFb 2 i SEP o T BHAHO Geeh o o nre
waiheiragieistic lageni te g witreat flemt prdfodhk f8tevehwivhinwashkd dwiksdyih
the,skilled physician after evaluati ' ' :
B B e e oy oluton
of ethrlrerdidiatiormayueladinidstereeptian adfie pommiesaiEisgiBtogruo to give
24895 c ARPHRNs the thaatment aantinyed with the administration of a
hedgehog inhibitor followed, where determined advantageous, by the
administration of the second 10therapeutic agent and/or radiation, and so

on UstiibtBe treatment protocol is complete. Exemplification The
invention now being genegrally described, it will be more readil
understood by refereng: followdng-examples, which ara/incirded
merely for purpose ) STration of certain aspects an o@o Iments of

the present inv
Example |

nfion, and are not intended to limit the 45
Step A Chz,

HO'
5 6

A round bottom flask was sequentially charged with the homo-allylic alcohol 14 (7.50 g,
17.6 mmol, 1 eq), aluminum fert-butoxide (6.10 g, 24.8 mmol, 1.4 eq), anhydrous toluene
(115 mL), and 2-butanone (90 g, 1.24 mol, 7 eq). The suspension was heated under a nitrogen
atmosphere to 75°C for 16 h. The reaction temperature was then allowed to cool to 49°C.
Aqueous 20 % (w/w) potassium sodium tartrate solution (226 g) was added to the stirred
suspension. The suspension was stirred at rt for 3.5 h. The layers were separated. The organic
layer was washed with aqueous 20 % Rochelle’s salt (2 x 250 mL) and water (225 mL), then
dried over sodium sulfate and filtered. The residue was rinsed with toluene (30 mL) and
discarded. The combined organics were concentrated to dryness. Residual reaction solvents
were removed from the material by concentrating from 2-propanol (250 mL added
portion-wise) to a final solution mass of 44 g. Solvent exchange from 2-propanol to n-heptane
(275 mL added portion-wise) to a final solution mass of 41 g fully precipitated the desired
product. The suspension was diluted with additional n-heptane (40 mL), stirred at rt for 1 h,
and filtered. The product was washed with n-heptane (17 mL) and dried to afford 5.4 g of the

desired product.

Step E
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Cyclopamine 2 (5,02 g, 12.2 mmol, 1.0 eq) was dissolved in anhydrous
pyridine (25 ml.). DMAP (300 mg, 2.44 mmol, 0.2 eq.) and triethyl amine
(5.5 mL, 39 1 mmol, 3.2 eq) were added, followed by BtO-Cbz (10.5 g,

wo edsmenly 3.2 eq) and the mixture was heated at 40 'V for i@ 00s/003200

MG WAS RO Sl RlEd Y, 30 M WAIEE BN 10.08Y R umol 1 cq)

homogeneous% ion an wed 10 Coo preC|p ate
an&h&‘t/fmnﬁvddlwas caftected bynfiltrdthorsoiide fikesr m@m%mmmmu The
suspALions, & ﬂ:@fﬁdér gln%ﬁgoq,ﬂﬁéilé ladﬁﬁﬁ)z@xﬁ%g 1%152&1& W tirred
008/1091 4PCT/USZ 08/003200 of cru e material which was
overpahbiize e rracionmirwsie Slitere! theopgh selityand 8iy Glgase geacentrated in

va(ﬁi@Slm@ AR Uit te VB buliidd QsiArOIRE () Olak ko hdgfaib graphy ( MeOH/DCM
5. 9§ EE i Iph r%%/I Cbzocazo 34 5T a solution of diethyl zinc (572 mg,
yfﬁ or %%“?ﬁ hodes ﬁ@ﬁﬁ“{% mL) at -20C was added a solution
of bis-(2,6-Dimethylphenyl)phosphoric acid (1.42 g, 4.63 mmol, 3 eq) in
DCMi4 ¥ mL) maintaining the reaction temperature below -8C. The
solution was aged for 15 min. at 0C, neat diiodomethane (1.24 g, 374 ML,
3 eq) was added, the mixtuge-was aged for 15 min. at G iefore adding a
solution of (Bis-CBz-cyclogamiis ol ¢ D eq) in DCM
(10 mL). The cooling @M reﬁ!’é@ by a a g @ , f'rf and
maintained at rtfor 2% . Y
ice-acetone bathahdtreated drop wise with™ anesulfonic acid DCM
solution (0.6 mL 50% viv solution 4.63 nunol, 3.0 ed) maintaining the
reactiosuierppesatuTesbelayehdried WhE iuiades ag%dsf@ml&x;b@ M#A) and THF

(6oamﬁ q‘fSQ&thd dro it orpholine (2.69 g, 2.70 H‘orb? 54 mL,
Ao | Bz e

ta|n|n e re temperature Betow - e COOTN H was’
10.|Sé$rmveld lthegeroticddnddudshy asgtireevkfotired for 1 hatrt. The reaction mixture

was partitioned between saturated aqueous bicarbonate (100 mL) and EtOAc (100 mL). The

phases were separated and the organics were dried (Na;SO4) and concentrated to dryness. The
crude material was purified using silica gel flash chromatography (EtOAc/Hexanes

2:98->14:86) to give 3.75g of material.

Step G

A dry round-bottom flask was charged with KO¢Bu (0.57 g, 5.1 mmol, 7 eq) and {BuOH
(6 mL) and the solution was stirred at rt for 10 min. Compound 8 (0.3 g, 0.73 mmol, 1 eq) was
added and stirred for 5 min. The white suspension became a yellow clear solution. Ethyl
formate (0.35 mL, 4.4 mmol, 6 eq) was added dropwise, and the solution became slightly
opaque and produced bubbles. The slurry was stirred at rt for 48 h. The mixture was then
portioned between MTBE/1% NaOH (2 x 20 mL). The aqueous layer was acidified with 2 N
HCl until the pH reached 5, then extracted with chloroform (2X). The combined organic layers
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16-18 h., the white precipitate was filtered off, and the filtrate was
successively washed with 2.0 M HC1 (2 x 20 mL), satd. sodium
bicarbonate (2 x 20 mL), water (2 x 20 mL) and brine (20 mL). It was dried

w8vBism@gpesium sulfate, concentrated in vacua to dryness agddhe,giuses200
was purified by silica gel flash chromatography (hexanes/Et0Ac.17,344:1
i GHBH) 558 AT O3 A0S BBt b RSB OB SALp 0 e

velloh. fBam5 This mdteralseds tivedofidammpocher 4(di08agohi8 Bhnuax sikreq) in a
solution of EtOAc:toluene (2:1,60 mL) was added 20% palladium
hydroxide on carbon (823 mg, 0.583 namol, 0.1 eq.). 25The flask was
evadlfaEd and filled with hydrogen three times. The mixture was stirred
under WO 2008/109184P€,DUS2008/003200 an atmosph}g; of
hydrogen for | h. Neat ethylgne/diamines0:38 mL) was addée
was stirred for Ib., a e

8

washed tWL%\W' T QP
were washedO % aqueous solution of @thylené diamine (3 X 20

mL), dried over sdﬂzlium9 sulfate and concentrated iri*vacu10 to give 5146 g

of compound 5 as a white crystalline solid. Step D A round bottom flask
was/spyfidintiadipebratéad-nithc tivep biard §-&0ioral Cetiominp (71 BC:g), Heared at 110°C

waSHBRkahEH) - ALYTHRWR JRERY OXide) (Bl Qm%ﬁrﬁﬂ{@?ic%é‘h‘%%é 1.0 mmol, 3 eq).
anhydrous toluene 10(115 mL), and 2-butanore (90 g, 1.24 mot, 7 eq).

Afteheing ondisHnnis ResHEE R BLRRF R s6R JeHHans BCM Gfomiearh).
Thd B}%zfﬁ@%m _mggnféu r@iW&MEQH&;&HQH%g%@ &0 4@d4§g;- ?\% %mjﬁlgg $ed

W, otassium sodium tartrate solutio was added to stirred
o i QPRI AL tfrod B FCH SFROHE THo RAJERS pieh siia
gelstparategkapine bigediitolagrer/ivasneg shetvwith iiebin 2006 Rechkile s lid

x 250 niL) and water (225 mL), then 15dried over sodium sulfate
and Tiltered. The residue was rinsed with toluene (30 mL) and discarded.
The Cmpified Grgames werezelsiterdiselyabiafittss (Rebidoal fledewdh stir bar

an@Rl¥BEHSHIRRS r’%@@ﬁﬂﬁlmm&%@&%@ﬁ M&g@&%ﬁqw@@ HO® (wet, Degussa type
El _%%%?‘[&l% Zg}%gzlﬁsg%qg% ffég%{%?g%gb?a%%dsgfg Igi?ronggxsgngft}?{i %Iydro gen

gas and stirred at rt for 2 h. The mixture was then sparged with nitrogen, filtered through a 0.45

um polyethylene membrane and concentrated to a clear oil. The oil was purified by flash silica
gel chromatography (0.5% ammonium hydroxide/2->10% MeOH/DCM), and the pure fractions
were concentrated to give an oil that was lyophilized from 7% water/tBuOH, to afford the

desired product as a white powder (37 mg: [M+H] = 451.7 m/z).

Example 2

W
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(275 mL added portion-wise) to a final solution mass of 41 g fully
precipitated the desired 20product. The suspension was diluted with
additional n-heptane (40 mL), stirred at rt for 1 h, and filtered. The product
wianyashgd with n-heptane (17 inL) and dried to afford 5.4 g /%008/003200
desired product. Step E WO 2008/109184PCl/1132008/003 00
round-bottom flask was ch,a‘ ad ) |th starting material 6 (11@ 0. 26

hydrogen ats
The reaction g fre-was filtered through cclltis ard filtrate
concentrated in 5vacug. The crude material was purlfledousmg silica gel

fl h OH/DCM f d ft d d

conBOt RO PRI FICLS CERRE YDA b O sk B e rened
with Herigetingiths cogn pSd oo A2 28eg) 18 haatiwicl; 1086 Yearids FH E’kﬂd)(ﬁﬁurﬂ_\)zas
conlBRIIATIDG 6.8 Wk ASEMROHS0.58) pOc henp shigrelopmein

4 mL, 10.93 mmol, 1.1 eq) weré adde

emﬁ@?’?ﬁ“‘?ﬁé(’réa’@ﬁéﬁ PFISRELRS M@Zﬁ&rﬂﬁléﬁéﬂt%&%@}? Sangated aqueous
blcarb@pmelegmma@n@b@%& WhORi5abiked REHIDAILS WENESLRALRISEh stir bar

the organlc were dried (Na2S04) and concentrated to dryness, The
A RS B SB’L‘]\‘?ﬁEdvaéﬁﬁ’é@ﬂf’c%(‘&bi“ﬁ‘é@ﬁ%ﬁ?&ﬁu%t@d’l%( et, Degussa type
ElQEt@kirlHeﬂénﬁ@ was added. This mixture was sparged with nitrogen and then hydrogen

gas and stirred at rt for 2 h. The mixture was then sparged with nitrogen, filtered through a 0.45
um polyethylene membrane and concentrated to a clear oil. The oil was puriﬁe& by flash silica
gel chromatography (0.5% ammonium hydroxide/2-=>10% MeOH/DCM), and the pure fractions
were concentrated to give an oil that was lyophilized from 7% water/tBuOH, to afford the
desired product as a white powder (37 mg: [M+H] = 450.6 m/z).

Example 3

11
Compound 11 was made according to the procedure described in example 2, using
methyl hydrazine in place of hydrazine. ((M+H] = 464.7 m/z)

Example 4
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152:98414:86) to give 3.75g of material. Step G A dry round-bottom
flask was charged with KOtBu (0.57 g, 5.1 mmol, 7 eq) and tBuOH (6 mL)
and the solution was stirred at it for 10 min. Compound 8(0.3 g, 0.73

Wﬂ‘f&%‘/ﬁ&ﬁﬁ) was 20added and stirred for 5 mm The white Suﬁ@?x’ﬂ}%@ﬂs/(}mzﬂo
became a yellow clear sqlytion. Ethyl formate (0.35 inL, 4 4 mmol, 6 eq)

was added dropwise, and+{ffesalutiomlecame slightly opaq

produced bubbles. The sidriy-tvas $tifEEt at it for 48 h. %?;:}:Lei was
then portioned bet ofe BE/1%NaOH (2 x 20 mL) FH
was acidified w 2:HO until the pH reachgg Sy the
chloroform (2X)~Fhe combined organic layess |
20(18/109184PCTIITS20081003200 were washed withiwvater, dried over

Na2S04, and concentrated ta dryness.to qi 00 pale yellow foam.
TR R R R T e 18 et

fuedus layer

with Byxinaynidieé saduticr fnmmil. Rdf eprmpbigated {0T0Gigr 088 minohitt@cyps
ooﬁﬁ%gﬁ%ﬁql%%%go"xﬁ@ &@%ﬁﬁf‘%%@ﬁa@}ﬂg&f&h‘%&%@ﬂﬁt@&éég&)ﬁ?é > 60%

roxylamine. HO (71 mg, 1.0 mmol, 3 eq). After stirring min, the

R RABAS BARTIG S SS B ALY SHE B e GB MEtdach), The

orgarye tayesrassgsihes Wittnd Magueods Gl (39) W) aadthanbsingiine (4

(30 mL), dried di fate, ncentrated in vacua. The crude
A U e RO S o oGP By, O hgene o £
Afeﬂﬂékthémmm)cmrgwgsm[ﬁwed%swmamme) soddwéﬁar.@fhg),). The
or%:EHI% RiRdl %%Q&%@%ﬁx'§%§%z%'%ﬂ6?&%§%@@é%§d&x§%t§aggLé iﬁg@nmmd in

lask with stir bar and rubber septum. The solution was sparged w

Vagitrogbhreantipnbok wprperifigetb et el ainerrieankiieh 728 Mg) was
EroddadxRiy Mixte Vias spargechwith nitrogen and then hydrogen 15gas

and stirred at rt far. 2 h. The mixture was then sparged_with nitrogen, . ,
filte r@&etﬁ%ﬁ%@ﬁg pyrazole was disso%ved mkE OA% (15 mL) 1n a flask with stir bar

and rubber septum. The solution was sparged with nitrogen, and 10% Pd/C (wet, Degussa type
E101, Aldrich, 50 mg) was added. This mixture was sparged with nitrogen and then hydrogen
gas and stirred at rt for 2 h. The mixture was then sparged with nitrogen, filtered through a 0.45
um polyethylene membrane and concentrated to a clear oil. The oil was purified by flash silica
gel chromatography (0.5% ammonium hydroxide/2 = 10% MeOH/DCM), and the pure
fractions were concentrated to give an oil that was lyophilized from 7 % water/¢-butanol,

affording the desired product as a white powder (78 mg: [M+H] = 528.8 m/z).

Example 5

Mel, K,CO,
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um polyethylene membrane and concentrated to a clear oil. The oil was
purified by flash silica gel chromatography (0.5% ammonium
hydroxide/2410% MeOH/DCM), and the pure fractions were concentrated

szgj,\éﬂmfﬁil that was lyophilized from 7% watertBuOH, to gff
desired product as a white yowder (37 mg: [M-I-H] = 451.7 r?ilz A %fosio0s200

20EXRmpraTs! 19 {ARimen PP rampla S sabrrsstissabedin BEbOmipayith el (38
m@nngmmmmlegmiﬁtéa%e(&ﬁgb}dﬁmmo ” -%%@EQ%HQ% QdAgnosy éﬂd&x, 4.0
treated w Zlne mgqg, V. m , L. eated at
e R S e T e A T g byt
andl dshegilivarglel ohrameoarep wit0se8b 606 Bothef IDENB(SsK ). gt toenbined
or PELRA RER0IGH83 SRR AT B0 ber ool AL R e

isoxazolc was dissolved in EtOAc (7 nth) in a flask with stir bar an
vagintdie TeRBIEw ot ovrivers i§sd yedlinatach lrsh ehroamiozovh P@6Yhwernonium
hyBegidssa-ype BLOH/AANON DB L3 ARy OIS MUK BN Sive an oil that
sqaré;}()ej 1"%{? nltr%gen an/d_then hydrogen gas and stirred at rt for 2 h. The
"AIRREIFS WS tHE SpBPGRd A AN RitBFAFIRPORE e a8 Wbjgpowder (18
mpolyethyledédndenttirane and concentrated to a clear oil, The oil was

purified by flash silica gel chromat%j(ra qxgos% ammonium
hydroxide/2410% Me01-UDCM), aTToaﬁpe"pure fractions were concentrated

I] = 450.6 m/z).

desired product as a white powder (37 mgy,

to give an oil that was lyophilized from 7%;@%)@%0& to afford the

AcCl, DIPEA

Compound 10 (80.0 mg, 0.19 mmol, 1.0 eq) was dissolved in dry DCM (2 mL) with
diisopropylethylamine (115 mg, 0.9 mmol, 5 eq) and treated with acetyl chloride (42 mg, 0.54
mmol, 3 eq). After stirring for 30 min at rt, the mixture was concentrated in vacuo. The
resulting residue was restored in 1:1 THF/MeOH (5 mL) and treated with ammonium hydroxide
(0.5 mL) with stirring for 1.5 h. This mixture was concentrated in vacuo and purified by silica
gel flash chromatography (0.5% ammonium hydroxide/1 = 8% MeOH/DCM) to give a clear
oil that was lyophilized from 7% water/t-butanol to afford the desired product as a white
powder (14 mg: [M+H] =492.5 m/z).

Example 7

35




10

15

20

Example 3 1511 Compound 11 was made according to the
procedure described in example 2, us Cl methyl hydrazine in place of
hydrazine. ([M-,-1-1] = 464.7 iniz) Example 4 12 An ethanol solution (4
wikdoghigempound 9 (100.0 mg, 0.17 mmol, 1.0 eq) was treatﬁ@'l")ﬁ@oos;/ooszm
hydrazine (16 mg, 0.34 mmol, 2.0 eq) and hg@ ed at 70C for O
mixture was concentrated in vacuo an wasurified by flash silica gel
2shtQ give the protected
e Cbz-protected pyrazole (200

methanesulfonyl chloride (117 mg,".03 mmol., 3 eq) with stirring at it
After 30 min the mixture was partitiong@ between EtOAc (40 ml_) and
water (20 mL). The organic layer was washed with brine (20 mL), dried
over sodium sulfate, and concentrated in 10vacuo. The resultant oil was
purifiepl#y silica gel chromatography (10 --> 20% EtOAciltexanes) to give
a clear oil (150 rug). dhe methanesulfonyl pyrazolc wes, dlssolved in
EtOAc (15 mL) in a flask WO S i

with nitrogen,ofilteed through a 0.45 p.m poly%thyl ne membrane and
concentrated to a cleat oit. The oil was purified by flash'silica gel
chrom atpgﬁaph%dao&%lwm Wanitianeby elrox Ko/B uX0109g, MeGimldDT4) .and tBuOH

O R R R Mot ey Al mg 1 0
Waﬁlhﬁ@eé@wﬁéﬁ(?@fmé.Iﬁw+ﬁtil}'£t52808>mﬁl§t€2@§%am;ﬁe4 mmoi 6 eq) was added
dropwise, and the solution became slightly opaque and produced bubbles. The slurry was
stirred at rt for 48 h. The mixture was diluted with DCM (40 mL) and washed with water (2 x
30 mL). The organic layer was washed with brine (20 mL), dried over Na,SOy, and
concentrated to dryness to give 550 mg of a pale orange foam. This material was used in the

next step without further purification.

Step B

An ethanol solution (4 mL) of compound 16 (210 mg, 0.32 mmol, 1.0 eq) was treated
with hydrazine (32 mg, 0.64 mmol, 2.0 eq) and heated at 80°C for 1.5 h. The solution was
concentrated in vacuo and purified by silica gel flash chromatography (20 = 55%
EtOAc/bexanes) to give the 3-trifluoromethyl pyrazole as a white solid (95.0 mg).

The product carbamate pyrazole was dissolved in EtOAc (7 mL) in a flask with stir bar
and rubber septum. The solution was sparged with nitrogen, and 10% Pd/C (wet, Degussa type
E101, Aldrich, 25 mg) was added. This mixture was sparged with nitrogen and then hydrogen
gas and stured at rt for 2 h. The mixture was then sparged with nitrogen, filtered through a 0.45

36




10

15

20

13 13 W() 2008/109184PCMJS20011/003200 Compound 10 (60 mg,
0.13 inmol, 1.0 eq) was dissolved in DCM (1 mL) with Mel (38 mg, 0.27
nunol, 2 eq) and stirred vigorously with potassium carbonate (74 mg, 0.53

Wmﬁlﬂgg)g@q) at rt. After stirring for 1 h, the mixture was parﬁmoos/ooszoo
t}\?ve DCM ng d wat le_d th aquUeors | layer was e t“@ I

MR & SedBha rfaon 0 tf)aliheeaf:tglmblne SrgAmalisg dyestiica ge

flashereomvasizegh witld. EWI@@OH‘WE) hotrded ide@r-3dd i v eQ AR Minchnd the pure

fma%fg%o&@rc%q 43643, IR Lasyitant ol %@m%@ﬂ%e g'ﬁa%%ﬂ)%%gl o

chromatography (0.5% ammonium hydroxide/1 4 6%

afferd the F@Wﬁéﬁ&?@%@?é &%@a@mﬁt% ey M il ﬂw%lt&x@ag/ﬁ)ophmzed
from 7% water/t-butanol, affordingg ged product as a white powder
(18 mg: [M+H] = 464.6 m/z). 10Example 6 HN HHN 1014 Compound
10 (80.0 mg, 0.19 mmol, 1.0 eq) was d| ss dry DCM (2 mL) with
15diisopropyiethykamthe (115 mg, 0.9 prrg HS eq) and treated with acetyl
chloride (42 mg, 0.54 mmol, 3 eq).t |rr|ng for 30 min at rt, the
mixture was concentrated in rva ﬁ & resulting residue was restored in
1:1 THF/MeOH (5 mL) and trefited with ammonium hydroxide (0.5 mL)
with stirring for 1.5 h. This mixture wag-concentrated in vacuo and purified
by silica gel flash chromatography (0,5% ammonium hydroxide/1 4 8%
MeOH/DCM) to give a clear 200il that was lyophilized from 7%
watetebiitanol to afford the desired product as a white

A dry round-bottom flask was charged with KOsBu (0.57 g, 5.1 mmol, 7 eq) and /BuOH
(6 mL) and the solution was stirred at rt for 10 min. Compound 7 (0.3 g, 0.73 mmol, 1 eq) was
added and stirred for 5 min. Ethyl formate (0.35 mL, 4.4 mmol, 6 eq) was added dropwise, and
the solution became slightly opaque and produced bubbles. The slurry was stirred at rt for 48 h.
The mixture was portioned between MTBE/1% NaOH (2 X 20 mL). The aqueous layer was
acidified with 2 N HCI until the pH was 5, then extracted with chloroform (2X). The combined
organic layers were washed with water, dried over Na;SO4, and concentrated to dryness to give

200 mg of a pale yellow foam. This material was used without further purification.

Step B

HHN

~d NH,NH,
AL S

18
A round-bottom flask was charged with compound 18 (195 mg, 0.44 mmol, 1 eq). The
material was dissolved in EtOH (3 mL) and hydrazine (43 nL, 0.89 mmol, 2 eq) was added.

The resulting mixture was heated to reflux. After 1 h the solution was cooled to rt. Solids
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powder (14 mg: [M-111] = 492.5 m/z). Example 7 5A dry round-bottom
flask was charged with KOthu (0.70 g, 6.3 mmol, 7 eq) and tBuOH (10
mL) and the solution was stirred at rt for 10 min. Compound 8 (0.5 g, 0.89

wiRRlidofQ) Was added and stirred for 5 min. Ethyl trifluoroaggtateth&o3200
l, 5.4 mmol, 6 eq) was added dropwise, and the solution became slightly
e AR PR AEEY BB S WA B S 5P A ToThey e o
thenexiterenvaeesiai (M dHY#IBDEM4P ml,) and washed with water (2 x 1030
mL). The organic layer was Washeéixgvrgqebéine (20 mL), dried over
Na2S04, and concentrated to dry ive 550 mg of a pale orange
foam. This material was used in the next'Siepywithout further purification.
Step B 1615 15An ethanol solution / qlg0f compound 16 (210 mg,
0.32 mmol, 1.0 eq) was treated wi h zine (32 mg, 0.64 mrnol, 2.0 eq)
and heated at 80C for 1.5h. T ~@‘ N was concentrated in vacuo and
purified by silica gel flash chrefmpatoygraphy (20 -) 55% EtOActitexanes) to
give the 3-trifluoromethyl pyrd2ole as a white solid (95.0 mg). The product
carbamate pyrazole was dissolved in E20Ac (7 mL) in a flask with stir bar
20 and rubber septum. The solution was sparged with nitrogen, and 10%
Pd/gtgw%, Degussa type El 01, Aldrich, 25 mg) was added. This mixture
wa ed with nitrogen and then hydrogen gas and stirred at n for 2 h.
The mixture was then sparged fvith nitrogen, filtered thro}y;;bia 0.45 36
. > )
N

"1 Chz

A round-bottom flask was charged with potassium bis(trimethylsilyl)amide (580 mg,
1.04 mmol, 1 eq) and was dissolved in anhydrous THF (12 mL). The reaction mixture was
cooled to -74°C. The reaction was charged with compound 8 (310 mg, 1.55 mmol, 1.5 eq).
The mixture was stirred for 0.5 h and chlorotriethylsilane (234 mg, 1.55 mmol, 1.5 eq) in
anhydrous THF (2 mL). The reaction mixture was stirred for 0.5 h and charged with water (10
mL). The reaction mixture was warmed to rt and extracted with EtOAc. The organic was
separated, dried and concentrated to dryness. The residue was purified using silica gel flash

chromatography (EtOAc/hexanes 2 % = 6 %) to afford the desired material.

Step B

A round-bottom flask was charged with a 37% aqueous formaldehyde solution (329 mg,
4.05 mmol, 5 eq) and diluted in THF (10 mL). The reaction was cooled to -20°C charged with
a solution of starting material (546 mg, 0.810 mmol, 1 eq) in THF (2 mL) and 1 M
tetrabutylammonium fluoride in THF (1.06 g, 4.05 mmol, 5 eq). The mixture was stirred for

0.5 h at -20°C and partitioned between brine and EtOAc. The organic layer was separated,
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um polyethylene membrane and concentrated to a clear oil, The oil was
purified by silica gel flash chromatography (0.5% ammonium hydroxide/2
414% MeOH/DCM), and the pure fractions were concentrated to give an
w®dhaiovas lyophilized from 7% water//-butanol to afford thegasiredyos/no3200
.praoduct as a white powder(42 mg, [M+H] =.518.8 m/z),. Example 8 Step
S o e e R R )
chrpreafp gphtBEGH (Gringnan dothe Solitié htwvalostitledietirt dorat@iahin.
Compound 7 (0.3 g, 0.73 mmol, 1 eq) was added and stirred for 5 min.
Ethy| formate (0.35 mL, 4.4 mmol, 6 eq) was added dropwise, and the
sol ecame slightly opaque and produced bubbles. The slurry was
stirred at rt for 48 h. The mixture was portioned between MTBE/1% NaOH
(2 X20 mL) The aquequs |3y as 15 acidified with 2 III until the pH
’ d'arganic layers

further purificatjgs HSten B 20A round-bott@ng jlask was charged with
compound 18 (195 mg, 0.44 mmol, 1 eq). THe material was dissolved in

EtOH RuniEhattnteiavirechaszed Wb empome B hmadukad. mmel, 1 eq) and

wabRRWHRAIIPSHISOVRS heatediio kel AlietdoRdhe Peluli@RMascarled to
it. Solids WO _2008/109184PCT/1JS2008/003200 crashed from solution

Degirer ererREray, (Wasmed it FEptare:tnd RiBH- ettt g dhigrar et 0°C.
TheesicedmdieiialWwhv g todabbétindz). FEosarane QpuetdNsotution of sodium

bicarbonate and EtOAc. The organic was separated, dried and concentrated in vacuo. The
residue was purified using silica gel flash chromatography (EtOAc/hexanes 5 % = 10 %) to

afford the desired material.

Step D

NH,NH,

A round-bottom flask was charged with compound 22 (50 mg, 0.085 mmol, 1 eq) and
was dissolved in of EtOH (3 mL). The reaction was charged with hydrazine (27 mg, 0.851
mmol, 10 eq). The mixture was heated to 80°C and stirred. After 0.5 h, the reaction mixture
was concentrated in vacuo. The residue was purified using silica gel flash chromatography

(EtOAc/hexanes 50 %) to afford the desired material.
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A round-bottom flask was charged with potassium bis(trimethylsilyflamide
(580 rag, 1.04 mmol, 1 eq) and was dissolved in anhydrous THY( (12 mL).
The reaction mixture was 10cooled to -74C. The reaction was charged
wiih&empaund 8 (310 nag, 1.55 mmol, 1.5 eq). The mixture pargss8ERH 03200
for 0.5 h and chlorotriethylsilane (234 mg, 1.55 mmol, 1.5 eq) in
anh THF (2 mL). The reaction mixture was stirred for 0.5 h and
charged with water (10 mlR) fe reaction mixture was warmed do rt and
extracted with EtOAc The,s gnlc was separated, dne angkcopicentrated
m g pusified using silica gel f '
15chromatogr , m' At/hexanes 2 #c6:.%0) to aff
material. Step B 4./ ‘tound-bottom flask was cRas
aqueous formg e‘hyde solution (329 mg, 4. 05 dl, 5 eq) and diluted in
THF (10 mL). The reaetion was cooled to -20C chargedswith 20a solution

of stariing, Maesia! fakGm 3,349 WHINObmb &R k3R Mf)zza}%éi Meq) and

gen abutylamnionium fluoride in THT (1.06 g, 4.05 mmol, 5 e%b‘ﬂ
10phiReId RSB HENE! BF- hde- %@Sa?ﬁﬁep%’ﬁﬁ’ﬁaﬁ%“b ke dhd

sufptdBion e pganigliy Bk ivagaepaitdre W®the mixture was stirred for 20 h at rt.
2008/109184PC171§ oogloods%o 1Ifjned and con (?ntrated | éacua The
e

The reaction mixture fere afe,co centrat in vaﬁ residue was
SIS WaE PUTNEY 'Using Silica' gel Tas Chromatodraphy (Et0ACTiExanes

pufifive 18120 Hbiraqelffwd theodesmsdpmatdbfalHEEP O BAordUrdtbeftford the desired

meﬂ@ﬁkl‘(‘{ﬁf%‘%ﬂaf%@é"éﬁ/hz ompound 21 (100 mg, 0.169 mmol, 1 eq) and
was dissolved in of DCM (5 mL). The reaction was cooled to 0C and

charged with Dess-Martin penodmaﬁ&(&ﬁlﬂiﬁg 0.339 mmol, 2 eq). The

- Swpigture was stirred for 0.5 h at OC, The reaction mixture was partitioned

between a saturated aqueous solution of sodium bicarbonmaOAc.
The organic was separated, qn hand concentrated in vac

To a solution of Compound 10 (72 mg, 0.16 mmol, leq) in chloroform (1.4 ml) at room
temp, was added pyridine (215 mg, 2.72 mmol, 17 eq). The resultant mixture was cooled to 0°C
and treated with benzoyl peroxide (388 mg, 1.60 mmol, 10 eq). The mixture was stirred for 1.5
hours and allowed to warm to room temp. The reaction mixture was diluted with water (10 ml)
and pH adjusted to 7~8 with saturated sodium bicarbonate followed by extraction with
chloroform (2 x 15 ml), the combined organic layers were dried over Na; SOy, filtered and dried
in vacuo. The residue was purified by flash chromatography (Dichioromethane/Methanol 97:3).
The target Compound 30 was obtained (26 mg, 0.046 mmol, ~30% yield).

Step B
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10residue was purified using silica gel flash chromatography

(EtOAc/hexanes 5 % --> 10%) to afford the desired material. Step D 2223

A round-bottom flask was charged with compound 22 (50 mg, 0.085
w1098 and 15was dissolved in of EtOH (3 mL) The reaglionpiass/003200

charged with hydrazine (27 mg, 0,851 mmol, 10 eq). The mixture was

heated to 80C and stirred. Aft§t Qi ﬂw the reaction mixture was

concentrated in vacuo. The r@sldu was purified using S|I|ca &L

was stirred for 20 K at rt. The reaction mixture was |Itered and the filtrate
concentrated in vad¥i0. The residue was purified using slica gel flash
chromatography (MeOIi/DCM 0 % 5 @e(? to afford the desired

matefidP NP SomeesntR BRarant’ 10 odid sR, i ggdhancl (0.8 mi) at room
5  temp was treated with 2N Potassium Hydroxide (19mg, 0.342mmol, 7.5eq). The resulting

solution was stirred for 2 hours. The reaction mixture was diluted with water (10ml) and pH
adjusted to 6~7 with 1N HCl followed by extraction with chloroform (3x10ml), the combined
organic layers dried over Na;SOy4 and in vacuo. The residue was purified by preparative TLC
(chloroform/methanol 90:10). The desired fractions wee frozen and lyophilized to yield

10 Compound 31 as a white powder (11mg, 0.024mmol, ~52% yield).

Example 11

15

Step A

A round-bottom flask was charged with compound 33 (2.0 g, 3.40 mmol, 1 equiv.) and
was dissolved in toluene (25 mL). The reaction was charged with DDQ (0.849 g, 3.74 mmol,

25 L1 eq). The mixture was stirred for 0.5 hr at rt. The reaction mixture was then concentrated in
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To a solution of Compound 10 (72 mg, 0.16 mmol, leq) in chloroform (1.4
ml) at room 15temp, was added pyridine (215 mg, 2.72 mrnol, 17 eq). The
resultant mixture was cooled to 0C and treated with benzoyl peroxide (388

Wmogﬂ@@lggmol, 10 eq). The mixture was stirred for 1.5 hourgapghallawad o0
to warm fo room temp. The reaction mixture was diluted. with er (10 ml)
Hd P iz &l ot

vackodOY P 4 QSR Rt RGBS ES BRI SSMSoHERR $611B%78d by
chrextsagtiaphwitlzchiler@aric (D% 13 2 theationdbinei drgbmicdayieds. were
dried over Na2S04, filtered and dried 20in vacuo. The residue was
sidausified by flash chromatography (Dichloromethane/Methanol 97:3). The
arget Compound 30 was obtained (26 mg, 0.046 rnmol, -30% yield). Sten
B WO 20 8/ 09¥82PCTI111S2008/003200 A solution of, compound 30 (26
goh,ken) in methanol (0.8 ml) at room '@a was treated
with "»/o@.\ K¥troxide (19mg, 0342m /@r- of). TR resulting
QM "g" stirred for 2 hours, The rgastion ﬂ g was diluted with
\ ﬂ (10m1) and pH adjusted to 6-7 wit -@ HC "followed by extraction
with €hloroform (3x10m1), the combined orgénic layers dried over
Na2S04 affl in vacuo. The residue was purified by preparative TLC
(chloroform/methanol 90:10). The desired fractions yee frozen and
oD AT BRI A PR SOUREST Berh WA P - DME (3 mL)
an( JA2om (3, w5224 yeid), Eda@quite. T tilR bhusiews added pAmidimndxbbtionmate
(a2l oS chaiaedaith OPMRAHRAAS (Gt #Gaguap siceqylv andkuas

issolved in toluene (25 mL). The reaction was charged with DDQ (0.849

dilgted witthEitahezmt valg). The mistwpevaridlismidbrase orad af selifhansed with
E«LRCHRML XN MASENeR CONCRMEIethiRr was extracted with one portion of EtOAc.

Combined organic layers were washed with 1 N HCI, dried over Na; SOy, filtered, and

2

concentrated to dryness. The crude matenal (232 mg) was dissolved with CH,Cl,, loaded onto a
Si0; column (6 g) and eluted with hexanes/EtOAc (20%) to give the desired ester 35 (36 mg).
Step C

A round-bottom flask was charged with 35 (35 mg, 0.057 mmol, 1 equiv.) and 3 mg of
10% Pd/C (wet,Aldrich Degussa type E101). The material was suspended in EtOH (3 mL).
The flask was sealed and purged three times with hydrogen and left overnight under 1 atm of
hydrogen. The slurry was filtered through 0.2 micron Acrodisc and washed with EtOH. The
solvent was concentrated to ~ 3 mL under vacuum. To the ethanolic solution of deprotecting
intermediate was added hydrazine hydrate (10 uL, 0.22 mmol, 4 equiv.) and the mixture was
heated to 70°C for 4 h. The product was precipitated out of the reaction by chases with 2-
propanol, then heptane. The residue was purified by Si0; column (1 g) eluting with
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WO 2008/109184PCT/US21108/003200 vacua to 10% the original
volume. The residue was purified using silica gel flash chromatography
(hexanes/EtOAc 10% 4 20%) to afford the desired material 34. Step B

Wé\zqggﬂggp&qttom flask was charged with 34 (123 mg, 0.21 m@@'r/%s%b%)(n)szeﬁ

S S Ry

mmwm@amqwm e atidaL. The mlxture was dlluted with EtOAc
and water. e mixiugg was, fiie ﬁ tG£ Q@%ﬁﬁl&ﬁoﬂﬁé& %‘é‘élﬁlbed above.

EtOAe, then't 8 ayers were cut e aq er was extracted with
one portlon of EtOAc. Combined organic Iayers were washed with l N

jspL;@d with CH2C12, loadedgntq & 15SKY .0
¥ hexanes/EtOAC (20%) to o, 52%\
) @ nas chiarged with
u mmol, 1 equiv.) and .

/G (wet,Aldrich
atype E101). The material wa 'suggendegnn EtOH (3 mE). The
fla‘ék Was‘"‘sealed and purged three times with hydrbgen and left overnight
5 under 1 atm of hygyrogen. The slurry was filtered through{.2 micron
Acrodisc and washed with EtOH. The 25solvent was concentrated to - 3
mL under vacuum. To the cthanolic solution of deprotecting intermediate
was added hydrazinn hydrate (20 uL, 0.22 nunol, 4 equiv.) and the N

mixture was \ m

10
44 45
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heated to 70C for 4 h. The product was precipitated out of the reaction by
chases with 2- propanol, then heptane. The residue was purified by Si02
column (1 g) eluting with WO 20081109184PCTitiS20081003200

w&ndgoh24iv1eOH (10%). The major product was Iyophilizedggo]gﬁS 008/003200
t-BuOH/7%1-120 to give 15 mg of pyrazolone 32 ([M+H] = 466. m%z).
Compounds 40-45 were made using techniques similar to thos\e described
above. 4243 Example 12 1540 WO oz‘sio

H

2008/109184ITT/US20011/083200

The starting material (50.0 mg) was suspended in DCM (1.5 ml) and stirred vigorously
with sodium bicarbonate (28 mg, 0.33 mmol, 3 equiv) in water (0.50 ml). The mixture was
5  treated with methanesulfonic anhydride (28 mg, 0.11 mmol, 1 equiv) and stirred for 15 minutes
at room temperature. The mixture was split between ethyl acetate and water, and the organic
layer was then washed with brine and dried over sodium sulfate. The residue obtained upon
concentration was purified by flash silica gel chromatography (50 = 100% ethyl
acetate/hexanes) fo provide a white solid, Compound 40 (10 mg: [M+H] = 528.1 m/z).

10 Example 13

15 The starting material (100.0 mg, 0.22 mmol, 1 equiv) was suspended in DCM (3.0 ml)
and stirred with pyridine (88 mg, 1.1 mmol, 5 equiv). The mixture was treated with
methanesulfonic anhydride (97 mg, 0.55 mmol, 2.5 equiv) and stirred for 15 minutes at room
temperature. The mixture was split between ethyl acetate and water, and the organic layer was
then washed with brine and dried over sodium sulfate. The residue obtained upon concentration

20 was purified by flash silica gel chromatography (20 = 50% ethy! acetate/hexanes) to provide a
white solid, Compound 41 (50 mg: [M+H] = 606.1 m/z).
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The starting material (50.0 mg) was suspended in DCM (1.5 ml) and

stirred vigorously with sodium bicarbonate (28 mg, 0.33 mmol, 3 equiv) in

water (0.50 m1). The mixture was 5treated with methanesulfonic

dri 8 mg, 0.11 narnol, 1 equiv) and stirred for 15 minutes at room

W?e%a%g% %?‘%. The mixture was split between ethyl acetate anwg{%%? Bgs200

the organic layer was then washed &ittn&dand dried over sodium

sulfate. The residue obtained upon concentration wasspurified by flash

silica gel chromatography (50 4 100% ethyl acetateffrexanes) to provide a

white solid, Compound 40 (10 mg: [M+H] < 52&Xni

15The starting material (100.0 mg, 0.22 mynol

fonid-ant ydride (97 mg, 0.55 mmol,
doth temperature. The mixture
Water, and the organic layer was then

mixture was treated with metl¥ane
2.5 equiv) and stirred for IS'ﬁvi Il
was split between ethyl acetat® and

washed with brine and dried over sodium_sulfate. The residue obtained
upon concentration 20was purified by flash silica gel chromatography (20
4 B68¢ethyl acetatelhexanes) to provide a white solid, Compound 41 (50
mg: [M1-141 = 606.1 m/z). WO 2008/109184PC1/1fS2008/@)3200

N

H

Example 14 42 Step A

H N
‘0,

NBS

A mixture of the starting material (300 mg, 0.51 mmol, 1 equiv), sodium acetate (42 mg,
0.51 mmol, 1 equiv), and acetic acid (30 mg, 0.51 mmol, 1 equiv) suspended in 10:1
dioxane/water (25 ml) was treated with N-bromosuccinimide (95 mg, 5.4 mmol, 1.05 equiv)
and stirred at room temperature for 14 hours. The mixture was split between ethyl acetate and
water, and the organic layer was then washed with brine and dried over sodium sulfate. The
residue obtained upon concentration was purified by flash silica gel chromatography (5 = 30%
ethyl acetate/hexanes) to provide a clear oil as a mixture of bromoketone isomers (62 mg).

Step B

T

NH,
2) Hy, 10% PdIC

This bromoketone mixture was dissolved in ethanol (1 ml) and heated at reflux with
thioacetamide (33 mg, 0.44 mmol, 4.6 equiv) for 3 hours. The mixture was split between ethyl
acetate and water, and the organic layer was then washed with brine and dried over sodium
sulfate. The residue obtained upon concentration was purified by flash silica gel
chromatography (5 = 35% ethyl acetate/hexanes) to provide a white solid (35 mg). This
material was dissolved in ethanol (4 ml) and stirred under a hydrogen atmosphere with 20 mg
of 10% Pd/C (wet Degussa type) for 1.5 hours at room temperature. The mixture was filtered
and 1ts concentrated residue purified by silica gel chromatography (0.5% NH,OH/1 = 10%
methanol/dichloromethane) to give a clear oil, Compound 42 (16 mg: [M+H] = 481.1 m/z).
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NBa HCA ot O A mixture of the starting material (300 mg, 0.51 mmol,

1 equiv), sodium acetate (42 mg, 0.51 mmol, 1 equiv), and acetic acid (30

mg, 0.51 mmol, 1 equiv) suspended in 10:1 dioxane/water (25 ml) was
wieaiggowigh N-bromosuecinimide (95 mg, 5.4 inmol, 1.05 eqyM)88%h0s/003200

stirred at room temperature for 14 hgurs. The. mixture was split between

ethyl acetate and 10water, and the g@bg?‘ﬁL%yer was then washed with

brine and dried over sodium sulfate. The residue obtained gipon

concentration was purified by flash silica gel chromattgfaphy (5 9 30%

ethyl acetate/hexanes) to provide a clear oil as\a mixtdi ¢ ofjgromoketone

4.6 equiv) for 3 hours. They ixgure @ tﬁyeen ethyl acetate and
water, and the organ§§ erwaghed with brine and dried over
sodium sulfate. The residue obtained upor concentration was purified by
flash silica gel chromatography (5 -4 35% ethyl acetate/hexanes) to

provide a white solid (35 mg). This 70 material was dissolved in ethanol (4
ml) and stirred under aGﬁj ogen atmosphere with 20 mg of “'00)

(wet Degussa type) fot-45 hours om temperature. TheixidFe was
filtered and its concéntigted resi urfied b Osilic -@M. hrorhatography
(0.5% NRIQHMALO% methanoqglc‘ﬁro grgmet afne) to |

Compoufiti4z \g: [M+1-11="4811 m/z WO

200S/109184P : IATS2008/003200 Exampl The starting material
(140.0 mg, 0.24 mmol, 1 equ v) was suspended in DCM (3.0 ml) and

stiregh Wil AYHARR 49D 80k IRk QYN o DEHVXNE WS HBRBH(3 .0 m1)
with toluenesulfonyl chloride é5 mﬁ, 0.288 rnmol, 1.2 equiv) and stirred

A IR S O (P R A T RN
tocatRterand maialeanal e ®rganitlay enwashem washe ehwithodFine o
tegr;i)%%t%\r/g rﬁg%?anrseuggée‘spgt}fet[\?gg%?hg gggtlletg alle %]at%(r),na%edntgg gx(?ggnic layer was
then washed with brine and dried over sodium sulfate. The residue obtained upon concentration
was purified by flash silica gel chromatography (5 = 30% ethyl acetate/hexanes) to provide a
white solid. This material was dissolved in 1:1 ethanol/ethyl acetate (4 ml) and stirred under a
hydrogen atmosphere with 30 mg of 10% Pd/C (wet Degussa type) for 1.5 hours at room
temperature. The mixture was filtered and its concentrated residue purified by silica gel
chromatography (0.5% NH4OH/1 = 14% methanol/dichloromethane) to give a clear oil,
Compound 43 (64 mg: [M+H] = 604.1 m/z).

Example 16

44
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10was purified by flash silica gel chromatography (5 9 30% ethyl
acetate/hexanes) to provide a white solid. This material was dissolved in
1:1 ethanoUethyl acetate (4 m) and stirred under a hydrogen atmosphere
i 0f 10% Pd/C (wet Degussa type) for 1.5 hours at fopom
Wﬁ@%%&%%%é The mixture was filtered and its concentrated ré)éfQTg f32008/003200
purified by silica gel chromatography (0.5% NI-140H/1 4 14%2% .o
methanoI/dichIoromethane)'}BNgl e-a (:IearOoiI(5 15Compound 48, [64
[M-(+1] = 604.1 ink). E AL e o Aﬂ/\ )M;}' 5 dielloromethdne:
OC, chlorosulfonyl is 'ﬂ-“) ('1 0g, 706 mfnof, 1 equiv) @l
alcohol (764 |@; imol, 1 equ;sz Were stifres @ ifiin to form a 1M
solution of Cbz¥suifgioyl chloride. In a separate fa e starting
material (100.0 mg, 0.22 5mmol, 1 equiv) was dissolved in DCM (3.0 ml)
with pygidi I ' reated with th
L i R o T S T

eQUBHANS RfpeYhrliehor RO hpgurOhasnshlit pativbenresiyreslcomie mimttotiona 1M
sonfiheg @Eﬁ%ﬂi@alﬁyﬁfdﬂﬁ%@@e'i‘n%%’ébﬁ@t&"ﬁ&@iﬂ@s%gn‘%r}ﬁgcé?x‘é@(ﬁ%#ﬂ%, 0.22

sulfate. The residue obtained upon concentration was purified by flash
"Hfied AR ITGREHY CMda Sl abiayshav Ot mep lettinol, S equiv) was
travet atefhibxdnesjulé:provicdedaibdioes Sohih mihis, mateiahwas Wisselied Rin at
: l/ethy] acetate (4 ml) with 0.25% acetic gcid, and was stirred | '
e R R R e T lrenni ave
Wwp@ww@%wﬁ&ﬁ@w@@@dmﬁr_@oﬁh@ mikatre Thascfiltercebamtbdtspon
cHRBReniARdsesigie putfiadhxstigagehehs @ @@%&%@’/&mﬂs 100%

acid/80 100% ethyl acetate/hexanes) to give a clear white solid,
SISO ATB BB A RGO BO9 2Rt St A suaigrinfoeag dissglyed in 1:1 ethanol/ethy]

acetate (4 ml) with 0.25% acetic acid, and was stirred under a hydrogen atmosphere with 25 mg

of 10% Pd/C (wet Degussa type) for 1 hour at room temperature. The mixture was filtered and
its concentrated residue purified by silica gel chromatography (0.25% acetic acid/80 = 100%
ethyl acetate/hexanes) to give a clear white solid, Compound 44 (32 mg: 529.1 [M+H] = m/z).

Example 17

A dry round-bottom flask was charged with KOrBu (0.49 g, 4.4 mmol, 7 eq) and /BuOH
(5 mL) and the solution was stirred at rt for 10 min. The starting material (0.349 g, 0.623
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20A dry round-bottom flask was charged with KOtBu (0.49 g, 4.4 mmol, 7
eq) and tBuOH (5 mL) and the solution was stirred at rt for 10 min. The
starting material (0.349 g, 0.623 WO 20081109184PCT/LS2008/003200

w &Jn%ﬁ&) was added and stirred for 5 min. The white sus /'!9 008/003200
ecame a yellow clear solution. Ethyl formate (0.30 mL, 3. 75 gflz 3

mpals e LRadieiand sirethiosymiton l?ﬁé’ﬁﬁﬁ%%‘ﬁﬁ?ﬂﬁ% 5&%}8%}5‘3“0“"" ear
soRAuGadbhibles (D16 slurmy wasnssiredpiiafandd drobheass)ixidr@saktion
then portioned betwe B /1 ueous,sodium hydroxide (2 x.20
becaf’)egl %’a%ﬂ?&ﬁugI}a%é:gv\l/%\esg aC| ? gd%v(\%ﬁ}sw Y3e mg fhei{) 82h The
mirgachess ﬁ)mnnbmh@m@hmmm&é/v%hmmodmmmmwmmmd% mL). The

a Qé&?ﬂ%@(%? s washes wit-waler u%rb%irga/&{e&@%%%e@@sémm fwice with

concentrated to dryness to give 200 mg pa Wéi/<ellow foam. This material

chipeafersedikithonbroetEpusitSEDN 6 tHashreliteyaters dried oxpr Pl and

coRiHHaRd 4o alvh fsthes R o YikateRe 6% o8 04RisNelridi v 8h®@Sithout
treated with hydrazine hydrate (50 mg, 0.90 mmol, 2.0 eq) and heated at

fughee RBFBBLIO R AIGES ¥ Has concentrated in vacua and was purified by
flash silica gel chromatography (20 4 60% ethyl acetate/hexanes) to give
the protected pyrazole as a white solid (151 mg). The 15intermediate
carbamate was dissolved in j]!‘riégﬁg}banolIeth‘yl %cetate (4 mL) ifa fhask with
stir bar and rubber sept a2 olutiorpweas Sparged W|t [rogen, and
10 % Pcl/C (wet, Degyss; pe & E101, Aldrich, 30 mg 3 decF This
mixture was sparged ' nltrogen and then hygliof @ and stirred at
room temperatufe Tof, 2 h The mlxture was filterdd and concentrated to a
clear oil whic urifi Ilca eI ch ato 1P
ammonu\ﬁ‘n Iﬁ%hyd‘ro@q %fé’ﬁ it an3 g%ne garlle glvé gﬁ i’
treifad wah yolpivliceldy firerm (30omvgate? it Budi 2t@ aﬁ@mﬁ tatetbsiti@fodicth. The

mRIROMNGD A E WIS ROWASK (L DE-B B Yy TR il ot diit SAZb graphy (20

60% ethyl acetate/hexanes) to give the protected pyrazole as a white solid (151 mg). The

intermediate carbamate was dissolved in 1:1 ethanol/ethyl acetate (4 mL) in a flask with stir bar
and rubber septum. The solution was sparged with nitrogen, and 10 % Pd/C (wet, Degussa type
E101, Aldrich, 30 mg) was added. This mixture was sparged with nitrogen and then hydrogen
gas and stirred at room temperature for 2 h. The mixture was filtered and concentrated to a
clear oil which was purified by flash silica gel chromatography (0.5% ammonium

hydroxide/1 =>» 10% methanol/dichloromethane) to give an oil that was lyophilized from 7%
water/tBuOH, to afford the desired product, Compound 45, as a white powder (108.8 mg:

450.1 [M+H] = m/z).

Example 18
inhibition of the Hedgehog Pathwav in Cell Culture using Analogs of Steroidal Alkaloids

Hedgehog pathway specific cancer cell killing effects may be ascertained using the
following assay. C3H10T1/2 cells differentiate into osteoblasts when contacted with the sonic
hedgehog peptide (Shh-N}. Upon differentiation, these osteoblasts produce high levels of
alkaline phosphatase (AP) which can be measured in an enzymatic assay (Nakamura, et al.,
BBRC (1997) 237:465). Compounds that block the differentiation of C3H10T1/2 into
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25Example 18 Inhibition of the Hedgehog Pathway in Cell Culture using
Analogs of Steroidal Alkaloids Hedgehog pathway specific cancer cell
killing effects may be ascertained using the following assay. C3H10T1/2
Wﬁ%%%s%ﬁﬁrﬁm'ate into osteoblasts when contacted with the soni
edgehog
08

C T
eptide (Shh-N). Upon differentiation, these osteoblagts2"?8/003200

R g AR 69 T e 76 5P R P oS AP prociuction

(v%&?iﬁ%@@d@@ﬂ C472Y l@h@%%@l?ﬂ\' qd@'ff B4R, RliAls a%%%ﬁr%ﬁggglpw. The results
i, .. Compounds.{l oc ifferentiation o into

a%%‘%ﬁ%@l%ﬂﬁ%dfﬂ%ﬁéﬁﬁ/é%%ﬁ%‘ Lo845TAL M TP WM ARBAndahle 1-
Cellentiuean therefore be identified by a reduction in AP production (van der

Hors I :8909). ils,are described b

e e e R R IRm B were
culERinnRent MENVAMedia (Salcoittvite SMcusplensbisbithn@Xdetinactivated FBS
(HRISRIRYS (RO T ddZ RN a0 BEAIRARA KRR (i) (RIS AHHRAIN B3FRY with
0Mggl Media (Gibco/Invitrogen) supplemented with 10% heat inactivated
> B NI SR tnits/ml penicillin and 50 ug/m1 streptomycin
AliGibed?hoglihagen hada37C with 5% CO2 in air atmosphere. Alkaline

Pho S 10C3H10T1/2 cells were plated in 96 wells with a

oSy o Tt O oare B A BB GB RIS (P hgpls were
grgmitp_rqem@meg((fzsmgmy, sand/bederhpe (Hdtegatinent oo elisnderetment,
thiysad We}él'gfsga’i}?fl bﬁsdl&m'fff%s(%gf@\{kgm 'Tlrzc, 34?/6 .T%t%%likga)%), plates

plates were sonicated and lysates spun through 0.2 kirn P VDF plates

WS SRS ehnd Ly ety shtstivaeh dshyen RYDEp gy mingkafit & b afibisates was

aswﬂ&im @'gﬁi@)@@ﬂtﬂl{yﬂ% e b RN mﬁyk&&ﬁ’ﬁ&%ﬂ@%ﬁﬁ%mmnw
Pﬂgg%%%tm ori30 min athY%, the ng,é%? were read on an Envisign plate |
IRUR at 405 HRNO T8 B ot ARTHBE Rt BRABdiA AR plate
reqdefrani(Pience Tacelgrdirgnte sy quufattdredts mBUChomnsn Adaadtivitymwasrce

Dormalized agalnsitoiaergtein, AL indigates that he [C50.i5 less than 20,
: tiM, "B" indicates that the ICso %S 20_10%8§f§["{\{ S'r}%ﬁ?ggtzgé)% %T%eo SBis™
“A {bcates (et Sippowrig less than 20 nM, “B” indicates that the ICsg is 20-100 nM, “C”

indicates that the ICsy is > 100 nM.

Table 1 — Approximate ECs, for Inhibition
Compound Differentiation Assay ECs

1

10
11
12
13
14
15
17
19
31
32
40
41
42
43
44
45
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Example 19: Pancreatic Cancer Model
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Table | - Approximate EC5D for Inhibition Differentiation Assay ECso 1
10 A 11 2512

WO 2008/109184 PCT/US2008/003200
The activity of Compound 10 was further tested in a human pancreatic model:

BxPC-3 cells were implanted subcutaneously into the flanks of the right legs of mice. On day
42 post-tumor implant, the mice were randomized into two groups to receive either Vehicle
(30%HPBCD) or Compound 10. Compound 10 was administered orally at 40mg/kg/day. After
receiving 25 daily doses, Compound 10 statistically reduced tumor volume growth by 37%
when compared to the vehicle control (p=0.0437). At the end of the study, the tumors were
harvested 4 hours post the last dose to evaluate an on target response by q-RT-PCR analysis of
the HH pathway genes. Analysis of human Gli-1 resulted in no modulation. Analysis of
murine Gli-1 mRNA levels resulted in a robust down-regulation in the Compound treated
group, when compared to the Vehicle treated group.

The activity of Compound 10 was also tested in another model of pancreatic
cancer in which the PANC-1 pancreatic cancer cells were implanted into the orthotopic site,
that is, directly into the pancreas. At the end of 5 weeks of dosing, 40 mg/kg/day (a total of 35
doses), tumor growth was monitored by weighing the tumors as they were removed from the
animals. There was a statistically significant (p=0.00014) difference between the Compound 10
and vehicle treated animals which was seen as a 47% decrease in tumor weight in the
Compound 10 treated animals. In addition, tumor tissue was harvested and RNA was isolated
24 hours after the final dose of Compound 10. A similar result was seen for the PANC-1 cells
as was seen for BXPC-3. Analysis of human Gli-1 mRNA revealed no modulation, while
analysis of murine Gli-1 did reveal modulation. These data reveal that inhibition of the
hedgehog pathway in mouse cells, but not human tumor cells, suggesting that one effect of the
hedgehog pathway inhibitor is to affect a tumor-stroma interaction.

Example 20: Medulloblastoma Model

The activity of Compound 10 was evaluated in a transgenic mouse model of
medulloblastoma. Mice that are heterozygous for loss of function mutations in the tumor
suppressors Patched] (Ptchl) and Hypermethylated in Cancer (Hic1) develop spontaneous
medulloblastoma. Similar to human medulloblastoma, these tumors demonstrate complete
promoter hypermethylation of the remaining Hicl allele, as well as loss of expression of the
wild type Ptchi allele. When passaged as subcutaneous allografts, these tumors grow
aggressively and are Hedgehog pathway-dependent. This model was employed to evaluate the
efficacy of orally administered Compound, and to correlate activity with drug exposure in
plasma and tumors. Oral administration (PO) of a single dose of Compound 10 led to dose-
dependent down-regulation of the HH pathway in subcutaneously implanted tumors, as

measured by decreased Gli-1 mRNA expression 8 hours post dose administration.
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WO 2008/109184 PCT/US2008/003200
Daily (QD) administration of the Compound PO led to a dose dependent

inhibition of tumor growth, with frank tumor regression seen at higher doses. The approximate
effective daily oral dose for 50% inhibition of tumor growth (ED50) is between 8mg/kg. When
animals were treated QD for 21 days, long term survival was observed following cessation of
treatment (>19 days), with little to no tumor re-growth. This demonstrates that the hedgehog
inhibitor Compound 10 inhibits both the hedgehog pathway and tumor growth in a tumor
dependent on the hedgehog pathway due to a genetic mutation.

Incorporation by Reference

All of the U.S. patents and U.S. published patent applications cited herein are hereby
incorporated by reference.
Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described

herein. Such equivalents are intended to be encompassed by the following claims.
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Claims

1. A compound of Formula 1a or 1b:

or a tautomer, or pharmaceutically acceptable salt thereof:

wherein;

R'is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, —SR*, —OR*, —C(O)R*’, —CO,R*, —OC(O)RY, —
CONR™)R™), —S(OIR¥, —S(0)R*, —S(0)NR)R™), —[(W)—C(0)],R*, —
[(W)—C(O)OL,R™, —[(W)—OC(O)],R*, —[(W)—SO;},R*, —[(W)—NR*)SO,]
PR, —[(W)—CONR*)LRY, —[(W)—OLR™, —[(W)—NR*),R¥, or —[(W)—
S]pRZO;

each of R%, R® and R’ is independently H, alkyl, alkenyl, alkynyl, cycloalkyl,

heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, nitrile, alkoxyl, aryloxy,
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MCSLLP

acyloxy, halide, hydroxyl, amino, alkylamino, arylamino, acylamino, aralkylamino,
alkylseleno, aralkylseleno, arylseleno, alkylthio, aralkylthio, or arylthio;

R? is H; or R? and R® taken together form a bond;

each of R* and R° independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulthydryl, alkylthio, arylthio,
aralkylthio, hydroxyl, amino, alkylamino, arylamino, acylamino, aralkylamino,
heteroaryl, or heteroaralkyl; or R* and R’ taken together form =0, =S, =N(R20), =N—
OR%, or =N(N(R*"),);

each of R” and R® independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, or aralkyl; or R® and R7 taken together form a bond; or R* and R’
taken together form a bond;

each of R'* and R'! independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, or aralkyl; or R’ and R'” taken together form a bond; or R'® and R"!
taken together form a bond;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or —[C(R) 2]q—R21; or
any two occurrences of R’ can be taken together to form a 4-8 membered optionally
substituted ring which contains 0-3 heteroatoms selected from N, O, S, and P;

R*! independently for each occurrence is H, cycloalkyl, aryl, heteroaryl,
heterocyclyl; alkoxyl, aryloxy, acyloxy, halide, sulfhydryl, alkylthio, arylthio,
aralkylthio, hydroxyl, amino, acylamino, amido, or carbonyl-containing group;

R* independently for each occurrence is H, halide, ester, amide, or nitrile;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, =O, —SRY,
—OR* - NER™)R¥), —C(0)R*?, —CO,R*, —OC(O)R*’, —C(ONR*)(R*"), —
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The activity of Compound 10 was further tested in a human pancreatic

model: BXPC-3 cells were implanted subcutaneously into the flanks of the

right legs of mice. On day 42 post-tumor implant, the mice were MCSLLP
randomized into two groups to receive either Vehicle (30%HIPBCD) or =~~~
Compound 10. Compound 10 was administered orally at 40mg/kg/day.

After 5receiving 25 daily doses, Compound 10 statistically reduced tumor

NHER RO RYIBTR6 WherkEmaBYed dpdevehisle garial (p=0.0437).

At the end of the studzy, the tumors were harvested 4 hours post the last
S @Y [ @R inte- MR HRYeR e sponrs€ BY)4RRPCR analysis of the
11,1-1 pathway genes, Analysis of human Gli-1 resulted in no modulation.
Ana&%islafi?ﬁa?ﬁ%énéﬁ £ AR BV e et < Tt bW elani

int e e Vehicle ggated

e SR N A T

ORT8dehafrangréptic-canyrtinwiisik the PANGIR Pancrrals gatiggtoells
were implanted intg the orthotgpic site, that is, directly intg the pancreas.

NG thE (Eh8 0f 5-WERKIEORIRGIBO MmgHGIIRY (a-t8E bR35 doses), tumor

owth was smonitar gséy eighing th rs as they were removed from
S@@\%&nmlgi Tﬁ%ﬂ% g@& atigfié‘a"ﬁgt@{gﬁ?fi‘t"é' tJ?'p:0.00014) difference
betw&gqg @b@’ §’()§p@951,r5} 5,0 and vehicle treated animals which was seen
as a 47% decrease in tumor weight in the Compound 10 treated animals,
In additioh, tEndr 4isSue das harvested and RNA was isolated 24 hours
after the final dose of Compound 10 A similar result was seen for the

PANE- méamndeniiadscantror axmacs inhanisid sthsaranionl. siriealkyl,

revealed no modulation, while 20analysis of murine Gli-1 did reveal
arﬁbﬁ&igﬁ%%.e%%%asr %g{g‘?ee&%%rl}%ﬁg{tyi%hibition of the hedgehog pathway in
mouse tefisrhyt Rot BUman tumar gelispsuggesting that one effect of the

hedgehog pathway inhibitor is to affect a tumor-stroma interaction.
Exanwpleh 20:Avied Bl obdastodeatvasdy, $he @RR/ity of Compound 10 was
evaluated in a transgenic mouse model of 25medulloblastorna. Mice that
are h&{efdz§tBti€abr loss of function mutations in the tumor suppressors
Patchegd| (Richl) arg&-bt rrnethylated in Cancer (Hie I) develop
sponl?gﬁséél?gr}éeoéullo élset)émé. Similar to human medullobiastoma, these

tumorg gemgnstratg cogyplete prémoter hypermethylation of the remaining
Hid | allele, as well as loss of expression of the wild type Ptchl allele.

Whenuphssdgat dsadunolitabenys atidgrafioathesed¢tomosigedkyl, aralkyl,
30aggressively and are Hedgehog pathway-dependent. This model was
hIPhDY e dT6 8RR e HhE! ﬁ%%ﬁ&%ﬂ?éﬁﬂ%‘%t%%ﬂ’d%ﬁfﬁ%ﬁ&hnd
s&ﬁ’sﬁﬂﬂ@d@te activity with drug exposure in plasma and tumors. Oral
administration (PO) of a single dose of Compound 10 led to
dose-dependent down-regulation of the HH pathway in subcutaneously
implanted tumors, as measured by decreased Gli-1 mRNA expression 8

2 hourslpescamsandiniisismationhawo BO0R/1B0R4RCTRI 520684003200
independently H or alkyl.

3. The compound of claim 1, wherein R? and R? taken together form a bond.
4, The compound of claim 1, wherein R* and R? are each H: or R* and R® taken

54




10

15

20

[N
W

Daily (QD) administration of the Compound PO led to a dose dependent
inhibition of tumor growth, with frank tumor regression seen at higher
doses. The approximate effective daily oral dose for 50% inhibition of
tumor growth (ED50) is between 8mg/kg. When animals were treated Q
for 21 days, long term survival was observed following cessation of
Streatment (>19 days), with little to no tumor re-growth. This demonstrates

toghatetheined@etogSinhibitor Compound 10 inhibits both the hedgehog
pathway and tumor growth in a tumor dependent on the hedgehog
pathway due to a genetic mutation. Incorporation by Reference All of the
U.S. patents andpublished patent applications cited herein are hereby

5O DS EAT RArTcE LA Ior e ThoS CTSHn ke art wi
recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the

6. inverftiorcdegonibdd hdrin. | SwbhreguiValEhiE are AnRRAGIAGSER >, B is N and
encompassed by the following claims. Claims,A compound of Formula la

Y 5t 1a 1ot~ T 6f & tadoners of phirrRasdikicamlatceptble salt thereof:

D‘\ﬁ CSLLP

7. A compound of formula 6a:

6a

TZ/TB

or a tautomer, or pharmaceutically acceptable salt thereof

wherein;

R'is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, —SR*, —OR, —C(O)R?, —CO,R¥, —OC(O)RY, —
CONR*)R™), —S(O)RY, —S(0)R™, —S(0)NER™)R™), —[(W)—C(0)] R, —
[(W)—C(O)OLR™, —[(W)—OC(O)],R*, —[(W)}—S0o],R*, —[(W)—
NR)SOJ,RY, —[(W)—C(ONR*)],R*, —[(W)—O],R?, —[(W)—NR)],RY, or
—[(W)—S],R*;

each of R* and R’ independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulthydryl, alkylthio, arylthio,

aralkylthio, hydroxyl, amino, alkylamino, arylamino, acylamino, aralkylamino,
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wherein; R} is H, alkyl, alkanyl, alkynyl, aryl, cycloalicyl, hydroxyl, aralkyl,
heteroaryl, 20 heteroaralkyl, haloalkyl, -SR20, -OR20, -C(0)R23, -002R20,
-0C(0)R20, - C(0)N(R20)(R20), -S(0)12.20, -8(0)2R23, MCSLLP
-S(0)2N(R20)(R20), -[(W)-C(0)]"R20, - [(Vii)--C,(0)011R20,

-RW1-0C(0)1pR20, -[(W)-802]pR2e, -[(W)-N(R20)S021 t,R20,
-[((W)-C(O)N(R2)]1,R21", -[(W)--011,R2rj, -[(W) 1\1(R2NrR212, or 1(W) S

hleRArAear il Baa ko1 200 A8 i@ﬁﬁﬁ%%%@%ﬁfo%ﬂo?%%?lk%”%ﬂm
cycloalkyl, heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,

nitrile,
ORMRoxyENMIERAY),)S P acyloxy, halide, hydroxyl, amino, alkylamino,
arylamjno, acylamino, aralkylamino, alkylseleno, aralkylseleno, arylseleno,

alkyltRio [2HeMRPRATSYoloa AR O R T899 | DRk Pk e Yag b tat-form

a.band; each of R4 RS independently is H, alkyl, alkeny yl, gyl
o PR LY B G e 2o
andliylihiee @eyibia. ATRIRYIERIBe YO0  RBH RO AHHAIRIRG ABKIREN MGl onally

acylamino, aralkylamino, heteroaryl, or heteroaralkyl; or R4 and R5 taken

sutpgiettest fomnvhEh=®ntNg0); 3 INTBRTO) o (R20)R); O, S, asedpy of R7

and R§,independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
10haterdByERFRKTASH AF AR CEREATHIRT GQicortbYetish Rt Bond;

o e L T

aralialieniophiRBoaRntd Rhiakeniogetherdaim cbendosyRbanshitbltakgn
together form a bond; L 5R2 independently for each occurrence is H,
a|ky|’Razﬁ<§ﬁypqu'fg)¢Wgch occurrence is H, halide, ester, amide, or nitrile;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, =0, —SRZO,
—OR*—NR™)(RY™), —C(O)R?, —CO,RY, —OC(O)R*, —C(OINRHRY), —
NR*C(ORY, —NR™C(ONR™)(R?), —S(O)RY, —S(0)R>, —
SORNR™)R™), —NR*)S(0)R*, or —[C(R)],—R*";

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, —SR¥, —
ORY, —N(R*)(R*), —C(O)R¥, —CO,RY, —OC(0)R*’, —C(O)NR*)(R*), —
NR*)C(O)RY, —NR*)C(OINR*)(R?), —S(0)R*, —S(0),R*, —
S(ORNR*)RY), —NR*)S(0),RY, or —[C(R)],—R*";

pis0,1,2,3,4,5, or6;

qis0,1,2,3,4,5,or6;

R independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, aralkyl, heteroaryl, or heteroarylalkyl,

-TLT5T - is Y—B-A, B—Y-A, or A-B—Y;

each of A and B independently is N, S or C(R*);
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cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, lieteroaralkyl, or -[C(R)
2]-R21; or any two occurrences of R7 can be taken together to form a 4-8
membered optionally substituted ring which contains 0-3 heteroatoms
selected from N, 0, 8, and P; R7I independently for each occurrence is H,
cycloalkyl, aryl, heteroaryl, 20heterocyclyl; alkoxyl, aryloxy, acyloxy,
halide, sunhydryl, alkylthio, arylthio, aralkylthio, hydroxyl, amino,
acylamigq, anigo, or carbonyl-containing group; R22 independently for
each occurrence is H, halide, ester, amide, or nitrile; R27
indepeisdentlydfor eaCtRdteurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, aralkyl heteroaryl, heteroazr4alkyl perhaloalkyl, halide, nitro, nitrite,
=0, -ER¢ —25-0R20tRP0)IND), L(G)R70, -002R70, -0C(0)R20,

-C(0O)N(R7 (
NS oI M ks S ot b g
hettH0RR0) RN 0r R24nndepeneentty foreARBr eesupreneptisnaiialkyl,
alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,

supgirvaddallcyl, halide, nitro, nitrite, -SR20, - 5 OR210, -N(R20)(R20),
-C(0)R70, -002R20, -0C(0)R20, -C(0)N(R2s)(R2), -- N(R25C(0)R20,
-N(R20)C(0)N(R20)(R20), -S( )R2s, -S(0)2R20, - S(0)2N(R20)(120),

8. NRLQISNPRA OF A7 Iwkerdix 3s 958nl 85 ot —.

MCSLLP

9. The compound of claim 7, wherein Y is —O— or —NR*—

10. The compound of claim 7, wherein “TLTT3- is A-B—Y, A is CR*®, B is N and
Y is NR*; or -T'-T%-T?- is B—Y-A, A is N, B is CR* and Y is NR*.

11.  The compound of claim 10, wherein R** is H, alkyl, or —S(O)R%.

12. The compound of claim 7, wherein R'is H, alkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, —OR*°, —C(O)R*’, —CO,R*’, —C(O)N(R*)(R*), —S(0),R*, —
S(O)RNR™)(R?), —[(W)—C(0)],R*, —[(W)—C(0)O],R*, —[(W)—OC(O)],R*,
—[(W)—S802J,R*, —[(W)—N®R*)S0,],R*, —[(W)—C(ONR*)],R*, —[(W)—

OJ,R?, —{(W)—NR*),R*, or —{(W)—S],R*.

13. A compound of formula 11b:
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2,3,4,5, or 6; 10R independently for each occurrence is H, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, or heteroarylalkyl,

-T1-T2-T3-is Y-B-A, B-Y-A, or A-B-Y; each of A and B independently is N s Lp

S or W is a diradical; 15X is a bond or -C(R 22 )2 Y is -0-, -S-, or and
each alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, heteroaralkyl, whether alone or part of another group, is
optionally substituted. 20 2.The comp%und of\claim 1, whereinR6, R7, Rs,
R9, Ri,are each independently H or.alkyl. The'tempound of claim 1,

or a tautomer, or pharmaceutically acceptable salt thereof

wherein;

R'is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, —SR*, —OR*, —C(O)R*’, —CO,R¥, —OC(O)RY, —
CONR™)R™). —S(O)R™, —S(0)R™, —S(O)NR™)(R™), —[(W)—C(O)],R*, —
[(W)—C(O)OLR™, —[(W)—OC(O)];R*, —[(W)—SO],R*, —[(W)—
NR™)SOJR™, —[(W)—CONR™)R™, —[(W)—OJ,R*, —[(W)—NR®R*)] ,R*,
or —{(W)—S],R*;

each of R* and R® independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulfhydryl, alkylthio, arylthio,
aralkylthio, hydroxyl, amino, alkylamino, arylamino, acylamino, aralkylamino,
heteroaryl, or heteroaralkyl; or R* and R taken together form =0, =8, =N(R*, =N—
OR?, or =N(N(R*),);

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or -—[C(R)zjq——R‘?l; or
any two occurrences of R?® can be taken together to form a 4-8 membered optionally
substituted ring which contains 0-3 heteroatoms selected from N, O, S, and P;

R* independently for each occurrence is H, cycloalkyl, aryl, heteroaryl,
heterocycyl; alkoxyl, aryloxy, acyloxy, halide, sulfhydryl, alkylthio, arylthio,
aralkylthio, hydroxyl, amino, acylamino, amido, or carbonyl-containing group;

R* independently for each occurrence is H, halide, ester, amide, or nitrile;
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together form =0 or S. The compound of claim 1 Therein Y is -0- or

-N(12.24)--. 6. The compound of claim 1., wherein -T'-T2-T3-is A-B-Y, A yicqi1p

is CR23, Bis N and Y is NR24; or -TI-T2-T3- is B-Y-A. Ais N, B is CR23
and Y is NR24. 7. A compamd of formula 6a: or a tautomer, or
pharmaceutically acceptable salt thereof wherein: R1 is H, alkyl, alkenyl,
alky:nyl, aryl, cycloalk 71, hydroxyl, arallyl, heteroaryl, heteroaralkyl,
haloaféyl;;r@PeRerR 20k <aQ)R20rAC2R B0 atRE(QIRZ01, -alkynyl, cycloalkyl,
20C(0)N(R253)(R20), -S(0)R26, -S(0)2R2(), -S(0)2N(R20)(7R20), 2
anfWHEKD); IREGoatiWhE@yRlipR2er bAoA OCAb N R W SOR1 TRED,
-1:(W)- N(R2)S02b,R2u -[(Wh-C(QN(BZNPR?2, ~[(W)-0] 20020
ORI N3850 of (O bach, Sk Rl and AT Apenciin R MRyt —
el X elaaligh il asgliyl alkosyb aetoxy. acyloxy,
[

alide, sulthydryl, alkylthio, arylthic, aralkylthio, h droxyl, amino,
salyamifpRANy iR stylaRtiooaralkiR)TineR MOSUY heteroaryl, or

heterogralkyl; or R4 and R5 taken together form =0, =S; =N(R20),
=NOR, gesdqﬁaé6@%%?@#%@;@8Fréa%%é&m1}%c@1?%%41:%ﬁ&ﬂ?ﬁm@mﬂk%
ar%fll,ka/ryll(’yﬂr}\{cla‘teroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, —SR*® —
OR2, —NR*)(RY), —C(O)RY, —CO,R*’, —OC(O)R*, —C(ON(R*))R™), —
NR?)C(O)RY, —NR¥™)C(ONR)(R*), —S(O)RY, —S(0),R*, —
S(ORENR)(R™), —NR™)S(0)RY, or —[C(R)2],—R";

pis0,1,2,3,4,5,0r6;

qis0,1,2,3,4,5,0r6;

R independently for each occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, aralkyl, heteroaryl, or heteroarylalkyl;

TT2TR is Y—B-A, B—Y-A, or A-B—Y;

each of A and B independently is N, S or C(R>);

W is a diradical;

X is a bond or —C(R**),—;

Y is —O—, —S—, or —NR*)—;

and each alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,

heteroaryl, heteroaralkyl, whether alone or part of another group, is optionally

substituted.
14. The compound of claim 13, wherein X is a bond or —CH,—.
15.  The compound of claim 13, wherein Y is —O— or —N(R*)—.
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cycloalltyl, heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or
--[C(R)2i---R21; or any two occurrences of R2 can be taken together to

form a 4-8 membered optionally substituted ring which contains 0-3 o
heteroatoms selected from N, 0, S. and P; R21 independently for each MCS
occurrence is H, cycloalkyl, aryl, heteroaryl, heterocycyl; alkoxyl, aryloxy,
acyloxy, halide, sulthydryl, alkylthio, arylthio, aralkylthio, hydroxyl, amino,

1 6acylaminanasoidel of gatkornywrertainimy gtoup; 10822 indgpenaently fox
each occurrence is H, halide, ester, amide, or nitrite; R23 independently

ango¥ aadRoesurende- HisdhkylYalkedyls IRy hgdcYdlodIR, aryl, aralkyl,
heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, =0, -SR20 ,
-0R20-1X(R20)(R20), -C(0)R20, -CO2R20, -0C(0)R20, -C(0)N(R20)(R20),

17; MARQERBEIRANG (IR i260)HR0; OARIRR
15S(0)2N(R20)(R20), -N(R20)S(0)2R.20,0r R.24 independe %E\/ for each
occurrence is I-I, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, -SR20, - OR20,

18.N (1265 FEZOPONIR 26 5E00) R B 0P herprBOje 0) IR ROY Fepoy, stoyiRZheteroaryl,

LLP

0)2 , 2 22N R20) R220) ormis 0,4, 2, 34, 5,
e O e e T e e e
s(H, Bkt mitdenyl, cewslortkyl. anyh. arefiyjoheteroanyiwar RO
<<t?()azteféyar);alkgl; 2?% 2-@21-]& YxBf&w %-Y-AU%?T&B-Y; gm ofO A? (a%)gf Ié
—iB8peRtelly is- (B dr-NR*)S0,],R*, —[(W)—C(ON(R*)],RY, —[(W)—

OJ,R*, —[(W)—NR*),R*, or —[(W)—S],R>.

19. A compound selected from the group consisting of:
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MCSItt W is a diradical; X is a bond or is -0- -S-, or and each alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, Eualkyl, Sheteroaryl,
heteroaralkyl, whether alone or part of another group, is optionally
substituted. 8.The compound of claim 7, wherein Xis a bond or -CI-12-, 1%0‘*’!“
9.The compound of claim 7, wherein Y is -0- or -N(124)-. 10.The
compound of claim 7, wherein -T1-T2-T3- is A-B-Y, Ais CR23, B is N and
Y is NR24; or -14-T2-T3-is B-Y-A, Ais N, Bis CR231 and Y is NR24.
1511.The compound of claim 10, wherein R24 is H, alkyl, or -S(0)2R20 .
12.The compound of claim 7, Wharem Ri.s H, alkyl, hydroxyl, aralkyl,
heteroaryl, heteroaralkyl, --8R2c1, *CJR2Q, -002R20,
-C(0)N(R20)(R20), -S(0)2R2 W211), -[(W)- C(O)]"R20

{(W)-C(0)0]'R243, [(W) 0 @. 20 ~1(W)-S021pR20,
% _J(WHCOIN(R20)1,11.20 , OKR2,

Icompound of formula lIb: 25
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tvi C St or a tautomer, or pharmaceutically acceptable salt thereof
wherein; R'is H. alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl,
heteroaryl, heteroaralkyl, hal alkyl, -5R20, -OR20, -0(0)R20, -002R20,
-00(0)R20, - 10 C(0)N(R20)(e), -S(0)R20 -5(0)2K20, -S(0)2N(R2)(R2),
-[(Vv1)-C(0)1pR2, - [(W)-C(0)01pR20, [(W) -0C,(0)]pR20, -[(W)-5021"R20,
[(W) N(R2)802}"R2u [(W)IC(OfN L,R20, -[(W)- 0]7 R20,

arafkylthlo hydroxyl amino,
' po aralkylamlno heteroaryl, or
: baken together form =0, =5, -N(R2 =NOR’, or
mdependently for each gccurrence is PI, alkyl, alkenyl, alkynyl, aryl,
20cycloalkyl, heterocycloalkyl, aralkyl, {1eteroaryl heteroaralkyk or
[C(R)23 -R21; or any two occumien@eSNOf R20 can be taken together to fo
¢ 'l ring which contains 0-3
v uR™ independently for each

e

d r%aryl heterocycyl; alkoxyl, aryloxy,
io, arylthio, aralkylthio, hydroxyl, amino,

‘- r?yl contalnlng group; R22 independently for

acylamino, anti

HN H,.
each occurrenN 0 halid

MCSLLP
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MCSLLP R23 independently for each occurrence is H, alkyl, alkenyl,

alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl,

halide, nitro, nitrile, =0, -SR2I0 , -0R20-N(R25(R20), -C(0)R20, -002R20, 151 p
-0C,( 0)R20, --C(0)N(R20)(1120), - N(R20)C,(0)R20,

-N(R20)C(0)N(R20)(R20), -S(0)R20, -S(0)2R20, - 5S(0)2N(R20)(R2),
-N(R20)S(0)2R20, or R24 independent| for each occurrence is H.

alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,

[ itri -N(R20)(R2e), -C(0)R20,

-0021220. OC(O)RZO C(O)N(R 'N[(RZO)C(O)RZO, -
N(R20)C(0)N(R2Q3) 20, 10

S(0)2N(R20)(R20) byt C(R)2]Q---R21, pis0,1,2,3,4,5,
or6;qis0, 1, 2,3 4, R mdependently for each occurrence is H,

alkyl, alkenyl, alky alkyl, alkyl, heteroaryl, or heteroarylalkyl;
15-TI-T2-T3- is Y--B-A, B-Y-A, or A-B--Y: each of A and B independently
isN, S or

s




10

15

20

W is a diradical; X is a bond or -C(R22)2-1 is -0--, -S-, or and each

alkyl, alkenyl, alkynyi, aryl, cycloalkyl, heterocycloalkyt, aralkyl, heteroaryl,

heteroaralkyt, whether alone or part of another group, is optionally
substituted. 14. The compound of claim 13, wherein Xis a bond or
-Cl2-. 25 15. The compound of claim 13 herein Y is -0- or 59 16. The
compound of claim 13, wherein -T1-T2-T3- is AfB-Y, A is CR23, Bis N
and Y is NR24; or -T1-T2-T3-is B-Y-A Ai§g ¢R23 and Yis NR.  17. The
compound of' claim 16, wherein e s H, glky (0)2e.5 18. The
compound of claim 13, wherein R is-H drgRyl, aralkyl, heteroaryl,
heteroaralkyl,-C(0)R20, -002R26 R?O»)x -S(0)2R20, -
8(0)2N(R20)(R2(2), -1(W)- CO) '9 ( )Obe -RW)-00(0)1"e,
-[(W)-802]0R20, -[(W)-N{R2BU2IR2, -[(W)-C(0)N(R20):10e, -[(W)--- O]
OR2, -[(W)-N(R20)1 11520 19. A compound selected from
the group consisting é P 10

Me and

or a pharmaceutically acceptable salt thereof.

20. A pharmaceutical composition comprising a compound of claim 1, or a tautomer

or pharmaceutically acceptable salt thereof, and at least one pharmaceutically

acceptable excipient.

21. The compound of claim 1, wherein X is a bond or —CH;—.

22. The compound of claim 1, wherein X is —CHy—.

23, The compound of claim 1, wherein R* and R’ are each H.
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MCISLLE IT 10 15 or a pharmaceutically acceptable salt thereof.

24.

MOSLLP

The compound of claim 1, wherein R' is H, alkyl, hydroxyl, aralkyl, heteroaryl,

heteroaralkyl, —OR?’, —C(O)R?’, —CO,R*’, —C(O)NR™)(R*), —S(0),R*’, —

S(ORNRZYR?), —[(W)—C(0)],R?, —[(W)—C(0)O],R*, —[(W)—OC(O)],R*,

—[(W)—SO,],R®, [(W)—NR>)S0,],R*, —[(W)—C(ONR*)],R*, —[(W)—

O],R?, —[(W)—NR™)1,R*, or —[(W)—S],R*.

25.

The compound of claim 1, wherein R'is H, alkyl, hydroxyl, ———C(O)RZO’ —

CO,R? or —S(0),R*™.

26.

27.

28.

The compound of claim 1, wherein RG, Rs, RQ, Rw, and R'! are each H.

The compound of claim 1, wherein Y is —NR*)—.

The compound of claim 1, wherein TTAT- is B—Y-A, Ais CR23, Bis N and

Y is NR*: or -T'-T2-T*- is B—Y-A, A is N, B is CR® and Y is O; or -T'-T%-T"- is Y—

B-A, Ais N, Bis CR* and Y is S.

29.

30.

31.

32.

33.

The compound of claim 28, wherein R** is H, alkyl, or —S(0),R*.

The compound of claim 6, wherein R* is H, alkyl, or -—S(O)sz.

The compound of claim 7, wherein X is —CH,—.

The compound of claim 7, wherein R* and R’ are each H.

The compound of claim 7, wherein R! is H, alkyl, hydroxyl, —C(O)R*, —
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20. A pharmaceutical composition comprising a compound of claim 1, or a
tautomer or pharmaceutically acceptable salt thereof, and at least one
pharmaceutically 20acceptable excipient. 21. The compound of claim 1.
wherein X is a bond or -0-42-. The compound of claim 1, wherein Xis
-CEL-. The compound of claim 1, wherein R4 and R5 are each H. 64 24.
The compound of claim 1, wherein R1 is H, alkyl, hydroxyl, aralkyl,
Cge;gcoary_ Iaéée&mralkyl -0R26, -C(0)R2(), -002R20, -C(0)N(R26)(R2),
)20ﬂ220 2N(R26)(R2), -RW)-C(0)]R26, -11(W)--C(0)01R26,
-[(W)-0C(0)]9R26, --11(W)--S0211pR26, [(W)-N(R20)S021pR20,
-RW)-C(0)N(R20)1pR20, -[(W)- 5 O]2R26, -[(W):N(R26)1pR20, or 25.
34he cOmpoundHctistm heksisiRY iis HARy ) hydroxyl, -C(0)R26, -
CO2R2 or 1026.The compound of claim 1. wherein R6, R8, R6, R10. and
R'1 are each H. The compound of claim 1, wherein Y is --N(R24 28.The
3£0MpeUNgL Bf RGN Jb REr e inyike k- T3TASIB- Y- B AVSACRIS RIS N Bndland
15Y is NR24: or -T1-T2-T3- is B-Y-A, Ais N, BlsCRZBanlesO or
V- NRIT@--E Y2 EA i Bs-NY BASACREZBitdCR 1S SdTYés dmpelind of cli—
28, wherein R24 ig H, alkyl, or -S(0)2R20 . 2030.The compound of claim
B$%&§ﬂ3¥@§% H%ﬁk?llsﬁ -S(0)2R26.  31. The compound of claim 7,
wherein X is -CH2-.  32. The compound of claim 7, wherein R4 and R5
areeachH.25  33. The compound of claim 7, wherein Rl is Fl. alkyl,

341y droxyb cGHBYRRS of claim 35, wherein R* is H, alkyl, or —S(0)RY.

37. A pharmaceutical composition comprising a compound of claim 7, or a tautomer
or pharmaceutically acceptable salt thereof, and at least one pharmaceutically
acceptable excipient.

38.  The compound of claim 13, wherein X is —CHy—.

39. The compound of claim 13, wherein R* and R are each H.

40. The compound of claim 13, wherein R!is H, alkyl, hydroxyl, —C(O)RY, —
CO,R? or —S(0),R*.

41. The compound of claim 13, wherein Y is ~——N(R24)——.
42, The compound of claim 13, wherein TLTAT3- s B—Y-A, A is CR* ,BisN
and Y is NR*: or -T'-T%-T>- is B—Y-A, A is N, B is CR* and Y is O; or -T"-T>-T’- is

Y—B-A, AisN,Bis CR* and Y is S.
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LIO 13 L L P CO2R2() or 34." The compound of claim 7 herein Y is
-N(R24)---. 535.The compound of claim 7, wherein -T1-T2-T3- is B-Y-A, Ay sLLP
is CR23,Bis Nand Y is NR24; or -T1-T2-T3- is B-Y-A, Aiis N, B is CR23
and Y is O0; or -T1-T2-113-is YB-A. Ais N, Bis CR23 and Y is S. 36. The
compound of claim 35, wherein R24 is H, alkyl, or 10 37. A
pharmaceutical composition comprising a compound of claim 7, or a
automer or phar tically, acceptablessalf.therepf, an t one
e B S I R Y 06 S T oS B canm 13,
wherein X is -CH2-. 39. The compound of claim 13, wherein R4 and Rs
are each H. 40. The compound of claim 13, wherein Rl is H, alkyl,
4fhydrosybhaO(RyR20;2 20BP2RRDEB(O)IN2 2. comPPhiatohisamnd oficlaim

13, wherein Y is -N(R24)- 42. The co oun(% of ¢laim 13, wherein )
e R BGRIG Al SA LIRICO N IA S e Brappgyoally
a&%@ﬂ@&&h&ﬂs CR23 and Y is O; or -TI-T2-T3-is Y-B-A, Ais N, B is

CR23and Y'is S. 43. The compound of claim 42, wherein R21 is H,

alkyl, or 44. A pharmaceutical composition comprising a compound of

claim 13, or a tautomer or pharmaceutically acceptable salt thereof, and at
least one pharmaceutically 5acceptable excipient.
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