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WO 2008/ 109184 PCT/ US2008/ 003200 HETEROCYCLI C

CYCLOPAM NE ANALOGS AND METHODS OF USE THEREOF
wdewknvnad Field The present invention general PET/US2008/003200

relates to cycl opam ne anal ogs, pharnmaceutica

conposi tions thereof, and nmethods for using such

anal ogs and conpositions. These conpounds 5 and

nEBERORC BRSPS SR RN R TGS s Taezor

psoriasis. Background The Hedgehog pol ypeptide is a

secreted protein that functions as a signaling |igand

|n t he hedgehog pat hway. Three different forns of the
protein are found in humans; 10 Sonic

hed ehog (Shh), Desert_ hedgehog & h) and I ndj an ,

hedgmf@sem wmntwsgﬁlileéalmalg &gcxc pPamyg apgiegs, Biwév*a?eélﬂfal

corﬁﬁ&%%'ﬂ? thefBRB IR methodB o Rbifg ARH aBAISE: dnd cbMBodesils. These compounds
characterized |igand of %e hedgehog famly. Prior to

andseamppositigns cagibg u pybe érememrﬂfrhﬁ%he& meélnateé disatgtresuch as
carfeBOhnliinRd fhsisnodi fi cation reaction. The lipid nodified
peptide is responsible for signaling activities.
I nhi bition of the hedgehog pathway in certain cancers
Baglggounden shown to result in 15 inhibition of tunor
growm h. For exanpl e, anti-hedgehog anti bodi es have

beeFhasHedgshempolysptidion 2 secretré PIotRE NG ONS A2 Higkabian fgand in
theﬁé&é@ﬂ@%{ eﬂﬂga)} nyi-bd ﬁlfﬁaﬁﬁt ﬂ)ﬁﬁ%%h@ﬁe&g@ﬁ@rp?ote§@é foun% in humans;

'ecu I nhi bition of eh athway activit

Sorit bedgshes(Shhl Wesarchedgehae(D |Imd1§eleﬂdaeh0ﬁ (Bhhy hqslgehog is
f
thegi;?(l% ng{er{lgrﬁgl%d%eﬁggﬁnl@ﬁl%g d%trl]?atgﬂh%? %Lﬁagsggﬁﬁle bggi%ﬁ%?enzzeg ligand of

t
thethiedgeabigy faamilty. thror th s;gzgluem,yshbmnd@weh e g@ﬂggg?qgalahwage and lipid
modmﬁtbén r%%1 zl\c/nelAlkI)'égﬁ ht(i)({e 1,3] pes%&}g{%lei #3? gg&ﬁl?lg a%tlg]vmes

neeﬂlhthmordrfnhe Iﬁeﬁgeimgqpaﬂmtagm cerfainfuahéerOlias beén thoen to result in

. hedge at h Sunmar, t
in G A B, P BYRaY an BrAdRhSE SR EYEb bRdh shown o
antagotixeshd ﬁmm?on of 2 l&ﬂgeh’digtphtgd&y ?ﬁd inhibitghd giletﬂfth (zlflhﬁmors. Small

i nventi.on in n of t as . a )
mojqQiE T Higs SERAdE T8 PR BT DD b o0 BB GRoTA gl death n
a nhinber dYRad¥er fffesRB3 X R4 R3 X R6R5 R2 O Me 6R5 R2 M RY

M RM 9T RO Tl% R11 \T3. R> 1 T2-T3 RIQ Rs R o
| a 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):



10

15

20

25

and tautoners, saturated derivatives, and
phar maceutically acceptable salts thereof; wherein;
wRlo08404484 al kyl , al kenyl, al kynyl, aryl, cycl ot &YE2008/003200

hydr oxyl, aral kyl, he,eroaryl, 5 het eroaral kyl .,

hal oal kyl , 20, -C(O) R0, ,
C(O N(R20) -S( O 2R20, :
[(W- MOl PR2O, | .
[ (W7 “N( R20) SQ2] p

ik S S| pR20; each of TR ‘ i s
|nden; R aIkyI al kenyIT* arkyny I,R%ycloalkyl,
10 hetr&mdcyRT oal ky aryl aralkyIRshéE eroaryl,
het er oar al kil , n|tr|Ie alkoxyl aryl exy, acyloxy
hal i de, hydroxyl am no, alky Ian1no aryl am
and{faytpmATsnEurated AMaErasnand @Pmcglé}ce%accemtdf R%l'ls Serefo,
ary%ﬁggﬁno al kylthio, aralkylthio, or arylthio; R3 is
EE and R3 taken together forma bond; each of R4
andR H, nuferbeﬂsdmdtallyynyb aH/I cyrcleglkyl, hydeexy} aralbylklgqﬁgrparyl
het@xroXIIalky§¥1§1| Qﬁ#lkyéR” ”b}{” 1&?’? R'Z"k%cqcﬁkf‘)?@(b)N(R”)(R”)
-S(@myﬁ"x-rs(@);Rzéiramawmzf’)whymwo»qm)]plz i (V6)- C@)WARam no,

ACREITONPED ST, RPN IR SRR T ik

[(WpOlRY, W)-N(a&ﬁ)p&wr WS R{R20) 2); each of R7 and

y T BAPRET X Sl sdadrer ity 1. Al erv N exessilptly
hetE¥bcyoidaticyl, ta@_@ﬁlrﬁ]l&?loﬁgélﬂgrgl E@igegzardﬂgyl Sﬁagﬂ&(ﬁﬂaﬂyl akyixy, at9loxy,

ether forma b
halidgdBidBR b APYSP: P B, R famidy. eﬂnmoa?r@x fuinoyplsylseleno,
aranayrgka@aé layselenb S41RY1069/ GHBaAtkiol or 2¥1tAs;al Kyl ; or R9 and
aken together forma bond; or RI10 and R11 taken

t og%tﬁ& of B AR gk togaskeriforaedboment |y for each
0CCHch 8PRCarddSR Hndeplekdbhily %'IKGE'HWI ;ali@h¥d Ellé%rnyl 2 eycloalkyl, nitrile,

cycl oal kyl, 25 heteroc cl oal k ) ara heteroary
aralkgt, aPeorymipKY, asyloxy.del ?P‘&ﬂRQ!I}’ {fijo, aralkylthio, hydroxyl,

am%CMHl%Bﬁl%sa@famuﬁz gcyqﬁﬂmp ear&lﬁ%%ﬁm‘bo&%rgﬁ’g/l BPthé}Bthﬁyl or R* and

mber ed” opt 1 onal | Y, substlguted ring” whic

R’ ta!sm @gﬁber fornB =Re t SR I=NORSG oeaNINGD b); 0, S and
éac M@fﬁ%ﬁd éﬂ%&éﬁ%ﬁg&i& A ) %g?elﬁ O:ﬁlkﬁ@lcalryl Tycloalkyl

|ndependen y for "eac occurr
hetenoyycloaties,@r erallgl; or R and BL takerytogethérifomay s borair, ot Bxgnd R’ taken

h ide, sul fhydryl, alkylthio, arylthio,
mg%ﬁ&b%“??h Eﬁ h¥droxyl am no, acylam no, am do, or

car d:aoh of RE’canﬂ Ri m@egmup is M«yl rdiengt iyl yarylocyclatityl,

H bi d t & |
he B n PR PSR ks e o bopft e i R aken
togéthleeoyth a bahkynyl , cycl oal kyl, aryl, aralkyl

i t KL SR bedensy ﬁ%“gt‘%'ﬁf LEP3NSE, fife W%‘»'@}_;E)%fyl cycloalkyl,
hetex@é@)dﬁi’l&l arﬁﬁﬁﬂ%@aro lkyt, Gf QCORR B (; B28y two occurrences of

R20 N %2 toge rd)) ﬁmR%%) e’r\éd%%%%é@%?sét S@%{)g \&uch contains
0-3- He%cﬁx&ilasefé%ﬂed fibth R29, $ ndependent |y for each

occurrence is H, aIkyI, alkenyl, al kynyl, cycl oal kyl ,
aryl ,
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aral kyl , heteroaryl, heteroaral kyl, perhal oal kyl,
halide, nitro, nitrile, -SR20, -OR20, -N R20)(R20),
w0 QI(O@)lmm - C02R20, -0OC(O R20, -C(O N(R20) ( R20pCT/US2008/003200
_s (Igf%)éé@dg% Oor2 %c%%&%%e’)% W%&(gﬁgh ’aryl 1%(9)):5?10 heterocyclyl
alkoxyG(aR)l0%y5 a¢¥ddxy, balile, suifl wdrgl, qlksltlgp,@rylthlq, agqllg@thlo hydroxyl amino,

Ly for each occurrence is
acyf_alnﬁné’ ﬁﬁ@d g igkg{?awné? kym oal kyl, aryl,
ar aRz’ﬁ};aid,epdmdbmbdbr gdch oorurtvetcois bahslide) dsyelr; amidd, o Bitlla; i s

Vs R mdopmnagoly R pgFRE s Pyprhuf ke, SSREE T o

arakkyl hét8aR), heterodralisyl s perhaloalicy], halide, hitla2dilrile, s dSRITg-OREE h

N OB R Y R QR YRS RGBTy

N(RFSCIHN(RI'IRE), 08 (MR, -S00),2AVL$(0),NIROYRY), N@BHS @)R?P Y

substityted. 25 The invention further includes
or -HH&Reut i cal conpositions conprising a conpound as

s etR¥ Qi dePerABRWEfor 83 oBRIRACLSs Of, am§1 Bllteityh, 850 U?&Ml%ﬁ aryl,

and conpositions for treatnment of certain bSOr dzg

araligily h?télioaTYhWPEFQaF%IFVIG?Cﬂtaﬂf@”ﬁ’éd’@b#@gltlfﬁ’atllﬁvlaySRn WRToNRIR™),
_C(OFRY] X O),RYUS¢ Q)étbf)ﬁm*t OWQW%S-N(RZ‘*)@@;)RW aN(Wﬁgw)ﬁ(ﬁf")(R”

such conp he’ manu tfure
19 !

-S(OR3i- se»zlﬁesse@)pwéﬁ(wbef NeR ISR Oil'hre[@@)z]me bons of
ter u hgrsel ng.are meant to incorporate the present
aé]ﬁo ?wﬁefgf!t)%defl nitions recogni zed for each term
| n qi8é, tHkd €8 ommd phar maceuti cal f| eI ds. The
et Tt S e BRI ARt L LERARUANTE R o
arakkpk betbioas, Iomhetemaiyd}ﬂls/l;ot herw se i rri t ed in specific

i ns r ivid Iy or as part of a |larger
gr of{a[}@x 'ﬁ?e% é%?n& ﬁa{g’efi nition of each
eXpdfaeh?SfAllandB1ﬂdepe1ﬁiekﬂ§'1$N 1%, orflC(REY;C. , when it occurs
@ ﬁi)neln any structure, 1s intended to be
i ndeg&AgE: its definition el sewhere in the 5 sane
st rxigd 4i6dhd of PFEREDHY-M "acyl " as used herein refers to a
group of the en gal formula RRC(=0 -, where R can be
H afHs -Saroy Ror @4l kyl . In typical acyl groups, R
i's Aﬂd%ctﬁﬂkﬁ(ialﬁén Vlalkyié‘d\ﬁ &9, by%loa%all 'Hé%éy)flo&%?lsﬁﬂatk?t Bkeroaryl,
or R can ar al erein the aryl portion of
heterpaipiky), vwhsthar aone orﬂ?ews ?I@éheagm‘mxlls eptimaliesubsiétsitednat i ¢
ri I
. g%pe lﬂ’g%tlgﬁ g.lr@lﬂk%lzluﬁ célﬁlcgl & ogggl?st%f%l gi@iglg a compound as
set topthi abped, hyd sletbgda qulseé tlme d@Bmundseajldwempﬂtwr@rfoxsmhnent of
0 t [
corl MR PRRFIGH o P ROARBOAEL pa0fh BV b MMbo, B80tsuch
comp@hedmtthﬁrza)ynmdetsy of ieh compounds foe }ﬂ'resszamfa&dlr@yf 4 inedicament.
general formul a:

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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O -N RS54 | R50 15 wherein R50 is as defined bel ow,

and R54 represents a hydrogen, an al kyl, an al kenyl or
WO ¢@B2)I8RE61, where in and R61 are as defi ned P&lr/v82008/003200
appiéhl% @{CHﬁS aSQLé&%? é( Lsedzi‘lﬂ'gu }ﬁlu%(ﬁ’xﬁ%k)emﬁ&ilgﬁ utni%séj (l;kﬁéi E;v&ge‘ﬁnﬁ%d n

a I'C groups anal ogo s in engt h and possib

spesifib $ttStanu¢SL cithet mdtvlr@alsly kyasspact@i alarpagrdyel ow, but t h at

::22%521(1: 14 ﬁgr E%Idﬁ %sstol:ll ep%U lgﬁhnlgyn gtc when it occurs
mogetthat dricel haﬂmy\mhutehe 1ﬁen®el mabgmdemedemh of itsadefin8ion elbWhere in the
sandS substituents on al kyl groups, to the extent

éWHf?fed by the available val ences. Typical al kenyl

an drisl thym"sdcyg ra® ugsl hefeit fifdis -alfowpdflibngenknl fo@ula R-C(=0)-, where

backho uct u The .ter "al kaxyl " mal koxy" .
R oRBpeHeEY T B I B R R ermro 8 o 1-Fa oy whieh i
optR%MBEMbEtRGeE Hr Radah d6 BRIk, RafediR theRR b@ﬁ@ﬁbﬁfﬂe‘éﬁhlkyl isa5-7

al koxyl groups include nethox%> et hoxy, ﬁ? yl oxy
mempgred BOMEHY ohriereaiemptiqns, srethg plkyl postien a1 al.kylene group;
and@J ok alllyPAHA o p‘éhﬁ)ﬁg atelobBortall§ sﬁﬂshiﬂted 4'd8d¢RBed BREn $33uch

be substitute he sanme groups that are suitable as
roupfh ﬁennnd@tr@tmﬁy@mwi and@hemggthyltase eamples vEntypjsal #rlkyled

by »

Chel PAgRh o VAP AT Eiujct)hal REbe pliaicd ) B Bk h
forgulpai ght - chai n al kyl groups, branched- chaln al kyl

groups, cycl oal kyl (allcycllck)groups al kyl

substituted 30 cycloalkyl ups, and cycl oal kyl

substituted al kyl groups. $krt i_n enbodi nents, a

strai ght chain or branche chaln ﬁyl has 30 or fewer

carbon atons in its backb (e.g., A-C30 for 4 WO

2008/ 109184 PCT/ US2008/ OOIB?@O strai ght chain, C3-C30

fory &R RBOG £RRERIG belfyv, And REWRLpresdiiPh ﬁ?&rbgen Qrpalﬁillkﬂ alkenyl or

up contains 1-10 carbon atons as its ckbone;

(C?ia)y\ , yhirem engt Rel are apidefimgd belowt ed. Li keW| se, cert al n

c e

S%’ft}%flhnlrfﬁés ﬁlk'é‘ a&f %'fg?:ly%(}efgp{o% r%gfrégﬁlngl{&tlé gﬁhﬁse Jdral ous in
length pod pessible suh$tmyg>ndo Heralifydedesertied dtlew, butlthap coraid at least one

dou% e c*r?@llé %!}ncprregp%gé%el Efkhr?yl a§+ %E?nygr gggé’a&lggﬁé %ué:gt];mted with the

SUCH “as ah "ara
sanmgmtpsthm et sbyabflmast sabitauentstsit alkyll gmlps tsthe lextast, pehuitted] by the

el 512 LTS AR T Ep i Bor s backbone
strudiirdYi NO, an1do acylan1no phosphonat e, phosphlnate
carpon

sil grlarrs “ xy a)f% )ﬂll]gcﬂ(?’g Ire %F %&}réq!lh]pfl rgf%?l?)taesr eﬁgerd baeligw %avmg an
oxy@lsrknah&ui FraoRi ti@eto Krépp&rentadd kO I Egro@stifidlude methoxy, ethoxy,
aromati ¢c_or heteroaromatic noieties,

heterog%héyl 10
propyiexy towdttheehlfq e alkybportion Rfi,qn all(cﬂxlxm is g;ed like the alkyl
groﬁiil:skyxm/éan ibg s titut& byAROSARS grBiR Rt aRUGatSad Mb@itkeYon alkyl

etc., or it is a substituent on anot her
grogws@z;vhe pxtent perpited nthp pvailablsyelesesl | y substi t ut ed

| OWEe t&nk ydlkyl’g{e@éllpto%e LAWY ofeth Rl allgflagfé%'roﬁrs lﬁtl:l{ialﬂé' lstralght-

group, having up to six carbon atons. For such

p\ﬁlbdgﬁslps,tbh@ctl%m?m alkyligequips.serplpalkyl{aliqydlc) igzpups, alkiRsubstituted
cyc10§ﬁyl gro§;§¥ Bhd cyc%%u%%tﬁ%ky] 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
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15 CONR 2, oxo, -NR 2, NRCOR, NRCOOR,
NR SO2R , OC(O R, where each R is independently H
w@eoogneukst i tuted Cl-C6 al kyl, C2-C6 al kenyl, BPCT/C220@6003200

stra?éhlfm C3 Egée%otr Bid heﬁlcﬁﬁﬁh} Eb Qr felef. ef‘ 1$a‘ﬂ agwfg*oup contains 1-10

gr oup, |ne above, “havi ng a s
Carmamm itsibackboue, ahdimeoy bt sibstieted o ummtsuted Hakewise, certain

cyclo%lkg?é htabé om@?Oe({ onsa Jn?splilgﬁ @r%%ﬁggm%@do&%ﬁge% g&l 7 carbons

n tlatmhg%ﬂ.xcwee Uidésis mh&r\beé mdica2, aﬂ!e_/;bamkmttmﬂqyl/groabsk yvhenhexcalone or

o A QY R bl b op g B Rupy st ang §sapens

suchas, bot s lislited tof Bdom[‘ aridey bx@ raclyl, dyﬂlblallt@lk} h?drﬂii)jlﬁtlyoﬁyh atnino,

re resented b he gener al rmul a:. O R51
it ORI A G S, 2026 GBI g ST, PR, conbony
carlﬁi_’ilbﬁdadmtirfihefﬁfegiefb&)r&ghm \Ai;m Ehc@xy,agcynhﬁ§ﬂnjglsulwﬁ$ﬂt ion
not. i ncl ude i m des ich may be unstable e

akxvinaﬂﬁgamﬁﬁa Krdoneldeydrientsn hefemoyiyl %re@awrz@&r%mnwf@?wtws
-CR,aChohid ¢heskest i tuted and substituted amnes, e.g., a

noi ety that may be represented by the general

f or WhersgikylRgtkenylrgg@lqyny] is pert pfmothrsgropgs suctis\palkoxy, alkylthio,

etc. qugfs Jaggﬂs%ﬁleﬁgl;{ dedeP8H ?qglg GreqiAfy §h Gptﬁﬁigl-ly Rr%stltuteﬁ@?wer alkyl

R53 each independentl’y represent a hydrogen,
grom kr;/lpweraaik@b/kgﬁyn or alkynyd graupGtiavingivwprte siRGarbam dtomss 1 F(noquch

pur&%get dt?'ﬁ tﬁtgstl ﬁts%cﬁrﬂaﬁ)rg%}( Cékar%@j fo G%N R’ t(?df@ﬁ

e N atomto whi¢th they areatachd
CONB/mp bxt, eNRhNREC(EDR G NRBRQIAR), NRbS@zM QO(BRAtvdese ¢agh R’ is

oA ARG T LS B9 A0 8 Koo
pol ’l;keyexhe“allqmthoﬁmfsrs xceamalk:yl gaoupi ad cka@aed ahmve Jhmavingagelfwfradical

R51
atw%‘bﬁd‘*%%sfﬁ I SO et B AR RaisOR gt ted by one of
-S-dyydy -Sgfikeny RS- akkb'kyyj andaf-(@HkeRA 1, whérein(i ki R6 Rare Hefined below.

RepgEhém gty Mo ians HGiarge i elfoT i and e ke O 7

u nsnhfaéﬁﬂgu‘gmdiog h%“ianﬂﬂé ’8&9@1:{1 idcfigiﬁﬁd@s ah ilgm_(lghs'&bstitﬁ%éarbonyl and
one o an is al ky gr up. e term

includg 2, mpigty t atafgaﬁﬂeeraprﬁ%ﬁ“&?%ﬁ’y theor@t ognlae or as part of
a group nane such as, for gexanple, aral kyl oxy, refers
to an al kyl group as descrj|lbed herein substituted with
an aryl group as describe herﬁRﬁl(e.g., an aromatic
or heteroaromati c group) he al kyl and the aryl
portion of each aral kyl group re typically optionally
substituted. Typical aralkyl i%ciups i ncl ude, for
exanpl e, groups of general fo la Ar-(CH2)t-, where

Ar vvmﬁﬂ K80 RBI #&Yb défikd bdlowa Werthiniesbdfin ehis®Y e ahfi@éin the
1-6. The term"aryl" as used hereln whet her al one or

pregest igxFRtop wilk Refipdhderimides Sthigh 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—RS3
\

R51 R52
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“aryloxy', includes 5-, 6- and 7-menbered single-ring

aromati c groups that may include from zero to four
whetsnoasons sel ected fromN, 0 and S as ring PENDEI088/003200

as e i

co r@fe é%"ll %éo (0 égg? hrﬁ’/%gg]js%c?(%}de%élg%peﬁeﬁg%ﬁgéeﬁﬁogm an alkyl, an
alkeat, HICAbENRO1, melphft R0 &dR5126r RS0 awdlszpynmmna;emamy /gharged form),

takenrl hﬁ? With tflenill 3? lo Whlol')l(glz? Lr% attacl'flI gl 2 %lme lete a{hegerocycle having from
4 to[:&/aftd)m fhi tBEnngstdlctdn@ R6Il kq)resﬁiltsaﬂ aqzl )al cyglbﬂikplSa byoloatigenyl, a

hetqrr](g(%yg ogta%gglc%ge ag& m 1s ﬁglg é’? %15: i qtgglglg tga 1yangae! OSle tg% In other
embohgﬁ@ﬂs? R50 gﬁd R6B(and bpgorallp RE2) dach fddelganﬁﬁﬁlyb%)rﬁsent a llzlydrogen an
substitute one or_nore ring positions with suc
etk e it S ookl B A0 ea“[‘)ylFIBIneei{‘& fSAn amine group, as
defiled ABO8, hadihk dBubsttlfdd or vREWskiiled aBlykSibithed BEKWNYE., at least one of
cycloalkyl hydr oxyl , al koxyl, 25 am no, nitro,
R503mdR3df 9 alkylgromp: ~ ani do, phosphonate phosphi nat e,
carg@idin «a E}h’@r?sl’bsed%fgl@ hWhefh8r A5 as Part ¥f a gt%ﬁ}hﬁ&[me such as, for
al kyl thi o, sulfonyl, sulfonam do, ketone, aldehy
exa@@ttfearalkyWémpf@tS;ﬁe lag plkybgrovmas desastbep bereinsubssiteed thh an aryl group
as d@EU BLd fitein( rg}l’au@& Hetfodrbiftic gﬂﬁﬁ)&t BHR th@h1 and Ithceq:\ryl
incl udes po cyc?lc ring systens having two or re
poragredfieachr aralirsl grodp e typivally pptgmakby sublstitgtedy |nglsal ardlkyl groups

1ncl¥}@é %} E(‘é‘ﬁglgr grgigﬂs%f %%q?zg m. , é%j% V&ﬂ A e?glseq%tﬂn@yl ring

an&taaﬁnnmgadhﬁnt%e rlngs IS aronatlc e.g., the other

CY o AT TP P PO P o Y A O SHSY Bgpgch o
‘arydodyQdhdledes $-, 6ealﬁrh7-afe)ﬂbeteﬂ singletrirptaeemdticoiroyjlk elity may include from

t hi ene, fura VI ro i di.ne, rimdine,
zer G ot ks el fromb o0 AP S af i sfers; s el fused pgetic an
tricy e lshitaaot dnsisfRlessbic Sn@OMSEbxaRGse, BeRiehé, affiractne/Giphthalene,
2008/ 109184 PCT/ US2008/ 003200 _The. t rm B enste
pyrefie; pyrale dwpg, thigphene, iayidazels xazqle hia egByrazole, pyridine,
pyr: m&y gﬂ'ﬂﬁzin@ And Wrﬁﬁl@ﬁﬂe arQQﬁE)l'ike Thesd dﬂllr@roups having heteroatoms in the
onyl

‘car contalnlna group” includes such noieties as

ring-sigRclyee hgpplankarelareB o as e Jetaroeyalest 6F nipteagarowmnies."REby aromatic

ringmaPlk $5BLithte® aﬁ’gh%ro? hﬂ)r@% ﬂ&ltﬁnp@ﬁg s&rh sﬁ@s@ﬁ@eﬁ%‘% deséHbed above,
oxygen or a sulfu each of R55

for pxample; dplpgen, n@é%@ﬂwbmllgyl,alkwﬂls iy, %{ﬁloallkklyhydrawl alkoxyl,
| -

i S, S n AR pb Rl pASPRERE ToloOf, Bybomyl

cond:etﬁnm&rdulabdyleethmalkmlﬂeo,énﬁml,rsglfo@midm &etong, aldehyde, ester,

het&ggﬂ%?(%oﬁaqmo? &lel%gr ant RlOlC%lePr 823(3 ;—Kﬂgk& tli%ﬁ‘ke The ter%5 61ryl” also

I C aC| or ester, an
mcluées@olmydwcringsmmds hasmgwoa:m ahoR56ychc riRgG pfwmt\mlmgs pr thgee rings,
sent subst.ituted al »
in SR o i oot S Bhohagtiaf bt HhE e il rines

wheﬁ:ém dt leadt end ofyhotipss if aromaét,leyg. ,,thabthexrqybhc riggdslayayye, cycloalkyls,
ryl, .cyc r cl oal k . .
oy RikepisFyriomkyits, av B BABENGyP ez o o o ments; saph anvt s
sele@&ﬂ flon ghehy10tidphynes Alad, ipyridlebyridive, Biiiping, pyrazolesingidazole,
oxaé(ﬂe Miésg)éggogmnédfdtﬁla%hg OIT %gxﬁé 5 men(i-jx;ers %xdelfgnaeld - IS
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is an (al kyl)heteroaral kyl diradical. Typical exanples

i ncl ude al kyl enes of general structure (CH2)X where X
w0 20084 @184Nnd corresponding al kenyl ene and alkynqnoﬁnmwmnmm

[ r ‘

dou e, TR 10 RN s Ol Rl ion (roton)
¢xﬁn8 ring nenbers groups such as (CH2)aC( C»(CHQ)b

B ofy rcsrrgnﬁva?géﬁ."% A oy 3R s Sy 0 R reppgpied by
thegmwgﬂ&nﬂmﬁae is on the alkyl portion such as i and

its isoners. The %1kyl al kenyl , alkwﬁyl aryl,

cycl oal kyl, heter oyoloalkyl aralky heteroaryl

and heteroaral kyl [portions_of a dlraﬂical are

optionally subsiA ted,d%sdessrib ve. The term

"hal oal kyl ", as” used ¥¥rein, ref&% to aRSal kyl group

wh

B XUVRL PO e 7oy Y FENE i BN RS s
reprgsentsinddppridcotiea bydrhgane abellsyl, arealkenyb d(G/Hzr)thél hod ¢atien representing

L AT

whaed cwm}oﬁmehmgrgmmss pu@senhestls abetboiqéxc@md or wkten; et a &yloxy

e ca bo t r. cvcl oal k
groygs 30 €85 SR Do BRHsOind B G RSY whn eI PR g bR H or an
optﬁnﬂl}chuﬁsntﬂiycpalkﬁlgr@parrpl es i nclude nethoxynet hyl,

al | thloe di et am noet hyl., and
F ecthandar Sty Feres o st dive A s fom g atkenyl,
alk BT, ary] dﬁﬁ@&y@ﬁet&b@fﬂléﬁkﬂ%‘am}leﬁ%bar% B&T heltdiadialkll f26\ips, each

or hydrogen. Exanpl es of heteroatons i pcl ude boron,
ni trogen, oxygen, phosphorus, g{uivaﬁd sel enium In

of vghaelt @mrbeomwdllmrttsstut%ladﬂor trampleodt om i s sahed@édﬁretdiqatn
0 and S. The terns "heterocyclyl™ or heterocyclic
éro

up’ refer to 3- to %O- er ring structures,
i nst ance .om 3- ered ri |n
% otr uct Al 3 Al 80 10 @ast orisenap B isatar a g

g edo r heteroatons. Heterocycles can also be
poHyo es. Heterocyclyl groups include, for exanple,
t hi-oBhene, 1senfalktlheisrraraliyd daadicalyFypical exopplasipsludealiylenes of
en@xlaf SAERTe ( 5“»@%?@){ 1splh§ Ay @Br?ésFShdu@’zflﬁéﬁlyﬁne hiH zgfi‘}zrﬁlle%e linkers
pyrazol e, |soth|azole I soxazo triazole hi‘azol e,
havingadf earbereatorpy anddinger meys éoribleeor tfpi})? borddj weloalkylene groups having
e , -
3-8 % I!rr%gﬁ)'eﬁ Frﬁg%?}:ll}] g§ @-g()j, T I?g?ﬁﬁ)% wﬂeﬂadag%ﬁ% b aré Qeg:"ﬁ%&lsgers from 0
4; apﬂr axhadyhgnomes wireagih phg/opeuirvraénceqla on d)cairylrxmg am6 one is on the alkyl
qui nazol i ne, cinngline, ptridine, carbazole,
carbol i 4._.@7& hridine, acridine, pyrinidine,
r@é}ﬁﬁama ol phenad ith BomeRE TAE SRF], BRenyl, a]]gfnyl aryl, cycloalkyl,
phenot hi azi ne, furazan, phenoxazi ne, pyrrol

hetecs%ard&ﬁléwl R, dsisroapyl cand|heterqsralisyl Par"ﬁes of dieadica} a4 optionally

subSGBN Y ddd&ibelagdvenes, | actans such as azeti di nones
and pyrrolidinones, sultans, sultones, and the Iike.

Thelhsderay Galpalkyk’, 35 used hergingefersignarlieyligreup shersaaywiere from 1 to
all M@gemvE b@éﬁsregrraéeh vaﬂﬁahhawp SAI%@&B&;@S sdﬁﬁ&é mbsplthe hydrogens

above, as for exanple hal ogen, al kyl, aral kyl,
lmvabﬁﬁﬂyphﬁﬁhkﬁwymhd@ycIoaIkyI hydroxyl, amino, nitro,
sul fhydryl, imno, amdo, phosphonate, phosphi nat e,

car bonyl , oarbonyl-oontaining group, silyl, ether,

al kylthio, sulfonyl, ketone, al dehyde, ester, a
heterocyclyl, an aromatic or Jheteroaromati c noiety,
-CF3, -CN, or the like. The term"Lew s acid" refers
to any substance that can act as an el ectron pair
accept or.
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25 Unl ess the nunmber of carbons is otherw se

specified, "lower alkyl" as used herein neans an
wWa@bdoglogspoup, as defl ned above, but having fromnn&zonwooszoo

t enTiEALRP IRy 1%3%3 P refef 8

car bon atongn%n its bac g%} g‘%rtﬂ%turgll aﬂwlgommas

descmlzgﬂé]erem, redazeint’ atdgagt onle gaxbon atatkofitlyd alkylay eycgcpaﬂryll aortlon is replaced
by £ BB lelRa ORI daf il SRR &L Bl R R ey,

allydhicathiy; Idirh@hﬁammxzxahyladudd;nbtralseroﬁaamed her ein, the term

R BB AR A EBEAER i e
or H}ﬁfdgen hExhngpissl of heema® ms@tludetdréd) Qittogérd]oxyged) pospHorus, sulfur and

2008/ 9184 PCT/ US20 /O 3200 . The
Sel‘i“é‘fni‘n I"ocﬁp?‘ﬂﬁ%%f’&ﬂﬁs‘iaf’ prergatonis ﬁ“y@’tﬁedﬁg‘f‘%&n Qadikat es
t hatheaesietbleioRgc1@P OH thetdRycyeRe EHaapthEtdr td/3-6 10imenibefRYing
be substituted with one or nore substituents to the

SIUEITesnin SOBY dpstangeitfromBt 19 Trnempirrd Engsohesgding gy eures include at
least Bh&EHTESHh A6 lahi 088 Thilr LR rA MY - HetdtoSRITE AN BTN celes.

each optionally substituted group i S substituted Wth
Hetavcy@ylf&swss%& fon expmaple, thigphene, ghianthighe furamdiyran, isgbenzofuran,
chra-lngnet ﬁéﬂﬂﬂen@’iﬁen&x@fhﬁﬁ%%l@uﬁﬂﬁ ‘P@}ﬁgra%(lé’ 9&thi zo@ 1so-xr&%le triazole,

terms "pol ycyclyl™ of “pol'ycyc roup re

thiagplengiadiapglapyrifime (pyrazingy pyrowidieg) m'ndszymt, mokeny,h@mdole indole,
. . . r o) r l.s
1nd§ivé\>gé, g%%&&ézg?ebﬁhiu@@g{ec uun)%&g p?lﬁ%fafaz% dr)aghtﬂr%hg rElumoxalme
quinzizng'm: cangline, ptaedine, cgbaziie carlbuhmad phenaxghﬁdmaang&nd: Ipstimidine,
hehthr llcl)é nﬁgnatz{ﬁ[eo I Ty aq{%ag ra]1 in at a2 1
PABr T dgea P FIAgS PP ENEW“0F PiaRge %8"‘1‘6"%8} @9%‘1‘8‘“"'
oxohage, th@l&ub@dazdlutpe;cénmmhplﬁmahnes ubﬁﬂiholm@ rnztd;onas, labesy suble sk

S T W X T Y T

subSththfgh }id(ﬁryﬂ or nidg& ﬁt&;tlonﬁmﬁﬁ GuchFub& lasads ﬂeslcﬁlbétﬁzﬂﬁblv@ \ak €or example,
car r ont ai ni ng groyp, silyl, ether

halSiRpy AT AR P SR iy ie amisg; o, thydiryl, imino,
amiagpﬁfowﬁéty | pho@hirRfe) Hﬁbbrfyl Qarbdgf1ejoRaA rﬁ&lgagrb@p BIY1€4tNer, alkylthio,

or the I'i ke. 15 The phrase "protecting
Sul@r%lu{sm&saldgly&e,rﬁéieéuaﬁwmgly{ BRPOFRFY OshAlearematin Moiety, -CF3,
-Clx¥\’h rotect a potentially reactive functional group
om un esired chem cal transformations. Exanples of
sucTheptemmt ‘eioetwm@ng’rm&p@to iang bubd@né&sthaircan adt as ai Electydni pair acceptor.
et h of . al cohol s, d.acetal s, and .
ot ess3he St atoci i iRy e ool IRy Py &t herein means
an dlicdlggovpf asmeﬁhamumg bgf mvplg ﬁkhﬁﬂhé‘aiortyn biatonb 8 Borh € ¥hBydflents
Igo eene, b , Protectiv Groups in
froyoge i W o %W?‘H%g’u ‘§ ba?‘?hﬂ’“%&‘WC“WI eWRB WIS R e‘?éégil)d Tower

Ikyhly®” KRE Bimifap Gldin leAthd! SCSHaLAIRYIkrduph BfeJowar alkcylAtH kéthe OF
an unnatural nmonosacchari de, i sacchari de or

em‘&@"@%&ééﬂ%ﬁ“ﬂ@@ desigpated hergin g alkykis adaveer glwhnose and/ or
fur RNORE héreMYthe ek nitf*IRaniBYO DehERMAR BRI deX” BTG L0 -C1, -Br
the steroidal alkaloid of the present invention

or -I;thowgh “autfhyddylianeans ridgghe ©rm thydeeyl’” eana @M} add thkege.

« kn gertal nS§m0d| ments the saccharide noiety may 25 be

SUCBVal By bdnded to a steroidal alkaloid of the
present invention at an anoneric center of a
saccharide ring. Sugars may include, but are not
limted to ribose, arabinose, xylose, |yxose, allose,
altrose, glucose, mannose, gy ose, idose, gal actose,
tal ose, glucose, and trehal ose.
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The ternms "triflyl™, "tosyl", "nmesyl", and "nonaflyl"

refer to trifluoronethanesul fonyl, p-toluenesulfonyl,
woredokaemsul f onyl , and nonaf | uor obut anesul f onyl PQF/U83988/003200

r ?resg)flél%aljtlﬁé E(Jleon g@%ﬁ%sﬁla t%c?’ra%sedt ei'efu; ﬁhﬁ‘:at’es {Hafs Q/;Jegltfgd group may be
unsulpstrmtmronmahbmwsﬂltﬁmd atith ops pemprepub&mmeames tHefegteat @nsistent
w1tl‘1e§nt ‘Dhglrnbnreéfllgg ?a%w | n@ése é GRe Shecifidd grou In some embodunents %ach

nonar 'uer obut anesyt ona ter I'onal groups

optwnhllgcsmbaﬁutbdh gtoup mmxhstmts(awdh op cufosr substitpats orweikhy0-3 'Ehlﬁtltuents.

ter thI‘OXO,, ref rs to a, carbo sul fur (=85). 9 WO
2005168 £X°pEEts g??)f?é‘?%é%@ %e) abbrevi ati ons M,
EL TIElhenn'Ef“p]cc)lPlﬁyclﬁS or Mﬁ)l}k?@lfc%&@l}f réfet 1Yo ofinldyd rings (e.g.,
nyl, tr or onet hanesul f on
eyeloalicy W&ﬁq&hﬁf@ﬁ&&w S agly aalr*{fé h%tgm%ﬂfhmmh two or more
cartstak BRNDFIMINAb Yo adjbﬁﬁi@emgh \e8) Mhe gmhe‘ fAQQARINRHE Rehyhat are

list of the abbreviations utilize organi ¢ chem sts
joingd throyweh nogradiaggnt pfoms;prg fgamed, ‘brigggsie a\ngs i lfwactl o€ theirjngg of the

pol&c?y@lé@né?yf beRA6RnUEd WIE sth shb@inulidabascRbeddbdR) s for example
Chemi stry; this list 1s typically presentedlna abl e

haleggn, qlkséoargkhlnd&wwl @ﬂl@pybﬁycmaifyé\hyéwwln 8Minoj Ritrg; sulﬂwbvl imino,
t
amlidg %ﬁ)gﬁhgﬂégﬁ gﬁ@%?ph]m%gé??zirb(‘i% \;:?fngn hcg{léﬂllﬂgs éré%@?yll%’\%ﬁé} alkylthio,
sulfoayl; keterec ddehyde eestah, tathefseqoptlyl, enlarpaiatin oeheatdrogrpmatic moiety, -CF3,
iUba{"i uted atom and the substituent, and that the
-C ikGtion results in a stable conpound, e.g., which

d oeﬁlerm&ase SHOREARLAUS Vas MESHeB:n in%ﬁﬁ&&ﬂﬁd}ﬁtyls%}sn&iéﬁﬁ viich
rearrangerrent Ccy clizati on, el i mnati on, etc,

Pro\?ﬁbar Rotgnfally Feaeipe fsia%lomﬁlm frospywrdesiredschemical %ﬁ@mawws
Exatnﬂﬁesgff @bkﬂﬁar@t@&u%téré\&ﬁ S 1ldR RERTE carb&éxhc %El@s @Qﬂ ethers of alcohols,

otherwi se directly bonded to each other, they
andragpfpls gachketals ghadelydesandketones, espretively Tbmﬁ & of pretectipgegroup

cheﬂﬁ %?chn rEv1Evb&i rQé{QS’I‘ G\We V@lﬂs 3l R, tIk kc@;q}rggésgﬁﬁrgamc

ed to each ot they” represent’an
_mﬂmﬁbeP%WnleYhUsw\fqmleP&ns Thus, for exanple, when

r [ . |

O BB S BB
disdcphegidt ionoligosarichatels comppsing de @fmdre pyrahese @hdlpr furanésda)'ngs The

Rl R, M
sugpimay lﬁ&cowglen%'\{)%}e e(?\l/F I\}E gewlﬁg@f&l% gﬁleﬂ&seqténﬁﬁon through an
etheF2ink&gefet (ﬂlraxglﬂh&uk}a linkngea hdcdrthm dntbotl iaarsshe saathakidé adiety may
be (g()ﬁlé]:@%t@% %%'é)r agter gjaar 'ﬁ?ai l enazqcvg t abzl gg?%}?ﬁﬂc center of a
sacﬁfayihe rifigy. C$1£ga+s|ﬁjet]y, 1|nJS1)AdH Bt(tydre n%gﬁhiéyﬂto rib&k &frﬁtﬂﬁd&k,, xy¥die, lyxose,

et er oar , al oa - , -

allose@@ K59 8 &g( aame gl.lé%e»l SI-G\’Q@?"(CF@@ talose, gclcéﬁs%d trehalose.

- [Sg%eagcif&)“afg(l’o) DNIR2 s T2 Oand “nbrtafify " Gefe} loRRAReromethanesulfonyl,

PR20
p-totuenesutfonyl, methanesulfonyl, and nonafluorobutanesulfonyl groups, respectively. The

3 &<

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 carbonyl sulfur (=S).
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-[(W-0C(O ] PR20, -[(W-S2] pR20,
-[ (W-N(R20) SC2] PR20, -[(W-C(O N(Rz20) ] pR 20,
WO posilosdPR20, [ (W _N(R20)] PR20, or -[ (W -S| PR2DUSmagbn3200
of
o) e apblRyBtndHe in, MIAZASH SN pRsor i, oBiyk By
tnﬂap@lrrleyhanesh&omrlomnyﬂuorbmn@mafoaylkyttolumestrlfdnel ang|nkeshaplesulfonyl,

res;?é{ ﬁ!/eﬁgyA it L%ﬁrehenlg%: Ihgt f Wa%[)%%% 10nﬁ8LthPQd by orgamc chemists of
ordaiaiwdkﬂbinelmart appiears kxyths dﬂrsﬁ mssue efrepblsedlmne pf the Illydtrtfthlli af Organic

Cher%zgtléj%( ﬁlg% nl?tg%, nggal@o%rasen %dn %b%@g}licgg%%r@ E st (53 Abbrev1£tlons

PCTit WHPBO&Ide38d @hat EabktitafioRbr aﬁd)stﬁ?ﬁted ndmp Gmd.&lléﬁ thy imnplicit

progllstéﬁlg&%/uch é&égﬁ{t}l r|1 lsdP )91:%))5%"10%‘89]3{ BWI q%lla% egee é/ of the su stltluted atom

and&ué §dwﬁtwﬂt, arﬂldﬁtlﬂtetyusstmmoyll redult®in aadtadlwdxﬁﬂuuﬁd e.g., which does not
dr ox am no, al kyl am no, aryl am no, acyl am no,

Spoatfaa?wf/yzw?fso trh%&fwmﬁuchaf by, aaewtg&mapk gyclizgjonpgliminafion, etc.
RS wakeiwb @ﬂﬁg@% “faREMMogbthertorm x BOAR O the;#}btg?%% atfdthed to atoms
=N( N( R20) 2 each of R7 and R8 i ndependent|

thaggrg yot otl@gqg@ﬁ girectly|beydagd to egghyqther.they) igpTeRgpt 2 bon between the atoms to

whf&ﬁ'tlﬁ:?%?é’ﬂaa?édk Yt the gfouﬁ‘i ﬁlelf)}i |atongrth5§re5ml@ctﬁ7 b&ﬁg@ {b each other, they

her form a bond RO t aken et her ,
fepfe@mhaa agrhenal bfzmiibeb’feem@samp mms i ‘Rakspton d?@mn ¢ When R and R

2 B -
takﬁrlet ér%%r;?lélllﬁga%yq’ ?}Jeg¥rn%tlrllgl %‘?[ ;R or % gér? géé Eﬁ)_?(ﬂ?eﬁ(m ’
t ogBlitehievention mchidboeranpoondsRifGoramda Raort(den 10

toget her form a bond; _R20 i ndependently for each
occurrence is H mal ky \ al kenyl, al kynyl . apyl , \

cycl oal kyl , -alkyl aralkyl

het er oar gkb M RAZ] Me
occur;e can be taken t

4-8 ptionally substift

cont ai R 3 heteroatorrs sel &8L4 N, 0, S, and
P, 1RRYL i deBendentIy for eacH oycuNfemts is H,

cycl ogdkyl ,RAryl, heteroaryl, heteRbcR¥ yl; al koxyl,
aryl oxy, acly.l oxy, halide, suI fhydryl, 1l kyI t hi o,
arylthio, aral kylthio, hydroxyl, am no, | am no,
andythe @@ton@(s gatgrateg@lﬁyyatkygqq aed phaﬁgacgpwﬁy agqgta le salts thereof;
i ndgpgpgdently for each occurrence is H halide, ester,
am de, or nitrile; R23 independently for each
occ}&rlﬁéhelfkﬂ smpnylaalleytyl agytl kayplphlkyla hydrospl, arelind| es¢rryryl,

I 2 (] fo, 20 20
heigiolatiy Ao k’%ﬁ?dQR @r‘?@%“ h.dt“’f RE, GEGRPSGONROIR),
-S(OMGS(O»R%RSGMN@ YR NPT (O)KRDRIOY)- c@@@mﬁo
[(Wﬁp%%% @éﬁg@%ﬁfﬁ%ﬁ%@) %@ilpﬂs( EPINRI R,
[(\ggoméi ([regcar{( oﬂ\l((wpslgxcbzmo o -[AR g R,

R D PERERISS R islifHep ey B ak AR Sul 2pdyipyloatio,
heth@éﬁldﬁﬂt’yﬂaryl{hﬁ*ﬁl&?lggéztgbkryl heﬂgﬁfal‘wtngiéJ;@de a(l)ltbab'l , d8]oxy, acgloxy,
t t e - , - , . - )
haifleingl. e AR O R 07 PP Sy Rl RS

aratlsElehY), Gfﬁéerd(nmmﬁ?&)m 1BloFR2thio; S( 0) 2R20,

S gt @d?@nmgemgtgsn%o%zo or -[C(R)2] q- ReL;

10
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gisO, 1,2,3,4,5,0r6; 30 R independently for each
occurrence is H, alkyl, alkenyl, alkynyl, cycl oal kyl,
wa@eops/109184 al kyl , heteroaryl, or heteroaryl al kyPCT/US2008/003200

ISR R 5y R B85 8, By
arali@l, 2&083/1,1@91@28}4 aE’ﬁDcTX)tJﬁﬁlﬁH}Bﬂlﬂth@@D alkxlthis, axylthoo,ciralkylthio, hydroxyl,
amm%()%@%wﬁe rl{{/lﬁml ?(ciy%ar?mo ral.lr):lan(uno 4l)etel‘r?(ar{ll orahegeroarglbyl or R* and

R’ takéreogaler|foal k@J =S &MR%’)'I—N-@RIZ bﬂﬂﬂ@J(Rz")zi)et eroar al kyl ,

outrept ot e e Sedefiden s T alimG g HiomsT a8 eloatod

hetéroMRMalkgl) o B Ik§K iof R® hild Raakéntgdkier J@aTEbdndgork® and R’ taken
Etgaer eoi sg rg{;,i c forms. The present invention
togetBefamhe 8Pk al | such conpounds, including cis- and

t r adagh bm'ﬁ\aﬁ&R"F&xde@&qheﬁnﬁmntalmn&nyldmﬁﬁ R@ANBLRalkyl,
i SOmers, E@’L@I SQIer s, the racemic m Xtur s,

het?(rﬁ@fCLQﬁKﬂ anaraBok o Ripnd R dakep kpgethsr formm @ boagsior Ry’ agidiRh| taken

togbi& 9&PRBoRf; the invention. Additional asymmetric
carbgn atons may be present in a substituent such as

an %ﬁgkrydepg\demky or gagh ac¢urrgpeshs iHs akek, alkenid, aflemyl, agyl, cycloalkyl,
hetcr:po H)ra 1 %Eﬁ%q{eter&r h&érgﬁggt?l be- (gé@{)é]n Gf{h“g?gny' tWo om: Cj:nces of

ere tautoners fe i'n a’conpoun
R? orfm b(hekernweﬁhfprom formiped-B mpameredmptwmlllu debsstingagring which contains

0- 3%%%%0%%5%%1 gﬁ@om &%, shepeochem stry of ‘a chiral

ressly depicted or described, the
st rRFéundependamlnyde&cbaccturreammH ayclctdﬂaﬂ amydnlne&efroaryh beterocyclyl,

he
o BHEE PSP GTEY . e Blie Gra B R Raate. bugporst, amino,
acylahin® lamido, ar prcen‘beﬁylednﬁﬁmg@aqj ment; a racemc mxture

of ch, speci ficall i cted und is
2 SRiaEaly 67 eack qbatenc H AR, Siery aifl S0P o
eaClh23 Eﬁigp&%entﬁ?for afblﬁocé(_ﬁllribn&dlal{ r\%()}lpﬁﬂtsm:al}]kﬁyf_lbﬁcloalkyl aryl,
ounds or mul a 1S el er
aralp preropRyL Ditseo B pepalelot taiden hiipy e s SRR,
-N(ﬁl")ﬁi@ ), @(bzft”t -b@hL RIS U RA; wd(@)b&kﬁsgﬂ)mﬂ”éwwl

f |
N N I B X STB T Sy ke ! Su s qnumat

orﬁgr%{) Br?'R9, R10, and R" 1 is H and in sone
iments RO is taken together with R8 to forma

mﬂepmtinfOt edeb pequsrgacce H, alkyh alkpayl, allynyh eyslealkyl, aryl,

araﬁkgf‘ Heterloglaﬁ 2155‘: L%ﬁepemﬁ %?ﬁ&é ng% %nggﬂ’nt(*g{”f -N(R¥)(R?),
-C(oakzénqqaget rivlte Y5 MeHe RO, tHR QG(DBAs -NR VEQ@INR™)(R™),
) 38,26 B » tied2by a
S SRART SPGB MR TSFoLR SRS Y o

andp B9, rk3echote; or R4 and RS taken together fo!rm

=0 or0§|\?rc|l§24%o .of the foregoing enbodi nents, Y is

48 n sonme of the forgoing enbodi nents,
X i B irdlepandentlyafodeach octurens: iXHi, slk@b&lkenyl, 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(RB);

W is a diradical;
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30 Win the foregoing enbodi nents is a diradical,
whi ch can be an al kyl ene, cycl oal kyl ene, aryl ene,
W(M(E)lshgﬂlsm radi cal, or an (al kyl)arylal kyl di redi/vsi008/003200
L) At roarylalkyl diradical. In sone
"tlé%\ﬁ?@s 4h al kyl ene of the formula (CH),,
V\:heYB-OJ-§ bre\l(iﬁ‘b) ;ahlen t is 1-4. W or any of its

art a e jtuted wt bst|t

P g ead o AIRAIT B iy ool MRV bHRI, ol hetgroary,
hetmramgsmemax%@mbusaﬂﬁw&egﬁmﬁ is bytichalesubstrodiment s,
R sdeflned n terns of. , where p. is an )
i qorinds g e sl iV osiie By MR BEme Har febmeiric of
ster&oxsdrﬁler&qaﬂn@h}kipeesémﬁﬁ&atl&gc@mqﬂmmt stich Edmpoundts, dicluding cis-

al kyl , including optionally substltuted C 1-C6 al kyl
andltffmérlwg}ers@#b%ﬂ ﬁﬁ?ﬁl&omws qigsterppmers (Dhisefaers: HTI?P’EPSFSnée racemic

mixatreEhER0r, ahd SRR urds dde6CasiRBing Svithih HEEdope s @b MM ention.
Ad(hgemfl c exanples of R20 in these enbodi ments include

oy Psymr@%tm/farbctl@mmway be prsprahipl 2 sehetiteran sich as ppalkyl group.

All Qﬁ(hﬁgorﬁé}p Qg Wég?gg ﬁmxtB:es {h%re% al’élnf)%h&h%rt% %gg%gidg@ﬂ)ttﬁ:s inv3ntion.
Whﬁ:@rt@g@nﬁé aesriostblrima gommné nﬂmRmVént@nbﬁle finvntigmincludes each
W T LN e b

desciapidcthe dinictura ingbuded @ach amdler al!:tthae aerftero O hare thcabsohRQ @tereschemistry
of d RTRERE et Bl LB« YoRhe R (A ot R e
embcﬁhmm;eepmndmn lnhytui-d affeacipdpiecifiedlly\depiated compand is ﬂﬂo &bembodiment

¢ né Wiere two R20 occur on the same atom or on

° %I} @Y% at oms, they can cyclize to form an

optlne@e@dih ymeﬂiﬁﬁehtE WwactRT,IRIGRH RV RY that8s presegt imehdemspoands of

describe bov ome of 15 t he for
formi [ e Is g @2 lkﬂ I sorac g Ogtfa?ﬂtseﬁmﬁ%ilstpgefmmafil -C6
alkyd tﬁatosrop@loﬁamﬁbﬁﬂutéd ﬁlgsth}h AMétAGkyriR tHyD tﬁmr&ﬁ&tﬁymtegﬁsls

sel ected from N, , and P as ring

someligSy Preisisted, Ira?erﬁa@af‘éltbosﬁléenﬁzeac#@'fli[ cB(RI}z]Rq apeoR S H and in

sonR UMBRHinfEd R Rs takedogahel »91'ih RE foSofh £bodd) of R¥HaREh t()%éiﬁer with
pand (Ib) and (6a) and (1 Ib), -T' -T2- T3- is fused
R"agfaraedionfle ring to forma fused heteroaromatic group

as ﬂ%éﬁé bP@E :BRRVR scrivld ERBodiRERS Qf e c&%&ﬂi%ﬁnulg ®1a) or (1b),

-T3- sonetines represents
wkenmmsr fapmzchond Noghe @R Ro @mqhnheyoqmeqr iythe formulas are

-T'-T2-T3- represents N-O CR23 or
conkkg&%%gleﬁﬂklm4 N- CR23. 5‘)24 ig] such enbodi nent s
carinisempiobihe Spregaingérhlyodimenss, R aad B’ Gk -c@th B doyR’ and R’ taken

)20, ~Q02R20, CON(R20)2, or SO2R20; in these
‘°g"%Q gl%sr)re(r?t%g §2R20 can be Hor C 1-06 al kyl or aralkyl,

sudh sarge of)thnigtlegouhgwmbdwnemsnﬁ{oﬂ|-Oem-N(Rz )-formulas (I a)

oRda Skt of B slraiba BRBodimen) X isghond i ol 305 B

enbwdn derfbregeiag elbodinetna is Hdiradizhl, Olfhtclh(hﬁﬁbé ¥n alkylene, cycloalkylene,
ubstituted.C cl udin uent
o RHR S0 G P b 0, 3 RS P
In sOfire S&Bo{iﬁbn@?)v o dﬁydll}yledefbfﬂ&ﬁ&mﬁﬂbaﬂllﬂeﬂbége t ]tcshes allld often t is 1-4.
W, P@%@ l%nd o or gstlgutga wlxtlsl threesglr)sef‘lst’&rrﬁsetgat a¥e tyglcally s?ntable for an
alkyl or aryl group.
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25

R&A XRS 0O M M T O T2-T3 13 WO 2008/ 109184

PCT/ US2008/ 003200 (6a) or a tautoner, saturated
wa@leoosaedtiBe/e, or pharnmaceutically acceptable SaP(ET/USZOOS/003200

t hepegh %!{1{?% 8, R'Rs défSnelibin @Y s waklf hivh Jl%% f

aryl, 058?1 P hyd roxflujara kyI Egter%g y eger from
0- 6h@tsemeareé¢rk6}dlemméhm5k is 1.- SR20, -C( O R20,

é% gt %Qg%‘%( @W&W X {%{? Z]alosnﬁé}%g%ptlonally substituted

541 s Pimenis o @54 ) ERRBDRCIEHC (DR PRIOORY,

B [ e

ethylf teR%lm)ﬂ;b}REyllaﬁd epeyt dntother embddimahtkR',is @HK €7 Yther embodiments,
aI yl y l.kyl, nitrile, 10 aralkyl,
|S:§7y§y|Wh°£ﬁ |‘6§§ & 4 loxy. halide, sulfhydryl,
aI klyﬂsbllﬂb of thaforkgdih®embddahknts, tRiaad RhyxdrbaﬁMli In (ﬂmrmm“ and R’
| am no, arylamn dgc yl am no, aral kyl am no,

takﬁb‘@é%%{rfw Beridn 2R ¢ 4 fagppeting fhegarbopzion wlich i apd R are

depi@@Et AAbubIObEAE0 or =S ; R20 independently for each
occurrence is H _alkyl, alkenyl, alkynyl, ar

cy chigarikggcurrencet Ry deipdersafeayly selagted Wesmbeti a QY&r {11 some of the
ford Rt Rbodintehls, efRh RZ({ l@({ﬁl BleSerRBslinddpendiiily HWR optionally substituted

occurrences of can be taken toget her to forma
ClL£6alknBdeedwoit’ emar mythg §@y8e ptomias @n piiagenivitomi, they can cyclize to

forﬁ%ﬂég‘h&ﬁll s&sngﬁeﬁr { Wﬁﬁ %&C&%bérg Q&el\knb%ﬁ a§ovea:ﬂgl in some of

epen or “each ‘occurrence 1s
the égrcgomag wylbodnacryst twin Bf ‘ermthe ydme dian eydizy tyform adl dedxyémbered ring

hav‘ﬂ{%tlpqx Ywo ﬁ&é’%ﬁ{é}ﬁs sg\gétécg ﬁrbr(rﬁ\y ld Igy Ei)f’l as rl%lg k l L re”rso ‘In some

0, ara r gxXylI~, amno, acy M no,
embmindents @r least oa¢ Rﬁ)nsﬂ-[ﬂth)‘ﬂqdizhl amg/ogeaz:hm is M) alvP@r q is 0-2.

am BRI 1D £ A R GRATRE R 5ol oS & oftkhane ing

to foRe bl fused B&erosrohlatiagioyup as ddskttiedlabowd. K el foregyia embédiments,

T R s Ry Yere o R Ak N CRERE AR CR0 or CRP-N-0. 1n
otherJR2hbse embidBAt§, REOY3-T3- %;Q):é%a@ N-OCERRION-NRE(CATREPNR?-N-CR?,

R C(LpéN( oo Rz) PQQ%%O) tlg(aiby retstituted Gy Solyl, or C(O)R™, COR™,
CON&E%Z&K@WOS m}se embwlmssk@)c&BQQH RC14% alkyl or aralkyl, such as

C&p R24 i ndependently for each occurrqnge 3.
benzyl o@pmbodgpm formaylas (Ag) and é I land(Gay pnd @Ak -T - -is -S-
CRarI‘ill &BUO CﬁEtI@r Oﬁmﬂl all Bﬁh@ ?&@%ﬁﬁgé&hbodﬂﬁéﬂ%ﬁ%ew Ihaglde or

nitro, nitril

optm@l@) @bglmwg@gmmylogg@m@n @(equqglmql@mbodmems R*isH
o2 O N( R20) (R20 S( O R20,
or CEERSSH OSSN B Croby - - N(R 20} (O 2R, o

- [ GhRp1@E gmPodiments, the compound of formula (1a) is represented by formula (6a):
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30 pis O, 1, 2, 3, 4, 5, or 6; gisO, 1, 2, 3, 4,
5,0r6; R independently for each occurrence is H,
wa@bdoplgo1sd kenyl , al kynyl, cycl oaI kyl, aryl, arGi/kKy1008/003200

het eroaryl, or heteroaryl alli -T'-T2-T3- is Y-B-A
B-Y-A or A- B- Y; 14 WO 2008/'1 9184 PCT/ US2008/ 003200
eacdr agfutémem shtBaied) dempatitia ior pharmgeayticallygccep(aR3plt thar¢ad;

fé\?%bcal Xis a bond or -C(R22)2-; Yis -0-, -S,

? 4) and 5 and each al kyl, al kenyl, alkynyl

ar YR is & alkplahlkyiyl, digngt, amycclydahlkyll, hydxoxl, I«aydlkyl heteroaryl,

netdEsglial Mt SRS GaRT oADYS *SeR, 1 GBI BN,
S(@ULIS(@RS, SOPRER’ DR 0030 0P e C@DLRE, 5

AP EBE R chae o SRl oL W R DIR™,

a),R>Y -(W) MR 19cwpspRier such enbodi rrents Yis
19 Iz?gg X )'I‘Q ) Oro% ngn{Bs R24 is as def

ADHER OB MaosmEnSRbE s aHesny, ey @rl. ogloaly, niie,
aral%&kﬂikoxﬁrarm@x ;@; §Q§%Rglﬁﬂ1ym13 lafky[RRi6, Ar§1ﬂ§o ]ar@ylﬁﬁ&gl}ldroxyl

aryl , and whérein each” al Kyl or
aming, aél@tlmwm 4ry1a@m@s@qy amle@ argliylaypian, hetaseraylnestieteresralkylor R* and

R’ GROPEBEAANS O £@puka (6a), R is as defined above. In
sone _of the foregm ng enbodi ments, R is H Cl-C6

al KB indepsoremly for eash rawreneste He alkeh alksnyl, edky@yL, @31, alykighlkyl,
hetcgf{)cﬁ[&éikg & gﬂﬁ“&?ﬁ%ﬁ“’(lm e% ?ﬁ’Fﬁ;le r[rg zlﬁ)%gllf}q tw%rozéurrences of

R*tan bﬂtabtmtegetherrtm Girmed-8 mentbered oppionatig suifsnmdmngawmdh @)mams
0-3 &emoa?oggg%sﬁcfm% Tlﬁ @;g agéﬂ Ib): RL Me Me NR4 XRS5

11b or a tautoner,
satRA aidependentlyvfat éack ocaurrepduais MR cgldallom| dryl, letaeqptRbéterocycyl;

alkciﬁay &Hb{;xeyr, g‘?){]; XY, ﬁg@g}%ﬁg%l, %@ﬂd‘%%’?ﬂqlt l'(?,élfa}lw?t,lluko?nyclrbxyl, amino,
acyli@iifg, aanidd, or a 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, -SR%, -OR%,
N(R**)(R?), -C(O)R?, -CO,R®, -OC(0)R?, -C(O)N(R¥®)(R?), -N(R®)C(O)R?,
NR™)C(O)NR?)(R?), -S(0)RY, -S(0),R?, -S(0):N(R*)(R*), - N(R¥)S(0),R>, or
{CRY1-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)R?, -N(R*)C(O)N(R¥*)(R"),
-S(O)R, -S(0):R?, -S(0):N(R*)(R?), - N(R™)S(0):R?, or -[C(R)]-R*";

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

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

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;
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het er oar al kyl, hal oal kyl, -SR20, -OR20, -C(O) R20,
-C2R20, -0OC(O R20, -C(O N(R20) (R20), -S(O R20,
w0 8(0@)1@?240 -S(O 2N(R20) (R20), -[(W-C(O ] pR20PCT/US2008/003200

| (e% ) B e NP o)  proo. 26

f S@‘ﬁ“"‘ cdependent |y s F ol kyl - ai kemyl,
o endently is H, alkyl, alkenyl,
>BA§ al% 4% é(ﬁd@& oalkyl, nitrile, aralkyl, alkoxyl,
aryf[st- -Se;yokebt@& “hahdde, sul fhydryl, alkyithio,

o0 LN M W S R8I B rercronry,

hetditﬁrelkﬂaﬁvaétkw a,lonaror Bélrt aﬁﬂm}ﬁﬁ@aﬂg&mﬂ@g@ﬂﬁ@bsﬁmm =0 or

=S WO 2008/.10918 CT/ 8/ Q0 . R20 . .
. ndBSEREERPIGENT OLGE oAU EHEEMIS (42), Xy fond, and in others X is

cHal kenyl , al kynyl, aryl, cycloal kyl, heter ocycl oal kyl ,

ar aI kyl, het gqfoar yl, het eroaral kyl, or -[C(R) 2 &’Rzl,;

or aﬁefmf fbthg daﬁentsr-&fdh%%ﬂmm&nésa#ém% hé1s —O-, and
in obiRr E&mmodu&nmemw“@ptm Rl eiboditieats! RUGE4 delildh abgve and in

whi ch cont ai.ns het er oat ons (§el ect ggl from

somgegnbpdingenfy R’ i%&ﬂeﬁ@ alky). gr EOPREZ enSQRE uMI@fR:%J\' iissC 4C6 ‘alkyl or
arylg(tciI CHhIKYI, ancﬁ&/){clzrelnt}%heam?ﬁro}’!myl e gﬁ&ﬁﬁ%‘ Qlygstltuté’l‘ll koxyl,
aryl oxXy, ~acyl oxy, €, kyl'thio,
ar }msmhcﬁmta)rianq@}q qfhhetponwdn@of Iforrralin o), R es@yldaﬁinqd@bove In
G | 20
o0 1 e SRR SR B 08 OO pr S e
Cl-&fiatiey] omrylP(iCtlr(iItB)eHcyRZl&l whdelp@mjmikyl pr dnyl is@atdmally Substltuted. In
occurre ' al kyl, al kenyl, al kynyl, cycloal kyl,
Somgrey%f)dm%%%ab ]kyl het eroaryl, heteroaral kyl,
perlhatleatiyddimbuth, Ithkﬁ;omp'ohncbof formula () isompSERDef formula (11b):
-OR20, -N(R20)(R20), -C(O R20, COZ1R20 -OC(O R2o
-C(O N(R 20) (R 2), -N(R 20) ¢f QAB
- N(R20) C( 0) N( R20) (R20) , -_
- S(0) 2N(R20) (R20), - N2
-[C(R) 2] g-R21; R24 | nde,gg
is H alkyl, alkeg

R2, 0
o or”ealf occurrence

> cycl oal kyl, aryl, 15
ar al kyl , het er oart f. gar al kyl , per hal oal kyI :
halide, nitro, nitFile R 2, -OR 20, -N(R20)(R 21),
-C(O) R20, - C02R20, OC(O) R20, -C(O) N(R20) (R20),

-N( R20) C(O) R20, - N( R20) C( 0) N( R®0) ( R20), - S(O) R0,
S(op)a%%%&ner é‘@t@ﬁ‘lﬁm}&&p%hama&(l%g'§£:Q£%B%Qsalt ﬁfereof

2 Wsher&ln 5,or6; 20 R independently for each occur r ence

4 o A A g
heté:‘oaSalkyl Baloalkyl, SR A-@i:'\? -CEAIRT°,0EOMR 8n@®091h2&e§é®)ﬁﬁf°l)@12°)
SRS @éi oSG BV S ORERS o cac
{(V)-REIO) R K el(W); smumwww@?")s&zw DaA(WYHCONR™),R™,
LPEOTREEAEWIR IR 2 Rk 0aryl

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 =O or =S ;
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het er oar al kyl , whet her al one or part of another group,
is optionally substituted. In sonme enbodi nents of the
weoponss of formula (1 1b), X is a bond, andP@TUS2008/003200

ot

O A LR oA B s ohBAAIRY) o, o
heter@eycloatkyd] ara‘hk)d,t}temrogxlchetenm&yhen{[éi(&)z]hé( ; N ﬁgzlt)vo octuyrrences of
Rzoscgr(f Be %ﬂb %g neeﬂr:tcz f‘ﬁﬁ‘ 24 4 % n'ﬁmsbére f I onalllgksa‘l Vs%tutet%%__&lach %orntams
0- 3$@zmmmmedmm NSO, a66P; al kyl or aryl -

d wher ei n _each. I
opt K orep bl Fib areracuinTo bl T A bédioar, eteroeyey
alk&XyT/ 0338100 8¢ 11632 BAlide] d’ﬁlltﬁy&bl lebﬂlﬁib,@ylﬂﬁo,afalk)hﬂho, hydroxyl, amino,
ounds of fornula Q is as defined above.
acy?a\’i“n‘g%ﬁé“ Of?l‘éar SWEGH ﬂﬁm&%b%'@r ments, R is H Cl1-C6
a' ka2 in @f ea%ﬂ%%en&@‘ﬁ'l—?hm éster, dmide, 68 ntiley |

al kyl, and wherein each al kyl or aryl

| s %ptﬂi@ﬁﬂ%ﬂdwbsfz%%%c Pa%wncqlﬁH abkirl alkkamt callpmit, syclpnalkd, aryl,
araﬂ(i: ﬁetua)af:yﬁf rlhteﬁ:)Hb ré KA NRGHIS ), HahiGe, ﬁﬁfmﬁfﬁm@ Qb _SRFPMHE,

el ected fromth
O O OgEL-C e RE DB D&Q)Rz",

AR S0l S g Mol

-[CRRY: MR ; OH I\/D—|I\/EH01|\/EN HF NHHM, HHN M, H

HN}_#'E 1A\ézéperM%ntw"f09£Jch oQaHe%e I-F%ﬁ%yivglk'éllyl 'ilmyn'}_}l F&'CIOM aryl,

aralkyl, heteroaryl, heteroaralkyl, perhaloalkyl, halide, nitro, nitrile, -SR20, -ORzo, -N(RZO)(RZO),

-C(O)R?, -CO,R?, -OC(O)R, -C(O)N(R™)(R®), -N(R®)C(O)R?, -N(R*)C(O)NR*)(R?),

-S(0)R%, -S(0);R*, -S(0);N(R**)(R™), - N(R**)S(0);R”, or -[C(R)]-R?";
pis0,1,2,3,4,5,0or6;

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

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(R*)-;

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
is CHa.

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 COOR?, or SO,R?’, where R® is C1-C6
alkyl or aryl-(C1-Cé6)alkyl, and wherein each alkyl or aryl is optionally substituted.

16



HHN 17 WO 2008/ 109184 PCT/ US2008/ 003200 Me,, H HN
M, HNM M MM to MMHHMHO -11S-. NHH
woRooBI10@84 N, H-p PhO~p O Me, H N Me,, H N RET/NE20M003200

15 i) A A R s Rl 1
somq ¢ theJoNg@n@enbodiptepi R iOH, O1-G5 alkyl, CRAR Hiot-S@RY, where R is
Cl-@GM‘ﬂcy?oJ\byl-(Cl-C@alkyl, and wherein each alkyl or aryl is optionally substituted. In
some embodiments, p is 1.

In certain embodiments, the compound of formula (1a) or (1b) is selected from the

following compounds and their tautomers and pharmaceutically acceptable salts:

17



"H"HHH S=0= NHF / SNNH HOHI18 W

2008/ 109184 PCT/ US2008/ 003200 H M, HHN O NO Me Me
wobdds@91B4 0 2 M@ HHN-F HNHHH NN H HE1/082008003200

ONH "H HN HH NHF 5 The pharnmaceuticalyy

accept abl e saltsw@ﬂ1ﬂh— conmpounds of the PuESE]

- wMeent i onal noMe Al t S)eve

Q. gafts of the conpoung B, (=, from
o Hnor gani c aC|q§e -

quaternary a
non-t oxi Guor

surh copvept nont oxi ¢ salt

aeg-iNy eg Abor gani ¢ aci ds sNich

hyr d ~sul furic, sulfam cN nitric
and the li'ke; and the salts’prepared fron1organic J

aci ds such as acetig, 10 propionic, sugs
gl ycoli c, stearlgﬁ( actic, malic, tartarlco_Q1tr|c
ascor bi c, palm144:N-=Ie|c hydroxynal L
phenylacetM@ 1L | Sp@enzoi c, salimeyc r
p oaxybenzoic, fumaric
ﬁvﬁhanesulfonic et'
gni c, and the li keM Van cases, the
Ht he present i m Hcont ai n one or
NDWy > functional groupF aned us, are capable
of fornfhg phar maceuti cal |,y- accepththbl e salts wth 15
pharmaceuti cal | y-accept abl e bases. The term
"pharmaceuti cal | y-acceptable salts” in these
i nstances refers tosthe relatively non-toxic, 7
i norgani ¢ and oHganhc base addition salts Ot
conmpounds Qf t»-'

|§Mﬁfonic,

i kewi se be edOH situ in the on
vehi cl e do age form mgnuf act urig , or
b 2R i y~Teacting the puy el s@rpednd I1n its
ffe Urn1MAth a suitahNe | u@h as the

hydroxilde” carbonate 20 or b e of a

p arnaE%utlcaIIy accept-abl e t al Eatlon Wi th ,
ammonia, or wth a

18
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pharmaceuti cal | y-accept abl e organic primary, secondary

or tertiary amne. Representative alkali or alkaline
we@208hogsd t s i ncl ude the lithium sodium pot aB&I/UNZ008/003200

cal cium magnesium and alumnumsalts and the |ike.

Representative organi c am nes useful for the formation

of base 19 WD 2008/ £09184 PCT/ US2008/ 003200 additi on

salts include ety i ne, diethylam neye HHN

et hyl enedi ami ot Harw! ani ne, ~ di et Menol@at ne)=Me

pi perazine ANt e~ )Sﬁ u, ( See, oSy Ber ge, et
ot IRer aspect , 'oanrOV|des

a

apbha conpositio &g at | east one
Nyonp rmula (1 a) oNH(L scribed in any
0 NE aoove enbodi nents, orNa rmaceutically

acceptable salt thereof, adm xed mﬁth at | east one’°rf
pharmaceutical ly acceptable excipient. In sone
enbodi nents, the canpoynd in the pharmaceutica
conposition ig a goXpound of formula (6a) or (11 b),
according to af tHBHabove enbodi ments. In anot her

aspect, the ) rovides a nmethod of treating a
conditi o G t he hedgehog pat hway, i ncl uding
aanﬁ|| mO a subject an effective anmount of a
conpu descri bed herein. The invention also

provﬁdes H nethod of ant agoni zi ng the hedgehog pat hway
in a subject, including adm nistering to the subject
an effective anount of a conpound descri bed herein.
Th eThemhemtacamcall)sapcpptwc sHs oﬁthmbimpdmdﬁ of the ptesery invention include
the %g r{’%l‘eltrl napn 0Xi éa?tCt t uak rr]rcl:el udi n %gnnsla é cS> tﬁr E:cp otugds e.g., from
?herapeu? TRY I%??HE Vedanount °8 &>

nonetomp @ngmdlc al@sgganbeatidse rFer example; kuohanmensonanﬁdamdec salts include

o T T SRt e 1 R g AR e P B,

phoﬁlblgmic %ﬁ&cﬁaﬂlﬁhé‘lﬁkfe @fld theRalk Iirepagedafdm U@Sﬂu@ Aciad sugh as acetic,
e o at y in a patlen i aghosed wi
prowyblg pis € Hcvséeaa‘Fslé?téfeF‘a i, TR Hgic, aé&‘?FFﬁr Ral@iticpgaleic,
hyd}&yhﬁﬁn@@hétﬁﬂﬂbetﬂ: cRIERAL RnERS GAlidgest, hafailR, 2-Bcaddkybenzoic,

amount sufficient to reduce the activation of the
fum3ggdelversspliamaartianes fopic) cthime disalfonie.jogpic, ispthéonic, and the like.

' nVIﬁ"(‘)EHePE‘asEé" 'iﬁeh:%ﬁlp@ﬁﬁé'o@l% ﬁ&%qwﬁorplfna; 881 h 8nd dr Adre acidic

L§ (6a) (11 b) and 20 pharmaceutica
fun@:tm pens@nd, th‘l*ﬁe pré@ﬁpdbéﬂ of femnipg,phanmpcgycallytaceaptableesalts with
f I
oS5 SOTROMR Tl kAR
mstﬁmes hféqus topthe vlatvslyowmpotiadsorgini¢ andmrzaniq basy additis) salts of
r .
corlfgMATE et P oy THE QR IRE Mo s it
adnpalsmt/wyl vehinlelom mmsmrfgm mam_facmmmrb@ssj ohby ssparateRbrehcting the
er aspect fhven

BR300 AFBL e 1 USSR BREHLE R D9 armonne

Hmsadgmhta@f p@hhmyqutmﬂlwatccepmm«s msebcaudng vmhsarﬁmomg, dr@wlhrae
ha J)eutlc € %E% 0 onec G usgd g f.or 1 r&x € sentative
phafrigg W et GEAOH BIHY ST 9R st rPigsengy
alka#li orﬂﬂl&hﬂﬁé‘z&thtsbltﬁlnbl)ddame dittiad) @diiad, potadtiling, @hlcivdd, nfagnesium, and

nBJSRTEREUAY £2|y PRostLLan Lok 0l 0 SBI e omadon orbas

conmposition is a conmpound of forrmula (6a) 30 or (1

| b), according to any of the above enbodi nents. In
some enbodi nents, the subjectigis a subject diagnosed
wWith a hyperproliferative disorder, and in sone
enbodi ments, the hyperproliferative disorder is
cancer.
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20 WD 2008/ 109184 PCT/ US2008/ 003200 Synt hesi s of
St eroi dal Al kal oi d Conpounds The steroidal al kal oid
waleoosnetiByes descri bed above can be prepared dP@EUS1098/003200
addﬁﬁ&manmma@&}]ylaaﬁfeualampﬁm%{eeetﬁyleeémhh@Iemaﬂamﬂ{ne
synthetic analogs thereof. In certain Instances, the
dietharqlarnined pipdricanesing tiast ldet i(Pry, foaexample. Bergenetnd, supra)
CyC J | 5.
2 AR AL L 0 ifion PRSRR Epllal Bl SRR Sfbring a
leasi ahc t@mpuuad of foronladba)ve hllbaras d¢sctibed inrany g6the Abdve@mbodiments, or a
pha %uy Ta‘i‘lg aaﬁ%eR%gle Sfﬁ&eg%’:'ffg 1xea v%&lr (leeza%}?o:ng gg}'s ageglﬁxg I]gz aCceptable
excﬁpjeﬂthlh gonfegsnbotlineyel mpamnp@mdfm rhe\mamhcéthlrdoﬁ@mamels a
i den ed as_ rin ABH
corpGU 9LoFRE Xotsb ChaE atrostbt Iy 2b s eShis priflediment
sy nhmasmzmpwﬂ, thiivEreish rovides WayeshodwS itr8@ingGaishdifiad | m@ﬂﬁted by
f thods that are well known in the art. In cert
the %ﬁggng%gcghw%}h @CW%ste%%togysﬁpjﬁggpf CW amount 0 a compound

des6 ARG iM OTHe ikRinflorPal8é prodRiEs ¥ Ridthbll OMifidRdhRifbahe hedgehog pathway

compounds such as cycl opam ne with various
in gyjubgeghn Encludingl admwtérmﬂwtp |thessubjegican edtectiygrsmoupipfasompgund

desHRBEAAR . UTRAnvdR¥ioE 21%d Bl%%}deé\lé Hﬁé%@ XY hrédfinB €8ncePn a subject,

N-nmercapt o am nes. 1-Ki 3-(N-chloro)-imnes can be
inchiging @dupemsierchaip @ lsuli e @blsetrmeutl@ély le{feetive iameunt of a compound

des%ﬁ@ﬁq{e%n@r@i fiRanclfs 1%3&%; ct%er ‘i&quF%e%%ﬂflg&ﬁ%gg ?}%%‘en?and"@ag@ers of the

vari et rrenber ocyc
gas@ymle@nm @;ta¢t| éf he lmnntmrfpnhm grsovirdes B mptlend of onbihiengoamtislation of a

hec%yhl%rg (_Ba[hdva 'in a patlen%(&ngqo%%d wﬁﬁ]a g?&e%% gfefa?w (Cilsorscler mclu ing

| SOxaz iazines;
admnnsaahug & the patmnt ¥ edmpoand tibsenbaf herdih phan dnadumt Mﬁnmso reduce the

nde th t hi o-am des to access
ac"tvﬂ ‘%‘a‘%ﬁ O%e% %@g PRtAY f%gﬁel{%%/%lggt t he conmpounds of
t heTlpy iagaifibn ﬂ’xﬁﬂﬁﬂ;ﬁx‘o@nﬂeﬁaﬂnpbﬁﬁusadf Hordnutd (1a)) (lbs Ews;)nmd/or (11b) and

PhagRGRIT il FrmEssH e Uitoot b usCpeberpntb e Hﬁ{\a{l%gompounds of

fonanal(oagsaﬁ;axsa; And@6£A$5)EMr (¥ if el AR ARG fl AYdediktneht. Tk Afther
a sul tabl e steroi al kaloid followed by treatin

promés pRAupdsSRf fe'wl%ﬂﬁb ;SHﬁa(ééanﬂ%% gudr f%umnana@@%cglrfo? a

meBt8R& 8tr&f Uodders nfedladd MRAhEhEdgBIb ePaRANRS! MPluding cancers as
rearrangenent to yield the seven menberéd D-ri Ag

desgrbaddgsen.21 WO 2008/ 109184 PCT/ US2008/ 003200 Schene

A ﬁ’%%ﬂﬁkﬁ{s%eé‘t hERL LRI g&i@dez 2 HRARR (6 thedta'subiSet aFREFBY

. T&OH (ArO ZP(0) OH, CHzl z

excesswe act1v1ty ofa 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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2. MOHOHH HA = 2.6-dinethyl phenyl HIl HH
CbzO CbzO 3 4 This ring expansion of the D-ring can
wheoopaodier med before or after other nodificatiPCEUS1008/003200

S:%Tﬁb_%iségS%?&i&zil%lkaﬁ@'ﬁttoﬁi {HP%I fications of rings A and B,
€ u rings as 5 descri bed
herﬂimterd‘nﬂd@&aﬂdiﬁ derenapeesdiescridpdittmys caralye frepared diteetly from
I ;
natﬁrgf‘f{)é Bt s%e?gdylsallﬁﬁj& &%&Atﬁ{:@é agLIO%J @Qr%sf ?J‘@eréaﬁﬁfléetg&es, the

reac &enown i n atrve exa
steroial alkidoid ataktarg roateridoespl bemgclommhe amnervine. These steroidal alkaloids can

| halid
be g SRubSFRLeEr Hréted B Vetams el u@im Egrqnygaience, the
ringl of he@lo@po iz foif kiednvepeon thycdre anan@aai foQhése of eyadlqiahaﬁd Wil

songte R S BEL 6 20 BR BN 2y BRI 101 s 9 B ar

umﬁﬂmﬁqgﬁﬂgsﬂqsclosed herein or salts thereof nmay be
formul ated into conmposition suitable for
adm ni stration, using one or npr ceutically
acceptable carriers (additive )- 1d/or diluents. The
phar maceuti cal conpositions mngay Hpeci al l'y
i . o
solid or liquid

fornulated for admi nistrati®
form including those : ,]igﬁa or the follow ng: (1)
O

oral 15 adm nistratio oB BdKanpl e, drenches (aqueous

or non-aqueous sol suspensi ons), tablets,

f b I .
S i oy stiFibRT atoyf sl Seniheiitidun A5 Rt pLoways, sing
cor@iadtiohesf m&ﬁGds&BatfafH wéppdoweah iterart dn b&h‘auﬁ iin@@hk&:s th@¢ompounds
parent e

are SYBRastae) géﬁ ﬁg‘%ﬂ}‘ it L %ffgéuﬂﬁﬂér%ﬂ erX ; n%%‘(éél °8¥’p8}5‘?dd §reh as

cycldpafdel with wFioud BILfutRdRRI icledphifet, 8héH & sﬁ@sltMItéd)ifthﬁlsubstltuted
suspensi on, or sustained-rel ease fornulatlon

hydragaes V- ABARY BRSO MBFTaRo SRR Kes-V-chle hines can be

corRbedR/ith unQlbsfufed rl‘lS/&thh@st[lﬁJdﬁﬁéﬁmP@BPN Iﬁ’érca?p% aines to access a
applied to the skin; (4) |ntravag|nally

widerverigty o6 § srempered deteraeaelps. 3+ A<l qadditiony on é@@mﬂnésr having a
don%Und ern_’)hew hhé 'f@’&'aln?ﬁle éa@be u@&y&) %EéeXs }(r?o)hdmes isoxazolidines,
transdermal | y; nonarily, (9) "nasally.
1 2Extanpn@sart§ifun§@mawdl rigajiyepihsreah d“xlnwm@ kdores can b¢ eandensed with
priffhly (Ro TMadI%o EXRLAK A Lhe  phar maceut i cal
conpositions I nc e water, an aqueous buffer such as
PBIn cettéia mslta,ncepsothy sbmpos (the present givpeiEmchay @mEEYA SR er seven
olyet I h
mebbE8 Dl RN Al e BARelIE SEhd A Blfeven membered
D-rixig anelogs inay e alcclesspdaby a;kdl@ropagamgahesbtrmgsaf asuitdbleasgeroidal alkaloid

follGly i by Bt Fhare QR Gploptpiaieh il i Lob it Hanstedfacid to

catdlgg dﬂiﬂg’bxpal’ﬁ;)/ontrhﬂrzﬁigblﬁérﬁ apiel ths sebremembiered Beringadnhiogs. e
size in the case of dispersions, and by the use of
surfactants. 22 WO 2008/ 109184 PCT/ US2008/ 003200
These conpositions may al so contain adjuvants such as
preservatives, wetting agents, enulsifying agents,

di spersing agents, lubricants, and/or antioxidants.
Prevention of the action

21
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25

of m croorgani snms upon the conpounds discl osed herein
may be ensured by the inclusion of various
wandoshemseri al and antifungal agents, for exanpUEPS2008/003200

Par SR A°HOhBAN ANRkioNOh AR B.rivgacl 0, and the

T may al SO be desfraple to nCI ude i sotonic
agents such as s, sodium chloride, anoc"t he | i ke
into the conposi ”e |1 Zdal,bboM cHpr ol 0 ge@l_

absorption of th m ectdB¥e  pharsm ANefim may

0'

Ap6Es Dy the Mmetarshemof age

be brought !
del ay absn such as al um num @ Yarate and
gel ati reezofVBt'hods of preparing thes@zfo ations or

conposi tions intlude the step of bringing 10 into

as ST ﬂﬁ% SipaisiGOSMBMDGNM cah bé P& fdrmed beforesrdfter other modnﬁcatlons
Optl onal one Or nore accessoré I n edl ents.
p&

to thesiichire, S%%@Swﬂr&ﬂaawsaﬁgmgfré apd itgy OﬁﬂWhF’o‘i“Fﬁdegs as

des@t‘i&d'h@kiﬂwlﬁgé’nﬁ dxpIhded ahdlb& rﬁacgs&cﬂuﬁﬁér%cu@n&ﬁm)ﬁ’éﬂﬁgja variety of
wth liquid carriers, or finely divided solid

ﬁmeta}nph@mgn TQQP"QPéMOWIaHthF pénRepresepatiuseamples inglhidgipakiadium

B A e i P S e A

nucmphdﬂssreaqtheg/wuh nlebteopgmlvsg perperph(s@aqjmnagnmllation of protecting groups,

l.4hgn cont ai ning, for exanple,
reng)gglut %S%‘ﬁb%g%ggfoq%?ﬁlggggt 10 to 50% or about 10 to
Pha#fi86euteal @b@nb_s_@&t o 30, or about 10 to 20% or about

10 15% of di
D Rl oY nedh BB Inetddr 57 B R AR fhb Bafposition
suithiele ﬁmdﬁﬁm§MOﬁ,ﬂIsin‘ge)nb pgimerti Ifbﬁtm?acblitlchlll}eaq@b;aﬁm{iz&ﬂéﬂs Calditives)

onposi ti.Qns ., ma 20 pbe vari.ed so as tq pobtain an
et Lo e el SR er e Ralle Rl for
adn@ERIreIeR ih Belid GHeRLIdEIm, hﬁd‘l@cﬁ@ymbge ddapte® fos éhef followding: (1) oral

particul ar patl ent, conposition, and node of
admypfsirationy fo5 example. dpehes aU5RYSRY POBRARCOBDSAYIONS gF fuspfnsions),

tablEREe. 8 S1hBEd BfbeA MRt \Bblinubl atEdSBRki G pBory, BipsleY, boluses,

of factors including the acti Vi ty of the particul ar
poWﬁsp giapgles mt@syfgﬂap jeatiopdo thettengue;dg) Qarg}teralrﬁdggmstratlon for
exalr & 89 Subchifedu®Uh@ariiscdizr, ﬁfé&béﬂoﬁi bAdpiRial 1ﬂ15@10§1'a§n§f010gxample a

adm ni stration, the rate of excretion or metabol’ism of
stenllh olpaen qrenspgpsion onpustapdyeleasg fermplatipad(3) topisalk applicagiqn, for
o Sl 0, S PR Ol BBy LAY TB B
mtremgblaﬂmpr mrramtlahy,tfbaeexmptel, T pessany ooy foammtS)ogablingually; (6)

neral health and
Ocuﬁﬂgbeﬁ %S%gryf?aum @? Bulm ? ll?l? ] (gj;%atsgglnt bei ng treated,
andEdanipiesfofistiabk a‘qleédus hnmmaqwotmcmrnmd wbirh naaytts. eniiﬂbybm in the

L N N T R R SR DR

(suctl?ﬁ élﬂmtpr@@%e %f}]{cfen bblvahylgnqoglsmw,lca?d thellixe), lafitﬂ? tﬁltaBle mixtures
e ect . e ectj] ve ose W enera e

thefit o4 Id Sl SR 2R BBEGRE orsani A tuch kvl Deate.

Propéﬁﬂ\ﬁdd@r’tﬁﬁ Be aﬁdnﬁhm EirRAAPIS, WARESscOF cddiifg GRfRRINER as lecithin,
ati e when used for the indicated effects

fo
by Gf P}a“}‘g{ﬁ@%? ¢t thsfeawtrdipapicltze ip the3RAR1 Bpersiegs apd buHisuse of
surfde@@d. to about 100 ngy, or about 23 WO 2008/ 109184

PCT/ US2008/ 003200 0.01 to about 100 ng, or about 0.1

to about 100 ny per, or about 1 to about 50 ngy per

kil ogram of body wei ght per day. The conpounds can be

adm ni stered daily, every other day, three tines a

week, tw ce a
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week, weekly, or bi-weekly. The dosing schedul e can
include a "drug holiday," i.e., the drug 5 can be
wa@ckwsnogsered for two weeks on, one week of f, PCT/UK206£003200
V\Eeh&Sé) &mﬂ%@%oﬂ\@rﬁ%{ Qg(t eon@eﬁn flcﬁh'&an\’é’esﬁg@ as ese%ﬁré@’e\ggﬁmg agents
off, etc.,” or contlinuously, wthout a drug
emﬂﬂhé'lr@)aggmamjg)egsmg dgents Jubriqahtss andéed am(glldayts Preventlon of the action
I
of dtnrmoo ﬂxyn thE Q{)Ilflgtﬂﬁlg%: E%Iﬁfeh h¥rem rgg)h ?eg%]nes%rﬁd Ib§ ’the inclusion of
variong aralba&ahdl ynd &Uiﬂmgaga@hisyﬁor cnrantpje aaybat, bdorobatandd, phthe sorbic

' {
scid B B it ™R o eI R taforCRbe B s beorg sgaium
chltﬂ’id&ea’ndﬁﬁemilad 1ﬁt03h€dfbm1®sﬁrqu$ nlaszddmaﬁ tﬂr@on@ﬂﬂaﬁﬁ)qﬂmﬂ of the injectable

shee d poultr efs.in ner ods .of .
Phaﬁ%caﬁ%ﬁf d% @@%ﬂéﬂ% %thw 108 P%ﬁnt% Vﬁﬂlﬁ%ﬁ?}ay absorption
sucﬁta@zgﬁxiuﬁfn HeRteanreid geRgpeci al |y in formation

| eft- “%gof symmetry. Loss or reduction of hed

I

e
si Methedrpfipespaeng @ewpw‘ﬂ?t@ni ST ¢RIMROSHBREIRE e %@ﬁﬁee jof kringing

intcPdR6bciARibh chﬁbd)lﬁﬁswulptH@ cétfied 8, (§'H¥§Ballf§)t bheértRor® hicddlof ingredients.
clopia. Many tunors and proliferative conditions

In aqa%ly Hedprnytaiinns 416 PeppEed by onifermly redigemetgly hringingagto association

a comuga e»m,hﬂelfd cﬁHféFh s,efqﬁéfy @lfed I;IJHG' c\éﬁIersc %Pbaﬁ Al HRG! B ecessary,
treatnme conpounds” di scl dsed herein.

Shaﬂeg&ﬂnrtyduq t has been reported that activating

col \ TaE e RaR IR bR B 8 GMfin| PR At acfREb, o humans

andangndls) theyican b¢ gizemparrso ecamtrhanndceumnabaxsnmﬁtibh eomganing afor

us (Rei f ( ) ncer s
e 84553455 TR0 9%, BBl oA e o
10 tpdD%NayaHmasl(aioslxs%bdemwesingwmennn RoBinatich wAalns phariny¢@scally
as (J tract cancers including pancreatic,
3@%%% gastric cancer (Berman et al. (2003)

NatAdteal ﬂaéiée 8461s 51t the hbayeaihgrediants in( (RO PrmbEdutic 2 cdmdpsitions may

851- 56 cancer tkins et al 003)__Nature
be vpsisd S%a%*o @Ef?gl Wraguat &\Q@%%@F %@I%&&%P lse%ffeatwezts achieve the
des{ré’cﬂlfﬂéﬂaf)é\ﬁﬁz lﬂés@oﬁ’s@ ¥or a7&¥tlcllt?ar e @oﬁbos’iﬁon bedBdde of administration,
Mol ecul ar Cancer 3. 20-42 "Fan et al. (2004)
withoyy Beipg gicdgyhemeent3ge1- 70), breast cancer (Kubo et
a! . THe20MRdkd Q@sﬁg@fevg%ﬁ ﬁéﬁéﬁd @ﬂon @Qgr;]etyélf fact&%%&ucﬁﬁg @¢ activity of

(2004) Journal Manmar'y oplasi a

the partiggar. %m})u%dw@nplm@ﬂa%tbe PSI“EII %ﬁIt 0F am@rtzﬁ(r@fctbp reue eff
adnﬂhlstrz(tg)got@a tléég@aﬁﬂm&%ﬁm the rMé tZ‘)'f Qchr&Io[n e(a%g ﬁﬁ B%dimcular
0 e, ecu

cont erence r exa elin
comgfountbeirgernrlnmyg, ﬁratmwax;d eraent bé@hsomnonmhet duratiomivif ithet traatmeent,

r h I : [ ANN U
oo g B SLOBTR T e
em}ﬂ@fbﬂ Be iagn cex, Mtht tbaditiGil geneoa heal thaand prioamedical hBeryrafithe
patlent belnlg treeéer man % ac‘ta'qrs Wé&b}%{é’@l}\éﬁ % % t ! §|42t gsal nal
pulhigsieea, £Giltablp dhilyxddse ofia Vﬂp’kﬁrhﬂ BﬁSl@éBd, heeswpiibbethht amount of

oo AR R B T B AR LR

effeetlveecllqosg wﬂ@@c&eralﬂ?ﬁl#i@d%ﬁ&n thd Tattor} desaﬂb%dgibaﬁéz. aGéneURCAEL
Kar hadkar, et a 200 Nature 431: 7Q07-12). o
INrgyeogtSAn QI‘ “‘aPﬁ%‘sés?FﬁBgﬂ’%o’a‘H&‘mé‘ai&i&ﬁafl?%n‘ggendisgfbf%§§dnd1°ated
effedB] Willradgefrats ebduk 010001 {orB34IPB0 Im® br £6ALD.bEPIOABERNBO A or about
pancreatlc cancers, gastr0|ntest|nal cancer, Iung
cancer and prostate cancer. 23
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5 1n addition, it has been shown that nmany cancer
types have uncontrol |l ed activation of the hedgehog
w@aaohmang4 f or exanpl e, breast cancer (Kubo et BET/S2008/003200
0.0 2 R%bou GG, oB@lﬁﬁ@O ¢ ho Sbut 1&%& Hér) or zﬁb%@lt ﬁﬁ’)%lbl)ﬁ’tl S'mg per kilogram
cancer (Pat1l et al., 2005. Annual
ofl@dmverg@hm dapbstract #2942 SI cklick et aI , 2005.
AS . 0Qi .
ral R S BTG b BRIl bty bber ) FRLOURE ek, ice
wegkewatklg Jor bbasakly. cﬁrecﬂonmgacf(esalle eal&mvmde 2 Odrug hélidagyy i.e., the drug

can%té fgm%s]tgﬁﬁor%% wieKs ;s%:qgee% gf §,{ %}%ﬁ Weeﬂ‘ 9?9118 orl}%tﬁge}( off, or four
wedka g aine Resk off/etc. ZQ%n%bpslmﬂgmsa diug homnye (Thé Mempdunds can be

| . 005, Car ci ub |
oSGy FORLTPUR apEoPRE DR B, 0B R SRy Bmpsgulaly:
subtuthndoidly, GRtravhsdllgesubRaganp @r bp ahhowyr roas. been shown to

aneliorate the synptons of  psori.a s, .et al,

200 PersEPIREHTeleHge Dligreaimst fsaniymﬂeang'%s%w Ylingprimates, in
parfitdFMuRSns, hREothERAKRAS sehSE Qs O sWind auEshed, 208 BBultry

shown to nodul ate the hedgehog pathmay, and sel ect ed
andpsthip geisslhave been shown to inhibit tumor growth. It
Metrodd berefies bel i eved that these conpounds can be

useful to treat a variety of hyperprollferatlve

di Sdedgehag signaling rssseaiidl oumarysiesss of developmers; egppeially in formation

onh SRR APL oS8P IS TAAE Bl
devslopinkntaledefficittang roadfocmaticmcomaof th;mmst stgking of whigh is cyclopia.
¢ agﬁﬁ)) %{‘sha%d r(al(-ll g@%c%%ﬁlgggs ﬁa@g bpelﬁ AR [&’ d ?Xr?& er{Tt]he hedgehog

BIRSt G n cancers,
patioea)C él?h,e goaveth lof m&hlcemlsnml cdmrt&ax%ctecahyz areampmtowstlahe

canc her genitourin cancer,s .
corRuts iftied biieh. REERO ot Bhch FRUHER ok posivatinghedeeho pathway
muRaaBRIcurdh spdisdigbahl @llithefiomadKid ertam(1998pNamre mn@@alz) and
col orectal cancger ri an cancer canc &
P“’H’é‘r‘fﬁf’%‘ﬁ%"rcéct‘%e&n &%‘P‘é‘%"? hf EPWTHT°WV%‘?‘B FF\? ?ré?ﬁé" al. (1998)

CartetIR€s 38y IIBOR0AY i Uncb e RAIadtivalibhl bEthe el ge Rt pathv £Ue8 Als@ been
" chronic nyelocytic 25 | eykeni a, chronic |ynphocytic

shopg i BARErous GG TPeS SHAMS ( raghfaneesHineldig s P?Pcr%r%?f&lageal

gasarfé%ﬂ%ek@éiﬁﬁ@lezaﬁtdzcoﬁmre@é 849—‘5'1)/?}{5}]3?5@@ (Y603 Nature 425: 851-
Wal denstrom s macr goo ulitnem a, heavy chain disease,

56)dwsrercanges EWatkingred )03 sNathre 4221 113r1Jd aprewtg cancer (Karhadkar et al
(ODWPIERAE 49 ffazm' 12PORAE CPR200HMILEARAFLOIR, 2055 ef%g%flbzc(zoo4)

sar comnm, hor doma, angl osar coma, endothel | osarconma

_Clggnmismglﬁs 396dot, brbaﬁhmawgmm]dml H20Q4) Cancen Research 64: 6071-74,
Le QP&’I' @ JHB%QM}% 3 Cﬁmwoﬁ)gg HEP 'Neot'))’lgsm 2] 165 181) and

el o cona rhapdonyosar cong,  squanous
hepa@pcilum wancebé‘sddhcls el dl. CaPiATSIconferaicaniliohini efmd (30052 AACR
cm&é% ancers, adenocarci nona, sweat gl and carcinoma,
aceous o] and carci noma, papillary carcinoma,
papidrlezaryple,ceratl canleiuieankibitios bé the hodgrheg proligay s Badd shown to

L e T R

medlloblastoma (Béraran e 4/g200DBEence 2DT:VIGHS61); parrdatiBancy (BeRmnan ef al.,

2008 A F R AR 60366 PR St BTN o) B AR PA6-S1,

publisiiedi FTINEpplicdtidn W OD5/0d 88000, Q6 phagéay caierqBerma: kN el003 Nature
carci noma, glioma, astrocytoma, nedul | obl astons,
crani opharyngi oma, ependynona4 pi neal oma,
hemangi obl ast oma, acousti c neuroma, oligodendrogliong,
meni ngi oma, neurobl astoma, retinobl astong,
endonetrial cancer, follicular |ynphoma, diffuse |arge
B-cell 5 |ynphoma, mantle cell |ynphoma
hepat ocel | ul ar carci noma, thyroid cancer, gastric
cancer,
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esophageal cancer, head and neck cancer, small cell
cancers, essential thronbocythenm a, agnogenic nyel oid
woreiapbesds a, hypereosi nophilic syndrone, syster@T/US2008/003200

4291834 Q?VL&?'c%cef‘ EWhikindEr /N YOEY. RARKOLDNBY 3.9 aﬁ&%@&h{é cancer

~—eosli nophi |'eukem a, thyroi'd cancer, neuroehdocrine
(Kaghatkerat al.z2084. Natnreidddi 707t \2rpAscordinglys the pempatindpandeompositions
dlsélg%ldlﬁgl%mcg} kéeﬁ‘uﬁoﬁ)‘é&gﬁ If@”%ﬂi%ﬁﬁ&b&% fid %a%c;r Qgc SHRLECt
gastrnmtasdnqagcqnmrnhhgsanccrrnndmmstatmdnem hurrans and ot her
Suc |ne cattle SMAn .
poutirgiuot b Be &0 s iy ofioe HaRE ipeB o afNion of
thedlle@lh@@ﬁﬁh\h&}r, &br&xﬂﬁﬂehﬁe&%ﬁhbﬁ&ﬁuw &thzl QP.O(EF CatacRéEsearch 64:

ool R P, SR uR) SOER S st e

slc(cmm aﬂS2(]051t1€$¢’© @ﬁmx medtingkhbiesct #96 ﬂ)),glerﬂaflﬂ(fgﬁcfaﬂ? fr@ligiancies
Interferon , tunmor . necrosis fact

(Wﬁtéwataawaé% en@wmeﬁ resyliplobasal HERERIRIL & FioRid: Hpgpan Molec.

GeNACK: 15757620 de ef mmét{ﬁ‘é|3@mt%)-92)arﬁéd1mggl'aﬁ§m§ €Piblsch et al., 1997.
Avast i n Er bi t ux, R tuxan, and Bexxars)G endocri ne

CapgseRasp”: 2085r8Bl anhepspicseness (Maehein @905 CyrmpeenssiaMsy dg, 2005

(Epud))! QQMwnaﬁ%éﬁ%%l% VAR IRE @341 hEBLI fffbTon of the hedgehog
anti -estrogens (e.g. Tanoxifen, Raloxifene, and

patiyuepekas |b_9¢19 showhiR-rrglinmits the syeptyms @b peariabis ﬁTaén@ ap(2004
De B 1761t QQS sh&WM tﬂ@gﬁm Sth(: Qo oJrld%I hggﬂ)ge% herein have
an c ); rBrT

ut'am gene therapy;
beenrshowptcamodulato the hpdlgthlyathm)c anmﬂaﬂtap:d@smpeurgls have been shown to

s ey

var'mkbewfdiybexpmm&:amceshsor&xsa sdhess vadiouws leenwvstsher apeut i cs

R LT EONE T R, -

inchugel lmﬁm@&mﬁmlﬂemg isinal fcam_udg canc@andinbh 6MEIEQBISng cancer), other

canﬁ{:rg g’g&‘ﬁ IPE égrrygsgr lﬁxaa}tslgng@.gm agtg%x %Bﬁﬂ azrug%grlxcgr% pancreatic cancer,
basaRoeltRichdEREreast YirRED pfé&mta@@%ﬁhﬁlﬁ&h&%ﬁmkﬂlﬂﬁw(éhﬁbers
doxor ubi cin, i daru%{lm n, .daunor ubicin, dactinamny

gasPIESHRAL omaliy oS bied ofhepeansers Ahe gasjiohFaRER) gl colon

canébmEd1bretthN@nceraVaridl HREG! Binb&s o héhABRietRIGAES (including
i ncl ude ni trogen nustards (e.g. cycl ophosphaim de

multplepysioms acute Srertayticdeukeny, pwpreloryticpeke §$roms,myelocwic
uﬁﬁﬁji '\@)}cﬂm lyRfphocyBk IduRSRIAT ﬁ@@gl&r?lygxphg’lga GG FY5-HoBfkin lymphoma,

and "Lomustine (CCNU)). alkyl sul’phonates (e.
andofﬂ%fdfp apPlagtiesymirens), P@la%)themlp Mezez Mneteorgs maerealobulieméa, heavy
I u
chams eaa QU ga%);?né%% %Ich'%‘ ,g%g £l n%&?m [1f6karcSmfl
choarltoazirgmrs oeteog}mcxﬁawomasqhor@mavangmsansomm,ee,ndotvelmdasoma

lyn%ggné%sggr% blg'ﬁllﬁhanééo%ﬁ&)c}tﬁalogﬁ Colviotm me(s]o%ﬂ]eqloma Ewing's tumor,

ax O
leiohyosrosna) e];xabﬁfq:pmsencama, ﬁfu&rrwma mnt:mbimepbasal cell carcinoma,

mega&‘:r{rg%%lgéla %étg%acerma?enocarcinoea vhea? g%fﬂ 10(9%%06nac)sebaceous gland

caréindrha r]ﬁinﬂh@l catcﬁﬁ)maﬂaiﬁaﬁllary'l hdedbiantiforh®, gadeiBdaicidrex aledullary

and ri trexat e ehydr ogenase | nhi
cardrm, PTG A PR PR re OB oPPATRa: Bilsclugh dgoma
chdﬁbb@ﬂﬂﬁﬂaatsbﬁ&mhﬁdaﬁmx@&&l tatbinbink,OW fim&'Quigor, Byrticabhbded uterine
and Def eroxam ne), uracil analogs (e.g. Fluorouracil,
Fl oxuri di ne, Doxifluridine, Batitrexed, and
Capecitabine), cytosine 5 analogs (e.g. cytarabine
(ara C), Cytosine arabinoside, and Fl udarabi ne),
puri ne anal ogs (e.g. mercaptopurine and Thi oguani ne),
Vitami n D3 anal ogs (e.g. EB 1089, CB 1093, and KH
1060),
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I soprenylation inhibitors (e.g. Lovastatin),
dopam nergi ¢ neurotoxins (e.g. 1-nethyl-4-
wWeb@agbqgs i di niumion), cell cycle inhibitors ReT/ys2008/003200
can%&xafég&%’l)a‘? 5&@) blagdr! cgﬁiﬂbﬁianac'nd(cﬁh& gemé%h:ﬂ? m{rﬁ:'eé" eatlﬁzlﬂgl
Dacti nonycin), bl eonycins (e.g. blfeonycin” A2,
car@h@umgélpma%tromnaj,mlqdemlzimnm):ran@nhm%m|enegly(nemg,

I; %}é |
pin %%bhlégllaﬁé Qllgla r ar%b?%sﬁ& H%r u{i oggc,ﬁ:hgl)ﬁghﬁ%ox anicgr oné) ,
nedrmstmm b@th)oblsstéma,gpndmeq:tap]amn@),, folljaulaﬂ-lynmlf@as,,eiiffuse large B-cell
yn} 212'61?,: %gnrtlsé &(‘:l? l)gnq t{l’}]ghISI , 4[1.15] icarllrl!cn%}nla ¥1’O}dte Qaa lc!ardo c dancer
esophupedli cander, headlandnetle esmoere smailhd:eﬂ)ll dancess, essontiall thrdilgbocythemla
bort.ezogi:ob. V\hen.t e hedﬂﬁhg% I nhibitors disclosed I
ABINEFET 1Y TR #11% ER P STP AP YStepgc MasRCyipsiy familiar

hypefcd8in6ptilis ch@ﬂﬁ%oﬁﬁopﬂﬂiﬂ lenlenad, thyreid@pRIdE, nésroéddovdiddtancers, and
radi ati on or suraﬁg dlet he doses of each agent or
éSPr

cargigid fory; Additign Fdndpdedorhin’s sykpme h%@rPsPﬂ%“S
COr TIRSRIB]REH B&kiARS fhid RatrRém ¥ Ry aABRNin A8 IAMNding prEBated, Tn
general , the hedgehog inhibitors described herelin an
parhigidardwingny and RlerpRIIRls sugfeastequines eattlp syinerapd pheep; and poultry
anm igeh&gkied i n the same pharmaceutical conposition,
may, because of different physical and chem caI

c har act eThesheﬂ&eilog bditaiors discdased berelpyrar bg ¢ammbapgd With other cancer
S 4 ed
el o S A S 1T A e T
bloth@tapawc@n (awsh ys infEinferads tcytokineat- o Iwérferbe o niodefemh v, and tumor
necr%sm tﬁctg lilat zlngﬁmgtnd tw& fgésatgrl\égxflglpolcl ona%/ﬁgrotheraﬁgé/ vaccines and
1mrphnarstmolants) taaﬁbomlmsq()og |A\raetm, HrisituxeRituxan) 4nidi Bexkdrg endocrine therapy
f the skilled i ni cian e initial

(el PEts Bomsiones OO seateRr apoeys At afpriepgighivitors
antpésﬂ){fogéi‘@(s g Krungxifel, Ralsxifend, ,anle'ﬁ:gEdﬁBI), LHRHQ@OM@[@I(E §."@screlin and

observed effects, the dos

Leupaghidsiasetpish pBY2a3A8S (ol an&ﬂ?ﬁ’fﬁ‘??ﬁﬁiﬁ%‘ﬁ’) &&A° thgrapy; bone

maff@dltxfahﬁﬂarwlohh;ﬁloﬁiﬁ%zhﬁld tiedrapidsqt. @nvertoﬂ_(ﬁﬁn r@BﬁDfMQQ Phthalocyanme
i nhi bi.tor and the second t hergugeut i C ]gmnt and

phatesensitises Redrayd Bemethary-Ryroceetlig? §RR vrPMEA); apd clgemoﬂmpeutws
si mul t ansQuHhed of EfMeratebiicsThddd RRR RAthe/ nfé[ho‘ﬁ"e*d’ﬂé faxol,

the same treatment protocol) or sequentially
megsaplopwineoRagUMNG, Ihédrel‘iﬂwa Cyiptehing, ¢yelophassbamige, Hostamide,
mu‘og&ﬁé }éadls laﬂmb@atr bh; mASREAH] dA8arl DAL, g%@arﬂéhfér&oﬁgsndtem

proli tive ease the condition _
preguiselent, de?amthamea@mhme,c tempatheoins, dégonryding dexombegin,i léarublcm

o QU e AR S5 LB, o oo
anchviddrokbinea@tddmood agcres mnhntde adwgcn mumréd(e& nydw;anamasﬂlQe
Ifosqlf:lml esﬁo%s rlé %hw elogg aﬁu t (he?nd% Iqelpgﬁ??)er %oureas (e.g.

’Ion may
carﬁmstd'let(BGNiI) andh lsmustine (t@CNM))) akkylIsulphomans (¢.5oustifaigeat @eeosulfan),

ol 3R BT s B i o

CisBEﬂidh,_LdSZ&QﬁdtﬂnQaﬂﬁﬁ(ahﬁlhﬁi)amihitd amalage(et gh amdﬁgrne;‘aﬁbatmn ;
.and in i tuat t he sec era utlc agent
V“%ﬁﬂ%fm @n‘aﬁ%‘a E:eg zRG‘iH‘?ﬁe efaf‘ tePfPBP?Pg\XB'&S (eg.
etopasldeheﬂﬂﬁmdel Pépotdch®)y- mﬁau@cmgqembas Cahpibikihétecan, Thinstol,
alternate adm nistration may be repeated during a
single treatnent protocol. Thg determ nation of the
order of adm nistration, and the nunber of repetitions
of administration of 5 each therapeutic agent during a
treatnment protocol, is well within the know edge of
the skilled physician after evaluation of the disease
being treated and the condition of the patient. For

exanpl e, the second therapeutic agent and/or radiation
may be adm nistered first, especially if it
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IS a cytotoxic agent, and then the treatnment continued
W th the adm nistration of a hedgehog inhibitor
w0 odoBoosas4 where det erm ned advant ageous, by tPEI/US2008/003200

Myﬁ;qrg}fm é L M}Q&ng&n S cejmﬁ %&%hgeg Ilt)ﬁ?ﬁ mwré:(e%g fidthotrexate and

|at|o so on untiT the treatnent
anpcunxatebIIMPsiebdepgm@. Inhibjtennid- finyraphanalicT md,lezeﬁmnoRJbavmn

andriﬁglAai,t agcggt?cf # taqg fihi B‘ra's?(ﬁ & #yd}ﬁ}n!alxrelgecmﬁryeﬁer x%%el) uracil

erence exa
analmigs Ge. ﬂlﬁ)roumdllu Hledumding [Boxffuridpiey Rmm«bfancﬂ Chpesttalane),onytosme

t . d d t f. .t {
RS (S DI TR L G T 80 H i el FEERE malogs (e
mercipt&iiring And Eiiaginie], Vildhin D3 HnalbtsQe |g| E:B 108‘9 SLBEII)%, 420K H 1060),

. HNN.H HY 1. Bt
‘SORFIHI‘%IB“@}E%%S é;ﬁc EB}S":&I?.“HL d%*’"’(“%n?f Elcd‘e“rj??x?sr%ﬁl ‘mf‘hg&"%
pheﬁﬂ):ymudi ) l:e\ue@clerinlaawd (eogJ StaRdokpdHnBE aétdRniVeins (AP

44 nmol and triethyl amne (5.5
Actﬁ@mysggfi a%la?ctmsmzmeh Pleowa.f?lés (ki Blgomyein| g Blpogycin B2, and

Pepﬁn@fcg) Zarkrfeyelifbs (3’% d]aufﬁFm)lcm3Dgx&ﬁl)lc1ﬁ &rdab cif) 184 Bicin,

heated at 40 he m xture was cooled to

Epqublcnt, PEarbFIRIZOmbER, mzd Mmantrqn@aw {nbibjiers (§.8. verapamil), Ca™*
Ang'ﬁgﬁmﬁ)QéJé gztrha ngd{%m? Qm?tﬂﬁlb hd1Q¥Ede! lgnéﬁf?iglmcgQeﬁ(;tmxb-l,_lggﬁtmlb,

white preC|p|ta ormsd was CO | ect ed
sorgferib,rand isemtinibtand pfoteaseme mmtwmmcmmé@rwomb portions

T

withrather t'r@hn@md swchwea sdditigrs ﬁietaipzuiij:s br with tadliatien ef hegdrptbsdoses of

ve. 6. 75 e desired product. .
eacé{a%ent o t& 1lpm91'1_? ﬁ# nstanc %i?z I1]he c(ogre@oggfg)geﬁ’ for single-
ageﬁ-ﬂﬁéxﬁpy-l ANso, in general, the hedgehog 1nh1b1tors described herein and the second

therapeutic agent do not have to be administered in the same pharmaceutical composition, and

may, because of diffe.rent physical and chemical characteristics, be administered by different
routes. For example, one compound can be administered orally, while the second therapeutic is
administered intravenously. The determination of the mode of administration and the
advisability of administration, where possible, in the same pharmaceutical composition, is well
within the knowledge of the skilled clinician. The initial administration can be made according
to established protocols known in the art, and then, based upon the observed effects, the dosage,
modes of administration and times of administration can be modified by the skilled clinician.

The hedgehog inhibitor and the second therapeutic agent and/or radiation may be
administered concurrently (e.g., simultaneously, essentially simultaneously or within the same
treatment protocol) or sequentially (i.e., one followed by the other, with an optional time
interval in between), depending upon the nature of the proliferative 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

27



10

15

20

25

2. MOHHOH HA = 2,6-dinethyl phenyl HFI HH
CbzOP CUO 3 4 5 To a solution of diethyl zinc (572
worenos4a®asd, 4.63 mmol, 3 eq) in DCM (5.0 i) arCT/UMEB/003200

d th
the%?éxtl?%g%q Blffi'd/&qjﬁh’l]%ﬁﬁg (F snp%tléeé 6 t%artllorcl:s tgtca: Iseé:or(l h zrzalp%utlc A?g%né and/or
radnzmoxi magbe axm)lmstcrmrst(ﬁgﬁomcy bynth¢ admainisiraiiont df@ hedgabipg anpibitor.
erature. pelow -

ThlS %”éomat% : sﬁr%té n og%?el‘lane %&9@§é’%%a%%§%ofo§51 ]I%e
detevasnasidal efithe bider of adrmmetrarm agaelie mingrer Qﬁremtmonabf zﬁﬁmlstration of
eacg ﬁleiapglﬁtlacﬁ%ls?t u?‘_iag % ltruztltg%l]t ;%{)W((:(gdﬁﬂwcﬁdvl% wleg%eI 0]f r%e skilled
phyblatah am&vamail&cadhb&isasmlﬁg tréadddrand therdondifion ofthe baieme dFor

rt for 4. m xture was cooled to

exafiplf, fhesecqB HFRDONIR TR AROLT BALDEn GPa e SIS Froh especially fi

is a@foﬁﬁﬁlﬁa%éhtf Y Bernth @e%ﬁéﬂnﬁﬁﬁe@ﬁw{lﬁh@atﬁiﬂnﬁﬁ%dﬂ of a hedgehog
solution 4.63 mmol, g mai nt ai nj ng, t he reacti on
g

inhibigpfetay e &/hegs d@%ﬂnméadmﬁ AU Ry the ggnainistatiprrQf thejsscong

thefdp&ltic %Eglt aﬂ&%@ﬁﬁ’orﬁ LAPsYbrSEtite nre%{eﬁhﬁ'bioeﬁ if dorRfletd;
2.70 , 20 eq) mmintaining the reaction 15

tenperature bel ow -65C. The cooling bath was renoved,
th@,{emﬁmmnm xture was stirred for 16-18 h., the
white precipitate was flltered of f, and the fj|t te
was! heipvsen pe heipg gensepllyjderrrbed it willhemqre r%ed%somfﬂ%stood by
refe?éﬁcg to BO W1k &éﬁETHQ AW Rick dreXnctiliel erely\Br Yhrpodesof Aflistration of
m.) and brine éme . It was dried over nagnesium
cergiy| gspgcs and spbedimens of therprﬁﬁa@u@vepamu AYhas fobintendgdeo limit the
inv&diidde was purified by silica gel flash chromatography
(hexanes/ Et OAc 17:344:1) to afford 924 ng (1.33 20
mol , 86% of the desiredEsempladt. Step C Cbz, H H H
1. Pd(OH2, H OHOH HH Fi, H CbzO\ HO\ 4
5 To a solution of conpound 4 405 g, 5.83 mmol, 1
eq) in a solution of EtOAc:tg 5 (2:1, 60 nmL) was
added 20% pal | adi um hydra carbon (823 ny, 0.583
mol, 0.1 eq.). 25 ER* was evacuated and filled
with hydrogen three tihess The mixture was stirred
under 29 WD 2008/109184 PCT/,US2008/ 003200 an
at nrosphere of hydrogen for | h. Neat ethylene diam ne
(0.38 nL) was added, the m xture

Step A

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, 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

28



10

15

20

25

was stirred for 1h., and the catalyst was filtered

off. The filter cake was washed twice with
wEe@daodied uene (2:1, 12 nmL). The conbined fil tPEL/ES2008/003200
of éf‘@(fe%m '%c\ﬂ'vwg cﬁ'st’)a?'ﬁz@@ AeRAUS ISR/ b8 (1Y Z@hﬁ)} lt(?%@e 6.75 g of

diamne (3 , dried over sodiumsulfate an
theégw@équacted |n vacuo to give 5 2.46 g of conpound 5

as a white crystalline solid. Step DH HNHN 1.

Al (OXBu)3, 2-butanone FOHOH HH HHHHOPOS5 6

A r¥emB bottom fl ask was sequentially charged with the

hono-allylic al cakol 14 (7.50 g, 176mm| d: eq),

alum numtert- but%&e— 1 A
anhydr ous tol uehe; : M%sé&&m)% but n((g g,

1.24 nol, ] &' SUSRERGIRRERS heat rf a
nitrogen & 19 ereto 75C for 16 h. zeaction
t enper at ¢ then all owed to cogle” Aqueous

20 % (W w) potassiumsodiumtartrate sol utlbn (226 9)

dded. t o .t h 5t Th
o 8857 AR BT, ASFPBERLB m
-20@{3’85 addedla salitonosf@asA(206- D&yﬁhyIMyMﬁ&bﬁ%rWatlh (2qRIgOoU63 mmol, 3

eq)ewwgléh '@ﬂgfaf;@f'rgt t&émaaﬁlﬂnstawné;{%@r%&“f .%‘? &ﬁasolﬁ*h)@ was aged

for 1 8 &ifl 40 R Biedt ANSRENMHahB (124 £1B78 u( 39 edilyasabed, the mixture was aged
di scarded. The conbi ned orq_anl cS were concentrated to

for 45 i 26 0°Crledora adding 2 splvtion Pt BisdeRa-eyclopaminey LAY geki>4 maiel

1. O‘égﬁ i BER (18/mIY ThE BESRM bathi v rEh1Rd %¥' RRARZ B af 359d Hiamtamed
portion-wse) to a final solution mass of

at refor 6éﬁt Tew anisiyerevascoried tr/épaih adsy iseaeqienerhath a(nﬂwaﬁ«ﬁi drop

w1s@m%MnE§MmWa§ﬁ)D(E s@luftlbﬁ]ﬁi 6 Q! 604 Q/Q sgﬁﬁ§n @ b3 f]h]n(g 3.0eq)
I'l'y precipitated e desired 20 product.

maigtpspag the @wcmstempbnatue‘tijW h743€diTh¢ mrdire wal egﬁdatnelf( -2@min. and

ol S il Oy 2 0 0 g B
temperdtuge bélow A&’ CdBw qoehlng)babldwai rem@iver the rehcton @i asltirred for
16-?8 h?th'e_:| w|_}|§t’e p?e%{p(i-%agél Wa'gl ﬁlﬂereg%rff.', 91'1({] e Eitra't_cla |vG'as'iuccgsessively washed with 2.0
M HCI (2 x 20 mL), satd. sodium bicarbonate (2 x 20 mL), water (2 x 20 mL) and brine (20
mL). It was dried over magnesium sulfate, concentrated in vacuo to dryness and the crude was
purified by silica gel flash chromatography (hexanes/EtOAc 17:3->4:1) to afford 924 mg (1.33

mmol, 86%) of the desired product.

Step C

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.).

The flask was evacuated and filled with hydrogen three times. The mixture was stirred under
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H7 30 WO 2008/109184 PCT/ US2008/ 003200 A
round-bottom fl ask was charged with starting nateri al
wW@2q021®18y, 0.26 mMmol, 1 eq) and 10% pal | adi unP@IUS2008/003200

an &ﬁ‘ﬁ)%@re(o]f Q@dﬂgén for M2 R&ltle leWF BRmEBSRAAY W JB¥dd fheMixture

uspensi on wa aced under hydrogen
wasastmd ;ﬁ¢relrhe afid thecafplyatndast fHtsred qff uFhe filigs cakeeiwas axdshed twice with
V.E tor r
=ERNLACG it iy, T CSEASH B I G L o5 s sonion
of e\tladm dléﬁhiae 6r Xi@e mint dnddaivensadivpusul fateead uemqagtra;ed inyacuo to give

flash romat,ogra DCM 5:95) to afford
24€§°f°°%1f°°f*§§aass. g ryg%ﬁ%‘%u%fbﬁs tep FHH ZIP. NHO
,N,'HCszI,EtBNHCbz H HHOH7 OHS8 A
ro%@ottomfl ask was charged with conpound 7 (4.23
g, 9. mol, 1 eq) and THE 10 (60 nL). Triethylam ne
(6.92 nL, 49.7 m”rtg| 5 0 eq) and benzyl chl orgfor mate
(1.54 nm, 10.93~ 11 Aoeg)2bygere  added, andX{ h
m xture was st pyrireg ,'ﬁor 1 hat rt. The rea Y@ xture
it bicar bonat e

§ ©r e
separ at® 4and ttge or gani cs vvere dri®d”(Na2g04) and

concentrated to dryness. The crude material was
purf found botipmdlask Wascsgqepstialfly eharged Rrithrthe bemerphylic alcohol 14 (7.50 g,

A O R

(1 16)HHL) 41dR3-buFanoike (90 g5il - 24 nird1H e. Th@swhpgnsioouwed-hoaed umier a nitrogen

atmo %{eé% ¢ %?lrg}ﬁ) T}% %:Flgftll] n tgrc%;l})ér%tugenwa\%athen at:ho 5‘,:? cool t%ql)9°C

Aqlﬁe@ns 20 Yngwiw) ﬁmmsmumsbd&n( &rtﬂatgsohﬁxoﬁfiﬁﬁ‘r@lwas ]addﬂql)to \l\hﬁ;tln“ed

20 _add d stirred f
susfhsite e DBPPRIRRCTBARTEDYTt bR Ny IV Y SePgiegs Mhe organic
layéflwas4vadheiith adhe@)20W8 Roakkiietd sait P2 SEmLpadll wirer (225 mL), then

oy ooy SR 0P e PTG MagEmel VS e i L

diséa®d. 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

30



10

15

20

portioned between MIBE/ 1% NaOH (2 x 20 nL). The
aqueous |layer was acidified with 2 N HO until the pH
w0 emshedsd, then extracted with chlorof orm ( 2XpCT/TR2908/003200
COMPH bBh R Habic WAV G 3%%\@??@%%&9%% 110 mg, 0.26 mmol, 1
ooy B SR AR TR b aiked b ed Wth wat 81110 me 026 mmol, 1 eq
andNQ2a@iladigmebnosrhoe i (6emedd The solidsrvesse susmngpd/el Podingg4 mL). The

L G AR  A L  o Ta

OVCMiﬂHM rt.1 Thé\kdaBldn i@k tupe Wmﬁl@emﬁgh—béﬂtﬂﬂd théiGlttdte@ohkenidated in

15 D ine so Q 0 und, 9
vacliy 1 b BEAA 8 o3 R ot Bl o R AERRY CfeORp i
59591tbhffand %qm@@ﬂheﬂﬂ;llrudb@ﬁp((uhdZ m.) of hydroxyl am ne HCO
(71 ng, 1.0 mol, 3 eq). After stirring for 4 mn,
the m xture was partitioned between water and DCM (30
nL $ewB). The organic | ayer was washed with 1M
aqueous HA (30 niL) and.then brine (30 n), dried

over sodium sul fate,nand concentrated in 0. The
crude residue vva 2@ hiived by flash SI 5 D gel
chr omat ogr aphy 4o¢ ”et%é‘i‘F‘Wexanes {{ 1&°% he
[3,2-c]-isoxs savvhlte sol it The

product capbane "i soxazol e WaseAh-4 Ivéd in Et OAc (7
inaflaskwith stir bar and fubber septum The

SO| 1%‘ uﬂga\/@%rg%]gab%as C[l_“f’@fg wAr.:ht . ?ﬁdig(q%a)]g(,)ag% ﬁg’é‘ge]d?q) and THF

(60 'ﬁ’fIL)ST]ﬁ&th)tlamele\(\ﬁ92 mngemu 0 eq)tama wenyactdotohemate (1.54 mL,

0 f8E RS 5 a2t Lt 2 By TR ML

waspaftitionsd patvyat éawrﬁéwaqﬁemma)@ae (mmrfdegt@@kct( P()(ﬁmL) The
clear oil. The oil was purified by flash silica

el
phasgs s teBaRicARYd (e osgANES V5T Qﬁﬁdﬁb’aﬁ&) H/concenyated to Sdryness. The
cruddRhe Xt Mas pafified (iehgRitica géme@h b%ﬁlato‘é?abﬁy GQO@\%MJX@ﬁ(%d

ve an 0|I that was 1yophilized from?7
29%@tlg|3¢lt8wq3?56°§maéﬂf@1the desired product as a white
powder (37 ng: [MrH = 451.7 mz). 20 Exanple 2 HHN
O I—é HHN/"CH
tep G

A dry round-bottom flask was charged with KOrBu (0.57 g, 5.1 mmol, 7 eq) and tBuOH
(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
HCI until the pH reached 5, then extracted with chloroform (2X). The combined organic layers
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N 10 32 WD 2008/109184 PCT/ US2008/ 003200 Chz, H N

HHN 1. NHzZNHZ 2. Pd/C HZHOH H HOHHNHHN 9
wdaosnomshanol solution (4 nL) of conpound 9 (RODUS2008/003200
werg g v O o P R oy R KU T 200 pale
yellpwxfoam e Thia snaterighwesused widont furilzes n@nfémaomlsthpmmt Stieed by

flash silica gel chromatography (20 4 60% 5

et her/ hexanes) to give the protected pyrazole as a

whiftep Hol i d (72.0 ng). The product carbamate isoxazole

was di ssol ved i n EtéAc (7 m) in a flask wth stlr bar

and rubber septum . ‘

ni trogen, and 10 0;'

Al drich, 25

o' ( wed paic 15k gussa o/-
added. This n1xture

W th nit#c hen hydrogen gtirred at rt
for 2 h. Tgeemixture was then spark'. W1 h nitrogen,
filtered throllgh A 0.45 10 n1po|yethy|ene menbr ane and
concentrated to a clear oil. The oil was purlfle

f | A Ryrding wtlogéﬂ mip) o pemeayng SK90 02553 mmeh il¥rRe) heated at 110°C
waMéifenggleJn% uddua e & (El)g\@nL) @‘ﬂ@dfd?(ﬁlamﬁ'feeﬁé @Op > b Znéxgol, 3 eq).

Wwer e concentrated to give an ofl at was
Aftérstimingdfon més, theBuRkire was parfibengd bhieveeniwater anfl DEMIEE mlagach).

R YA T TR T AT ) s

oveasxiumg sulfptd, and ¢rmcpntatddu wecude Jbe rindelrasduewaspirdied by flash silica
gel cl%rggl%to?r R#l% g/l OE—{;%%% Zl'lel:_(';a_{%sﬂoag?\% tgé [3&((::’][1%5}!390%'6 ag £ Mil'fﬂ solid
(87.0 mg).

The product carbamate isoxazole 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 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
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HO -SNI NH H 20 o 12 33 WO 2008/109184
PCT/ US2008/ 003200 Cbz H N 1. NHZNH2 HHN 2. McSQ2C
W@200Rdp@84 HZ O HOH HH HOOF Fi SN HPCT/814084003200
9 12 An et hanol soluﬁlon (4 nm) of conpound 9 (100.0
ng, 0.17 mol, 1.0 .7
ng, 0.34 ol , “e—hand ysled at 70C
The m xture mas ébhtrat ed in vacuo
purified«a>‘. . Silica gel chrop Y (20 4 60%
5 et her/ heyangs) to give the prote razole as a
white solid (72. 0, my). The Chz- protected RQyrazol e (200
ng, 0.34 mmol, 1.0 eq) was dissolved in pyridine (4
L) Amettanol scluteah (%imlh ofgemperad 9l (@ OhY mgc Bl dminafd, 1.4 ¢9) wag treated
i t.h NG ° fot
with R0 ik, 838 ithon B bl Aol a o 80’ Pl e s
congattted (i2 Qacub and thepurtﬁeg ayiflash al@rgehetsomatogphyn§20> 60%

r ed over .sodi um, sul.f and
cth RS sl e S1oleFeq Bl S Sl ig B ml s
p urTHei pestiuoy/cashamabtis@pakole as dBsadgpddan BYOAA 7 mLPin% flask with stir bar

c/ hexan ve a clear oil 50
and TR AT 1 SR iR APS e Sipeeind (] iRels CyefePegussa type
E10TLAldrith 22 5 th@Skasvidiét. SIHid mbBdire wak hakgdath H@Hiednd 'tlﬂéﬁ hydrogen
sol ution was s ar ed . wth nitrogen, and 10% Pd/C

gas B@% Sfurzed a[t %r 2 mle}ra Pag Hlen ggprg‘egl)w%%m‘gg)@eglte Fhéough a0.45

pm %P&Eﬁh&l%n&\@ﬁm’é%é gsdicdmcédtrawdtts Qgear &N drﬂefbewbp%ﬁg&ﬂy iz silica
gas and stirred at rt for 2 h. The m xture was

gel %am@@eram (0- o emipaipm thf?’eii%%ﬁtlﬂ%d\ch(HHﬁ)M@nd me pure fractions

werl %a/c%mytk@{& WEHYPRS v@a@d}(&pm&e&l kbRt wtafgr/ﬁBu@I-?% affbrld the
The oil gurlfled ilica

desemmﬁwc@gsrw ife povdy HrmeniMiihy 460K id /2 4 10%

MeOH DCVM, and the pure %&%ﬁpkgns wer e concentrated

zed_fron17‘%

to give an oil that was |
wat er/t - but anol ,

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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eHOH HHNHHI13 HHNH MIl, K2ZKCGB OHOH HH HN
HHHNHNN H10 13 34 WD 2008/109184

weEFansweaen8/ 003200 Compound 10 (60 ng, 0. 13 MPOT/PS0£003200
eq) was dissolved ice, DCM (1 nm) with Mel (38 0. 27
mol , 2 eq) and stjryed igg:gé 2,S|y W th pot ag A
carbonate (74 ) Q. 9%~ Db pacds,0 eq) at I
stirring for m‘ & " xture was partit
DCM (20 ner g@ ter, and the ¢ ‘41*@ )
extract edg#htia second portion gf BAMIEZ0 nlL). The
conbi ned 5 or?;anisc | ayers were washed v'?/itn brine (20
m.), dried over sodiumsulfate, and concentrated in

vachmethatod seluen @ank) ficompernd R (d09.0 e, By 7 :imelch0 g@f was treated
. R - [ Ho j 0 f j d - 0
it 1 T, BN 8-/ IR o Y G5, P b
congentmtednn eaduotahdivas parsfieldypydlash sidexckel clopm@graphy (20 = 60%

t er/t.-but anpl ffordin hegsi rr? ct as a
ctnfHefhiely QLR proRbkRbHRMle WIS REPIAR A6 AL 25 B
O TheMCbztprbtectet] pinatdld R0Dmg; B84 Irhrhbl, RO €4), wdsl dRisAlved i gyridine (4
mL ar'l_é treHalt\édl_\!vi%Nme'_!hzl;r'xesulfonyl chloride (117 mg, 1.03 mmol, 3 eq) with stirring at rt.
After 30 min the mixture was partitioned between EtOAc (40 mL) and water (20 mL). The

organic layer was washed with brine (20 mL), dried over sodium sulfate, and concentrated in
vacuo. The resultant oil was purified by silica gel chromatography (10 > 20%
EtOAc/hexanes) to give a clear oil (150 mg).

The methanesulfonyl pyrazole was dissolved in EtOAc (15 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, 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
pum 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/z-butanol,

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

Example 5

Met, K,CO,
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N H 10 14 Conpound 10 (80.0 ng, 0.19 nmol, 1.0 eq) was
dissolved in dry DCM (2 nL) with 15

walriogoprepyl et hyl amine (115 ng, 0.9 mmol, 5 eqPCEIS2008/003200
tr e@&ﬁ?? it Wit (@FaEY. 1 FRkR] '1@?&% $%s HEsoh%dﬁx‘} DCWIPl mL$with Mel (38

stirrrng for 30 m rt, the mxture” was
mgc‘b% emmal,z espl andhstireed (yagorauisky Wuﬂemssnumgcarl@s\ﬂtd (& m@s0.53 mmol, 4.0

eq) a‘ter?tt %rfégs raé‘fo]’ lngﬂe ?%%ﬁsslw%tﬁgg% ?{t\?l nglg(? (tZQ .rqaL) ﬁfld water,

andﬁhe aqumxst layee wag sxtcstederitir ateechd portkacf GV ¢2pmi).f Tiedcombined

orgﬁi?ila i}aglxli-s(yge A ﬁ_wﬂShga/owR}Eh ¥ og@\%?lg{')o Ha?cvgv%g? A g}beu C({nﬁ%&trated in

vactas Thy epliaht Gibwad pusified Yy witice géltﬂalﬁruﬂﬁtm&tomplgif (DCSP/daminemum

hycg he%?% g‘[{oﬁégﬂ:&?@?? ke %g}gsl%gi §9 entLatecHIO give an oil that

waPE}EE,Smlﬁi’éaQﬁan@%mr/tbﬂd&lna affSiding thidNiesiréd [h'odd‘dt i é|-5h1téﬁ5c®ﬂier (18
Chz Cbz HNHN K&XBu, CF3CREt HOH CF3 HOH

mgFl[Mlil}ﬁllo“,&“iqf@Z)rl OHG6 16 5 A dry round-bottom fl ask
was charged with KO Bu (0.E{8mgle 66- 3 nml, 7 eq) and
tBuOH (10 nlL) and the solution was stirred at rt for
10 m n. Conpound 8 (0.5 g, 0.89 I, 1 eq) was added
and stirred for 5 mn. Ethyl trijl oroacetate (0.64
m, 5.4 mol, 6 eq) was addeq " se, and the
sol ution became sl'i ghtly .o@ ‘@I produced bubbl es.
The slurry was stirred aglip$0r 48 h. The mixture
was diluted with DCIVH4*and washed with water (2

x 10 30 nL). The organl c IHayer was washed with brine
(20 nmL), dried over Na2SO4, concentrated to
S | e orange foam This

fort her
4

dryness to give 550 ng of a
material was used in the next step w thout
purification.

AcCl, DIPEA
————sm el

10
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/¢-butanol to afford the desired product as a white
powder (14 mg: [M+H] =492.5 m/z).

Example 7
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Step B Cbz HNHHN 1. NHZNH2 2. PA/CH2 OH CF3 HO

HFSCHHOFL HHNH oH 16 15 15 An et hanol
w@odoatioasd (4 nL) of compound 16 (210 ng, 0. 32 PEDUS2008/A03200

eq) was treated wth hydrazme gr& , 0.64 mol, 2.0

eq) and heated at 80C for 1. g g sol ution was

concentrated in vacuao and puy diby silica gel flash

chr omat ogr aphy (20 - P / hexanes) to give the

3-trifluoronethyl pyr"@é;q fa white solid (95.0 ng).

The product carbamate pyrazol e was dissolved in Et OAc

(7 m) in aflask with stir E@r 20 and rubber septum

The sol ution was sparged with nitrogen, and 10% Pd/ C

(wet, Degussa type EI A, Adrich, 25 ng) was added.

Thi gefriaxt ure was sparged with nitrogen and then

hydrogen gas and stirred at rt for 2 h. The m xture
itrogen, filtered thcﬁ
PCT/ 8/ 003200 "p
o 6 Hand'g—;egeﬁgg‘go%?rgt ed t ear oil .
The oil was_yu dbyS|I|ca e
chr omat ogr @ B. 5% anmmoni um h%&rz 414%
McOH/ DCM ¢ and the pure fraction$ weké concentrated
to give an oil that was |yophilized from"%

vat &g fHI-86®m hgsk i@k ﬁea H&h q@ﬁBgﬁ@'wg Qﬂyﬁﬁnow éa% and tBuOH
whi t e ‘powder (42 : nE
1thm §<§@p0An¢18u@ ﬁia .89 mppody 1 eq)

gh a

was then sparged vvl,Eh

(10ppiN angd)the s0|141t10in WaRIStHFP
wabhd¥Sh B4 stirfd@eS $thin. Ethyl trifluoroacetate (0.64 ml, 5.4 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 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,SO,, 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/hexanes) 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 stirred at rt for 2 h. The mixture was then sparged with nitrogen, filtered through a 0.45
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HH7 18 10 A dry round-bottom fl ask was charged with
K&Bu (0.57 g, 5.1 mol, 7 eq) and tBuCH (6 nL) and
wo bmsgadigt i on was stirred at rt for 10 m n. CoP@DUSZH0F003200

um&glgkéth%leﬁy ?ﬁb{gﬁ@ land éorf?&)tra‘f@sto a%ﬁ:gxe&h aﬂﬂ: o'?H% rp%gf E&’Ey égca gel

ormat e ,
flastircbyomiatagrapdp 0- S%rv@umuun |hmd10blée/an%14s% WQH/PQM)a qmbtha pure
VA Im )

s oS HEE SRR ER o Wb b T BRI ffndion Vet Bty o

affofd #@ dekiyed producoaprehits fosmder (42ase: (Bt TbFe.&a/ah th 2 N
HC until the pH was 5, t en _%%racted wi th chl oroform
(2X). The conbi ned organrc—%'laye*rs were washed with
wat er, dried over Na2SO4, and c rated to dryness
to give 200 ng of a pale yell&Wy-6am This materi al
was used w thout further purifi¥ation. Step B HH H H
ci1ilY HNHZNH2 H H 18

; e
charged with conpound™l8 my, O. 44 mol, 1 eq).
The material was dissblved in EtOH (3 m) and
hydrazine (43 L, 0.89 mmmol, g¢7eq) was added. The
resulting mxture was heated to reflux. After 1 h the
solution was cooled to rt. Solids 37 WD 2008/ 109184
PCTi$52008/ 003200 crashed from sol uti on, which were

filtered, washed vvltn eptane and drledth ford 19
my of the desired-~ ral ([ MrH = 436« 4‘>§7
Exanple 9 HHN- O Koley, Hlo,eNCI  H HN XSS Step A H

H ONON é’“ Ch HF H

q
—_T

10 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

15  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

20 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 pL, 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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A round-bottom fl ask was charged wi th potassi um
bis(trinmethylsilyl)amde (580 ng, 1.04 mmol, 1 eq)
w@nwsmedsdi ssol ved i n anhydrous THE (12 ni). TP@T/US2008/003200

. LU c - ) ,
crol R P RERLGH, VAP O e QRS e, gl BB gbAN O me of
the dgjired Titerial {MnHH s3$.4miz)red for 0.5 h and

chl orotriethylsilane (234 @b nmmol, 1.5 eq) in

anhydrous THE (2 nL). Theﬁmrelge%n m xture was stirred

for 0.5 h and charged w th vvat,,eg‘gD‘LO m.). The

reaction mixture was warnmed t\oir}—and extracted wth

Et OAc. The organi c was sepd*,‘ dri ed and

concentrated to dryness e/ Tesi due was purified

using silica gel flashA r omat ogr aphy

(Et OAc/ hexanes 2 % 4 64 "to afford the desired

material. Step BHH ONO "H Cbz TBAF,

formal dehyde 'H Cbz HH Fi HH TESO OH 20 H 21

HO A round-bottom fl ask was charged wth a 37% aqueous

for ehyde solution (329 ng, 4.05 mmol, 5 eq) and

di | in THE (10 nL). The reaction was cooled to

-20C charged with 20 a’solution of st arting qraterial

(546 ng, 0.8 10 DI, X 17eq) in THE (2 ql) ,a0d)1 M

t et rabut yl anmoni ,@ Jadotled, RafHE (1. 445 ol ,
e _Mas stir+red—or_ 0

5 eq). The nixtlge ve b\ -20C and
partitioned @@ bri ne and Et '@@ e organic |ayer

was separafed,;s “38 WO 2008/ 109184 P Us2008/ 003200
dried and concentPated in vacuo. The re# due was

pur A frdud-Hegbindlask W?@ﬂla@doﬁi{}ﬂ&khssiﬁhwm{ywlbwamide (580 mg,
LOb g o6 a8 5 eyt s grous RAF (e, T joactign e pas
cooltéd thl-14°€i Tht réattidnWadkhhiged with 8&n%d]'}Qd§ AN ﬂg,ﬂ%s?%}gﬁog M5 eq).

flask was charged with compound . &100 , 0. )
Themture pag gfjrregiar 0-fhiand chlemtiathylsilang %emr,"géS mpol, ffgq) in
anHy8RGS TR M) CPRL Rechdd RO aCaR a9 0 h Bnd 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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Dess-Martin periodi nane (144 ng, 0.339 mvol, 2 eq).

The m xture was stirred for 0.5 h at 0C. The reaction
worRoosoEssnas partitioned between a saturated aPCEUS2008/003200
dri&PAndlcbRnRhted BAIND. BleGREAMNRHuRREd Eif GticaldeBrI¥hgani ¢

was separated, dried and lconcentrat ed I1n vacuo. The 10
chrpmgiogaphyisOpathietanes 1 Q% B20sT0) fosforrbthe fesirgh material.

chr omat ogr aphy (Et OAc/ hexanes 5 %4 10 %9 to afford

the desired material. SSep DHH ONON )~H Cbz H

ChzSteBCNHONH2 H H FI H O HHN | H HO 22 23 A

round-bottom fl ask was eharged with conpound 22 (50

ng, 0.085 nmol, 1 eqjyahd 15 was di ssol ve/i

(3 m). The react} 8.charged with dfaxme (27

ng, 0.851 nmo . at’e® to 80C

and stirred. mxture was

concent rat ed™yj~~vacuo. The residgeymas” purified using

silica gel fd7ash 2hromat ography FJg,t“OAc’B“hexanes 50 %

to afford the desired material. 39 WO 2008/ 109184

PCTAusyYdBttondlagh wasehaszed with componpd? 1400 me, @469 mmgl, 1 eq) and
wab §isSolvedldn 5f DOML5 thl, /ThE! lélhibn Wadcholed 0 COMALHBRLE Aifh

flask was charged with conpound 23 (43 ng, 0.074 mmol,
Dess-Maptinpgdodingmy( pif madl 13% romok eab nfhegnipgye wagwsirgd fordsS h at 0°C.
T R Be S ARGl e SR BRI B
bicgibpnateahd AR The atganic was Féparatesha dti¢doamdrepneentratedvisvacuo. The

' . af L Lt G ' Oz o, TRE A o
el B B0%s R LR SORSBIAMA O APRYAREs oTB101%)
affald tiendes ogl mapthyal( MMOH DCM 0 % 4 5 %9 to afford the

desired material.([MH = 450.5 nmz).

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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Exanple 10 10 Step AHHN HO01, OO H HNH N H HN

;"N 10 30 To a solution of Conmpound 10 (72 ny, 0.16
wormB/1091eq) in chloroform (1.4 m) at room 15P€EDR2008/003200

vvass%ggﬁed pyridine (215 ng, 2.72 mmol, 17 eq). The

res nt mxture was cool ed to OC and treated with

benzoyl peroxide (338 g, 1.60 mol , he

sodi um bi catHe foll ovvemr @@

chl oroform’/Hx 15 m ), the conbindd/organic |ayers
were dried over Ha2SO4, filtered and drieg 20 in
vacuo. The residue was purified by flash

¢ hr Brreundghrasem flasomen Hewgsdavifaessravead:3h@ neg 0974 mmyel eq) and

10k R LR AT NG e T3 BT 166 n AN e

Suspéﬁsidnsms@@/ced)mohydyogen)anh@pher@and the Whikiup¢ wa skirred for Q0 H at rt.

H X N 3 i O
helchin iRt PR g i tonggaBh il Pl sy yos
punified wingrsdiemgeFlask phrowa® gtap by (MOMIDCM DN P t56 ptowfifiord the desired

342mmol, 7.5eq). The resulting
mag%?(@lﬁogﬁ ‘é%g%f’/rzfed for 2 hours. The reaction m xture
was diluted with water (1 Exdmpland pH adjusted to 6-7
with 1IN HO followed by extraction with chloroform
Ps‘&l On), the conbined organic layers dri ed ovir

Na2SO4 and in vacuo. The residue was purifi =

o met hanol 90: 10)0
N

preparative TLC (ch &
desired fractions\m

To a solution of Compound 10 (72 mg, 0.16 mmol, 1eq) 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 (Dichloromethane/Methanol 97:3).
The target Compound 30 was obtained (26 mg, 0.046 mmol, ~30% yield).

Step B
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10 Conpound 31 as a white powder (1 ling, 0.024mol,
-52%vyield). Exanple 11 H ONH H OHHN( HH ~N
wohdds3m®1845 Step AHH ONON '"H'CBz 'H ' QBzI/HS1408/003200
HOO Fi ~HF H20 § 33 34 A round-bottom fl ask
was charged with conpg?nﬁ;fk (2.0 g, 3.40 mol, 1
ve

equiv.) and was diss in toluene (25 nL):

reaction was chargeg, W/ h\BDQ (0.849 g, 3. 741 25
1.1 eq). The mixtyre wag—5Stirred for 0.5 N The
reacti on m xture 4 kel concentrat ed

2008/ 109184 32008/ 003200 va

originahNQ} Fhe resi due wasHtNpy ising silica

gel flashvohi
afford the deghred material 34. Step BHH; ONON
"H CBz "H CBz H O/ HFi OFF Fi 5 OH O34 35 A

r ouﬂdsbgl%h 8%5:}.88%@}3@%&%@&8& bl 139) flfetndi®1 0% @b at room
nmol equi v. ), )

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 HCI followed by extraction with chloroform (3x10ml), the combined
organic layers dried over Na;SO4 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

0y
'

20

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 1.1 eq). The mixture was stirred for 0.5 hr at rt. The reaction mixture was then concentrated in
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and MeOH (8.5 uL, 2.1 mol, 10 equiv.). To this

sol ution was added pyridiniumdichromate 10 (424 ny,
wa2@siemB4 6 equiv.). The slurry was stirred fRCT/USHHAYE03200

- er.

vadi 1 T Vil e e rlob el b o PR g
chroma®griphy (Hexanes/BXRAc 1006 > 20%) keaféard theslesiredunateribh 4.

aqueous | ayer was extracted with one portion of EtOAc.
Ste ined organic |ayers were washed with 1 N HC,

ed over Na2sO4, filtered, and concentrated to
dryness. The~etude materi al (232 ng) wasydi ssol ved
, _ ol

: @ eH@@zswed
6rTg) StepCHH @) \H Cbz "HOH
5 3 # round- bottom
as charged with 35 (350l 1T8-057 Mol , 1
equiv.) gnd 3 ng of 10% Pd/ C (wef, A|3%r| ch Degussa
type E1 . The material was suspended in EtCH (3 m) .

The,fl a ed and pur ree
o apshERtealE BRRGSarReRAREE AR e ol Biond dbisgeMF G mL)
andMeO#H (8/5ruL, Bd Smihbl, ﬂ&é@ﬂvh J).Mroatig Roldtich whscddded ﬁﬁ-l’dihduxi(ﬂlcéxromate
nd shed t The 25 so t was ntrate
@ Y Ol st oS Eob Ay & 25 e s ype was
dilgtepwith BEOAHEnd Witk rTRGhiRuge Wﬁl&%ﬂﬂﬁrdﬁgﬁﬁ Bad orehitedfme® with
Cﬁéo uL, 0.22 mmol, 4 equiv.) and the m xture was
EtQc, they thelayerewersicuy T\he aFIH%O‘E 1yguYes sdactp weth gne partin of EtOAc.

CofRBIne@broahi@ 14yRAGHdrd Walhied GHASER HEEI! dHiedovBIeN800) filtelddSihd
heptane. The residue was purified by Si02 col’'um

19)
congeRfratesgfo winmg ssz@«/@amwds@%m@m&m@tyssﬂ vk ﬁhcgz, loaded onto a
Si c@'d%% d A0 withHRxdREBIORE @BYG ko YOS HeXRBARUISE LSS (36
1 fromt %%8%/17% H281to 6 Ive 15 &@Vg O%Y?}rago onee (36 mg).
Step[O+H] = 466.5 mz). Conpounds 40 45 were nmade using
techni ques simlar to those descri bed above. HH O
N. ON. OHHOS\I—V6 ONI Fi H-S-NH HHONI;JS

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 SiO; column (1 g) eluting with
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43 HH ON ONH ,H~NH2 _HHOH N I HHN HH
woRMNSAWIBE H HH 44 45 Exanple 12 H O N ' H PCT/US20D8/003200
cﬁbghxgé‘d)ngl Klldvk,) Ji%e%%o‘}%e f\Q J&@Iizgléﬂﬁﬁﬁélﬁ?ﬁﬁ%ﬁﬁ%o%ve 15
mnglﬁyHZdihee@(iWﬂg‘%étSGMZhl (50.0 ng) was suspended in

DCM (1. v .

bi car boﬁc@%@@&oﬁé 8%1%311 cfe 1513 ge%wlaué@ shﬁ%a%\?\gthggg c{eac.:rébgd above.

m ). The m xture was 5 treated W|th rrethanesulfoniﬁ:

anhydri de (28 nii 1 mol, 1 equiv) and sti rH 2

15 mi nutes\ at g-oQm egperat ur e. The m xt ol ot
between eth e\ ofS aHe and water, and the H,'s”\
O/
2
N, —S—N
H W ° H

10

15
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| ayer was then washed wth brine and dried over sodium

sul fate. The residue obtained upon concentration was
weeoosfivsass by flash silica gel chromatography (BOI/US209063200

et hyl acetate/ hexanes) to provide a white solid,

Conpound 40 (10 ng: [M+H = 528.1 mz). 10 Exanple 13

H ON O HO HO_ ,x&N H ON 41 0-s; >

O (MeS02)20 0 H H® QPN HHES=N H H “J) 15

The starting mate (7

treat ed with hanesul f oni ¢ anhydri‘d 97 ny, 0.55
2.5 equiv) and stirred for 15 m nutes at room
n‘gerature The m xture was split betvveen et hy
ace

Bt Yarkng magrriak (00 Qree)t vies YerpRArdin RN fa) altdrﬁé‘l'ifed vigorously
wmﬂ%mﬁﬂl matﬂkbnla{el(@samgrmgim 1alv) SPHAE050! hi§t e nli taﬁue was

resi due obtai ned upon concentrat| on 20 was purified

treatpdywith gyethapesulfanic aplydride G§rmap 9yl 1(memol, 1 sqy%/)aqqdyspmed for lg minutes

at ﬂsﬁtt%ﬁérmf%aﬁ‘ﬁe?_ﬂn&tﬁe Wa?gﬁlﬁ’?zﬁ'eeﬂ\@ﬂl eac%tg 88??. BVg%g%QH ag organic

laypCTasUuBe0 @ 8yhed 32D bringsmhdsied over sediu@ syHate! Fhe repidne qtaip¢d upon
concentration was purified by flash silica gel chromatography (50 = 100% ethyl
acetate/hexanes) to provide a white solid, Compound 40 (10 mg: [M+H] = 528.1 m/z).

Example 13

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
was purified by flash silica gel chromatography (20 = 50% ethyl acetate/hexanes) to provide a
white solid, Compound 41 (50 mg: [M+H] = 606.1 m/z).
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42 Step ACbz Cbz H NHN NBSHOH Br HOHHH
HHH 5 HOHAMmMmMXxture of the starting material (300
worgosaods4 mmol , 1 equiv), sodium acetate (42 nMpCT/US2088/003200
mol, 1 equiv), and acetic @ggid(30 ny, 0.51 nmol, 1
equi v) suspended in 10:1 I OX water (25 nm) was
treated with N-bronosuccinimde (95 ng, 5.4 nmmol, 1.05
equiv) and stirred at roomtenpera or 14 hours.
The m xture was split between e fllo.\etr e and 10
water, and the organic |ayer wag an/wgshed with
brine and dried over sodiums Xhe residue
obt ai ned upon concent rsa -
silica gel chronatogfép 5H1| %50% et hyl
acet at e/ hexanes) to pr¥vi clear oil as a mxture
of bronoketone isoners (62 ng). Step B Cbz H N S HHN
OHANH OH H2) H2, 10%Pd4€ HBr HHH ON HH
Thi s bronoketone m xture was dissolved in ethano
) and heated at reflux with thioacetanide (33
mg, 0.44 mmol, 4.6 eqery) for 3 hours. The nic%{ ure was
split between ethy| -gsetate and water, and t»-

e
over sodium_sulyf@e.’ The residue oftaipéd
i @@o rified by flash m@
chr omat ogr apRy (5" 4 35@6ethy| acetaP exanes) to

i oSl P11hE faRa ™y an D0 kiey 03 il Bty Diitat (42 me
O.5hyﬂhﬂgeﬁqtﬁtf)l;rm&m’¢eﬁceadidl (30 n2g) Orf) mmabl, 1@&6:%%@&1&&1 in 10:1
room.

. Degyssa for 1.5 . rs at era .
SRR QBT e e O D 5 e B cqu
an@stirteldiaCfbohitembbratice BEN4 BHIO e Qﬁktﬂfbf\yas(sgllﬁ%t\%ﬂﬁ@fﬂyl acetate and

10% net hanol / di chl or onet hane) to give a_ clear

wa@&ﬁ'gg szcprgf@lc( lfgerﬁsgas tlrmshed \nglibrjglemng )dne gvey@)dlum Isulfate The
restii@ 3Hh 334 ﬁﬂorP ﬁééﬁ%@%@@@ﬁ%d 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
1)

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 its 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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Example 15 H ONH ~H HO -all ONH
HN1)\ / OH O'HSZC HHOO= 1SN
woiy0s1@84Pd/ C N N H5 The starting nmateri al
0.24 mmol, 1 equiv) was SuS
stirred wwth pyridine (95 mg, I.Z nmol, 5
m xture was treated with tol uenesulfonyl
ng, 0.288 mml, 1.2 equiv) and stirred f
room tenperature. The m xture was
acetate and water, and the organic
washed with brine and dried ove
resi due obt ai ned i
flash silica ge
acet at e/ hexanes) t0U
mat eri al
m) and stirred under a
ng of 10% Pd/ C (wg; Degussa type) for 1.5
room ten‘peratureHN
concentrated r
chronatograph

nmet hanol ghet hane Tt ve 8—,t-
ConpoulY - [ MeH ™20, 2Y.
ONOHOB ,NH2 HN H N

DaRdRdAsin DCM (3.0 nl)

43 Cbz, HHN
H HN HH 2)

( 1#OT/0S2908/003200
and
equi v). The
chil oride (54
hours at

ypeq Gpn Lol-:TO was purified by
@ X 30% et hyl

ravi ot hMte solid. This
was dissolved in 1:1 ethanol/ethyl
hydr ot§en at nosphere with 30

acetate (4

hour s,at

The starting material (140.0 mg, 0.24 mmol, 1 equiv) was suspended in DCM (3.0 ml)

and stirred with pyridine (95 mg, 1.2 mmol, 5 equiv). The mixture was treated with

toluenesulfonyl chloride (54 mg, 0.288 mmol, 1.2 equiv) and stirred for 2 hours 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 (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,
=604.1 m/z).

Example 16

Compound 43 (64 mg: [M+H]

44
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H 44 46 WD 2008/ 109184 PCT/ US2008/ 003200 H2N O, O

HHN HN OO OO0 Ht) PhCGANCI O"H HHH HNNHH2)
woi290810849Ld/ C HN N HH H H I n dry dichl or onet he@Eeu§2008/003200

m) at OC, chlorosul fonyl isocyanate (1.0g, 7406 nmol,

-1 equiv) and benzyl qL ohol (764 ng, 7.06 mm#sgfl

equiv) were stirred-fisf 30 nmin §o,forma 1M -sdlu n
of Cbz-sul fanoyl ¢ghharyden Jhn\oangézgprate Aok
starting materi ) 00. 0 M v) was

di ssol vedyj ‘w .0m) 'iot).,p YT i @
i t hent

mol, 5 equ vy iwds treated Wt
chlorlde(O 55rr1 nmmol, 2.5 equiv) and stirred for 5

tenperature ure was split
bet d@?imm%wé? gﬂ)a%&%ﬁ%ﬁosﬁiéwl ispryansitgifiee 7 P& epol, 1
eqIASantd HBRzy VAR IR (194t brosriﬁmami it PHler® ¥ SREHBY!Min to form a 1M
sul fate. The resi due obt ai ned Idgon concentration was

solgtien ¢fi (hg-Wifamp shlogide.i g sgparate eotprtigpatenal 15,0 mg, 0.22
5  mAdel bmiRGRisSved 1%%*9 0FhINWAth %91%19@ @/8@1? aNEfhol, 3 eﬁulv) was

prowdea\/\hlte solid his material was di'ssol ved i

treated with fther{Shzr slfmppyl chloside (&S wl, mmoly?. lhq0y)BRkstined fog 5 min at

rooglg{e%rré)eﬁg# m@%(}ﬁé ‘?%/e pﬂg}gﬁc@% &)%‘9? ”(%Ftﬁg héf%xlg@mc layer

wag demwashmdevitht bring .and" Heedhaver sadeunnagdfate. I”Elerrmidtarwtameﬂsupon

r e e L 0
B
10 ethabmateﬂidxmeahtesp)own gwhiee slid] Fhis nvddriabwsodissd}veCanpd utﬂﬂlnol/ethyl

aceiﬁe kf %9[5%;1} éﬁa/ﬁ%?_%tilc\:ﬂégﬂd Mz )fhrrﬁil 3 Exa%:e %LP@?NE?C 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).

15 Example 17

~
=

20 A dry round-bottom flask was charged with KO¢Bu (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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OHOH HH F1 HHOHOOF 20 A dry round-bottom
flask was charged with K& Bu (0.49 g, 4.4 mol, 7 eq)
wapasu®ueH (5 nL) and the solution was stirrePCHUS2008/003200
) 4508 pIRLSHS B BoriAfofbednd 2t o
mrp e L e A R P 8 TR Sl 2 mrggéﬁ Pbecdnbadeftdw oloar
solatiete Ethyl dorstata (080 mior3. 55 mimal, 6B Ewahddded él(sps e:nsnndrthe solution

be%%easgghfgr %\{19&8%&&@0% %%Ig%ge %sl%&hs Jtl?:re ‘{l f(§r0483h(.) The

mlStOi‘elwaS(lhEn foetianed betwiegnMTBE P4 qu:oambdpnm Uydxe)dddn@bbﬂme) The

urr or..4 m Xt u
s B o BRSSP S0 oy i v
chlbyodsran i Ti combined Orgahik. lay'Ei’HaNéire agsted wdthl veatat dnigisover Na, SOy, and
acidifjed with t he ached. 5, and, .
copaiptel i Aiesnto giye U e e 1oy i T biaT e without
ﬁlrﬂ{eggmmah&yﬁrtﬁemfgelwashed wth water, dried over
Na2SO4, and concentrated to dryness to gi ve 200 ngy
pal e yellow foam This material was used w t hout
further purification Cbzn t he next step Cbz H N'T—IHHN

1. NHZNHzZ- H20 2. Pdi, 2 || thQ Ho HH HO Eit 10
ON Ii HAn ethan .,Htlorzwg(/ m_) of the

2- fornylketone 70y , 0.45 mol ,

treated wHbhS zl ne hydrate (50 2.0

eq) and heabé »
concentrated in vacuo and was purified by flash silica
gel Aoistheneltsolytion (ymLpof the 2 dommyditctane (2Pangatlet mmahdd)eq) was

; b
ooy R B PR AP B2, 25 B RIS e s . o
midtufe vedstrancenfreted i vaagesral veas(phirificd by flash silicagkl QM(tdnate;g_rhphy 20>
60%. et}%yo acegate %x%gisé’?q) /é) ﬁ%p(({?gcttes I%gat&:cjgasag a %p Fs)g]régﬁgl Vr}nlgs.h'l‘he
1nték’nd:ﬂiat&t,arb361a[ﬁ)&as\k@o]&ddi&ﬂl 1 dthiusol/mihxl aceatev@snlspan flask with stir bar

i i trog d.t hen h e an ' at
ond b RereeR8! diaaupoy e e 8 itoers L0 1y PUEhEl Dpgussa vpe
EIOQI’)’Q&II%H a0 a) bv@s addeg! ?EHJIS nﬁkﬂure\/\bds@bal‘gaﬁwﬁhl hitfoh&ﬂaﬂ@l}’(hen hydrogen

fl Ilca chro 05% n|u
gasr?;’@ g% F‘ii%t/m‘i’ﬂ War?érte /ﬁ?‘h‘ﬁ} 6Wéf ‘3 an OQF‘%““&H toa
cleQﬂ dil Whish waSpurifycanyi flasi ﬁﬂcef 69 BhréHatogaipRy (0434 Qﬂmotn(hm
afford the desired product, Conpound 45, as a whit

hy(br@wg%/rl ')(lpg‘gmgthﬁﬁ)l/dlc oromethane) to give an oil that was lyophlhzed 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 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 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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450.1 [MtH = mz). 25 Exanple 18 Inhibition of the
Hedgehog Pathway in Cell Culture using Anal ogs of
wEe@soidsd Al kal oi ds  Hedgehog pat hway speci f i BC/ESZD68/003200

osl%@&llisté\(ﬂg alShh 'agpe%ﬁérﬁ QL&“)‘@M tl@?ef@r%%% &&#nﬁ@(ﬁby“@ tedfctfod€n AP production

ng assay. Or1l/2 cells differentiate into
(vangieeHotsa et /. \ﬂ@en(@@m Fede0 Whe dsphistatlopredesdrbdd beloy. The results

ap@% a% {) [r}%u lfltce g:hdef?Jr {ah ésg%f is FIE)% elow in Table 1.

_ﬂ@ﬂmat ase (AP) \Nhl ch can be rreasured in an enzymatl C

Corrpi\l%olﬁl f‘ﬁ d%mﬁrﬁ(él eso e"{l ﬁbroé) Ersg%r%%l? ?g/? iGN (oé @gﬁ{r@:r;ﬁECC) were
culmbmuﬁmasymE&DH/ele oM Tirddor PP p M3 RED wnthslt)%dhbaamwated FBS
Shh_dependent. event)_.can therefore ntified.by
ot i Ao e S0 CRH STebiarotia Cagp L agen it 37C wit
59800¢in 20AMbsphdie899) . The assay details are descri bed’
bel ow. The results approximate (EC50 for inhibition)
i 0 ation assay is shown below in Table

1. GsHiofD béllsSvére Matasn SSTRENORIE a GBRAH BT SR 1D BRI AS ICR1ls were
C3H1OT1/ 2 cells (obtained fromATCC) were cultured in

grpysiaIcominmpedizhrs]. ahieropriadiededge 1@509&’5}5) anier compRpndhtreatment,
the]&% O«%ﬁtlyéea %ﬂ 10V pﬁt, & 75§§(ﬁfér|(y@ L ?)15 pﬁq 4)0! lt’/t?"fmonXlOO) plates

penicillin and streptonycin
wefGopisatef aud tylsaigeewyn shrmgh@ wwwy@pw (Comigg). 40 pL of lysates was

R AR R SR B 5P T Ko
Phoiplhhis/ Viilet mcvﬂahhg fmvéf) enin gt BRE, the plates Mecﬁemxbot( aiPFmragion plate
er 5408 Rl Y Fﬁ gvag 2115a(r)1 1 Jﬂ W tl&1 %&%Hrat yLiﬂfj from Pierce

reat nen
acd:]mdhflg to mmfmraﬁr d mstpidtfo’ns4 AR)aclBaﬁtiF wia$ Mﬁfﬂaﬁﬂ)d, agpnlnattetal protein.

“Ap et gy o of oy SHY i Sy i T oo, -

indi€itds\thdt Yhel 1Tk kalo0 AL buffer sol ution (Sigm)
containing 1ng/m p-N hen e. After
i ncupating for 30 fﬂ &W’X{“ﬁ@%ﬁ&g’ém%“ read on
an_£9MPoupd plate rpa@ffe%“ iatien Assay Flyse)| protein was

quantifitd with a BCA protean assay kit from Pierce
accordin{ffto manufacturer' sAinstructions. AP activity
was normhbl i zed agai nst totaB protein. "A" indicates
that thel3C50 is less than €0 nM "B" indicates that
the 1C5013s 20-100 nM "C' Bindicates that the 1C50 is
> 100 nM420 Table 1 - Appr®&imate EC50 for Inhibition
Conmpoundl®i fferentiation As€ay EC50 1 B 10 A 11 B 25
12 C 131B 14 B
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Example 19: Pancreatic Cancer Model
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15 C 17 B3019C 31 B 32 C 40 B 41 C 35 42 C 43
C 44 B 45 C 40 Exanple 19: Pancreatic Cancer Model

W@ 009A80N8/ 109184 PCT/ US2008/ 003200 The act i RCT/YyS1hH8/003200
Conpoun dTﬂ@ac eﬁ%&agtfunh §9 tv&%g frfhefte R Y lﬂﬁ‘ﬂﬁrgﬁﬂ&rhﬁw model:

nodel : BxPC re inplanted subcutaneously int
BxPRe3 ¢dllamiess infplanked subgitanepusypsintss therflaks ofthedigit legpof mice. "on day

42 S)?%E%&H{%{prldenggﬂlle&g ctea Iv{eEeer 12&131'}1&) @%ﬁg&éﬁc&% Qe ehicle

(3CeHPBODY oAdComEamP d AN diom@owabl Oavdlasi adimsriigered onllzlat 40nag/kg/day. After

40nm/ ay. After evn 25da das 0
reck ot dosepe PlaeRel P Stnctab GG 3R e puthn 374
whay c&ﬁﬁére&\ib&hle cehigdac ol @=01043T)e At eHecend @ the@tudy, the tumors were

he ,end of .the stud the t )
hafyBetgLE B Bosh g et S0 Srabiarsanonfateet feepont o R B aplysis of
thd HA@Bthwa§ §ORBS AnBlysislof maFG 2N 2 siBéBinGlo mddugitibhl Analysis of
athm{F’gﬂ%‘IAJ&N Analélsw of human di-1 resulted in no

myra Gilla gl yrspliedgp a rpRpst dpwvngegulatiorryhq (eorapqund treated
grdu%SWh&%xﬂdﬁre@ 6 %%Mﬁdeﬁbﬁéﬁ“ on in the Conpound
group,

treated 1 when conpared to the Vehicle treated
group. THee agdivity pk Gorapound 4 3(ap dlsa tesigd én afjothsr medeled pprpreatic
caxﬁ:@f’fnhﬂ{lcmg @AN& 1 Bg&%aﬁé‘tzé&er &AL Glefe 1h1ﬁpa\fm>'d(iﬁlo ttltéeorthotolglc site,

PANC-1 pancreatic cancer cells were inplanted into
thag is; fisgctpiino gietpancreash gt thesend @if b aveeksyofidesing i40eng/bgidaycagotal of 35

do%%), %E:‘?or c%vtﬁfwag n%ﬁgl%d ‘B& v@%% V#ghe élglo%ge{si&géngé/re ge@ncﬁ%& ?llom the

0ses), tunor tore
aninkads. tihmwasmtatthwllmrgmfrcemmoﬁmémhfﬂaendsﬁaea\memh@Compound 10

anc]_ V?q?cg? ﬁ"%&b ed'qn %tlc:thc\xz?lalslc%en agu 0 ﬁ/fi acpetgse Olg O OS\TI%g tin the

Cotpeade D malteralainana/lh [ Iml’addmm Semor mueawélsﬂ%@heted aadRNiAnwas isolated

[ ght Co d, 10 d
24 R P O TREI s BT SRR Rdoe PANC-1 cos
as waoiesh 6t BxP4-hoAnAyad ¢ffurdah &1i-1 ﬁﬂllNz-'d asealed ncfﬁmmatm wh11e

0.. simlar. result was seen e I
an%!ésgs @é@ “Bejsaeeal mﬁv‘yg?ns s émaawvea aimﬁ%\wen of the
hedg%u@@baa@lwmn nRflisd &dlis ut n¥dHuhfin 2@ 311y, ShEzeQingMHdtioR& effect of the
Gi-1 didreveal nodulation. These data reveal t hat

hedgchogpathway igkibiierds tapffgbnBioparemaiptsctivBuse cel | s,

but not human tun@,{arfm@éj;(;s MeUaReRELAY MRl one ef f ect
of the hedgehog way I nhibrtor 1s to affect a

t unor - st Fastivigy %vmnd 1gwappyaduapgt in grrnsgepisimesomgdel of

mefBEIastoma. 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 Ptchl 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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The activity of Conpound 10 was evaluated in a
transgeni ¢ nouse nodel of 25 nedul |l obl astoma. M ce
wo bas/16o184 het er ozygous for | oss of function nuPEL/US2988/003200

in the t ﬁﬁlﬁﬂg %I%)%H{uﬁmiroﬁ oP e €& Hbutd B Mo 3dse dependent

_m;%pernet I'n Cancer (H c 1) devel op spontaneous

ton pliobingsgroweh, whitank tumas rearession seandt higbpradosesmd he approximate
t anﬁ

eftﬁaﬁé Qa nﬁg‘ﬁ% (isosg ?&%6?’ eﬁllpg?r)al m Egromnfl Eﬁi%a(ﬁl lreé\:veegSSmg/kg. When

annmlld wers tl‘csnsﬂsQDf foe&bdaa'ssonmteoﬂ surviyal was| abs¢rygiefoRowing cessation of

e subcut equs all oar af
ueflcBLE 0 ARRE BRORASE e B SIS Rl i g novechos
mlplatdn‘ﬁhmpdaﬂbhdlﬁmblts Hdth ﬂleﬂi&d@hog\@&hﬁmpirm!)mﬂot growthaih aati@or
th effica of orall adn1n|stered Conmpound, and to
depegificnt on the heagshop PonypY Hucip GRS RYIRUPT ' pl asma and
IndodstRdtion bReleradai ni strati on (PO of a single dose of

Co und 10 | ed to dase- pendent down-regul ati on of
 he Akt et PriReBRteTs %\S‘l}&gt%%gﬁ}l?g PHIePABPHGHIGRS ¢ isHBFSIn aighercby

ind¥RRTAHE R¥rérer eased @ i-1 nNRNA expression 8 hours
post Jggé adm ni stration. 50 WO 2008/ 109184
2008/ 003200 Daily (Q) admnistration of the
Co nﬁﬁ&k@@kllﬂgi krffle 62 will AR5 & AE BERABIM tolaBlakiRintus AR anmore than routine
tunor growth, with frank tunor regression seen at
exwﬁr’gw@ratld@swy cqisalonsp okt preciic eafbpdimentsef theiinyentpmilescribed

he%gis \%lééehg qgﬁ'g;e‘&fs Q%feh&éﬁgﬁ :Bl;:m{léé%ssg& B el% fsé g@ ?lhﬁ‘ns

days, Iong tern1surV|vaI was observed foll ow ng
cessation of 5 treatnent (>19 days), with little to no
tunor re-growth. This denonstrates that the hedgehog

i nhi bitor Conpound 10 inhibits both the hedgehog

pat hway and tunor growth in a tunor dependent on the
hedgehog pat hway due to a genetic nutation.

I ncorporation by Reference Al of the U S. patents and
U. S. published patent applications cited herein are
hereby 10 incorporated by reference. Equivalents
Those skilled in the art will recognize, or be able to
ascertain using no nore than routine experinentation,
many equi val ents to the specific enbodi nents of the

i nvention described herein. Such equivalents are

i ntended to be enconpassed by the following clains. 51
WO 2008/ 109184 PCT/ US2008/ 003200 C ains 1. A conpound
of Formula la or Ib: RLRL Me M NM M N R4 R3 X
RA RBXRERERROMRRSR M RIT M MR TR
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Ti ORL1 DTs RI11 T2-T3 RI0 Rs R1I0 la Ib or a
tautoner, saturated derivative, or pharmaceutically
waecweptert e salt thereof; 5 wherein; R is H, Pel/kyg1008/003200
al kenyl, al kynyl, aryl, cycikpahky!, hydroxyl, aralkyl,
het eroaryl, heteroaral kyl, haroal kyl, -SR20, -OR20,
-C( 0O R20, - C02R20, OC(O)RZO C(O)N(RZO)(RZ)
_S( &) R20A CDQ@@}I@F@@OM@@@QN}WO) (R20),

-[(W-CO]PR20, _[(WC(O QO PR20, -[(W- OC(O)],E%F220
(W - W N R2') S02] pR2O,

-[ (W - D -[(W-gP

-Rg(w-_N( . S] PR20;_, R6 Japgd
|

'eterocycloalkyl

cycl By
het er g e[ oar al kyl, niﬂkﬂp~ :
acyld&i) hydroxyl am ko, Yal Ryl aRi no,

aryl arm+u, ﬁcylanlno ar al kyl ami noR®alRdy[ sel eno,

aral kyl sel emo, aryl sel eno, al kylthio, jgral kylthio, or
arylthio; 15 R3is H. or RR and R3 taken together form
a beifiaulomeh seivratesl deryativs, orhamasenticellyadeptable galidhereot;
alkamﬁgnlalkynyl aryl, cycloalkyl, nitrile, aralkyl,

al koxyl iloxy acyloxy hal i de, sul f hydryl
al kil sk rajlep Mm@wxc@&yl rhyérpwlyara yhhttamaryl,

he@}c}ﬁ}ﬁh@ﬂﬁfbau(g[ Y%I@m OR? Zﬁd g%@%@“ TOOINR)RY),

het %I’ oar et’er oar 2R4 an

-S(BEL ﬁé@)zRos rREDNRS)(RE)(- RM)C(OéNR@RE{CW) (0N R20)

[({';Y)l‘ll))ke@@)Je ﬁffp;l 21562]‘& y1 ﬁ%%ﬁﬁ??ﬁp%ﬁm )lﬂ(&, gdp]\g#h&lﬁ;"

-[(®D- Qislhzlok{/(W)-Nthﬁ, hdr RIw)eHR’;t oget her form a bond;

R h bond:;
ond SR HREE Ly&ﬁp%e#snﬁa%w AER R Byl
hetafoyyqloalmj akmll, keglkyl, hgtetoe?@d;emlrdhgzilkwl] nitfile, akcadyn%alrylo;@ri adyfoxy,
aken t t her rma DO ;. or an
nalfd st e el P i A RSB, HELRS BB Eiky P 5p
ﬁ@@daleaswylmmealkﬂuhb apdlkgithio, at konpib; al kynyl, aryl,

cyc 9al het er cyclo | kyl, aral kyl, heteroaryl
het i&mmfé taket OB byrmda borgs any t wo

oc cwch%m Ré andR’ in@epelnd) QBH 14004 SAKRGT /aﬂé%éloa%p Qy?b:f&@kyl nitrile,

R20 can be taken together to forma 4

arafiyjalzoxy ) 9%%5%&%%&@? ﬁglfhm#ndwlbémoe\méthwoarsﬂcylthw hydroxyl,
amiiRt SkPRLAT a@ﬁhﬁﬁ& a6l 1h28) AblkDlamio, ﬁagrog)vyl Bfheteroaralkyl; or R* and

|ndependenfly or each gccurrgpce IS cl oal kyl,

R ko IOBHBELIODA ) S @ DGR, or aNRYIDHar o1 oxy.
h hi
gfg% méfﬁ Qﬁdﬁ de;t}éhﬁé?mgh)’ﬂgoalﬁhga\ﬂténa QWNA@ l:%:loallgrl
hete@pmwkylmmae\m R °gnd BH takpe et therdfpemd bond; pr RO andRctaken

s H halide, ester, amde, or nitrile; R23
tmﬁ&%ﬂ%@ﬁg ??y for each occurrence is H, alkyl,

al keaght |ofRé°|a|n;1 Y| indepead el lis/H, almyamenyaamymj aryl, cycloalkyl,
hetex%%;fcrlc())a il dr Iafa?ky? Fi‘{galggo lp %%%l&%?lfol%l d bona % and R taken
together form a bond;
R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycléalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or -[C(R)z]q-RZI; or any two occurrences of
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-N(R20) (R20), -C(O R20, -C02R20, -0OC(O R20,
-C(O N(R20) (R20), -N(R20)C(0)R20, 10
WO Nora®1eX O) N( R20) (R20) -S(O R20, -S(O 2R20, PCT/US2008/003200

20'c§£1 ") %N@B%%Z&g%g)fonn a R‘I(S%g&'ﬁb%geq) lt?glgallycéﬁbstltuted ring which contains

I ndependent |y for “each occurtence
0- 3l®t%atan§¢lectedlfmylo Slarg Byl cycl oal kyl, aryl,

ar akﬁé*deﬁgﬁegﬁ}pﬁg uch o@&lr?é’g%%q—* %@%adpﬁ Wﬁ%\}éé&b heterocyclyl;
@y aeﬂﬁb@Rﬁﬂ;de— OUhOIRE @Jky e ArNiReCF4IRAG)q, hydroxyl, amino,
ORZO N( R20) ( R20 15 -S( O R20,
acﬂf@é or ey RSB TRAIP - N R20) S( O) 2R20, or
-[ QR )ﬂieﬂerﬁzﬂﬂy fop each o@curﬂegc&.s HB haMde, Esterpa:mlﬁe, or nitrile;
R 1 nde e
oo oy mipiident for B preortingRigh skl Rk, SRGEH satggo, v

araﬂdyy |hcteroafyﬂl,| Hewmar&ueylels@mwdlkyl Qfahh@ tnﬂfdJ aruylle akdyySR>2 Q)R"-"

NEES Ko, LoD SoOR kNI %9‘59{%5‘9 %
-N@Ré")@g RP9R™ CSE@)&?"Z S(OYﬁ(Rz"S s@r)zN(R@)(R”;f NNZR@GB) R¥, 0
and each al’kyl’, enyl, "al kynyl ;" ary

K%%bhd%fkyl het er ocycl oal kyl , aral kyl , heteroaryl

het ﬁn‘?@c{eﬁéﬂ%hﬂy A %&éﬂ%aﬂéﬁ@@ls‘?{ afi§l, tau@flylaﬂﬂrlf}? rcr&fnﬁk'ﬁ’ aryl,

is optionally "substituted The” ¢onmpound © 020
aralgyb heferpapyd, heRyoaraigyl, mhaquaikyl IRtides méfroe aittle HSB?”, a(DR |-NR?)R?),

bh P C fo er 20y R2%),
RTINSO SOl gOAals S
-S(@ * ORE0)OR ™ CISEO )N (R 1ER Wh &H(BTYS(RRRAh dr FE(R)ele-Réach H,
R n together form=0 or =S. 53 WD
Soobrfdraa B D008, 003500 5" The compound of any
oneqcsfo ¢) nidns, SledA6;, wherein Y | s -0- or -N(R24)-. 6.
The,co nd. o one of cl erejn
TR SRt S oG e S Hie i ATkaiy MBS Sygtoaion
aral7ky1 Aet@ﬂiﬂ@@%@e@foafﬂilﬁﬂdl a 6a RL M M N Ra XR5 I\/E
' 312 auto saturated derivative, or
phar n'gr 'zrut 158%%15 %S(c ?ra“B sal t thereof;
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.

2. The compound of claim 1, wherein R®, R”, R®, R®, R"®, R"! are each H or alkyl.

3. The compound of claim 1 or claim 2, wherein R* and R® taken together form a

bond.

4. The compound of any one of claims 1-3, wherein R* and R® are each H; or R*

and R’ taken together form =O or =S.
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wherein; R is H alkyl, alkenyl, alkynyl, aryl,
cycl oal kyl, hydroxyl, aral kyl, heteroaryl,
whedosnaeasal kyl , hal oal kyl, -SR20, -OR20, -C(O) R2DpPS2008/003200

g? O)Rggz’léhe%%%(f F%Eg(n? R% &LF%Z%e 631‘1015%9) 3@&’24
-[(W-C(Q0]pRO, -[(W-0J(O]pR0, -[(W-S02] pR2O,

[ (W N(ﬁ'?e% W Qn I\?’ ohd Wc‘l%@)l& R%Ql)e]noﬂzef 2-T represents
] pR20, -[(W-S 0; each

Y

‘CBf Rg]ﬁd rR?RZ?-rgéﬁoeNdent ly is H al kyl, al kenyl

al kynyl, aryl, cycloal kyl, nitrile, aralkyl, alkoxyl,

ary] oxy, .acyl oxy, hali sul f hydryl, al kylthio,

ary%thl CQPHWWQPfﬁF@“gH?droxyI, 15 ani no,
alkylan1no aryl am no, acylam no, ahal kyl am no,
heteroaryl, or heteroaral kyhj Ma Rﬁuand R5 taken
together form =0 or =S ;pR2Q} ent|ly for each
occurrence is H, aIkyIRS. K& e aryl,
cycl oal kyl, heterocyclMsg
heteroaralkyl, or - N
occurrences of R2Q
4-8 nmenbered optiaﬁé) y substituted ring which
contains 20 0-3 haterfoatons selected fromN, 0, S,
and n for,each occurren
CyC?rFf):l tla\{i}%%n 1l adrSI%?eH JF\Geart%lg rorlpharﬁla eunical 91 acr:epcfa eﬁgltkheireof
arbemvm acyloxy hal i de, sulfhydryl aIkyIthlo

o VR eSS Moy BT S B SO BBt

hetémaraH@t; haloalkyl; FSRI%eORE, H;(d)n%"; W0,RES L@T(O)RH AHO)OR)(R™),

OIS RS, ERMERER Gl Lseee ' =

[(womd@b]plﬂ* e{(Q’VPS(DM;lRZO hR“@W%)S@MLRm pm@@mwnpﬂ
‘Q,H 8o &E}rokz(nmgo SR20,
(¥ (%gb ) (BN (R g4 R) Re¥o; [(Wtéiz»ﬁz@ OC(O) R20

P%%gg%sadgoszo%e EMC 3??‘ o) NSR20 R20)", Od% 1%1}11 ﬂ‘YI o
aralkg}, ejkorggparyloxy, @)czlmmqu:ez@ ydryl, ggr@ﬂzma thio, hydroxyl,

amu%qlﬁ)lgxllﬁo Rgr}l’amlﬁ%df aéﬁgﬁﬂg @zﬂﬂ}trl!n}hnfooﬁet& ], BLIdrb &% ; or R* and
al kenyl”, al kKynyl~, cycloal kyl; "aryl,

R’ &k@?@ﬁﬁhﬂﬁéﬁ@r@aFyS heteroaralkyl perhaloalkyl

hal %m%deﬁéﬁdégtyR%bEJch @ﬂegg@g H &@gfw) {ﬁég)g; seycRalkyl,

hetermgm‘,lky@ @ratiy),, hetexipdRAD M IOMAIKRR OF ([QQR))]A-RZ S(oO)uBQt@vo occurrences of
R* c?é?%&%&towt%r@g %ol}l{nRZP-)B %mug)ereg opﬁlg F%%IS&bslléj do ring AWhich contains

0-3diesfatqnay $8ledteB ,fmnﬁN OB,landii?pendent ly for each
occldirence i s alﬁ al ken cl oa I |, .
ar g, Ry SefbrarRm SR e, prsidiasd, PRy, Meiocyen:
alkexlyl-aflox\3 acylexyY hidide, sulbhYdr, a&&ltbﬁoﬁ:r%tm&%aﬁd]kﬂﬁnobxhﬁc&dxﬁ, amino,
nde end ntlg S .or Wis a diradical; X
acy:lgmg ar& %rléammg g oup
R% 1ndependently 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, -SR*’, -OR%,
-N(R¥®)(R?), -C(O)R?, -CO,R%, -OC(O)R?, -C(O)N(R®)R?), -N(R?)C(O)R%,
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15Yis -0-, -S-, or -N(R24)-; and and each al kyl,
al kenyl, al kynyl , aryl, cycl oal kyl, heterocycl oal kyl ,
W@e@Blyd184 het er oaryl ' het er oar al kyl, whet herPG(r/Usmbomoszoo
NEREEGNRIRRIS sw)R@% ;@R@‘PtS(@»ﬂ)gk%”)(R@”‘?stN&m)%) or
ound of cl’aim wher ei n bond or tHZ
[CQI)z]Q-R he compound of claim7 or claim8, wherein Y is

cl almin@p%h wﬁ?eﬁ%f%ﬁ oﬁ_m%&quﬁp r egr’ ese %g‘%loau‘ﬂ aryl,

aralky \NRGidroanyl, he@RRSINRpErtloalipyl. halide nwnpmln,dslifo B’ oNER™)R™),

QR FIR IO PARNGEID. BE KON AN R

-S(ORY, sm)ksﬂ" -SOENERHR )25N6R223)S®)2R2°h@t~€@@6ﬂ¥&2'

het -C(0) R20, " - C02R20,
e & ;Q( %? ‘Léa?‘(?ZS( O)2R20 - S( 0O 2N( R20) ( R20) ,
¢36-00(,Q, BpRB0or 6:[ (W C(O)QpRZO -[(W-0C( O] pR20,

[ (Wnd@@]flf%?éf% ﬁsk%éymef. (%kzgﬁgﬁyl alkynyl, cycloalkyl, aryl,

aralk&LthN(a Q) hag@sylakyl; [ (W - S| pR20 55 WO 2008/ 109184
PCT/ 1US20Q8/ 003200~ 13." A corrpound of formula lib: Rl

Ve Ve TNT R4 YxBes By Ypd, ordeBTY 11 or a t aut oner,

SateRbeA AP ik@bbieni P JDIAIERREN | cal |y accept abl e

salt thereof erein, is H alkyl, alkenyl,

al KYngp dlr%dfl%l cycl oal kyI hydr oxyl, ar al kyl,

het roar al ky hal oal kyI - SR20 - OR20,
o;i%%‘}ﬂd"”g%zg OR20 “(ON(R 20) (R ) (R ),

S(YJ)SR‘QB -S-,.9¢ NED8, andS( 0) 2N( R20) ( R20),

| (e AR Reny el 3 1 BE8R, il oSt bR Retcroaryt,

hete_rp:(r\ﬂ)(yC@@):thérm&)e]qn fR2 of anofl{eY\EroDp, iBBftjonally substituted.
-[ (W-N(R20)] pR20, or -[(W-S]PR20; 10 each of R4 and

R5 i ndependently is H, alkyl, alkenyl, alkynyl, aryl,

cyc8.oal Kihe compburid of claira 7awkatbin Xaisladoud or -WH4k.0XY,

acyl oxy, halide, sulfhydryl, alkylthio, arylthio,

aral kyl thio, hydroxyl, amno, alkylamno, arylan no,

acyd.am fihe campbungl el 7 ohelaian 8awhydrein 3 is HOt @T-08RAN Ky | :

or R4 and R5 taken together form=0 or =S ; R20

i ndependently for each occurrence is H, 1lfl.¥| 5 23

al kény| Thg|cryppgynd OélﬂyY Onmf@la@m k) whqrem —T'-T"-T"- represents —CR

heter OCH§. 52\?@4 ll%l W. heteroaryl, heteroaralkyl,
-[CAR) or any two occurrences of R20 can

be t aken together to forma 4-8 nenbered optionally

subgt i t Ui dompothdWafPofeVTcBiM$ 7-10, wherein R* is H, alkyl, or -S(O),R%.

12. The compound of any one of claims 7-11, wherein R' is H, alkyl, hydroxyl,
aralkyl, heteroaryl, heteroaralkyl, -OR, -C(O)R?, -CO,R?, -C(O)N(R*®)(R%), -S(0),R%,
-S(0RNR*)(R™), -[(W)-C(O)J,R™, -[(W)-C(O)OT,R*, -[(W)-OC(0)],R™, -[(W)-SO,],R”,
-[(W)-N(R*)SO,],R*, -[(W)-C(O)NR*)],R™, -[(W)-OL,R*, -[(W)-N(R™)],R*,
or -[(W)-S],R*.
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0-3 heteroatons selected fromN, 0, S, and P; R21

i ndependently for each occurrence is H, cycloalkyl,
wa@eook/lo041et er oaryl , heterocycyl; al koxyl, arylP&HUS2008/003200

acyoxy, |1, alkylthio, arylthio,

ar Z\ll kyl t %&%ﬂoﬁ@%??}éﬁﬂé{g?ﬂyno 20 ac1yl am no, am do, or

car bonyl - cont ai ni ng group; R22 | ndelpendently for each

occurrence is H halide, estdg™ e, or nitrile; R23

i ndependently for each gctz‘}u al kyl ,

al kenyl , al kynyl, cycl Gaty ar¥ekyl ,
heteroaryl, het er% \ * ral oaI kyl, hali de,

nitro, nltrlle F - OR20, N(R20)(R20)

-C(O) R20, - C02R20Y -C(O N(R20) (R21),

_N(R20) C(0) rR20, 25 - N( R20) C(0) N(R20) (R20), -S(O R20,

- S(0) 2R20, - S(0) 2N(R20) (R20), 41, N(R20) S(O) 2R20, or

-[C(R) 2] g- R21; R24 independently for each occurrence

i s gHa tzaqtckrwr sag;rktéql,gcpnvagyekyﬁghxarme%pgp@ély;@%eptag}eysplt thereof;

ar affeydin,; heteroaryl, heteroaral kyl, perhal oal kyl,

hal i de, nitro, nltrlle - SR20, CRZO N(R20)(R20)
IW!F Izlo@!zylmbqrm aﬂimylu@z/b@wlmwdrm@( @ating, heteroaryl,

hetér :.o ﬁ( ) Ob%ﬂ(ﬁzga{zo

SO b)@(m R2°)(R<1 )Rg(wsp@nm& [(w) C@@Rﬁ} - Rt
[(V"%Q%g@ua%m ﬁmf%orz TR IR R dtopaesias

- ?@R% [aﬂbwﬁi}’blplfewl PEVKSLR aryl , aral Kyl

et ero ero -T2-T3- is Y-B-A . .

el SR o PEDSBRAYAL St e acBnd B ot

aral@yl, 8l6333)aryloXy, iasylexyd hiladd] aafhydr) alkylthio arjdi6l addlkylthio, hydroxyl,

amfa?%ﬁ%@réﬁ? é}%}%l’%lﬂé?@@}sﬁl(’) él?z{;lf);lal\rléi%ﬁ%éﬂ’r@],d or%rytjerga?aclpyl; or R*and

R’ ARdmb@ane feral ¥9lor =8k al kyl , heteroaryl, heteroaral kyl,
whetpher al oane or art of anat her k%l;oup is optionally

suldst mdaff'@&entwowc PRHATEBIFIS Hn el kBl alkenyl.alkyayl apyk cxrlpatkyl,
hetéfoéy%lo@lkppﬁglllgﬁ hefef&hryl, ﬂe’i’ero%@lﬁyl me?@Rgg? -Rf'l 6t ﬁi{rﬂvgj%célﬁrences of

claiml rein Yis -0- -
R @m@h@ tesetbmyo e agt-8 &embﬁ@d pptigmlly WP@F@H‘ ring which contains

0- 3hItero-£%m-E?§eleEt€@ fr@ﬁﬁ@té S, a&ﬁ?i” N-NR24- or - CR23- NR24- N-.
e conpound any on€ of clainms 13-16, wherein

R2£R| gldeendtm&yl for QﬂCh oS(uOFaRA9 H, cyripaiig], anyichetespasphiheterog yoyl;

ok Y TG ooy o ot Pl g, A, gy, amine

acyla@(nii) mﬁ:do o(;@lmm con@(nﬁylg\lgmlg) (R2o) -S(O 2R 20 ,

?& EREBALTEN coch lalab A DRARe, ok Wil O RGP0

*ﬂﬂéméﬁ&%vﬁﬁﬂ pccuneife iICHOMN(IRARGdy], AGmy], EYAYali], aryl,

ara1'13§1, heterl)gry ,h'él roara?ulyl, pegialoalkyl, halide, nitro, nitrile, =0, -SR%’, -OR%,
NR>™)(R?), -C(O)R®, -CO,R”, -OC(O)R?, -C(O)NR®)R?), -N(R®)C(O)RZ,
-NR*)C(ONR®)(R™), -S(O)R™, -S(0)R™, -S(0),N(R)(R™), - N(R**)S(0),R™, or
[CR)1-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?),
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-[(W-S] pR20. 57 WD 2008/109184 PCT/ US2008/ 003200
19. A conpound selected fromthe group consisting of
W(NEQOB/IMIB'N Me, HHN M@ Me Me M OFi OH M H MeCTHUS#40$003200

LA dhiigearey NEmEME TR O
-S(WRZ ", FSIMR R/ S (0 MERF) (P3G NERTDSIB)-Rf Hor m(Raﬂm“

BN H HN Me, HNI\/EI\/EI\/EI\/EMO—|OH
eﬁ‘gg’h"jo}’d 6I\/Es-N FiE HHNHH NH
qisO,1,2,3,4,5,or6,

5 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;
10 X is a bond or -C(R*),-;
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.

15 14.  The compound of claim 13, wherein X is a bond or -CH;-.
15. The compound of claim 13 or claim 14, wherein Y is -O- or - N(R*%)-.

16.  The compound of any one of claims 13-15, wherein —T'-T-T>- represents —
CR”-N-NR*- or -CR®-NR*-N-.

17. The compound of any one of claims 13-16, wherein R* is H, alkyl, or -S(0),R*.

20 18.  The compound of any one of claims 13-17, wherein R' is H, alkyl, hydroxyl,
aralkyl, heteroaryl, heteroaralkyl, -OR*, -C(O)R®, -CO,R¥, -C(O)N(R*®)(R?), -S(O),R%,
-S(0;:NR™)(R™), -[(W)-C(O)],R*, -[(W)-C(O)O],R™, -[(W)-OC(O)],R*, -[(W)-SOJ,R”,
-[(W)-NR*)SO,],R”, [(W)-C(OIN(R*)],R”, -[(W)-O],R™, -[(W)-N(R™)],R*,
or -[(W)-S],R%.
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NFi HNH, HH 'NN HHHand HONH "H HN Fi H
N HF 59 WO 2008/109184 PCT/ US2008/ 003200 or a
w@basieaeut i cal |y acceptable salt thereof. 20.PEI/US2008/003200
phar maceuti cal conposition conprising a conpoungd
according to any oge clains 1-19, and af ;east one

phar maceutically 'eptable exci pi ent. a
conpound acco o Mpy, one of cl ai myA39 piNH

t herapy. 5 f*h conp@und accosy { ahy one
of clai t he nanuf acy ur e §f (i canment

23. cnnpound accor @ne of clains
1-1§N' ranuf acture of a 'y nt for treating

canchr. ZH The net hod of ,cl aHm 23H wherei n the cancer
is a cancer of the central nervous 10 system 25. The
met hod of claim 23, wherein the cancer is a cancer of
the gastrointestinal fract system 26. A nethod ¢f

i nhi biting activatHgi &f a hedgehog pat hway i# Tt O
or ex vivo, G [
with a conmpount
19 in an g

N
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or a pharmaceutically acceptable salt thereof.

20. A pharmaceutical composition comprising a compound according to any one of

claims 1-19, and at least one pharmaceutically acceptable excipient.

21.  Use of a compound according to any one of claims 1-19 in therapy.

22.  Use of a compound according to any one of claims 1-19 in the manufacture of a
medicament.

23. Use of a compound according to any one of claims 1-19 in the manufacture of a

medicament for treating cancer.

24. The method of claim 23, wherein the cancer is a cancer of the central nervous

system.

25. The method of claim 23, wherein the cancer is a cancer of the gastrointestinal

tract system.

26. A method of inhibiting activation of a hedgehog pathway in vitro or ex vivo,
comprising contacting a hedgehog protein with a compound according to any one of claims 1-

19 in an amount sufficient to reduce the activation of the hedgehog pathway.
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