10

15

20

25

CYCLOPAM NE LACTAM ANALOGS AND METHODS OF USE THEREOF
Techni cal Field The present invention generally

WO edoatiess24 o cycl opam ne anal ogs, pharnmaceut i caPCT/US2008/056229

conposi tions thereof, and nmethods for using such
anal ogs and conpositions. These conpounds and
conpositions can be useful for the treatnent of
hedgehog nedi ated di sorders, such as cancer and
psoriasis. Background Art The Hedgehog polypeptlde IS
a secreted protein that functions as a s
" GERAEDE ARG £t And ks X Ade ks prggEOr
of the hedgehog protein are found in humans; Sonic
hedgehog (Shh), Desert hedgehog (Dhh) and I ndi an
hedgehog (Di h). Soni c hedgehog is the nost preval ent
hedgehegi.penber in mammual s and also is the best
characterized |igand of the hedgehog famly. Prior to
secr effhopreseghinvenide eensealyasiatentorcaniopase ¢ analagh ehemgeeutical
%2%{05 étgdnlg g{éfegg !3‘?] gl%gql%@s #()F%ﬁ s%réh Fna'Poggs gléctpélco\%{s}&gtsaﬂé Oese
lcompdyingds @l @fnpbheomedlg bhaogiyd atrhhﬂyeatmﬁnc eff tedgahog ardieted

BO%?S [ ag&ﬁag%v5e§yﬁgsln i nhibition of tunor

R =T exanp eP% - hedgehog anti bodi es have

bmehn®hﬂwhtto antagonlze the function of the hedgehog
pat h n
ol oo ate ARk B ket e iR st ¢ gieplie ligand
ah $1@ hb@Lho gslthmvwayt Thfe@ Sliffdrert fore bof thé @addahdgpratemirdRindin

ancer t Res rch in_ thi a has f.ocused

Yemagy PPy Biisphng (Shchestthesechre bRy ERdgdpabHgpe (hh). Sonic
lhb&%eﬁé]g’ is At da ﬁred:il&tﬁ ‘PM@%’;&MO g')lfnerﬂﬁ’éﬁ/uh REARRARGANY A& WaNe best
inhtbitors. Althoug i bitors of the hed

ShaRcierzen dgandio s heéﬁ@ﬁ% fandly, PrfpgPsecstion) Slgw@?rgmtsr?@

RREh iR ulaf 8BV b ariipR ROdiEMioh RRALRIL S 1iffd hd¥fied peptide is
hedgehog pat hway. Summary
responsible for signaling activities.

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

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

Summary

The present invention relates to analogs of steroidal alkaloids, pharmaceutical
compositions, and methods of using them.

The invention includes compounds of Formula 1, compositions comprising at least
one such compound, and methods of using the compounds and compositions, where

Formula 1 is:
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The present invention relates to anal ogs of steroidal
al kal oi ds, pharmaceuti cal conpositions, and nethods of

wa@gimgowskem The invention includes conpounds PET/US2008/056229

Formul a 1, conpositions conprising at |east one such
conmpound, and net hods of using the conpounds and
conpositions, where Fornula 1 is:or, a pharmaceutically
acceptabl e salt thereof; whergi lki is H alkyl,
al kenyl , al kynyl, aryl, cyPoa% kyl N-Rydr oxyl, aral kyl,
heteroaryl het er oar al Ry al koxyl, -SR20 ,
- OR20, -N(I'-220)(I‘-\’ZO)];UE’\5 N~ O e OC(O)R>20

' R, -N(R>2(u)C(10)N(R u) (R
u, -S(OR 20 -S(g 2R S(O)2N(R20)(R20)

Q 1,PR20, -[(W-(O Qg PR20,
-[(W-0C(O) ] PR2QY - PR20,

- [ (W-N(R20) sC2] pRZEH -F{W - C(O) N(Rz0) ] pR20,
-[(W-Q PR20, -[(W-NR20)]pR20, or -[(W-S]pR20; each
of R2or FphaandelRic3lly sccemadpaidbaredfy H, al kyl , al kenyl
al kyn L aryl, cycloal kyl, heterocycloal kyl, aralkyl,
al koxg’;' “f®8ryl oxy, acyl oxy, halide, hydroxyl, am no,

a: ty: lesf}D ) alkgl, yiklaﬁm Nk yngG Yityd mya@alk}?,r}eyldkwa miatky], heteroaryl,
a sel eno, ara e o
&?taquawl% ingloalkyly Flﬁ\{ffyg gﬁet ngg}r/’ﬁ@ i S e@Q . g’ﬂ%@
@RH’ @{b)MZ%WO)R&@%@@)R@ge«h@f)c@mz%oab?ﬁnds<oela28h
d R i nd f/ & alz(ken\;(][gl 20
T S AR RIS OB (R e TN IR
a[‘(%ﬁzc/(onaﬁ%”' ‘PQV)LstﬁJHZ@eWSw(ﬁWﬂp 20 a{kvg I OINR),RY,

raI é roxy am no y am no,

?KW)é?ﬂbIho -[(ROyN )]'pB“ ar KPRyt no, heteroaryl, or
et er ylg I

gﬁ@h;& '@%%%s %?Qbeﬁéen‘ﬂgzkﬁ Qlkgrloglﬁé a11<1‘y9 mrlyp yeloalkyl
elnbkmyTIQallasﬂkmiwl , allgryl, aryéqwl @aquylhahﬁfeﬁléﬂirewfﬂf@m ﬁﬂyiammo
or .ar.a C a I
é\pﬁarfuno lgrrr]ly% ﬂa]%&laﬁ% ﬂg}gl%]n%o zﬂrgl% %%F%uly)éel'e%,ﬂkylthlo,
aralkylthlo arylthio, heteroaryl or heteroaralkyl

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

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

or R* and R taken together form =0, =S, :N(RZO), =N-OR? or :N(N(Rzo)z);

RCis H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl;

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

each of R’ and R" independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, heteroaryl, or heteroaralkyl; or R’ and R" taken together form =0, =N(R™),

=N—OR7‘0, or =S;
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het er ocycl oal kyl, or aralkyl; or R7 and R8 taken
together forma bond; or R12 and R13 taken together

wo ooosfieeskond each of RO and R10 i ndependent |y PGI/HS2008/056229

al kyl, al kenyl, al kynyl, aryl, cycloalkyl, nitrile,

ar El kyl, heteroaryl, or heteroaral kyl; or R9 and R10

t t =0, =N = =S i
ke 29T IEL R Ry TRl BB s
f@égg%m)ggqé %%ZRZ%;E%@%&W, CON@BRT), o GCEIRAR)(R™); or has the

- 5 , -C(O N(R20) (R20), or

f‘l‘l’(ﬂS}aR’(%éOMCF&O)  or has the formula -[C(R20)2] g- R21;

R20 i pd @&%Péiﬁ@ﬁdywof Qich 8@G e RCGUAT AR EallkediyiHalk gy )aryl, cycloalkyl,
al kenyl , al kynyl, aryl, cycl oal kyl, heterogycLoaIk .
hetatoryrloallyyb gl hgteroapd hepesenralkydygr (R 21y B RyYhST a%cééﬁl,s

Yﬂﬁgﬁ&d&ﬁ‘ff/ﬁ{ R ¢Bch 'faﬂ(gg SPAEHVL YcddrRhcesdt RB cah Ky lakerQbgeit to

two occurrences o can be taken together to forma

forg) ark Rivienibered ppiianaly supstituisd ring whish cpitpgs (i jhgtgroatoms selected

E{%}ﬁié‘% Q- pp.neteroatonms selected fromN, O S, and P
I'ndependently for each occurrence is H,

cyc: oRf'kydeperslently, fohesch perarphce ihBt @ctoelke], yivl, hateressl |

ryl oxy,.. l. ox hal | I t D :

it ERP B o iy Ry UL Py, K] il aratyinio

am(ljrdml, agminca ac@nibmoydmidant aicmbonyl-gomuping BRRD;

i ndepgndent |y for_.each occurrenge, i i de, ester,

ani dok gpacRpdppLtor %aCF geyrrenceint, %ﬁlﬁz’f'e'“g? %%%Cge?r nét%?eg

0] 18()2R320,;3,2,4,4,5,,0106; 6; Wis adiradical; X is a bond

or -C(F 2- and each al kyl, al kenyl, al kynyl, aryl,

cycl o4l Il’,z’lz?efl’gsrBrc cl oal kyl, aral kyl, he%/el)r/oar yl y

het er pafsaldidicaiwhet her al one or part of another group,

Is optionally substituted. In other aspects, the

invenf‘il%)ﬁ.t"? 'adds )i conpound of formula 15, as wel |

as copRpPSkh hlﬁ%m? alREHYP ralk%hﬂga@lt, cycBRAlyl, 0BRrdE Y bali0 HRalky1d

and net hods of wusing suc o .
heteroaryl, heteroaralkyl, whether alone or part of another group, is optionally substituted.

In other aspects, the invention includes a compound of formula 15, as well as
compositions comprising at least one such compound and methods of using such
compounds and compositions for treatment of conditions such as hyperproliferative
disorders, including cancer, that are mediated by the hedgehog pathway. The compounds of
formula 15 are represented by:

A compound of formula 15:

or a pharmaceutically acceptable salt thereof;

wherein;

each of A and B independently is —N(RB)—, -(C=0)-, or -(C=5)-;
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conmpounds and conpositions for treatnent of conditions
such as hyperproliferative disorders, including

W@ 2008209829 hat are nedi ated by the hedgehog pat POEYS200$1€56229

conpounds of fornula 15 are represented by: A conpound
of forrmula 15: or a phar maceuti cally acceptabl e salt

h
: N(e YRGOfsl)g %%(%n_y?ag}yn}%( Ty fyC (ﬁﬁ(y I?1da%xg;ji?(rlzg]fl(ylyheteroaryl
At mrlky1, ahlkamw alkéxyy, -SRE Y. ORIQI K 20)(1{%%@2@3&{20 -aosk Ryl

het er ogjr%&l(( etz(;ar g@r al(lé%{)lé}(@@io %@6 Q%W%))nggﬁgo

: R%ﬁ%(R”b\'( Rao)S(@LR20{(W)- C<0)]p R”, -[(W)-C(0)OI,R™,
) 0 (RZO) 2 20 20
@V ) s‘ pﬁ%Rié‘)VSa&\@z%lp OifRhepymae

[FWW 26’) 0.pR20, - [ (W - SC2] PR20,
N(R2 t){)lesto ] pPR20,
[(Wea@PF& R a{l ferondeproBy, allyl ali(m alsypeboyl, %&qmﬂ

Wom a@r&? Ll B A
atylka])myd> acyimyingx%ralkﬁglgain@xg)kylmnp@alkﬂ%@xgtylselgm ﬁ]&j}’lthlo

I 0 ar al kyl am no,
ﬁlfab{yt 10Iaer 8hlgelll)réa qgllsdélhgt%%{)aﬁ yl sel eno, yaI kyl t hi o,
ar al kR tst; @y Raand R hiaken tdmﬂ@rﬁmmytlbond:r het er oar al kyl ;
oge 0 :
o rachal RS RaReRAh T i W51 ARyt B AT e 6AGA
&iltﬁbénathlkylaﬁlkbxyl ayydboahdgydxy, e, ishléhyd@ﬂadl]k)ymio aliykhimydrgllkylthio,
}a ihox .halllde sulfh I 1Ik t 1

%‘Pf 136111“%“3 iRkl ar’i’fﬁ)‘&l’ﬁ%ﬁ“ %Ff‘}%a Iﬂ%k ﬁteroar}’} or

%&ﬁéfoafmlm,or RE YhER fken t8gedtlek jdrard0)es, m(ué?)omym”m “N(NR?) »);

Eet er:ogr al k¥|yL kargzggaﬂgiqglf%g’h%?é@%]k Ige?etr%ng: ogl H or, a}r%%fl orR®
ahéfﬁwtéken%gsmewormawhd cycl oal kyl, heterocycl oal kyl

or aral kyl ; »,R6,and R10 taken together form

each eROiR" RRllﬁ apg R aw&pmisnfimg*pélﬁwle ARyl ?@le ary
Q:B/gl}ﬂlkyl%e@%kloalﬁ&lk&ﬂ&lkyl%rﬂi1'1 and R'? taken together form a bond; or R’
and R™ taken together form a bond;

R is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
_C(O)R®, -C(S)R™, -CO,R%, -SO,R*, -C(OIN(R**)(R™), or -C(S)N(R**)(R™); or has the
formula —[C(Rzo)z]q—R21;

R? independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or —[C(R)z]q—R21, where each R is
independently H or C1-C6 alkyl; or any two occurrences of R? can be taken together to
form a 4-8 membered optionally substituted ring which contains 0-3 heteroatoms selected
from N, O, S, and P;

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

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

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

qis0,1,2,3,4,5, or 6;
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cycl oal kyl, heterocycl oal kyl, or aral kyl; or Rll and
R12 taken together forma bond; or R7 and R14 taken

wao oetbssed f orm a bond; R13 is H, al kyl, al kenyPCT/US2008/056229

al kynyl, aryl, cycloal kyl, heterocycl oal kyl, aral kyl,
-C(O R20, -C(S)R20, -CO2R20, -SO2R20,

-C(O mgé%g) or -C(S)N(R20) (R20) ; or has the
forml¥d®? Y2]g-R2 1; R20 independently for each
occurxenceondor bR Kyl , al kenyl, al kynyl, aryl,

cycl oal kyl , heterocycl oal kyl, a kyl, heterqaryl
het er B4reashafky. aélfenﬂE{ é&(ﬁ}yl’zﬁvfia%ﬁ@@%@?f@c Toaf}o e Ayl
hEASRE N UL NI, Hhebr H6nedr ol of Moth@NYrobyes EtiotAllysubEisuted;
of R20 can be taken tg%%elt}her to forma 4- nber ed

|

. . 8
opt i opravifgd BepeientAus ed R i hgB WSy -ﬁQﬁQ)aioﬁg(ngé; and
het er 631 APSELIRAUCH {00, br-E:55 B Atk 2-NRE).
i ndependently for each occurrence is H, cycloal kyl,
Briof Ded dthel Drawisigsr ocycl yl ; al koxyl, aryl oxy,

Cyl ogj]%?ﬁ% qu%%& ahéééh{o?%%té(ﬂ of aasltéfyihﬁlghﬁloi@&/idl H’Jairﬁgs labeled A-F.

aral k ( ydroxyl, amno, acylam no, amdo, or a
déardboofyCaryorgt Quit therlgveptionp; R22 i ndependent |y for each
ceurrence is H, halide, ester, amde, or nitrile; p
PIO 5 3 4 5 or 6; qis O 1, 2, 3, 4, 5, or
6; W i Thedddinitads ofxbrmsanel leeadh a@lnhepht, to aickeaate, the pieyany state-of-

ryl vcl oal kyl ., hetergcycl oal kyl . . . .
At s R wieab s R b et A Bprosconicgetas
N GIprpiiond Pexemplifigtibo igirdwdesiu e de¢futitohs applptd tlegrms as they
Ea?eaclt._sgjvﬁﬁoﬁg (allt gpé%gg%a%{ohé@?%ngtﬁéw%% gfrrgi%_égﬁp’_eci%é }nstances, either
-Sr{cﬁﬁ@aily ogamsttof?eaggdﬂ(gl%uiﬁ) . Bri ef Descri pt i on of the

awi ngs Figure epi.cts._the carboskel eton of a .
st er o\GHIedAPIRH. BiedlenitiAn plfach spgssiPy kfeq’éljlkyg-nf—".n’ R &hen it
Qb culr@mbéi thh dAed inta§ shirveBtié REnBeS tb bk tidepdent of its definition

elsewhere in the same structure.

The term “acyl” as used herein refers to a group of the general formula R-C(=0)-,
where R can be H, alkyl, aryl, or aralkyl. In typical acyl groups, R is H or C1-C6 alkyl,
which is optionally substituted, or R can be aralkyl, wherein the aryl portion of the aralkyl is
a 5-7 membered aromatic or heteroaromatic ring, and the alkyl portion is a C1-C4 alkylene
group; and both the alkyl and aryl portions are optionally substituted as described herein for
such groups. Benzyl, p-methoxybenzyl, and phenylethyl are examples of a typical aralkyl.

The term “acylamino” refers to a moiety that may be represented by the general

formula:

R50
wherein R50 is as defined below, and R54 represents a hydrogen, an alkyl, an
alkenyl or -(CH),-R61, where m and R61 are as defined below.
The terms “alkenyl” and “alkynyl” refer to unsaturated aliphatic groups analogous in

length and possible substitution to the alkyls described below, but that contain at least one

5
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The definitions of terms used herein are meant to
i ncorporate the present state-ofthe- art definitions

w0 e@sgoiszed for each termin the chem cal and PCT/US2008/056229

pharmaceutical fields. \Were appropriate,
exenpllfication is provided. The definitions apply to

h terns are use hro hout
9t trd@? gﬁfﬁf reﬂ}éftévggr dAtﬁ ﬁﬁé]lyil\ﬁl g[rma)s In}]aysbg 81(1:bs%1tuted with the
l;anﬁet BBERFhat Glelshigdbld R3dubstielidads oy alk;;l @asup abttheca‘xteat peamged by the
group. As used herein, the deffnltlon of

é%ﬁ'él%iﬂ%‘??es el ypical alkgaiy] andaliygyl gpyps contpin - ﬁcaﬂﬂeewsfhe

AR&Boden@lc@Rce in any structure, is intended to be
i ndependent of its definition el sewhere in t

st r ucThartermsTigkoxdr 4 ag@i;y’-’- reggs Qa8 ﬁlkﬁ]e%r@ilﬂﬁ ag %qr}glfzi g«ggwélaving
E{l 9%%619 FadIcQPattQa{é@ idretd. Qie%élséhtﬁ'v%lﬁgiyl erolPemelufe ﬁl@ﬂhok}ﬁ ethoxy,

, aryl, ar al Ty typi cal” acyl grou
p@pmow, t@EL@sx ke likghThp ahkgl mﬂtqndﬁ an piroxyH8yn i atZ%lhke the

Qﬁ(g%{&?mi ﬁﬂa%\ﬁs@%&ﬂtlt 4 S{z BleRahdl groaﬁs\/that% duttMle & subfifuents on

ered aromafic or heteroaromatic
lalkmggrows crottlmeexsdnk pdrmpgted by ol dvsilaplegplangesal kyl ene group;

and bath t he l ’k}éferéa{(gqhéglr ﬁ cal%?rs&t?rgféa a Iﬁltl@ Ento'ulgf' ﬁlcluYhng

subst i erd s describ erern
B@zﬁgl)dchalp -aH@I grouQSblﬁ'aIthbd c]ainldalbﬁ@ryipe,tchylbalbyléalgyal@ lgeoyps, alkyl

ra Kk C

e L R S S
@mhbﬁﬁréntRSl&tMgﬁtr ddiain dRbfhntiedakainl e]tkyrtasl 30 et fower @urlsbnREANs in its
repre ] I n al ke

o £ abfer et o for B8 ER Bl pidrerrne
t"[?f)l@ﬁllyt, _alll klﬁﬂ)groupajadta%}@lllqmyib'bn lﬁt@fn@ fas tt@bamls(mtemnam be
al'l phatic groups anal ogous in ,
SHERRRR PBOY B é«ﬂaq“%?fger%@scaﬁg%%gl B@i@&%os@-d? cirhgy atoms in
GIRIM ANt ruleeaRlonRREGAE B Eoror catf‘tfo'npin&h@ﬂﬁgjstructure Unless otherwise
respectively. Al kenyl and al kynyl groups nmay

duhentads gkddndrycoalliye ioupre WEPBHFEONE AL RiFe! §th%{ [§FEPuch as an
%p:ﬁ’l%ll gfoﬂs LR b@Mublididh b9 5AUBR sub@inleR@ seoht8Mut R&NiHlitel € halogen,

az1de oxo, acyl, cycloalkyl, hydroxyl, alkoxyl, amino, nitro, sulfhydryl, imino, oximino,

amido, acylamino, phosphonate, phosphinate, carbonyl, carboxylic acids or their esters or
amides, silyl, alkoxy, alkylthio, alkylsulfonyl, alkylsulfonamido, ketone, aldehyde, ester,
heterocyclyl, aromatic or heteroaromatic moieties, -CF3, -CN, and the like.

Where alkyl, alkenyl, or alkynyl is part of another group, such as in alkoxy,
alkylthio, etc., or it is a substituent on another group, it is frequently an optionally
substituted lower alkyl group or lower alkenyl group, or lower alkynyl group having up to
six carbon atoms. For such purposes, the typical substituents include halo, -OR’, -SR’, -
SO,R’, -SO,NR’>, COOR’, CONR’,, 0x0, -NR’», NR’C(O)R’, NR’C(O)OR’, NR’SO:R’,
OC(O)R’, where each R’ is independently H or unsubstituted C1-C6 alkyl, C2-C6 alkenyl,
or C2-C6 alkynyl.

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

6
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contain 2-10 carbons in the backbone structure. The

wo 200sg09829 koxyl " or "al koxy" refers to an al kyPCTyUS2008/056229
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as defined bel ow, having an oxygen radi cal attached
thereto. Representative al koxyl groups include

met hoxy, ethox | ox tert - but
T ket PR PR 5 i B TR BOFhl pees
aloleyy) therPAYSe resBén@ady bR rdsitioinuiied by the same
groups that are suitable as, substituents on al kyl
groups, to the extent permjted by the avail able
val ences. The term "al kyl" efequ]p the radical of
saturated aliphatic groupsy~nclaudi ng straight-chain
al kyl groups, branched-chai n aNkyl groups, cycl oal kyl
(alicyclic) groups, alkyl subsdituted cycl oal kyl
groups, and cycl oal kyl substitug@d al kyl groups In
certain enbodi rents, a strai ginor

g PBo

chai nwgq:rR%RSﬂ élgd gél e)rle ag Q%Fd elgspgﬁlgl ?Chmflftg o{j the amide in

BRGKLeRNEegtich willebt #3Rdé Midstwiaiighky 6haisableC3- C30f or
branched chain), 20 or fewer. Typlcally

kyl .
gr oup TR Haline” 204 CaYBY e RS OBzl aRd %ﬂ%hﬂéun%ﬁﬁ“mbd
1*3&1t§t€@§ﬁﬂn%§”e%d a%mé’c? %Hépﬁﬁlj/ balteBRtsenkd M5 Whe anerGBfok i 1Bs:

cyc?oa ' kyl's have “from 3-10 carbon atonB intheir ring
structure, and ot hers hav , 6 or % carbons in the
ring structure. Unless or ermnse | di cated, al kyl and

cycl oal kyl groups, -wret\ner alone—UN—asRﬁhrt of anot her
group such as an aralky\\group can be substituted by
sui t abl e substituents su®hlas, butRﬂpt limted to,

hal ogen, azi de, oxo, ac C cIoaIk d
al kOXWere@rRSQORS ln.iuidrl%ﬁQ aé H%Mpdep%}ﬁeﬁt&y eégogp%]f :hgydrogen an

%ﬁéyiﬂ Qn al%QIY}Jl antmg,-rRBn Qﬁ' R30AAI R51 PARSPRADRSEIn tﬁ@d’rﬁlﬁ&ﬁhm
car Oxy |1 C aC|d% or t eir esters or am des S”

abdciny takan fogetherivoith the RyAam o wigh thewpepitadipg %%?te & heterocycle
lfﬁ%ﬁg? fom® H8NH& in %trﬁfg’str[}&&%r 1@@13&1%)1%&%&@5 Qﬂ@ta‘ c(j/cl@ﬁlkyl a

oaronati c nnletles - and ke.
M@p@k@lykylhetemckcémﬂ a pqlﬁcydpwdyn 18jz8rOro8 A m&qge@lﬁél@qfévge of 1to 8.
Eéﬁ?ﬂ NN RS0 ﬁ?nc% N)Mlﬂr' 1952? 8lH-inde ?5nd’eﬁtl}l représent a
sSups ?uen on anot , It requen
diythiogera b ylkglusilkdanyt, ed (CH\z\)afR(eu Kijabs, ghed@qm @ﬂkyﬂmm includes an

aam%r?engéoulg Elso Hined abolvg Vl\ﬁvmg lal @(b@ﬂuteg 9Hﬁ’su|§§¥ﬁt@<galﬂﬁ attfehed thereto,
i.e., at least one of R50 and R51 is an alkyl group.

The term “aralkyl”, as used herein, whether alone or as part of a group name such as,
for example, aralkyloxy, refers to an alkyl group as described herein substituted with an aryl
group as described herein (e.g., an aromatic or heteroaromatic group). Both the alkyl and
the aryl portion of each aralkyl group are typically optionally substituted. Typical aralkyl
groups include, for example, groups of general formula Ar-(CHy),-, where Ar represents an
aryl ring and t is an integer from 1-6.

The term “aryl” as used herein, whether alone or as part of another name such as
‘aryloxy’, includes 5-, 6- and 7-membered single-ring aromatic groups that may include
from zero to four heteroatoms selected from N, O and S as ring members, as well as fused
bicyclic an tricyclic systems consisting of such rings, for example, benzene, anthracene,
naphthalene, pyrene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, triazole,
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si x carbon atons. For such purposes, the typical
substituents include halo, -OR , -SR , - SO2R,

WO S08MIRs22, COOR , CONR 2, oxo, -NR 2, NR C@/BS2008/056229

NR C(OOR, NRS®R, OC(OQR, where each R is
|ndependently H or unsubstituted Cil- C6 al kyI C2 Co6

aIkenI C2-C6 al kynyl . The.t I

et ghiire groge et e ubEUE: “RabY iy A Ret Pl Bt
ﬁ@sfillhkgclﬁtelﬂr]@dt&ﬁ@lﬂeﬁ’e iRt re thay ﬂ@rﬂeaeferrambadr z[f?fﬁeﬁa;rodyhles” or
"a ! t
“Igitedgé}{%lﬁlﬁlgfs » %e%rcp@alﬁfﬂr{@% ggltl %Mﬁg %%\ilggw%léﬁeﬁ X?H‘mt at one

8hKlofReihe 36 &t SR IWitedcP &lbdienReRIdeSEBERitoVE féd ek(yrhplhj logen,
groups 1 nclude methylthio, ethi thio, and t

i ks e T RS s S T T e i it
g g? YRl 4Hi6 %h%ﬁih@%é/ loh&PBHinh® Cda%ﬁ?l SarbBdlyBédhtdimiad eroup,

represented by the general fornula: erei n R50
aihl, U5, oldhins e oD Bov ketoap ey den i ey g, aromatc

%pﬁeégmraﬁaﬁcﬁm&ggespﬁs e, biMENkd. OfheWrh “af\@t alk@fﬁl:lﬁ@:% polycyclic

be Unstable. The terns "am ne"
tagsys@sdnpeingtwe presagnydiedingn @ftﬁlef@rortﬂér%mgﬁ in Whlch two or more

ubst it ut n e
{ci;]r%?ns 2kd cqb en?ornet%r\g% e ?1% dlgtrfﬂggﬁheaﬁﬂ Syt fl?s]; rﬁ%sﬁéi}?érghﬁt least one
whene @inps 1R5@>,maR£i]e @anble Rb& cacid: rR@S nesibh cth@él\cyém destaflgenyls,

sen h 0 an enyl
(gf-@j %Bafyls chp r%g:gﬁocl){glygs TI}/ io’mr %d1|§n g% ﬁh arﬁfl 1ts selected from
%ﬁmﬂ Ithiﬁi’ol&p@ Ghras. )pyrrbak@mldtnag@tnlrmdmw gyfazblhsnﬁdaamammmle
icht re at ete a heterocycle havin
hetiieaspeal i REtTRo EnRiT R et e ar Srags ’
I epr eseNefin ABreAktYd acid 6ie6l toahKytbstadee Clyae bﬂﬁdckﬁl’h}ﬂyﬂr(@en ion

het erocycl e or a polycycle; and mis zero or an
i(PFPOFEIOOR the range of 1 to 8. In other enbodinents,

RS0 affe A “A60hy PRnkRMAd bbufRaRIu@RGlchi Mslepsad/ay by represented
represent a hydrogen, an alkyl, an al kenyl, or

by hazensREfoMIttS, the term " al kyl ami ne" i ncl udes an
am ne group, as defdned above, having @ substitut ed or

unsubstituted al kyI attached thereto at | east

one of R50 and R51 |s an group he term

“aral kyl ", as us vvhet on as part of
a?%d’ e Fas

a group nane such as xanple aralky oxy, refers
t 0 anwakl XY iow poﬁsordqgesrends afl oheeebna suiiostand edcbdf RHF imd R56
E%Qprglsreztls independently a hydrogen, an alkyl, an alkenyl, -(CH2)»-R61 or a cation
representing a pharmaceutically acceptable salt, where m and R61 are defined above. In
some embodiments where a carbonyl-containing group is present, it is a carboxylic acid or
ester, or an acyloxy group; X50 is O in such embodiments, and R55 or R56, whichever is
present, is often H or an optionally substituted alkyl group.
The term “diradical” refers to any of a series of divalent groups from alkyl, alkenyl,

alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, and heteroaralkyl groups,

k3

each of which can be optionally substituted. For example, hX is an alkyl diradical,

.
& )
%, is also an alkyl diradical; is an aralkyl diradical; and
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group as described herein (e.g., an aromatic or
het eroaromati c group). Both the al kyl and the aryl

weorosiians2of each aral kyl group are typically opeT/o8m0$/956229

substituted. Typical aral kyl groups include, for
exanpl e, groups of general formula Ar-(CH2)r , where
Ar represans an aryI ring and t is an integer from
Bi t "aryl" as used herein, whether alone or

as p aﬁ %1 RAKy 1 IRREOaSMGN dRSdicad "I}ybﬂté{%x ample€inuliasalkylenes
5-, 6- and 7-nmenbered single-ring aromatjc groups hat

ragenpiabtuderd (Coln- 2dees tis Lo A AN R A

L in? 28@9arl§)naa§orﬁ§ 9 BRAREDne 8Sm¥RldouS of t‘ﬂ@ﬁd)onds
Icyclic an tricyclic systens conS|st|ng of

£yahgpak yldne groapahgying, 3-§ Eng Ba@bera aroHps sehds @%Ié@f(?(ﬁﬁ}@ﬁe)b’ where
?%ﬁf 3 glie eQéﬁtr ih@ &s rEMroal‘ and aﬁ&f‘%@&p v’zH&e‘fiﬁg&l $pen QX@%Lion the

'azo e pyrazol e ine, pyrazine,
pyri dazi ne and pyr|n1d|ne and the ke. "Those aryl
groups having heteroatons in th ructure may
atybunpmdra ¢y ynedle plbylaprticasyeh dset er 5Tycl es” ¥y its isoners. The
b
S PR SIPALE Byl TR PSSR, BB DRt o
Mexe@aralhygpqm@lstorf odgadifal hremumaﬁm estituiedap desgribed above.

described ahbo e
ar al kgl/"fi) terql EheaXoa]‘lkyﬁ skusé@f{?rlﬂgyrgf@gat? %}ﬁ/ Pl;kyﬁ%rg ! OXI)I;?%: Mwhere
alolmomol a)l hgdiopens have teen replacécydln y halide mArfperhalioilfipl” is where all of

IB@R§E%E§Wi Qﬁ%%ﬁ”&? Hﬁagﬁﬁrony et her, alkylthio,

sul f omyd terrs thdi@oashtas uskehaeie meahthiyae pf mtekﬂnent other than

heterocyclyl aro or hetero ti ti
Ceben kst BHEE b REOTS IR PPen RS e P e

PRbYARYIEGY, isGlflir ang sEIpSiR My aly e h&t@roﬁbmﬁ@ﬂ’eeele(yc@d frem N, O and S.
rings, often two or three rin

car boRke &Fe Tegord ! 19dt K}%“%*C???Wh @ef?r ) @E(y]; atnﬂgwlpﬂgsg groups as

A& ribtHisedn, r\*/H%QﬁI'l' At lw%rﬁ‘e'cﬁlrb@ﬁ atoB@sT theQiNg;1 6F C}Tchﬁlk&l pH@son is
is aromatic, e.g., the other cyclic rings ray

cr@;/}?iflcsd\ bky hgteroew ssap% frgmd. Qg %aTwﬁw@mpgﬁ y}cglde
I s G Zﬁﬁlﬁﬁme@ﬁ ﬁdlﬁ%ﬁﬁﬁﬁom%ﬁfﬁﬁhﬁmﬁaﬁm aryl

rom phenyl thlophene furan, pyrrole ,
pyri diTheferpy theteratiyelgl” opy heterodyelic grayriaeisr ©,3- dx Hy ppmbered ring

slt']rug%lr% ?ﬁ soln‘?'e ?&E{%lesefr@ﬂ% {ospfhglln@uzr% ﬁngspxk)ﬁ&x Ir1n§ §tructures include at

he term "Brnsted acid" refers to
aenpt mabsxfoam atemt andone @rfoadieteasitansh Hitageryales eam 8(1&}9&@113911\;3'6168

q?eterocyclyl groups include, for example, thiophene, thianthrene, furan, pyran,
isobenzofuran, chromene, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole,
isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole, indazole,
purine, quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine, quinoxaline,
quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine,
phenanthroline, phenazine, phenarsazine, phenothiazine, furazan, phenoxazine, pyrrolidine,
oxolane, thiolane, oxazole, piperidine, piperazine, morpholine, lactones, lactams such as
azetidinones and pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring may
be substituted at one or more positions with such substituents as described above, as for
example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,
sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl, carbonyl-containing group,

9
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The term "carbonyl - contai ning group” includes such
noi eti es as nmay be represented by the general

wo e0osbme? wherein X50 is a bond or represent SPEIUS2008/056229

oxygen or a sulfur, and each of R55 and R56 represents
|ndependently a hydrogen, an alkyl, an alkenyl, -(C

LT R Eid ST, G50k o RS TRER L

fQERaRTReEMBRAL TRhAre, & tedikeony| - cont ai ning group is
present, it is a carboxylic acid or ester, or an
acyI onye tgmoUpwisx@ol irsfe® tp AnYSUbHansA B Pavest 2§ anglegr@sEIr
CC F%56 whi chever is present, is often H or an
FPonaI |y substituted al kyl group. The term
" d| r adhlesl the mefter sf dcadoanis Odfer\alscsmec@sd Gtowgr olky1E s used herein

glgsfs E’E)%’? gg}%%k? défg}%la F\E nv%l b %om ogé %l tean &a¥l§dn9 QL géﬁle
bﬁb&flﬂlal:it[ﬁfrkiyﬂ ogg tcosmpsarladn mn:’mn@tfs bmdhboﬂre amactut@e Likewise, “lower
a u E | k
SR 4303 oSO B PRATER i A Bt e e

aRykY I fateanaptieiil a dibkiaddne adsigndyp herain aexmpb edower alkyl.
i ncl ude al kyl enes of %gneral S

s 1-8) u%;ﬁ&ler@a LB PR REA-E e R 9%\1&%%&{@“ o
— rngre I¥Ill ns%ﬁ%yd@ lc ﬁlregr?sn aﬁt B0 %r nﬂ (ﬁrg l’afn@éﬂggOHpgndocfle term
nore Pe' or % cyc ene groups

hamiong” a}eansr S0g-.menber s; groups such as

(CH2)aC(=0 (CH2) b vvhereg,and are ea nt e

f r om Bbestermariepugpalivieybstigrtesti s UW@P@FWHE‘H@C%@& %Cllé"ﬁlcgéoup may

ipg uHﬁbEtH@ce@Bﬁ/ﬂt mﬁj/ BIsBNEHuRM &/ith DnO8k thbie sddskidtbntp @ thé Sltent
such as . {\==>/"and its isoners. The alqlgﬂl , al kenyl,

abreystapt with thel numbgrcdf gxileple valeaecs PB EFEPRrAliq\arouPs Ao FUYS |
Igﬁlﬁi)gal%{lt)é ! eaflfé}gloﬁgé%gﬁﬁlﬁéd(éﬂm]p@ i sRRRedQbittPurft Fél 's@lﬁhtuents or

are optioha tuted as described above. The
tvathr)-3 hbbwa¢ky| ", as used herein, refers to an al kyl

groupTﬂh%mq“ﬁXQ%vgﬁgﬁrs? ;539 Ilo{);g,ﬁgllr{)djydrogens have been

repl aced Wt al’kyl" is where all
of t h@hdednogensydigh er ‘tx&)@mydwmrwpédefw to hwaohapte diags (e.g.,

cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which two or more
carbons are common to two adjoining rings, e.g., the rings are “fused rings”. Rings that are
joined through non-adjacent atoms are termed “bridged” rings. Each of the rings of the
polycycle may be substituted with such substituents as described above, as for example,
halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl,
imino, amido, phosphonate, phosphinate, carbonyl, carbonyl-containing group, silyl, ether,
alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic

moiety, -CF3, -CN, or the like.

The phrase “protecting group” as used herein means temporary substituents which
protect a potentially reactive functional group from undesired chemical transformations.
Examples of such protecting groups include esters of carboxylic acids, silyl ethers of
alcohols, and acetals and ketals of aldehydes and ketones, respectively. The field of
protecting group chemistry has been reviewed (Greene, T. W.; Wuts, P. G. M., Protective
Groups in Organic Synthesis, 2" ed.; Wiley: New York, 1991).
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The term "heteroatoni as used herein neans an at om of
any el enent other than carbon or hydrogen. Exanples of

whedsnaemeons i ncl ude boron, nitrogen, oxygen, PCT/US2008/056229

phosphorus, sulfur and selenium Typically, the
heteroatons are selected fromN, Oand S. The term

"heteroal kyl' and 'heterocycloal kyl' refer to_alkyl .
and c¥ tB‘%‘? Ky ng@%&%&% ?? HARURLYEP SN rné?&rg)széctc haride,
bR@&share&r 6Hgég?lidhﬁid@ Fo@priditpora ok yloreopyranped ol dk franose rings.

t
P S IS G I L5 Do
flrbothtaRie@et Miklage 6H ALYy OEkdYY| In @RGin embodiments the saccharide
tetrahydrofuranyl. The terns "hetero%‘y

lyl™"
nieitherae heidveleghiokagded enetereidal slkajoy! Cdﬁf‘rﬂéﬁ%&r&&enﬁf’w an
SLIMG YL RS, oflaRa RISt 80&8SmAY PPlude, bliCard nérBlRH @hribose,

rings, ose ring structures include at |east one
ombivore. atlown hrebeolese, Bltpe Elupese eRHHCEEUIOetderco 83qtess. talose,

%R‘l@os%l 59 t\k%ﬁal&%l _ycycl es. Heterocyclyl groups include,
or ‘exanpl e, thiophene, thianthrene, furan, pyran,

i sob elﬁlzeoii:un!a‘miﬂﬁhr‘ ‘e megditand neonaile RSO hi i n,

role, imdazal e v | I | soxazol e,
B8 0 B BAEaRoL LI
inostdlubbenesilfaiyhgrols, rebpedavedy. Thedeno|“@iflaglir jterelate”, “mesylate”,

ui nol i zine,.isaqgyi noline i nol.ine h '
b ewf e RS ar P MR BT p QAR e
m{eﬁ{agédulf&ate;‘@feb,amo henafleanobahiesafonplaesantuhetiodalrpequps and
acridj ne, rimdj ne, phenanthroline, phenazine,
ﬁl?é‘??ﬁlreé,g]_i‘f %fallbﬁéirﬁf?wsatffﬂ?%ﬁlve?yur azan, phenoxazi ne,
pyrr oirhe_sllﬂeﬂﬁ,“thQ)>5<a’I|’q @:ﬂﬁs totdiatoanieulf@xagpl e, pi peri di ne,
pi perazi ne, norpholine, |I one | act ans ch. as
azet i dPNUVEYIAR Mg rEtorh- &?ﬁ\ﬁ{n&?\’f%ﬁi’ff%ﬁ%{m@@r ?taﬁe%lfenyl’
A drfiBe thdk &rifofNendiaieroiNak iutfohyINg iBMedEfosyagd i t Ut ed
at one or nore positions with such substituents as

dessteanpyEENATBNPECVEY - FAOROBERIBIeEeNsHA gl ihe ahbigyjations utilized by
g?gﬁlﬁlgyclhemf@{s kg Bﬁﬁliriafr)ﬁékgll/ﬁ}fhe arEYpL @R ke firshi¥6lie@¥ ¥dch volume of the

, hitro, su ydryl, imno, am do, phosphonat e, .
ghwpmf@g@’ic @’éqny@‘nyy this ks psd@piyqllymﬁlgpcmnﬁgtable entitled Standard List

%%M et her, al kylthio, sulfonyl, ketone,

, ester, a heterocyclyl, an aromatic or

het er davit aindersioidghat “subgigtion @K, ‘subptitpthd with’kimcluggpghe implicit
té)g(gvggﬁ)l It eeﬁ\évllé %rsgﬁsitigu;%iiogl ?sgg %gcr())%(garrlwnﬁ b‘é}ﬁﬁt?ela%gleh&q}f ifA0bditkted
atom and the substituent, and that the substitution results in a stable compound, e.g., which
does not spontaneously undergo transformation such as by rearrangement, cyclization,
elimination, etc.

Where two groups are “taken together form a bond,” if the groups are attached to
atoms that are not otherwise directly bonded to each other, they represent a bond between
the atoms to which they are attached. If the groups are on atoms that are directly bonded to
each other, they represent an additional bond between those two atoms. Thus, for example,
when R? and R’ taken together form a bond, the structure —C(A)Rz—C(B)R3— represents —
C(A)=C(B)-.

The invention, in one aspect, includes compounds of Formula 1:
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Unl ess the nunber of carbons is otherw se specified,
"l oner al kyl" as used herein neans an al kyl group, as

waledosned2above, but having fromone to ten carPORES20081056229

some enbodi ments fromone to six carbon atons in its
backbone structure. Likew se, "lower alkenyl" and

"l ower al kynyl" have sinmilar chain |engths. Certain

al kyl groups are lower alkyls,, In Rome enbodi nents, a
substituent designated herEftn as 3 | is a | ower

al kyl . As used here| n, Rt & itrio" means - NOZ;
the term "hal ogen" 5 , MeBr or -I; the
term "sul f hydryks e term "hydragxyl" neans
-OH;, and the ter means - SQ2-- The term
"optional |y subkt e
a specified gropp YReOE uRsubstituted or it may be
substituted with on 11orR?mre substituents to the
extent consistent wth the nunber of avail able

val engeishophaihsesiady ﬁdoepialge sdipthertof, shereinenbodi nent s,

h | b
ca D PP TR HuFHS 5  RB TS A et
heerBaratyQ halostk gir 511«5@1 asn?arm%?l NERS)geh), (@((»)RZOTh:@zR?ér s

BROR mptopsEnoed, e )e 8 e A Pt Sor

CM@)Q@*" ky(@yémw RW) SN@B@WS@@)ZR@I @(‘WFQ@)YPIRé() -[(W) wlm))ﬂlpR”

e,car bons ar, N g‘k’ ‘bl\g
e[Qg’) OGRIF n@@”%ﬁ%ﬂﬂﬁ et rNQ%g%S zlvﬁ ng&VIh&Y)
Qﬁ gohr “gl’N(IR@Tj]-pﬁ@j SCRML)- g;}tg??rs are termed " brl dged"

rlngs Eac of, Jings of lyicema
subst pacho€B W&’ tahd Blighin mg@qn@lméhﬁkky 2 %réféaﬂsyeéldarabé%oalkyl

%?fﬁoggﬁlgﬁmrﬁk){l hﬁ*&?? Qlall(ﬁly kéélylox? & 1&)’ hydr@i;‘f eiﬂMho alkylamino,

, aim no,
sullfrhipolragylaming ardky]amr@oalkﬁp@@ph@hlgyléeler}yh@}g]éﬁlie%fﬂggylthlo

canRenyl I 0 roup, silyl, ether,
afak tﬁﬁ) ar?ﬁﬁmb[% a'lr§;1 ﬁ’élt@%’“ﬁ”é‘ afgdehyde ester, a
het er 8¢ isdiydr R* mm&?takmlttogat@rfdnmmé,r orratl c noiety,

h
as us 8%6%% Re 'fnh& }gﬁlg%e%)e]tldem-{ fsa}? y {kg g gﬂs e lﬁﬁgf \?\ﬁ 1 QR&Hﬁkyl

nitrile, aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulfhydryl alkylthlo arylthio, aralkylthio,

hydroxyl, amino, alkylamino, arylamino, acylamino, aralkylamino, heteroaryl, or
heteroaralkyl; or R*and R’ taken together form =0, =S, =N(R?), =N-OR? or =N(N(R*),);

R®is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl;

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

each of R® and R'? independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, heteroaryl, or heteroaralkyl; or R’ and R' taken together form =0, :N(Rzo),
=N-OR”, or =S;

R is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
_C(O)R®, -C(S)R™, -CO,R%, -SO,R*, -C(OIN(R**)(R™), or -C(S)N(R**)(R™); or has the
formula —[C(Rzo)z]q—R21;

12



10

15

20

25

30

protect a potentially reactive functional group from
undesired chem cal transformations. Exanples of such

w@e@BaewseNg groups i nclude esters of carboxyl i BCHUBZ98/056229

silyl ethers of alcohols, and acetals and ketal s of
al dehydes and ketones, respectively. The field of
0oL e TG Sl B T S e,

ﬁé&%h}@%aﬁiyl a 1 Eh@teroa\/yl | lRYeroaNaMy1 Ycﬁl‘—IKC(Rllﬁ@]]‘j1 whae t&hmR is
sugar" as used herejn refers to a na

indarandensly Hheifols e alinth Phrny tyP SEERAE § féo Fan be taf together to
@(irhlglo@@%ﬁfﬁl%ﬂe@l SpEATY {ubkiitGte® ABe WhicAR6RaiRY -3 MeGMatNG/selected
furanose rings. The sugar nay %e covalently bonded to
fe NtQ@rSorhl: al kal oi d of the present invention

through ; aR,81BRIy fol HERB&uRENdRY AUGRIcAIYRAKY hefeidakage.

In certain enbo iments the sacchari de noi ety nay be
berorekeahitl] atkdzoh dedoxy oacalogy bl arlfhyird adivihiof arvlﬁéo aralkylthio,

Bg@%ﬁg ra}ngﬂé( %Q);lﬁrﬂfﬁ aniah) ABRBBRI- Eorffﬁﬁ‘ﬁlg brodp; @

ugars may | Rcl ude ut are not

l'i mitBd mdwptndbmimfor eachbfavorsese ixH| @élée eptgi e, QI nitpis
altrose, lyuGo nnose, gul ose, idose, gal actose,
tal osi)> (b?ﬁ%§§§% 5%% trehal ose. The ternms "triflyl",
"tosyqis,0,"1nEsy4,'S, oamd "nonaflyl" refer to
triflypronet hanesuyl f onyl, p-tol uenesul f onyl,

net ha egﬁqﬁ%ﬂ§$’mlnd nonaf | uor obut anesul fonyl groups,
respexhsyehyhnThﬁﬁbﬁrnB "triflate", "tosylate",

“nesyl at e” at.e"

trifl Me&ﬁ%i‘l n@g‘?ﬂyP 8{\%{?3@ B %‘feﬁ)aﬂ(y f PGSl it et

@5t Rary], RlchARSSY | WiRnRE 8o@sSérgart o@imtbther group, is optionally substituted.
nonaf | uor obut anesul fonate ester functi.ona
I‘ﬁ?}lz >georﬁ1%|]éc or

mol ecGrgan coparouadiRfdhepPresspidnyngeneay pae AL Ry

LREdN somBiOMems. " ﬁieﬁfr@seﬁ@n@:nﬁ&f barvlpl Sl facH coDpounkdi€including
abbrevi ati ons Et, Ph, Tf, Nf, Ts, Ms repres

rmt ryl ranstispyers, 6hérw$ enafl&i?fﬁ?fﬂ@fﬁéﬁé@ﬁlﬁﬁe@%)1l%°&ﬁ{ﬂ (L isomers, the

flc! MB{ELF B&Qﬁséﬂdfo@t@f IrmxtheE ekt &S EAIf 2 WithirRhE scope of the
anesul fonyl, ‘respectively. A nore conprehensive

|1m@nu@f Addetmblmsmmamcw@om flops Py DR PresrfHT LOEHeRR Sicl as an
%ﬁskggérg{é? ahy s icjﬁ 1£0|meksn a§ S| ﬁsr r}nx&p&qﬁ{r@of ' (ﬂ'e Intﬂ%déd fo$k included in

each volumé o Jour nal ani c
Chie rivettion; Wiristahtomersiag: no;zspble ald Wﬂ@O@B‘éﬂftt glinventigny thpingention
1nctlucIes each?gu onn(;ea}{c or%il. S'\R’here stereochemistry of a chiral center is not expressly
depicted or described, the structure includes each isomer at that center, Where the absolute
stereochemistry of a compound is depicted in a drawing of a structure, the depicted isomer
is a preferred embodiment; a racemic mixture of each specifically depicted compound is
also an embodiment of the invention.
In some embodiments, the invention provides a compound of formula 1, wherein

each of R’, R®, R and R” represents H. In some embodiments, R''is H or optionally
substituted C1-C6 alkyl.

In some of the foregoing embodiments of the compounds of formula 1, R*and R’ are

both H; or R* and R’ taken together form =O.
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of Abbreviations . It will be understood that
"substitution" or "substituted with" includes the

WO p@Bi1edse9 provi so t hat such substitution is i NPCT/US2008/056229

accordance with permtted val ence of the substituted
atom and the substituent, and that the substitution
results in abl e co und - ich d not
sponf@ﬁ@@ﬁgg@ehﬁﬂ%?@%ﬁ? nggrﬁa%w&{ sﬁgﬁ)e egmnnabomisome
Deddg c@ﬁﬁﬁﬁﬁ%ubl@ y&dd 2@ticaRmbedimehiak ls@ﬂmetﬁa{hes a lWhé med it is

ups are "taken to r form ond," if the
g%%%esg%é It oersatpodigrey o]%‘sanfil]i{atareaeiag‘ ﬁot ot herw se
di r ecfyl ¥mponaedort Sia&hboalleks, Rt AeIR'P eplcedentinateanR’ and R
between the atons to which they, are atta&ﬂgﬁt If the

tkeriosethrrdomn=awobme: 50 Mt hsrs11ag Padiim By 4y T8 5Re

g&ggﬁnw&pqylgﬁgggﬁpnt an additional bond between those
two atons. Thus, for exanple, when R2 and R3 taken

t oget heome of e Zorbgmins eplpdinagnts, Bt ismeefergplafror-agepyqrslly
3193% 1t%1$ A6 al%l% a&q E&l’ C6)T£lﬁyl' 'i‘ﬂ’@tﬁ{:ﬂ d?'fhe fbfég@iﬁg eABRBGEnts, R’ is

es co For mul a 1 :an
pmaarata;a efuhe m;ml @(oakzéemza%ﬂ @ GSaRt’, whae Bofls appisioaplly: supgrituted
k | k y 20 1520 ;
R S 0 o S o
inalhz@alniewyl eaiyk@x;eh buyBR20, - OR20, - N( R20) ( R20)

N Y e Tk st BOGS PR IR by ppgnatty

Sﬁ{s@uze'am C6 8D oz htyR2OXRBD ) kyl- N BBEY) SB({160) ﬁéR@@i,ng embodiments, R

15[ Rrggerag f]ﬁﬁ%rm C (%% ﬁﬁ%%f@%%e[e(ﬂ isan 21J)na|ﬂy m%sututed

'dl((\fg all1Qr NyRAO)-CpRARY1. 1d (Vhin@GnfBodidhents, when R''is COOR?’, R® is
or -[(W-S]pR20; each of R2, R7 and

VYé“%ﬁ@éﬁ@ﬂ&%ﬁ?W@“ﬂi al kyl, al kenyl, aIkynyI aryl ,

Cy cl of] d¥lerof hﬁtﬁfeg&ﬂg Erﬁ&idﬁﬁénts R ahkyt are 8bdk @K Yl other embodiments,
aryl oxy, acyl de, hydroxyl , am no, aj kyl ani no,

sty Rink e gPihiiand BE Ry PEARCoE] RN G nE comtsins a

@?gﬁ&ﬁpleno aryl sel eno, al kyl thi o, aralkylthlo
arylt heteroaryl, or heteroaralkyl; R3 is H or R2

and Rb stoakagqii thedg@gcmgg efibpdigngnty Frigd or Yindependently at each occurrence.
In some such embodiments, p is 1.

In some embodiments, the compound of Formula 1 is a compound of formula 9:

Rl
Me \

or a pharmaceutically acceptable salt thereof;

wherein;

Rl, R4, RS, and R® are as defined above for formula 1,

each of R’ and R'® independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, heteroaryl, or heteroaralkyl; or R’ and R' taken together form =0, =N(R*),

=N-OR” 0, or =S;
14
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each of R and R independently is H, alkyl, alkenyl,
al kynyl, aryl, cycloalkyl, nitrile, aral kyl, al koxyl,

wW@eooBas9s29 acyl oxy, halide, sulfhydryl, alkylthP@r/US2008/056229

aryl thio, aralkylthio, hydroxyl, am no, alkylamn no,
aryl am no, acyl am no, aral kyl am no, heteroaryl, or

re e gae St B R PR iy
ab(sRY | C(S‘iRR%( er/d)sz%ttS(bzR% YCIODBIRYIR > et e ERY@! bk yér.has the
or aralkiQk of R8 and R12 i ndependently is H,

frpyla -[G (@ﬁyR ’alkynyl aryl, cycloal kyl ,

het er guYycdepaidkatly, foPéach Béﬂukr}éﬁoe 19H MRyl aﬂldanﬁs alk@uds@ ryl, cycloalkyl,
toget her form a bond and R13 taken, togeth L
e F?.C Ris

heseioryelasdad aedieh lﬁﬁrqagvldﬁ&?w@kﬁnﬁe FeRddnki yWig
ﬁld%%fe{?dfrﬁf keoyty-calynyt anyac{‘)vﬁ loccueiéfide@@dt K¥lcan Bd ttaf(éﬂ t@gether to

ara heteroaryl, or heteroaral kyl; or R9 and
lf%memdr B @gertbh@rl opiésmll=gibstitNjerkring Whiehiceygios O- érhete@awmfelected
F alkenyl al kynyl, aryl, cycloal kyl,
Ige{ner ocyé kyI ar al kyl , C(O) R20, -C(S)R20,
- C2RRY 1nde@@21mmy for QCm))N(uRg@e(lmogyclog]kyl aryl, heteroaryl

k%ﬁy RZ:QP((;XR?%} (?x))/ cgpﬁg ﬂge s@lﬁ&d{ a]lly%l%zggflgllhg,yal&kylthio,

de en occ

y&?Ey{mmﬁakwﬂymum?mmﬁoxmymb@a?EyrmnMggempcwdloaIkyI,
ara .~ Net eroar _ heteroara , or - R) 2] g- R21,
mhereggﬁ%ﬁ’%ﬁ'g%”ﬁa%pendentIy H gr Cl-CB[gfk;I;]gr any
two ogeo,nences, 0br 6320 can be taken together to forma
4-8 nenbered optionally substituted ring which

cont aPn§ 3618difE: er oat oms sel ected fromN, O, S, and P;
R21 i rdepesudesit Ly, or each occurrence is H,

cycloalkyl aryl ., heteroar het

ar y| o cagh ylkygikenyh jaflymyl. %M]I ’F‘f@iﬁ?ﬁi)’r% %Wl?aﬂlfyg *}ﬂ(yl

Rk %ldaRi, dete%a@dlm | kR alhﬂéidslqasﬁlof a@”ﬂhdﬂ gmug,qy b 6inI0y substltuted.
am do,” or carbonyl - contai ni ng R22 |ndepende t

for eH@WH@@@@Pﬁéwg@OfngPmﬂ%FWd%ﬂ“§§Pé%X“%n?%é Inypther
%hﬁa{)&hﬁntsp}(llssa%ndl 2, 3, 4, 5 or 6, gis O 1, 2, 3,

In some of the foregoing embodiments of compounds of formula 9, R®is H or
optionally substituted C1-C6 alkyl. Sometimes R®is Me.

In some embodiments of the compounds of formula 9, R!is H. In other
embodiments, R'is alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, alkoxyl, -C(O)N(R*)(R**), COOR™, -[C(R*),],-R™,
[(W)-NR¥ICO) LR, -[(W)-C(O)[,R™, -[(W)-C(O)OL,R™, -[(W)-OC(O)I;R™,
[(W)-SO,1,R?, -[(W)-N(R™)SO:1,R™, -[(W)-C(ON(R*)J,R*, -[(W)-O],R™,
TOW)-NR?)],R™, or -[(W)-S],R™’. Often R’ is H, optionally substituted C1-C6 alkyl,
C(O)R®, SO,R, or it is COOR?. In certain embodiments, R is H or C(O)R*’ or COOR”,
where R? is benzyl, methyl, ethyl, or tert-butyl. In some of the foregoing embodiments, p is
0 or 1 independently at each occurrence. In some such embodiments, p is 1.

In some embodiments of the compounds of formula 9, R* and R are both H. In
other such embodiments, R* and R taken together form a bond.

In some embodiments of the compounds of formula 9, R’ and R'° taken together

form =0 or =S. In many such embodiments, they are taken together to form =O.
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15

Wis a diradical; and and each al kyl, al kenyl,

al kynyl, aryl, cycloal kyl, heterocycl oal kyl, aral kyl,
whedoenamey| , heteroaral kyl, whether al one or pe€T/US$008/056229

anot her group, is optionally substituted. Certain

conmpounds of the present invention may exist in

particul ar opetric or stereoi.soneric forns.. The
pr eseftsOPR Gglﬁ?%g‘ﬁnt%% ORI ST gﬂninu%ug ¢h Seg%%gffr% s,
including cis- and trans-igonets, R and 3
5-enantioners, diasterBomers, (D)-isoners,
(L)-isoners, the yacep X mxtures thereaf ot her
m xt ures ther eof, A within the ¥ of, Y'he
i nvention. Addi t+ fhetric carboaé

present in ;

such iso

‘,

N

as mxtures
i ntended o be lncl uded in thisznye
Q N = . . . .
tautoners amernpossible in a conpoumadt of the invention,
the invention includes each tautomeric form Were,
stereochem stry of & chiral center is not express
depi cted or deset ad, the structure includes
I somer at . \Were the absol uté

ofpound is al so an enbog @

i n¥enthon” I n sone enbodi ments, cPh&Ninveénti on provi des
a corpBund of formula 1, V\,heﬁléf n eath of R7, R8, R12
and sdtsundU 1S H or
opti§%§V?§B%ﬁ%§?%§ﬁ@%3&%ﬁ-g%§§§E€?g§In g%ne of the
f or egbi angthendoetit.thmimsensipn prerided rpouirryad ef forrpladfa 1,
R4 and R5 are both H or R4 and R5;taken together form
=0.1n sone of the foregoi evibodi nents, R2 and R3
taken together forma bongdy® e™Dring contains a
doubl e bond. In such efpod i)s. sometimes a
bond and it is Sopeli éﬁbodiﬂﬁnts, R2
and R3 are eacR” t he foregoing

re each H, in others, R9 and

enbodi nents, R9 andgd
R10 taken toget heg{ g2 =S, so that the A-ring
In sone

or a pharmaceutically acceptable salt thereof, wherein;

each of A and B independently is —N(RB)—, -(C=0)-, or -(C=5)-;

R'!is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, alkoxyl, -SR*, -OR?’, -N(R*)(R*"), -C(O)R™, -COR™,
_OC(O)R, -C(OINR™)(R?), -NR™)C(O)R”, -N(R*)C(O)NR*)(R*), -S(O)R*,
-S(0)R?, -S(0),NR™)(R™), -NR™)S(0).R, -[(W)-C(O)],R™, -[(W)-C(O)OT,R™,
-[(W)-OC(O),R, -[(W)-SO2J,R”, -[(W)-NR*)SO],R™, -[(W)-COINR™)],R™,
-[(W)-OL,R™, -[(W)-N(R*)],R*, or -[(W)-S,R*™;

each of R%, R” and R'® is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, alkoxyl, aryloxy, acyloxy, halide, hydroxyl, amino, alkylamino,
arylamino, acylamino, aralkylamino, alkylseleno, aralkylseleno, arylseleno, alkylthio,

aralkylthio, arylthio, heteroaryl, or heteroaralkyl;
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enbodi ments, R6 is Hor M. In sonme of the foregoing
enbodi nents, Ris preferably H or an optionally

waestoased ed Cl- C6 al kyl or aryl - (d -C6) - al kyl PCT/IIS2008/056229

ot her of the foregoing enbodinents, Rl is preferably
of the form C(O R20, SO2R20 or CO2R20, where R20 is an

opt i onal pstiuted Cl-C6. al k
aryl - ﬁa?‘igﬁ talﬁeﬂtoégfhf‘%ﬁoﬁn%ry?%dl nments, when Rl is

ICOOQZeth 8%@‘; ethna F?em:yéndemgt iy, alkglt fydnyl, atkyh@r drybegcydalkyl,

n some o e foregoi ng enbodi ts, 1. . .
proF ety e'sh < It BT BV U D g g
BYdrtyy ] anfifid, a )aﬁ@llld(}ﬁlylanhﬁb atahin6fardlkbg@ahidn G&Qﬂr@@yl or

enbodi nent s, 4s preferably of the f 20
BaDREOIIF OCRDRICR (HHB e REDTY ~h =S BT DR of ENINGR™) )

subst ¢ ytedGL a%ﬁ'a%yloﬁrﬁwéloaﬁ@l Iﬁﬁ‘}dc@!:IKMkyl drfhralkyl; or R

certaln enbodi nent’s
b@hﬁyltakenmghtyﬁrfognhypnd or tert-butyl. In soma of t he

foreg di 15 r.eyb
oreomAs £ el AR IE A e BB
tmg@ﬂhé rhefeorcnrlaallodnet araliyl ' Aandi By gtalfs@moa@th@ f%lmd%)‘afmdem R’

14 0 h regoi ng enbodi nents, pis 0 or
gdéakgrﬁgoénﬁfrffor gg%ﬁ occurrence. In sone such

errbodR mHSallqp al]senjzl a]lkmn)é,(mjel euetkyhbetweyddugkyt amdolnd

1 €0 1 &
RS IR SR caB e B CRIN R T o abi o FHBT aRy: s the
Mm#BS{C(aEﬁ?J ]Bgmare as defl ned above for formula 1
Z?Ey n&&) 15%deent§1 [ &5 %eurllr%ﬁ(f%q? }Yll, %1%12@1@@ )ﬁkynﬁl akr)?lné{)!cloalkyl,

m@k%ﬁﬁéﬂ%yl a@ﬂkﬁate@err@aylalhd@tbaralﬁyl ag[e(mz]gm@ tvake raach Ris
r orm.=

=N-0
ci%yq:nderg ykléﬁglqll C§|aﬂ&§y§“pr a yaw:%ccggpgg% &? Ey IC cah II?ltaken togéther to

rf@ﬁiﬁ:{ @@Xﬂén%felﬂ t101ﬁ[1§‘ lsLl&Mhbuted%@)wm,contﬂn&b%teroatoms selected
"UTC O N(R20) (R20) . or- O( S) N(R
2@}1(1@2@)5 an%? has t he

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

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

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

qis0,1,2,3,4,5, 0or6;

W is a diradical;

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

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

provided that when A is -N(R"*)-; B must be -(C=0)-, or -(C=S)-; and

provided that when A is -(C=0)-, or -(C=5)-; B must be -N(R")-.

In some embodiments of the compounds of formula 15, A is “N(R")- and B is C=0.
In other embodiments of the compounds of formula 15, B is “N(R™)- and A is C=0.

In some of the foregoing embodiments of the compounds of formula 15, R7isH. In

other such embodiments, R" is COOR? or SOZRZO, wherein R? is C1-C6 alkyl or

17



formula -[C(R20) 2] g-R2 1; R20 i ndependently for each

occurrence is H, alkyl, alkenyl, alkynyl, aryl,
weyoBoadsky | , het erocycl oal kyl, aral kyl, het er oBCTUS2008/056229

heteroaral kyl, or -[C(R) 2]g-R2 1, where each Ris

i ndependently H or Cl1-C6 al kyl; or any tvvo occurrences

of 0 .ca e tak he tofom d
A T L
&ag&m&gp anleﬁ R:CBQQ t:e)d)Rl‘i‘? &M Nperyl, Biethgn @thly], oRRikt-butyl.

i ndependen or each occurre H, | kyl,

oy Iniamg pbge yireeiia SrBa gl i eegind S HE SRgu LS. R and R”
Qi‘é)éh&?(H Ghdrd R sidlH hyd idklen toabdy b Mrﬁ}alﬂfnﬁl t h| 0,

aral k eg thio, hydroxyl, am no, acyl am no

5 carb pmg @ﬁthg,fquﬂjnggqr@:u)&lmegﬁd) lghq c§m®ou111$ o§for1§ula 45 % and R’

%ex@tog@thé 0191 fond2 In StheombddinfntsOR> MVd'Ig a@e lgﬂtlﬁ gdical ; X
I's a -CH2- ; and each al kyl,

al ky ngnl somapﬁhe f@ry@mmeprklgqmmqq@t o rtl@g@pg}p@aqqg )Qf ¥or1§plé|1§y}'|l and R’
Ql%t g{]hoﬁr 1¥1lothep ?Jcﬁ f‘-ﬁ@&ﬁln@{tg R‘W‘H& kh Eﬂie@ ?&ﬁerq‘&np%t of

I's optionally substitu . In sone 0
errbodIhrlmmespf tHe forhgoingenendiTaens of flesr qpuipauigls okfgrguladfy B and R
I n ot.her odi f
10 ]agereélchoﬁn In % oé %I(%EO&% Erﬁb(ﬁiugg[ﬁ%%f tin? (?lgﬁg?m (?% of tf(nﬁlula 15 when
IH7 Q4 nod it R?mail Rly asm:hsn tdeatheicko (ﬁdmeﬁballdk)m oth@@méﬁpdlnmstSRGhen R"

o"roRdr RS e R oGO EH B LD RTPRME P ferm e

aI kenp somlok yHaybregd@ny tmbaiinémadticyd contppdindssof FormataallskRl is H. In

hetero ryl,  hetergar al kyl .. koxy!
L]Q? %}E?cb@?w ,bo. Qr?@egz 0‘5]%[%9 % Ol,s les alkyl or aryl-(Cl1-
15 'd6 - Nﬁm@ 3 a1 11 4aR2B1 is-dpliviad 1 @)sli@RAO In certain embodiments, when
0 [ (W-SQ2] PR20,
P{ c%%o R2B) stm“ﬁﬂz@gthﬂf %9% %‘}%%%0) ] pRRO,
IIQORBZ)@ the foregoing embodiments, the compound of formula 15, X is CH,. In
other such embodiments, X is a bond.
In some of the foregoing embodiments, p is O or 1 independently at each occurrence.
20  In some such embodiments, p is 1.

In some embodiments, the compound of formula 15 is a compound of formula 21:

Rl

where Rl, R4, Rs, R7, RM, RB, R6, RZO, and X are as defined above for formula 15,
and Y is O or S; or a pharmaceutically acceptable salt thereof.
25 In some embodiments of the compound of formula 21, X is -CH;-. In other

embodiments, X is a bond.

In some of the foregoing embodiments of the compound of formula 21, Y is O. In

some such embodiments, R®is H.
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-[(VV-NKRQO)]pRQO, or -[(W-SJpR20. Oten RL is H
optionally substituted Cl1-C6 al kyl, C(O R20, SO2R20,

W@R0081109829 COOR20. I n certain enbodi nents, Rl i BCHUS2008/056229

C(O R20 or COOR20, where R20 is benzyl, nmethyl, ethyl
or tert- butyl In sone of the foregO|ng enbodlnents

0
such Bripdar ﬂ@‘ﬁ?@ggognnﬁt%%f%@eﬁlsogﬁ%c%%r SR AR o
6MBPRUREEbEHmERY, R iCOORRbr 80§R2R5w1&ffﬁn R%?tlhc HC6latkybbheyl-(C1-

such enbodi t d R5 her f
Bl oo bR A e D, N~ G I AE O PR S vhen

1 isROERY, Q) deak@MmiR@edh@l orfi@tBacy0 or =S. In many
such enbodi nment s, they are taken togethe T 14
=0. | ningorre OB GeiFeRuReE Gnb qdﬁ%eﬂ&gcﬂfﬁ%ma?omdsf’g?%‘& I3 24, R'and R

‘31%' b%ﬁlt ﬁ dInf c{%ﬂépsu@l%ﬂoﬁi%leﬂg aRMBQGU ir6 alkby to%@tﬁ&ﬂb ﬁkﬂnﬁl bond.

ese conpounds. I n another aspect,
i nventm some iof B iferegoiee wonndbuAN Wither srpare Oféemblﬂa 3. R'and R’
eptd I Igs =
ea?Lm? RS oh RSERRTRLS) SIS iR ghi0.
- (1B=8ine;of Re foregdihg gnlkylimenas] K ehpdompgp )fprmuéq- % R”isHor
¥< h 20 20

&e tée()?%iglaaﬁuﬁh syr‘%% Y '11? ?(tﬁ raslukt?/ imbﬁﬁﬁ&ﬁsgg%k COGR>or SO-R™,
-weeRROR{ RZD]) C6alkyYrRRD, (Cl-C@ZRx@], andOBCIONIRZIGd aryl i is optionally

‘&%%%2% OXeﬁ(%% E%tﬁ]p ) Cérﬁr%?z REOCOO%Z(Od){ |{gz‘tz.sznzyl methyl, ethyl, or

'te$( @t NIRONRA e, fordNOing @1)(186(@)02&2@3 is OJof Wnd€§e@}i§iR20¢ach

xQ 0, 0)] pR20, -[(W -SC2]pR20,
OE‘(‘W“%( F‘éﬁé%‘%i‘k%‘bﬁ%‘% V%‘tt ‘0 N(R20) ] pR20,
- [ (W 1 doniB20 the'f[)l(iggmg\lﬁtﬁ%mﬂl@ﬁ? the compolnd\Wf f&npR20;hae &cinula 23:
of R2, R7 and R10 is |ndependentI%VH al kyl, al kenyl

al kynyl, aryl, cycl oal kyl, grocycloal kyl, aral kyl,
al koxyl, aryl oxy, acyl oxyMe hal Nde,Nhydroxyl , anino,

al kyl am no, aryl am no, acyla Nho, | ar al kyl anj

al kyl sel eno, aralkyls ar yoserénd’® al Ith|o

aral kyl thi o, xJ 'Eh} oaryl, or heteroaral kyl ; R3
is H or R2 and'R3 oget her form a bond; each of
R4 and R5 |ndepend§- s H, alkyl, alkenyl, alkynyl,
aryl, cycloalkyﬂi nitrile, aral kyl , al koxyl, aryl oxy,

acyl o )\;%F aﬁﬂ ﬂe’ and % Al c[e¥'1|ned t%L %&Qilg; anarYyistdq!)r%; ora

aral k
pharmaceutlcally acceptable salt thereof.

In some embodiments of the compounds of formula 23, R'is H. In other such
embodiments, R' is COOR? or SO,R?, wherein R*® is C1-C6 alkyl or aryl-(C1-C6)-alkyl,
and each alkyl and aryl is optionally substituted. In certain embodiments, when Ris
COOR?, R? is benzyl, methyl, ethyl, or tert-butyl.

In some of the foregoing embodiments of the compounds of formula 23, R7isH. In
other such embodiments, R' is COOR? or SO,R*, wherein R is C1-C6 alkyl or aryl-(C1-
C6)-alkyl, and each alkyl and aryl is optionally substituted. In certain embodiments, when
R is COOR™, R? is benzyl, methyl, ethyl, or tert-butyl.

In some of the foregoing embodiments of the compounds of formula 23, X is CHa.
In other such embodiments, X is a bond.

In some of the foregoing embodiments of the compounds of formula 23, Y is O.
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occurrence is /4 w Al 'kenyl , al kyn H H
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het eroaryl, heteroaral kyl, whether alone or part of
anot her group, is optionally substituted; provided
wao bas/1odsen A is -N(R 13)-; B nust be -(C=0) -, BCT/US2008/056229
-(C:S)-; and provided that when Ais -(C=0O-, or
-(C=S)-; B nust be -N(R 13)-. In sone enbodi nents of
t he conpounds of formul a./15, A is -N(R 13)- and B is
C=0O. In other enbodjnments of the conpounds of,\fQrmul a
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tert-butyl. I'n some of the foredbing Henbodi ment s of 2nd

t he conpounds of fornmula 15, R11 and Rt2 are each H.
In others, R11 and R12 are taken {oge "er to forma
bond. In sonme of the foregoing, enhodi
compounds of fornula 15, R2 an
a bond. In other enbodlnent
sonme of the foregoing Vel
formula 15, R4 and
enbodi nents, R4 an oget her form=0. In sone
of the fore90|ng enmbodiments of the conpounds of
formula 15, R7 and R10 are each H In sofre of the

f or eg@idgeiepidodidreintally afcepthide sdwpounds of fornul a 15,

\fl\lho re 21 57%!6}8?@39%}%&_('}6{1% é?ce%t(ﬂjlﬂgéeﬁﬁgﬁglgtcg]&ﬁguﬁlh 9 B h er[esetn 1n'\iFnt10n
R Rk RBvenkiBna3 QombtioESts baleferi®g ahﬁnemumcs aftmfn’heacompounds
bond. In sone of the foregoing enbodi

t
(éfcgrrﬁ@@hléfgl t6¥1C pgﬁaﬁﬁmogmj_)@anpfmld% ]f_?r efceange 158 %)&Eeﬂmgnal nontoxic
%mqgélﬁﬁ!%rlﬁ&e dalveﬁgrrogfm%gm@ ﬁc1§i~%a¥9& hyadhehBiife, B2@obi®mic,

Kyl or ary ‘U% al ky and each al kyl and
anljuric, sulfapiq, @wph%ﬂcs%sq mpd fhebke; F“Pfj thg p3ltgjppppared from organic acids

t
%Ughﬂlag&Q %&Pﬂﬁ‘ﬁ@ NuBik S %Dm%gamc RRHc.insalie e, citric, ascorbic,

or tert-butyl’. In some of the foregoin
erl e, meitic hydiveymaeipalipeyasetid. ghuannig, beazoioKsiligyehiq, sulfapilic,

Ozt-ilcgtox%%‘ﬁ%é mﬁgic%ﬂ}eﬁesu%oﬁﬁ n?etlpaﬂgs%lfomc, ethane disulfonic, oxalic,

isothionic, and the like.

: %ﬁ t oget her form
®3 are both H. 1In
t he conpounds of
‘HH in other such

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

magnesium, and aluminum salts and the like. Representative organic amines useful for the
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of forrmula 15 is a conpound of fornmula 21: where R1,
R4, R5, R7, R14 R13 , R6, R20, and X are as defined
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opt i olvanpiersagbest.itheineantion proxides amathedpidER skt sondijiea prediated

B SRRy 0B A B s o

0]
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in%dgge@%aﬂf’vlfja%]?or A i&% %Sd?r}%ﬁﬁmﬁagrnﬁ]t% ik bfe@tkaﬁ%ffectwe amount

sone ore 0i ng
efh &dn;mand ﬂesoﬁbetdhlereﬂm rfﬂreum@nuixﬁn zﬂmmmaesza]meﬂwﬂ o rtmatng cancer in

are .bot at her.

lagw%]ﬁct 188841%?&?1813?8{;%0 aosugjlect aqhera eufiéatllﬁ f?cggfee gﬁgllo% Bfa
eﬂﬂﬂ%ﬁhnﬂﬂeic&baf helrdig mmmﬂ; mn‘lm:fe@nmetsa)f me]centm Berivgushystem
or Cl-C6 such

i b BT i B s

Grimin @Adkivhticalof ahydgeldd pa@iayah kyhtwnadidgrﬁaﬂxdhm&i &Kiyylpepradiferative
gé%l 'S optlonally substituted. In certai

hlgllﬁdglg S tERANg tp thediapess g co%nid gessgheﬂ/trerem in an amount

IIEItlei)éht' to SEdAH the Q€tivaBET oIkl MdgeHoB pa@HRY ﬁlfa del&f flﬁrpﬁ@@lt ng
nbodi ments, p is Oor 1 independentl e

o ccur Feanother 15hed GheINZERLIeN SFYEIT ARISHST t‘bt“?aé gg“bﬁcﬁ affligiad by
%gccetsﬂge dc l{,ﬁg@ﬂ Mdgéﬁev\gétﬁ@ﬁ‘} %Ihmthl'b%mgﬁ@ QUG s@frink @ Y k@bject at

ornu a 2 erein and X are as
desisi anegompeuntlgesetibed in3ny ahle qbqvg embeHMEAts,oF a Rharmaceutically

acceptable salt thereof, or a pharmaceutical composition thereof. In some embodiments, the
subject is a subject diagnosed with a hyperproliferative disorder, and in some embodiments,
the hyperproliferative disorder is cancer.

Svynthesis of Steroidal Alkaloid Compounds

The steroidal alkaloid derivatives described above can be prepared directly from
naturally occurring steroidal alkaloids or synthetic analogs thereof. In certain instances, the
steroidal alkaloid starting materials can be cyclopamine or jervine. These steroidal alkaloids
can be purchased commercially or extracted from Veratrum californicum.

In certain instances, the compounds of the present invention may contain a six
membered nitrogen containing A-ring (see Figure 1). These compounds may be accessed,
as described below, by oxidative cleavage of the A-ring of a steroidal alkaloid with a double
bond in the A-ring. Depending on the position of the double bond in the A-ring the site of
cleavage and nitrogen incorporation into the ring may be changed. In the examples below,

the double bond is conjugated to a ketone and upon exposure to sodium periodate and
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phosphoric, nitrjc, and the I|k
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Sefhd A Cihe galvbfﬁfﬁlaﬂnﬁere@ badfl aﬁalolgsﬁrﬁﬁ}} 6, acBRkddtby dyeloprapanating the
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uenesu onlc met hanesul f oni ¢ hane di sul f oni c,
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SRAnR URd$, Ofpil8oRlB58 5. 1-RLEBLES B MRY contain one or

1. Et,Zn, (ArO),P{O)OH, CHl,
2. MsOH

-

Ar = 2,6-dimethylphenyl

This ring expansion can be performed either before or after modifications of the A-
ring are accomplished. These ring expanded analogs may be further functionalized using a
variety of functionalization reactions known in the art. Representative examples include
palladium coupling reactions to alkenylhalides or aryl halides, oxidations, reductions,
reactions with nucleophiles, reactions with electrophiles, pericyclic reactions, installation of

protecting groups, removal of protecting groups, and the like.
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acidic functional groups and, thus, are capable of
form ng pharmaceutically-acceptable salts with

w@basesseut i cal | y- accept abl e bases. The term PCT/US2008/056229
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dl e X asa or exa e&% hﬂtyste?{]é:3 Q)hﬁf&l s SF&%{QQ)P (%g@ggt fled- release formulation;

At Ranor am n perazi ne an See, for
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the i nventi ceut

somprniEnt B sRE T 5B B R TREHLE Nop SGTRAE i L Bary, cream
abwis; yhadingenlys(6) aclmarke d )Wahddelartallb/e(zSSSpulmnmanly, or (9) nasally.
pharnaceutlc %b%ﬁ cce tabe exci |ent

as pec{ixane}:ﬂ%s ¢ a9 ObIF A4 pRadus %c‘taﬂgas \81%181% ma%Ee employed in

Maﬁha@@utﬁﬁmoﬁipeﬂtl&m 1ﬁdhﬁieh&¢kj@ﬁlﬁ@op polhstaysuct mgljwdromg
adm nistering tg a subject effec

PEPyis0R a8y R SRy BwiE IR 8 PEPIN andphis ke f?l@ﬁﬁeé%%‘“‘ﬁ?%e\?‘?"é gggetable

ileLALd ofile SNLAGANELRG iR RREJakREs pajiaAK. IPlﬁopar fluidity can
subject i ncl udi ng”admi nistering to.the subject

SF IuEntaines, TS LAEPIR Y éhedﬁﬁﬁ%ccﬂ"}ﬂn?d%%té‘i‘?lﬁ Sehrs ﬁf‘éithm bph%e
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a subject, including adm nistering to a subject a
Bh@mﬂp@utlcally effecti ve anount of a conpound
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hyq:b@icm i) IVmﬁ(ms ahmbaetenal and antifungal agents, for example, paraben,

chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include isotonic
agents, such as sugars, sodium chloride, and the like into the compositions. In addition,
prolonged absorption of the injectable pharmaceutical form may be brought about by the
inclusion of agents which delay absorption such as aluminum monostearate and gelatin.
Methods of preparing these formulations or compositions include the step of
bringing into association a compound with the carrier and, optionally, one or more accessory
ingredients. In general, the formulations are prepared by uniformly and intimately bringing
into association a compound with liquid carriers, or finely divided solid carriers, or both,

and then, if necessary, shaping the product.
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The compounds can be administered daily, every other day, three times a week,
twice a week, weekly, or bi-weekly. The dosing schedule can include a “drug holiday,” i.e.,
the drug can be administered for two weeks on, one week off, or three weeks on, one week
off, or four weeks on, one week off, etc., or continuously, without a drug holiday. The
compounds can be administered orally, intravenously, intraperitoneally, topically,
transdermally, intramuscularly, subcutaneously, intranasally, sublingually, or by any other
route.

The subject receiving this treatment is any animal in need, including primates, in
particular humans, and other mammals such as equines, cattle, swine and sheep; and poultry

and pets in general.
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POt FANS ull @00k KeHdptdialdgge85:@I6aITY), bleadtcatess (Kubo e al. (2004)

oxi dati ons, reductions,. reac Wi t h cl eo I

Cinies Rewarehionro i dts Fophit e 0gD lpbbe MebiGRt Plnd Biolosy and
NG biadih &t 1630 89f arﬂrh%ﬁ&tenﬁner Gh & PSi ckifc@ #P¥ad200f) ASCO conference,
protecti n&Qg _olmg and the |ike.Pharmaceuti cal

Gdepaist ¢ C%Gﬁ&féflﬁﬁ‘i?% di scl osed herein or salts

ther eef, dxay ngesnfla@lrrﬂ&ﬂac%ﬁ&%lbﬂﬁ)ﬁ OFfPlg'IH@cﬁeﬁémtlﬁdﬂytha@i)&n shown to
for adm nistration, usi ng one or nore 5) har maceut i cal I%/)

anfulipthalstoevtie af basalicall caxeiapma (SN anasn e/ s 200131 BNt H00: 161
Qrtﬂe%r ﬁ?bcf%%gﬁ C(%lern?a%@ 918 '2t0b? §§ieﬂ5@29‘pq 554 SP)' ﬁa{ﬂc%atlc cancer (Berman et

fornu
al., 2003 Nature 425: 846-51), gastrointestinal cancers (Berman ef al., 2003 Nature 425:

846-51, published PCT application WO 05/013800), esophageal cancer (Berman et al., 2003
Nature 425: 846-51), lung cancer (Watkins et al., 2003. Nature 422: 313-7), and prostate
cancer (Karhadkar et al., 2004. Nature 431: 707-12).

In addition, it has been shown that many cancer types have uncontrolled activation
of the hedgehog pathway, for example, breast cancer (Kubo et al., 2004. Cancer Research
64: 6071-4), heptacellular cancer (Patil et al., 2005. 96™ Annual AACR conference, abstract
#2942 Sicklick et al., 2005. ASCO annual meeting, abstract #9610), hematological
malignancies (Watkins and Matsui, unpublished results), basal carcinoma (Bale & Yu, 2001.
Human Molec. Genet. 10:757-762 Xie et al., 1998 Nature 391: 90-92), medulloblastoma
(Pietsch ef al., 1997. Cancer Res. 57: 2085-88), and gastric cancer (Ma et al., 2005
Carcinogenesis May 19, 2005 (Epub)). In addition, investigators have found that small

molecule inhibition of the hedgehog pathway has been shown to ameliorate the symptoms of
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for admnistration in solid or liquid form including
t hose adapted for the following: (1) oral

wa@eosniseey ati on, for exanple, drenches (aqueouBCDDS2008/056229

non- aqueous sol uti ons or suspensions), tablets, e.qg.,
t hose target ed for buccal subl i ngual , and systerri c

abs,or S, an

B%?gle% ot ab PP e Relgey TR 120D R pofh L e R e
@&{ﬁbd’ﬂlh&l dlét}lds@dﬂher&ﬁ Tha&)‘t@ﬂ@ bl@wnby n&dﬂ@ﬂd&l&l’l&ﬁg&pg pathway, and

i ntramuscul ar, intravenous | dural injection
e O RN S R T
s @infpRends@heesRefPidtadd VRt dfd)pdrpydlifeddive disorders, such as
application, for exanple, as a cream ointnment, or a

CRHUP GYICRE- T el ease patch or spray applied to the ski n,

(4) | PLhRYRIE BRbAYrs Hat b Heaetel Blihy the hREhoBX&BNbRd h@sina
pessary, creamor foam (5) sublingually;

oshidarling canger (ineladisgl enpthalllung @ncay anmlaﬁmaﬁlféﬂ bng cgpcer), other
gﬁi%@}!s O¥the%ﬁl{@gﬁ§ Q m%é&ﬂ%l%tﬁﬂyﬁfa%hegﬁﬁuf@ﬂé’éﬂy PPMPeatic

carriers e enployed 1 n the pharnaceuti cal
cmcpo basal @ﬁsancmohl@dﬁe%ma@ﬁer motizin eancerpol s Ny P pagyscancers,

g% C enrtegse?al Etrorgéi tl%ﬁ] %:[yl% %hd OEKBQII cxlﬁéeﬁy (quﬁ]eegagdrﬁﬁtggtma?t%t colon

e 'm xtures thereof, vegetab
@aﬂcsn, cﬁldfebtaHSln&Ir,l cweri:m dapceardngen Céamedmnst@plgam}@tem (mcludlng

h hyl ol
tﬁ{l%{nﬁélgr%a,fagﬁte Mf))&cq%&k%nhapgc% eellﬁ%e?éce/hg eﬁ(en%@ rl:hpoqnc

MBleRc @] 1Bukesiliks; bhrasic l@apHobytit, ledkymia Hodgqlmlymphomg aofl northHodgkin
required particle si.ze int | NS, and
BYMRhEa A r’@)‘f‘:ﬁ%waa%f Spdom ng”é%ytg%fﬁﬁ‘o SRS Bgar@enrsrttrﬁ/m al's

GiaEoRl oBulkindiy, ABAVS cBME Qisafe PoRSBIUERtcCH@SS, suoktl f1bl@sarcoma
agents, emul sifying agents, dIS ersin

PO PIESRRAs LIPosPraP Bt CB?ﬂdF??%CBQﬁ’toé COBEVY ’F?Pf% thB‘FdOfnﬁe

%ﬁ§1b§ﬁ?coﬁfa éHd@(h@ﬁ’JsQ@Bﬂn§ qﬁnﬁ%@oﬁ A0 RPUREiSoctll GBd1DSAbMa,
herein may be ensured g he i nclusi on of various

amdvisaes eroipeligmd. BRng's |lela1@é?ﬁagcomfaotlh ‘té&)gwmaécoma squamous
QQ]F( @'Q@lﬂomg I?)laé?ﬂ %%@ma RRARAGha, 384 bhér sRE Enced) BdehbB@rcinoma,

al'so be desirable to include isotonic
ageattg@ndsaremoms, ssbrgerus glasd dirainPepl Repillay caHwMahRaPllage

aaggn%c ;.IQ]%OI% J‘?tgéf{’lil'(-)&agaﬁomd eﬁgl‘fjdr)%]&ae anoﬂﬂ ‘Bk&l@ﬁ%‘émc carcmoma renal

sorption o I nj ecta ar rTHCGUtI cal Torm ma%/
el barrcmgtha hajprowrha, il thm carnl@bms,ucbm@ﬁrca@em s Mjfingsh embryonal

dc 'élﬁlcg%éma b\%}"l‘hﬁt tlur%gr %gr(\:fllcl al%%nc%t, lﬁ@n%&' QAI{EQ{‘ Eé§t]ic%?a[i @&&e@ﬂﬂdder

carcinoma, and other genitourinary cances, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma, pinealoma, hemangioblastoma,
acoustic neuroma, oligodendroglioma, meningioma, neuroblastoma, retinoblastoma,
endometrial cancer, follicular lymphoma, diffuse large B-cell lymphoma, mantle cell
lymphoma, hepatocellular carcinoma, thyroid cancer, gastric cancer, esophageal cancer,
head and neck cancer, small cell cancers, essential thrombocythemia, agnogenic myeloid
metaplasia, hypereosinophilic syndrome, systemic mastocytosis, familiar hypereosinophilia,
chronic eosinophilic leukemia, thyroid cancer, neuroendocrine cancers, and carcinoid

tumors. Additional disorders include Gorlin’s syndrome and psoriasis
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optionally, one or nore accessory ingredients. In
general the formul ations are prepared by uniformy

\?Vln? hl nﬁégé‘g(iﬂ}vﬁlg]t lsrt] ?th?&%lﬁ% ?@ys%ﬁ%lya EII!I gg aiIIlC g(lirgg prngates in
patiEdlf e maty, aRDéher rﬂi’mﬁinil&'lﬁi&h as Equiteseasiar ywinesdndphdary; dndeoultry
product . When t he conpounds di scl osed herein are

arhiety 18 €8s as phar maceuticals, to humans and

ani megig heﬁ?&M? kbR YR RSFin S4h K codtBindd with other cancer
phar naceut i cal conposition containing, for exa

apswenty. Horesammoqtheyrcap e cRmbined WSHegICd reaipaRit: © n%atf%l
%Q)t’ﬁera%éutﬁ:@ Qdth d0nfeRerds, c?t()lqﬁ@so up.gl %t&rﬂar@rpoﬂ)lnt@ffelﬁﬁ)z Uind tumor

to 15% of active ingredient in conbination wt
prrapsifoesar. hemdtbyricicaaprihificeors arnpepnal aeetieippyl 5’ and

1&%3}10%&81{11&@? aﬁ‘t%o'di‘é@ («el %:' 9K £41i 2 HriSi vk antlB(%n Pha BIRESN thdodtine

mposition be v SO as to obtain an anount
dferatply élnaltuthmg eeptmig hewicast, CWhP(LSIfPr@éS eftfogensi yelrqegnspRiKjaERatase

rl:)nmtleblto ang esttr%%%nstaﬁp %ﬁ tfaﬁlo%?ﬁlg ggl%glfécngr rrﬁarll\?tg%e%tgo?)l" %iralﬁ{H agonists

. 5. hgnsﬁﬁmm@@pvoh@ aaetatd),eanpatlﬂleg¢ns (@ befleehiletadiBicalutamide);

dosage | eyve :
N A R N R
€BPb oY LY Ph@tilota@ine sghefosersaizer Rm anilkeettoay-dpfocrellireA (2BA-2-
rout e of dd:?lm nistration, the tine of adm nistration,

EIAHAY; nd gheaQOPaPGUgEs or et abol i sm of the particul ar

CONMPORREMNE JTGhanRhayRdic sthrﬂudeégbﬁlcﬂilﬁheembﬁﬂltremfe taxol,
absorPtl on, the duration of the treat

R DB BRI Ay S e TR M e ST

\Mtlf(ﬁoﬁrge{% @ﬁﬂitincéﬂr@fpla@lﬁ'mﬁ&ﬁ i€ Rty lhe, frb@rtag e, e®Pisides,
wei ght, condition, general ealth and prior medical

IFSRiGPipne RO U BBITe Rtarbies. PR DS Bt DI BHA T JRE T Bl poidgrubicin.
\é‘ﬁﬁ]}oMMa&tﬂlOm%nr@Qlaﬁ%ln 3fﬁ1ttc§<antlrd'he%ﬁﬁﬁﬁ§hase aifgstiah| e
e

ose of a compound discl osed rein will be that
azmumneoaindtvm@r@@npoﬁﬁ@tlvmﬂ ggenfsdnclugie njtenge tnuwéié (e.g.,
cy%lé@{os%lﬁmg&é REQAHGE gtlg)rf](geslfa%? ?@ %ng%lglrl]ﬁ&a %gt%amég&? glg{‘rg?lghalan)
chixsspirbesde.gh oarmust@mECHIUl) ynd bmﬁtlnel(ﬁﬁNéD)e Abyisulghenates (e.g.,

\%ﬁ ﬁfﬁl ang t?(%'loséulga%nﬁ %Siaz%fles (QE Szpc:qpogﬂﬂéjﬁldftgrhoi’?ﬂ&ﬁhé)eﬁHEMnum

containing compounds (e.g., cisplatin, carboplatin, and oxaliplatin), vinca alkaloids (e.g.,
vincristine, Vinblastine, Vindesine, and Vinorelbine), taxoids (e.g., paclitaxel and
Docetaxol), epipodophyllins (e.g., etoposide, teniposide, topotecan, 9-aminocamptothecin,
camptoirinotecan, crisnatol, and mytomycin C), anti-metabolites, DHFR inhibitors (e.g.,
methotrexate and trimetrexate), IMP dehydrogenase Inhibitors (e.g., mycophenolic acid,
tiazofurin, ribavirin, and EICAR), ribonuclotide reductase Inhibitors (e.g., hydroxyurea and
deferoxamine), uracil analogs (e.g., fluorouracil, floxuridine, doxifluridine, ratitrexed, and
capecitabine), cytosine analogs (e.g., cytarabine (ara C), cytosine arabinoside, and
fludarabine), purine analogs (e.g., mercaptopurine and thioguanine), vitamin D3 analogs
(e.g., EB 1089, CB 1093, and KH 1060), isoprenylation inhibitors (e.g., Lovastatin),

dopaminergic neurotoxins (e.g., 1-methyl-4-phenylpyridinium ion), cell cycle inhibitors
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indicated effects, wll range from about 0.0001 to
about 200 ng, or about 0.001 to about 100 ng, or about

wO2®8%109329bout 100 ng, or about 0.1 to about I1POI/D#2008/056229

per, or about 1 to about 50 ng per kilogram of body
wei ght per day. The conpounds can be adm nistered

daily, every other day, three ti

ek RBRITY)- 6 BCRS e e e 2R MDAl Bgfhnyeins
(g |Bléiﬁ1t1}@1n zgl ]lcl!%oh@bﬂndﬂy arl1<d pepPmycinhandrddgelman(elye daunorub1c1n
adm ni ster t

S e ek B Rl SN, Sl

Rioxarflofie); MPIR {RIBLtd S YOb SeYapaiil), lradrt A"H’a@é ngivhotsiegy .
The conpounds can be admi ni stered or

thepyigarSinb lggqtynb, ﬂﬁl{lfl%@? i lfIBlHé(leld?, erlPBIB]o,ngﬁpg,m sorafenib, and
L ise %Bﬁ'ﬂolteﬁsonﬁﬂhﬁﬁm %’él&ﬁh@’ borRUARBE aneously,

I ntranasa % , by any other route. The
subj e¥ther é@élﬁd@eh% inhibgors ﬂé&lﬁiﬁ‘ér‘i’lﬂmiﬂsﬂrﬁ Adigfstegsg] in F?\mbmatlon with

B?]Eldtrealtrﬂ&ltsu Fuc'ﬂ%s R dlﬁ@lﬁﬁtﬁera éﬁtlpsa&rtvéflﬁl%@ﬁud?lmﬁ%eryatﬂg doses of

SucC as equil nes, cattle, sw ne and
sim@gent antheppy vilt in ra%dmpten@s bﬁlog\@hélmrhe VK ¢hpefdings dose for single-

%en h%g% 5‘5 ﬁgg&réﬁ tggﬁ‘écf 11%}1@1%‘0?@5%&1%% 'hQre[ﬁaiﬂM the second

ment, ta y 1n formation of
Itlefatpelﬁticgdgtentslgb mrreltavy to tLeOaslmmsteneé chube saore phtmirselgishloymposition,

si gnal d f
(??nw Ir]?'g%ufﬁ’]% ds ffﬁ{ nt gyystlci%g ?I\I/lle(:?.l &%W&ﬁitl{g% 'a&njﬂﬁﬁte?&pby
AYedrén kite s VEGIye xhiape Y (Sle&ﬁdlpplmdlcmﬁ 553 airmmletemdmhlly; whig the second
n a\ézgapﬁlecgt? a@g@#&a&t thgaeVgﬁ(gg]éfg :?l"\l}tta g%Frrr]rgg i%g %9 thg fiode adon@l’l]i%tration
Eﬁ&ﬂl@{ilﬂﬂﬁb‘ﬂ/{t} Ef :Idh[gm@tﬁdﬁﬂa@uﬂ@ﬁe hissible 0a eltk dame @hzﬁmaceutical
ecently, i as been re t t
REAGRHY. bAHNA) T KETURES GELtrCRRI SPbHAATES e paminisuation

C&A be HMCIARHR (X sBibBihed brotdcbRIBdwMNaL HE &rt,38d then Qﬁsedﬁl)pon the
and primtive neuroectodermal tunors of the centra

wbroy s tisys terdasrs medisef gEpinstratgn and iiggByr %&%@Fa“% gan be

dfieZﬁ@ 80 ea¥ngenLr ol 1 ed activation of the hedgehog
at hway - has al So been shown in numerous cancer types

s u ch ahe i@ dgehrogdnhibiton ard de iserend dievageysis Aeene ad/ee radiation may be
Bl?sg&%ggonc%g%ﬁlg iec g. ﬁﬂgfg{neé&ﬁﬁr g@@ntﬁh% @knultgl?eggﬁ) 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
therapeutic agent and/or radiation; and in other situations the second therapeutic agent
and/or radiation may be administered first followed by the administration of a hedgehog
inhibitor. This alternate administration may be repeated during a single treatment protocol.
The determination of the order of administration, and the number of repetitions of

administration of each therapeutic agent during a treatment protocol, is well within the
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Nat ure 425: 851-56) |ung cancer (Watkins et al. (2003)
Nat ure 422: 313-317, prostate cancer (Karhadkar et al

W@ 20849)98dat ure 431 : 707-12, Sheng et al. (200BJT/US2008/056229

Mol ecul ar Cancer 3 : 29-42, Fan et al. (2004)
Endocri nol ogy 145: 3961-70), breast cancer (Kubo et

I e LAy
80nd1tﬂo§%‘f B8 bhiie drdiepahsle ahd sekadd tﬁﬁﬁ[ﬁkﬁﬁc é@hcd‘dd{(ﬁ: kadmhon may be
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e dhafaahegoRatavay s Nasilde Mo&BO Wheteleteithinbd hdvah@geous, by the
growm h of basal cell carcinoma 5/8 WIlljanms, et al

Prougisrain of desecony thesngpiiq assRe/SHERdpRY ARHS BIn ‘51“%816 treatment
ég@&oﬁglcglg €297 . 1559-61), pancreatic cancer (Berman
2003 Nature 425: 846-51), gastrointestinal
ificai®er man et al, 2003 Nature 425: 846-51,
publ i she: db
S
cterenre tQ Watfeliavgngexagiples 2006 arpicinded worely fBI.LBIYM)S@S %fﬁﬂ“smﬂon
oSt ate can
BEo5E Sof e bITROAS BAhe By B iR arble fofiied i i
claraemtibypes have uncontrol |l ed activation of the
hedgehog pat hway, for e I breast cancer (Kubo et
al, 2004. Cancer Resear?ﬁ%!ﬁ%on 4), heptacel | ul ar
cancer (Patil et al, 2005. 96th Agnual  AACR
conference, abstract #2942 Si i ok etl al, 2005. ASCO
annual neeting, abstract #9 -hemat ol ogi cal
mal i gnanci es (\Wat ki ns ang i%, unpubli shed
results), basal carcing E§ale & Yu, 2001. Human
Mol ec. Genet. 10: 757-968:Xie et al, 1998 Nature 391:
90- 92) medul | obl ast oma ( Pi et sch et al, 1997. Cancer
A57: 2085- 88), and gastric cancer (Ma et al, 2005
CarC| nogenesi s May 19, 2005 (Epub)). In addltlclsuznN
i nvestigators haye! Ko that small nolecule ., "
i nhibition of theihpdgehog spakhway has been §h
anel i orate the_dymt ons of psori asi s (Tas, e ‘
—126-131). As shown in e~exanpl es,

ed;gehog pat hway, and ¥& ected conpounds

{] ﬁ\éreeggslgp%rg%\:l\g&ié@z %,ﬁgi@bninglolt, P.H%crl) \gartso&{\gs&'ved 1'i1 ainﬁ'ydrous 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 of crude material which crystallized from toluene/heptanes (1:9,

70 mL) to give 6.75 g of the desired product.
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t hese conpounds can be useful to treat a variety of
hyperproliferative disorders, such as various cancers.
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met hods di scl osed herein include: |ung cancer
(including small cell lung cancer and non snall cel
l.ung cancer), other cancers of the pul nonary system

| obl ast oma and ot her brain cancers, pancreatic
cancer, basal ceIIC@ﬁrcinona, breast cancer, cprostate
cancer and ot her gg rinary cancers, %
gastroi ntesti nal H | evtrumoIPCGEST) and

cancers of th ol nt @St fHahypthyact, co ancer,
col orect al % ovarian cancer, ca pt the
hemat opoicebf sten1(|nclud|ng nuk%b elona

acute | ymphocytic®l eukenia, acute nyel ocytic | eukenia,
chr 0nBﬁ(m&mﬁw!ph@nﬁ)@u@Huam T, @0i1GnihyInp b@)&ydsldﬁssolved at rt with

| eukem a, Hodg nphoma, and non deg I
aﬁdeéPEMéS&ralsﬂné aéfgﬂtrapeélr@;o Ak vﬁ@gceS TR der high

Vadudenst 1om PreBcd Qad ﬁ%@nﬁ&ﬁﬂ‘]ﬁIM mﬁﬁﬁﬁl) @Rad1ia dlem@BEMoON
soft-tissue sarcomas, such fi brosarcoma
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angi osar cona, |ynphangi oendot hel i osarcoma,
mghcywlmnafor h2B.oTheedried fias-CExnpnaggcied cymgnamine was dissolved in

A PRy | ARRF BT AR ORTR:, SRR SO e

Skargecb\mdc@ethylzmd €hatar2didnomal, 2 §Wghtﬂ7g|fhﬁ@w¢saqe@1pd1 ¥itha septum
d ;

%g%?l%%gé{fg g 8§ bco%r ThOAR wﬁipaal:d Ha¥s acﬁfllgbﬂ]m éld cflarﬁed with

car Cl nonmas, enocarcli nona, ne
@lﬁlliﬁl'tdm@ MEGM bS’(DrﬁEh((Fgﬁkl Cq. ElasrkclB manai,ded gnahnmed tb flask C over 15 min.

rci noma, hepa bi ct c 0
s g prOac e ot oner Lt yEHER"BRan wanebi g Flsk A
th B nsfERIIMS 68 lreacBACRRIsk Oﬂlﬁfanﬂela oadrdOmint @Bd feaatloawas stirred for
cancer, bl adder carC|n and #herhgen

@A AddEonal s mimEsylape lélélrsgglﬁlyrpélzy SR IUtign ¢ 59: grgﬂg%e (1.78 mL,
e dUhhObb ag) TR 2 Rt 9 iEk M AThe R cti @PeRAYIBweEdto stir for 24 h. The
pi neal oma, hemangi obl ast oma, acoustic ne

éﬁcg@fd@ﬁ%fi"@@?heé Fﬁétheﬁéﬁflﬁ‘g?f&ﬁtur%@iﬁqé}ﬁ?"ééﬁ@%ﬁsomuon The layers
rv@erré ggaéﬁ tam'a a@f&g&r‘i%éré Rbre @)m&act&pxlvitﬂl D@MrThe combined

ma, diffuse |arge B-cel g%:ona mant el |
4Cl solution (lx) S NaHCO3 (2x),

organlc layers were washed with saturated aqueous
10% Na,SOs (1x). The organic solvent was dried over Na,SOy, filtered, and evaporated to
dryness to give a foamy solid. Purification by flash silica gel chromatography

(hexanes/EtOAc 95:5 to 8:2) yielded 3.8 g of the desired material.

Step C
Cbz CbZ\N
7 H)D‘ 2, H)SD‘
-'I x O'—’H NaOH o . o) 'fH

CbzO'

; [
b Peo

A round-bottom flask was charged with Bis-Cbz-protected cyclopropylcyclopamine
(2 g,2.88 mmol, 1 eq), MeOH (15 mL), and THF (5 mL) and vigorously stirred with 2N
NaOH (2 mL) at 55°C for 3h. The THF and MeOH were removed under reduced pressure
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| ynphorma, hepatocel lul ar carci noma, thyroid cancer,
gastric cancer, esophageal cancer, head and neck

w@avsre982smal | cell cancers, essential thronborgI/O8200%056229
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swi ne and sheep; and poultry and pets in general. The
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bi ot her apeuti cs a "n
Interferon a, |

SGC s hblgbbenens, cyth
eryefon g, and tunor
factor, he ic growh factors, ,
ser ot her apys~&acci nes and i nmunost i rgs )
anti bodies (e.qg., sAvastin, Erbitux, thuxam and

e SRS B bR SAPSLLE BB b«

arofmbes eq), ANOBuIQI 3)g; 5. a@ himoe Sit4 @gernsleniee(sg mL), and 2 butanone
TanDX|fen Ral oxi f ene, estrol

Sts
6@ 1§L) B@g)@lxgqu Y.iaséﬁate@_ étu7;§r 8| uin & Ao{cfglf @e) e reactgon was quenched by

A AdciRBH bPALRBe &8 209% Rdchdlfe@Rhid 1@ . Bhé Bipbdsthtlele was stirred at
gene t her apy; bone nmarrow tr ansE‘eant at i on

ﬁﬂ‘& foriyamn. cTheHwierpY e sqpataigd ang B pasops Ry (eppxiagied three tmes
I@ ACNS n@?l 1Phﬂ1te‘2§§19§1b& 51%%10 g%/ié;r&\x@fbdwashed with 20% Rochelle's

oxy- hypocrellin A (2BA );
chle rdntme‘rea N@L&Omfslter@( amﬁkﬁoeigen@ﬂteé Ffé‘i*?ﬁlﬁqfi%\aﬁéﬁﬁé’lﬁuf“&?s%swe azeotropic
Idrg% 1&9}%5 g/?tﬂ?l%éeﬁgg NPpe cqﬁ&ehﬁﬁtér%ﬁ %?g rtf@&%mg silica gel flash

‘hi oguani ne Xyur ea, ~cyt ar abi ne,

cttmhtapigu@ph dwa:tes/Et@@s‘fr émoc#éfordrﬁ59 ﬁl@&@f&h@%lre@@@%t in,

platin, mtonycin, dacarbazine, procarbizine,

si des, prednisol one, dexanethasone, cytarbine,
canpatheC|ns bleoﬁygln doxor ubi ci n, idaruﬁﬁ LQ,
daunor ubi ci n, dact{>o FTi Ny naB) eV CI N, n1t@x§£§rbne,
aspar agi nase, aFL i ne, 2 WBHtr i sti ne, ‘
vi nor el bi ne. i i

-e.g.,

The enone derivative (350 mg, 0.63 mmol, 1 eq) was dissolved in +-BuOH (5 mL)
then a solution of Na,COj3 (100 mg, 0.94 mmol, 1.5 eq) in water (5 mL) was added. The
mixture was heated to 80°C and charged with a solution of NalOy4 (0.94 g, 4.4 mmol, 7 eq)
and KMnO, (7 mg, 0.043 mmol, 0.07 eq) in water (5 mL). After 60 min, the mixture was
cooled to rt. The basic mixture was acidified with 2N HCI, and extracted with EtOAc (3X).
The combined organic layers were washed with saturated aqueous NH4Cl, dried over
Na,SO,, filtered and concentrated to dryness. The material was chased a couple times with
MTBE. The material (373 mg) was dissolved in toluene/MeOH (10 mL; 4:1, HPLC grade)
and treated with of 2M TMSCHN; in hexanes (630 uL, 1.2 mmol, 2 eq). Bubbling was

observed and the bright yellow color persisted. Nitrogen was bubbled through the solution
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cycl ophospham de, ifosfam de, trofosfam de,
chl oranbuci |, estranustine, and nel phal an),

woRGB0ewseY eas (e.g., carmnustine (BCNU) and | oneGIL/USm08/056229

(CCNU)), al kyl sul phonates (e.g., busulfan and

treosul fan), triazenes (e.g., dacarbazi ne and

termzolomde patlnm ontainin e.

hea flespiupon wat apTLRse GO | Bpdeifsn T (B s puriied

ail diRd0g] ﬂ@hghﬁorrmtdgmphss {icRénes HiOWY 2553 ione]) tvamesmmslred
Vi nor el bi ne) tax0| ds (e.g., paclitaxel and

%@Qﬁla%&l"ﬁhlteé%nb% Bl 1ins (e.g., etoposide,

tgpigposi de, topotecan, 9-am nocarrpt ot heci n,

canptoirinotecan, crisnatol, and nytor&/m n O, oz

anti - met abol i t e®;, DHFR i nhi bitors (e. g N thotrex

and trinet rexat, : dehydr ogenase— IW

mycophenol i ¢ d t | an@huratnag, '

ri bonuct oti 3uctase nhi bi t o

f Yizne), uracil anal u@- g.
floxuridi g# dOXI fluridine, ré&tilt exed aChdH A
capeci t abi ne),” cytosi ne anal ogs (e.g’, cytarabi ne (ara

O, CYhOSIRuid ADBNAg), 0e mmasldl éd)w@aﬂamlm)m Me@H (SemL) and

s b DEe RongtL e iBRed noTHaR 154351 me

108Q31, 10 &R @PoH3at TR, Nmnoksz {60054, 8- rfmol, LOMPSHaahdde to the
dopam nergi ¢ neur ot oxi ns

IeWw;ﬁqe,Wﬁwqr@p%pm (? 6‘?‘5 st1rr@g fqr 4&}/ Sittarated aqueous NaHCOs

W0 LRt QRS VROV waskhi RNEPSRRY tel6ed pRGEUr& OTHEGEdIGue(Was @xtracted with

actinonycin D and dactlnony0|n) bl eomyci ns 6 9X

FH@3yAIn The corbiesshyeanie IBFers wrvd “HRIHOTINN2OH (PX), then

?&%éﬁ[e%%ﬂd E@? & % ’layg@ WRAfH gk‘pﬁllaﬂ:d FRXSetRE BiyEt was dried over
ra arubicin,” epirubicin, "pirarubicin,

266 3Mi, Gltered. and ccmctmamdtup diyeyss. UDROTH¢ringPEa (57 (1ag)gyas purified

;ﬁ%’hg@gsrﬂ s11}c’a ﬁ%at‘?ash AE%I- E %ﬁt%gllaplw @E (ﬁés?Et(ﬁ\cq :9 to 100% EtgAc) to give 5B-

H and BVCRR)H

dom de, lenalidom
e¢duotd 1|a¢tlml (@aﬂhg tompdund 8bfadibwed by S(amdumirhMarm(SB mg gempound 9).
r ot easone inhibitors, including bortezom b. Wen the
hog inhibitors di scl osed herein are adni ni ster ed

i n conbination vvltl‘?bzq% her treatnments, such as
addi tional ther apeu. or with radiatio
'

gery,
the doses of eachs nt or apy Wil i St “coz
i nstances be o@ ¥ han rhehggg%regp ondi fi—dose for

éy. Al 'so, in generj He hedgehog
i nhi bi torsdd i bed herein and the §econd therapeutic
agent do not have®to be adm nistered in tfe same

phar mc&%}ehQ%%°@%HB8ﬁ &P c%ﬂl’pound 9 (82 mg, 0.15 mmol, 1 eq) in anhydrous
DCM (3 mL) was treated with BF3-OEt, (55 uL, 0.45 mmol, 3 eq). The mixture was stirred

si ngl eagent @

at -78°C for 15 min then warmed up to 0°C and stirred for 30 min. The reaction was
quenched by the addition of saturated aqueous NaHCOs. The residue was extracted with
DCM (3X). The combined DCM layers were washed with saturated aqueous NaHCOs3,
water, dried over Na,SOy, filtered, and evaporated to dryness. The crude material (71 mg)
was purified by silica gel flash chromatography (hexanes/EtOAc 1:9 to 100% EtOAc) to
afford the desired 5o-reduced lactam product as solidifying oil (48 mg).
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and may, because of different physical and chem ca
characteristics, be admnistered by different routes.

wo-o008a0mapl e, one conpound can be adm ni st er edPCY/EE109§/056229

whil e the second therapeutic is adm ni stered

i ntravenously. The determ nation of the node of

gdm’ nistration and the advisability of adm nistration,
possi bl e, in the same pharnaceuti cal

conposition, is well w thin the know edge of tlhe

skilled clinician. Th¢ bnitial adm nistr tlg can be

made according toyes] ooyt he

art, and then, ed porr—t—he—observ o _EfY ex

dosage, nodeg @dm ni stration and t|

admi ni st ratdogzean be nodified by ¢ &isKil | ed

clinician. The hedgehog i nhibitor and theisecond

e AP 3P R AT B0 A DR P AR S and

concurt entl . S1mul taheo essenti a

ﬂ*emxi tvalm Ed)’ﬂ?sﬂ()% (@rmg\a W AldnhleDsm typeeBtQidert03p% dt©e dihy flask

ial fol.l owe
gzﬁs 6&:6.&3 3R Purtg?cif%{t‘t? Wdrd en ) ange u\“f\%dgfﬁf’) Yo %E&S% Qﬁl{ of ﬁé}'dfo%en
trhe matird veas Giftert & em@rghlaldmatom@crddmmex tct glee ftﬁmgj pf ¢rode
of the patient, and t 9 choi.c )
P i Ea R SN g i S P obl BT g2®
hffoldb@2d01& ?@epmgmafﬂmlaM[M@H] —and4tbe). second t herapeutic
agent and radi ation are n t, adm ni st ered
si mul t aneously or essentE—’%‘fliﬂgi‘si mul t aneously, then the
opti mum order of adm nistrati on nay be different for
different conditions. Thus, 1xcent ai dlsituations the

and/ or radiation; and @ her situations the second

t herapeutic agent andfoxrtradi ati on nay be adm ni stered

first followed by the adm ni strati on of a hedgehog

i nhi bCompounidil gvag synshasizedacganding 18 fhem%ﬁurﬁﬂwﬁ‘@ﬁd in example 1,

I i I @BNG tocol . The

e@g?%gﬁoagggﬁﬁg%&ﬁcg%kgﬁi 9ggtsadm ﬁ?%?r ation, and the
nunber of repetitions ofEsdmlad strati on of each

therapeutic agent during a treghm , 1s well

Step A

1. EtyZn, (ArO),P(O)OH, CH,l,
2. MsOH

.

Ar = 2,6-dimethylphenyl

13

To a solution of diethyl zinc (572 mg, 482 uL, 4.63 mmol, 3 eq) in DCM (5.0 mL) at
-20°C was added a solution of bis-(2,6-Dimethylphenyl)phosphoric acid (1.42 g, 4.63 mmol,
3 eq) in DCM (15 mL) while maintaining the reaction temperature below -8°C. The solution

was aged for 15 min. at 0°C, neat diiodomethane (1.24 g, 374 pL, 3 eq) was added, and the
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adm nistered first, especially if it is a cytotoxic
agent, and then the treatnent continued with the

w@cwsnisey at i on of a hedgehog i nhi bitor foll ovwed/ustives/es6229

det ermi ned advant ageous, by the adm nistration of the
second therapeutic agent and/or radiation, and so on

unti | thetrea i s
EAREHS I P PO e BTN Bt 0 Bl faytopamine
d@sGr i.5eshnol,t1.0Md) |l in DEMDIOENL L aIdlle|cyolmgdﬁﬂ18)t/a3®€blet¢yd by a water

reference to the foll
Pl PR T IN RT T oSS T IS Y EPRE [og 0 Gy vith  dry ice-

GEESRIbANANP BEH S @B wRERAU eRnSsubbnit Aeid ﬂH(B\& eéltition (0.6 mL 50%
invention, and are not intended to limt

vivektiph63 MRt Gea) Wile MANtEyes BsaTACHEn @me%aw Bylow -74°C.
Pe gmﬂ?@ was gr%:g f@[ql)S YPgind hmleﬂc%% ngop %ﬂ%ﬁﬁﬁ&gﬁéﬂ[ﬂe(@ Beg,

ng, 2.44 mmol,
t2r7D etlh ) ea)rmmeta(nslgehmacteg telnmﬁwre bgoy - @iqu W ecoligg bgth was

%J@M"‘?ﬁe RYcef3h ghﬁg fe, aégtn@ecgfor $Q14n. W{ﬁ@ Iwh1t§ pl?ecﬁagate ARdfiltered off,

e m Xt ure was at 400C for . m Xt ure was
enxbthe rﬂllttame wis, sutqessteddwgshedwil 2 9im Wé?tl é?ﬂs 2@1@%\/& satdt wdiyer

eo | Ut .
RRIRAELEPUP EPLMLED: AL UENER (L E00L o5 006h il
fmalghesaini ifatet dvacdrnitdated rin wke towbrgnesasidel widewpautifiechly silica gel

f ter (3 f .
S ety S A ORR  EP LRI pBh o S8 ot 38t of
e sirelphepicanes (1:9, 70 mL) to give 6.75 g of the
desired product. Step B

, 6- di met hyl phenyl ) phosphate (6.76 g, 22.1 nmol, 3
eq) vvas di ssol ved atz rt wi th anhydrous DCM (50 and
azeotroped (2X). Th lting solid was pl ace r
hi gh vacuum f or :h he_sobPdiah-Was suspend d 'H
(50 nmL) to yigeld cfear sol ution (Flask
pr ot ect ed om@jn ine (5 g, 7.35 mol,
di ssol vet:of ahydr ous DCM (50 nlL) I~dze roped (2X) .
The resulting whi'te foam was pl aced under

To a solution of compound 13 (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 an atmosphere of hydrogen for 1h. Neat ethylene diamine
(0.38 mL) was added, and the mixture was stirred for 1h., before the catalyst was filtered
off. The filter cake was washed twice with EtOAc:toluene (2:1, 12 mL). The combined
filtrates were washed with a 2% aqueous solution of ethylene diamine (3 X 20 mL), dried

over sodium sulfate and concentrated in vacuo to give 2.46 g as a white crystalline solid.

Step C

H

HN
‘r,, 1. Al{OBu)s, 2-butanone

14

A round bottom flask was sequentially charged with the homo-allylic alcohol 14
(7.50 g, 17.6 mmol, 1 eq), aluminum fert-butoxide (6.10 g, 24.8 mmol, 1.4 eq), anhydrous
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hi gh vacuum for 12 h. The dried Bis-Cbz protected
cycl opam ne was di ssol ved in anhydrous DCM (15 nl)

W@ EloagbesB) . In a glove box, a flanme dried 500 PAT/UE8%056229

was charged with diethylzinc (2.63 g, 21.3 nmol, 2.9
eq). The flask was sealed with a septum and taken out

of ef&? ?1&3 (T%/IC) E%{,:é gzel-i]m%"% @;lr(gh m% Bﬁi al%gﬁﬂ %%géﬁ_?&?lﬁvas eated under

Qntro%&rﬁe&iﬁo@h%&o astdeaer M 1@ TiRneddtion tempblaaskwts thmeﬂlo%d to cool
The reaction was allowed to stir  at

1 1°C ARGt S orgra st s i Ged el daded to he

Etﬁﬁ{@l%tlﬁfeﬁﬁgl thelshe it AsQbintd ﬂ&kfo@S Wiha Tha Myl ave@élﬁparated
The reaction was stirred for an addi

fﬁl%or@é@a lay privgsi wisedsiftoaapegps RAZ Raghelieq\al 61 & ?(b‘ﬁ‘%) and water
@2‘591%”&1%@% dvir OBivsulfd-add BTEEd. PheB@didiasasdsdviat toluene

rt over The reaction was allowed to stir for 24
k3O rfrh)eansielssearﬂ@fh Thesoghiead Hraanipyy W e 6OtsaFA§dgA dpnesy. Residual

‘?e%%t!rlc;nastogg RAUS NHAIm 30 lrﬁﬁ'iérigpby %ﬁ@enltﬁﬁﬁ?gr fPorMpFopanol

ar at the aqueous | ayers 'were back extracted
\l\ziOhnID@ded ]Shmocmb roerdifind prdvtion Thasy efr &t SweYodvephaisbanefTER
sat ur at.ed u %
DouEYEE s R i saddiidofisdyd b QRRDER G & ful
INee2piddted thieldtered ghrodactd The/ apparratoadvats dﬂ@tﬁ«sywels sdctl@orgl N-bepgane

oI| Pur j onb fIa I|c

B i o bR LR i1 §E3 Pl gy @7 mb)
gn@ﬂndthaﬂaﬁlsrzlegiomé édsirad pro&itoep C 4 5 A round-bottom
fl ask was charged with Bi s-Cbz-protected

propyl cycl opanmine (2 g, 2.88 nmol, 1 eq), MeH
(15 m), and THF (5 m_) and vigorously stirredswith 2N
NaOH (2 nL) at 55 h. The THF and MeOH'Mene
renoved under redug ' Nas

gghd the reg
extracted with %L%eeenbm [0 ic layers
wer e washed 5Fi ne, dr| ed over 780/ filtered,
and evapor atog g dryness to give @ igol id.

Purification by flash silica gel chromatography
( hex anesiE-@NomFlakk tvas Sla@edtv\othatafﬂmgdnalerlal 1@fm&’ &6 mmol, 1 eq)

%relfcf '160? pall 1iuenli l)r{fl Icarbon (“? 86 mg). The solids were suspended in pyridine (4 mL).

The suspension was placed under hydrogen atmosphere (1 atm) and the mixture was stirred
overnight at rt. The reaction mixture was filtered through celite and the filtrate concentrated
in vacuo. The crude material was purified using silica gel flash chromatography

(MeOH/DCM 5:95) to afford 93 mg of the desired compound.
Step E

A round-bottom flask was charged with compound 16 (4.23 g, 9.94 mmol, 1 eq) and
THF (60 mL). Triethylamine (6.92 mL, 49.7 mmol, 5.0 eq) and benzyl chloroformate
(1.54 mL, 10.93 mmol, 1.1 eq) were added and the mixture was stirred for 1 h atrt. The

reaction mixture was partitioned between saturated aqueous bicarbonate (100 mL) and
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5 6 A round-bottomflask was charged wth

- Cbz-cycl opropyl cycl opamne (2.3 g, 4.1 mol, 1 eq),
WOR(SBIs28 (1.4 g, 5.76 mmol, 1.4 eq), tol ueneP¢B0OSL§/056229

and 2-butanone (30 nL). The m xture was heated at 75

OC under Ar for 1Ch. The reaction was quenched by the

addj ti 20% |
PAA A A5 S0 O BB b L
IhRehAYRNS dWRER. TRPAUA @bkeBdl Gvab benfaaqlusmgsmlcagﬂ rﬂaybas

extracted three tines w c/to 1:1). The
S SIS T ot AN B
Bepltel | e's salt, dried over Na2SO4, filtered, and
concentrated to dryness by two successive azeotroplc
distillations with hep es. The crude nate | was

purified using siN ca’g |
(hexanes/ Et OAC 4 4‘ afPoFg 869 ny et r ed
ng, 0.63

product. Step fe—enbne dérl vat |
mmol , 1 eq) @Q’f Ssolved in ?- m_) then a
solutlonO‘ 2C0O (7100 ng, 0.94 nmolt 1.% eq) in water

d t 0
Char oba “Ried] S5 ol Stk gy by S ugpeed
@\ﬁ]t}l h@%ﬁlicﬂbﬂﬁéﬁg h§drotgoridd. (M4BmpztoimoD 6@4), G@urh acewat €160 (i,
er mi xture
abiel st oo e ierd o M onsher i L e Fugr
Wab Bp1febédeed BedAc ahb &ato (0 IﬂBdiler gaa btgaﬂuamléﬁwiweﬁaehed with brine
washed wi th saturated aqueous

I
KebydriedioperepdigmaHHate, &ﬁe é?ftCF%Ifaé‘Hl g WEW ﬁeégjge % crude product
22218 ﬁﬁﬂﬂ@éd t}(’s\@ﬁlcﬁ BASBnAEPIHRY CothdrMBan¥d 1 B>MIBE giTd1893 mg of
mat er i al ng) was di ssolved in tol uene/ MeOH (10
m&lmriglsl HPLC grade) and treated with of 2M TMSCHN 2
ighftgxanes (630 nL, 1.2 mmol, 2 eq). Bubbling was
6bserved and the bri ght yel |l ow col or persi sted.
Ni t rogen was bLﬂTm ed through the sol ykionthen thaHN
sol ution wa rated to drynes X\ The cr de”

mat eri al M NHed u
chr omat ogy & CF
t he des r*raterl al as aoahi
) 18 AN—8 12 J H 19

Compound 18 (50 mg, 0.087 mmol, 1.0 eq) was dissolved in dry pyridine (1.0 mL)
and at 0°C treated with methanesulfonyl chloride (20.0 mg, 0.174 mmol, 2.0 eq). After
stirring for 2 h, the solution was warmed to 1t and treated with SN sodium hydroxide
(0.3 ml, 1.5 mmol, 18 eq) and stirred for 1 h. The mixture was split between EtOAc
(30 mL) and 1M aqueous hydrogen chloride (15 mL). The organic layer was washed with
water, washed with brine, dried over sodium sulfate, and concentrated to a clear oil. The
mixture of lactams was purified by silica gel chromatography (80-100% ethyl
acetate/hexanes, then 1% methanol in ethyl acetate) to afford a mixture of the lactam
regioisomers as a clear oil (34 mg, 68% yield).

The product carbamate lactams were 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 3 h. The mixture was then sparged with nitrogen,
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The conpound 7 (237 ng, 0.4 mmol, 1 eq) was dissol ved
in MeOH (5 nL) and treated with NH QAc (1.2 g, 16

wOonmB/109% eq) and sodi um cyanobor ohydri de (251p@myUS2008/056229

10

15

20

mmol, 10 eq) at rt for 3h. Then, NH4OAc (600 ng, 8
mmol , 20 eq) was added to the reaction m xture, which
was vvarmed to 500C and stirred for 4h. Sat

Al oo >3 B A PTG Slse bt €l pilgepe o

%%%ﬁﬁféd BY &3isH §e§ fladN @SBRSSy NOS LaXITGEIR dydmbilhe/ﬁzd%c
he” conbi ned organic |ayers were washed wt

WQH/PCM) andrlempus it HerRIRIEEN A9 o epRdR off it Waﬁﬂé/Pgnhzed
o Hof L affdi8 2 A19AR R b SIpati@sl 168btdrRd a PV Rhite powder

%ggfd@{wﬁ&%red and concentrated to dryness. The P

¢Pudg ﬁ%ﬂé}?é‘}l((l%ﬂ mg) was purified using flash

silica gel flash chromat hy (hexanes/EtOAc 1:9 to

100% Et OAc) to give 5b- %d | actam (82 ng conpound

8) followed by 5a-reduced IactH'Yn 89 n@, conpound 9).

p~of conpound 9 (82 ny,

(3 nmL) was treated

0.15 mmol, 1 eq) in anh '
wi th BF3- CEt2(55n1_,1N. qmol, 3 eq). The m xture
was stirred at -78C 1 mn then warnmed up to 00C
and stirred for 30 nfh tThe reaction was quenched by
t he adéinpda 19fvas atads adigOpracpdees siniNaHGase déseribeglsn Byanple 3.
was extracted with DCM (3X). The conbi ned DCM | ayers
were washed with saturat ous NaHCO3, water,
dried over Na2SO4, filtered, age~evapojated to
dryness. The crude nateri a TINg) was purified by
silica gel flash chrorrato p lQhexanes/ EtOAc 1:9 to
100% Et OAc) to afford ‘-' red 5a-reduced | actam
product as solidifyifg dil) 148 ng). Conpound 10 (42 ny,
0.075 mmol, 1 equiv.y w&s dissolved in EtOAc (3 nl)
%@egl&reated with Pd/C 10% (8 ng , wet, Al drich Degussa
ElA lot 0833 IKC). The flask was seal ed and
purged with hydrogen (; and stirred for Ci -t under 1
at m of hydrogen. The~pXxtxte was filtered«tNrdugh a

0.2 micron AcrosD g 1t ercedcOnegi ve 46 t/icrude
material . Purifidal by siTica ge

chr ot ogr aphy (BN
of pure mat et
Compound 15 (2.0 g, 4.7 mmol, 1.0 eq) was dissolved in DCM (20.0 mL) and THF
(20.0 mL) and at rt treated with triethylamine (3.3 ml, 23.6 mmol, 5.0 eq) and Cbz-Cl
(0.73 ml, 5.2 mmol, 1.1 eq). 4-Dimethylaminopyridine (50 mg) was added, and the mixture
was stirred for 60 min at rt. The mixture was split between EtOAc (200 mL) and 5%
aqueous sodium bicarbonate (150 mL). The organic layer was washed with brine (50 mL),
dried over sodium sulfate, and concentrated. Purification of the residue by silica gel flash

chromatography (5 = 40% EtOAc/hexanes) afforded the desired carbamate as a white
foam. (2.4 g).
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Exanpl e 2 Conpound 11 was synthesi zed according to the
procedure described in exanple 1, using conpound 8 in

wWEk@srowstd conpound 9 in steps G and H Exanpl ePGI/Us2088/056229

solution of diethyl zinc (572 ny, 482 nL, 4.63 mol, 3
eq) in DCM (5.0 nL) at -200C was added a sol ution of
bi s- (2, 6- D net hyl phenyl ) phosphonc acid (1.42 g, 4.63

. 3 eq) in DCM (15 nL) while maintaining the
reacti on tenperat urech Iow 8C. The sol utI@PH s aged
for 15 nm at 00C, ngs "y
3 eq) was added, gr ‘
at 00C before 4di\
(Bi s- CBz-cyc e, 1.05 g, 154 i1.0 eq), in
DCM (10 nlL)o”>Fhe cool i ng bath widvrepraced by a water
bath at rt and mai*htained at rt for 4.5 ﬁ The mi xture
was coehgshnt Q0 (2000 mé, toh36amdmy1 Deqpe et disselvbdinEt@RA3.0 mL) and

treated drop, wise with anesul fo ac

GG SRTY e s UG E O Pa T A 1 5 hgmol

‘_6|_'fr(]')| éq?aﬂﬂ?ﬂbﬂfﬁlﬂi debiag (I’{;ﬁ?g ,2aChinol ctegPRHeatikfue: el leuved 740°C for
e mxture was age or 0 d d

DS Fhan e e, 2050, ST 5030 T A0 QUTTENPS AL P

MRENGA WMsRE W RELERAES P diSlBRr 88d#ii8 stIel®whd &tentrhia to give

cooling bath was renobved, the reaction m xture was

#hei qrinaei2F ara wigtergam, (202 Wg)whi t e preci pitate was

\ngjr%ered off, and the filtrate was successively washed
2.0 HO (2 x 20 nmL), satd. sodi um bi carbonate

(2 x 20 rrL) wat er (2 §%N 0 mL) and brine (ZQH 1

was then dried ove ¢
"’HC r pﬁﬁéozﬁﬁ‘gd'”bu ri

vacuo to dryness and yH silica
gel flash chrona 1'5, hy (hexaness Erapd j27:3->4: 1) to
afford 924 gg H , 86% of *t“ e§'i red product.
Step B 13 14"To a soI uti on of conpdund 13,(4.05 g,

5.83 mmol, 1 eq) in'a solution of EtOAc: t ol uene (2:1,

60 mtomﬁurﬂmetmmﬁfgaam Aol Mol vaxdiskelved ircdry Iporidine (1.0 mL)
(agg gt 0@8 'treated with methanesulfonyl chloride (120.0 mg, 1.05 mmol, 3.0 eq). After
stirring for 2 h, the solution was warmed to rt and treated with 5 N sodium hydroxide

(0.75 ml, 4.25 mmol, 12 eq) and stirred for 12 h. The mixture was split between EtOAc

(30 mL) and 1 m aqueous HCI (15 mL). The organic layer was washed with water and then
brine (15 mL each), dried over sodium sulfate, and concentrated to give the oxime O-
methanesulfonate as a clear oil. This oil was suspended in MeOH (5 mL), treated with
concentrated aqueous HC1 (0.75 mL), and heated at 60°C for 2 h. This dark brown mixture
was concentrated in vacuo and purified by silica gel flash chromatography (50 2 100%
EtOAc/hexanes followed by 1 = 5% MeOH in EtOAc) to give the unsaturated lactam as an
isomerically pure white solid (45 mg).

The product carbamate lactam was dissolved in pyridine (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 48 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 silica gel chromatography (0.5% ammonium hydroxide/2 = 20%
39



0.583 mml, 0.1 eq). The flask was evacuated and
filled with hydrogen three tinmes. The m xture was

warisne2under an at nosphere of hydrogen for |PCT/NEBDS/056229
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et hyl ene diam ne (0.38 nL) was added, and the m xture
was stirred for Ih., before the catalyst vvasfiltered
N A e IR
We ey A sieg Hbwhdd atforfsBieiprodsct S04 Whitopovaler @t hyd: eiverH] =
diamne (3 X 20 nL), dried over sodiumsul fate and
¢OnEBYPrated in vacuo to give 2.46 g as a white
crystalline solid. St ep Kx a{}, reqsund bottom fl ask was
sequentially charged wt e homo-allylic al cohol 14
(7.50 g, 17.6 mmol, 1 eq), aI I8 nirmh t eP2 - but oxi de
(6.10 g, 24.8 mml, 1.4 eq)) ‘droustol uene ( 115
m.), and 2-butanone (90 g 24 nol, 7 eq). The
suspensi on was heat ed/ u ﬁa nitrogen at nosphere to
75C for 16 h. The reaottiptr tenperature was then

al l owed to cool to 49C. Aqueous 20% (w w) potassium
stegiAim tartrate solution (226 g) was added to the
stirred suspensi ong,,The suspension was stirred at rt

for 3.5 h. The Iayef \es e separated. The or|
| ayer was washe

h—aqueeuws 1208 Rochel | e < (2 x
250 nl) and watg 2% i), Ther dried ov€r g %I|Hum
sul fate and ered. The residug SEE
t ol uene ( @ ‘and di scarded. The ¢g
were confenfrhated to dryness. Resi fua Hreactl on
solvents were reftoved fromthe material by??

Once!&tcfrﬂduﬂ&bf)&&ﬁmgskm}éa Qﬁzﬁ?«lzd iZbRomy @dﬂ%dS 1 mmol, 7 eq) and
uti on nmass

portion- vms[nzjhtoa i nal @g
SO e mbX ettbthg eolftan D sprestdPr tomin. r?éﬁftpaﬁ Y295 g
?)df%%ﬁlm&o'[ bd %S% ee? an{lI Qrirfed! thHeirS Oﬂ‘Hétv"/IQt@ sﬁ@%@&ldﬁfbeéarﬂe Hyellow

ul'ly prec pitat desired product. e suspensi on
whzsr dilitioneBthyd formatd (1.33 whad 4 POt e @vag arbleﬁﬂyopwwi el ghe

(gl}_lge?(igm%sl%hﬂ?§saqn€§ﬁc%‘8&ér | ggyb%gog#&&u aé"ﬁ%@ Qt 1t for 48 h.

tmne ndesierved tEneduoned @tt‘epenD/MBE/d da@id (2 vAY fﬂLa\sWhQ/\HBleouS layer

Sty et 22y PR bOR B Sl S BBl R R0

VIRE @ombispeadadc 1a5]er|§)y/k‘-:ted)v2mbec(\41thmater, dried over Na,SOj,, and concentrated

to dryness to give 200 mg pale yellow foam. This material was used without further

purification in the next step.

Step B

DDQ

A round-bottom flask was charged with compound 22 (2.0 g, 3.40 mmol, 1 eq) and
was dissolved in toluene (25 mL). The reaction was charged with DDQ (0.849 g,

3.74 mmol, 1.1 eq). The mixture was stirred for 0.5 hr at rt. The reaction mixture was then
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The suspension was placed under hydrogen atnosphere (
1 atn) and the m xture was stirred overnight at rt.

wah@snemes i on m xture was filtered through cel PEEUS2U08/056229

the filtrate concentrated i n vacuo. The crude nateri al
was purified using silica gel flash chronatography

comRd i &g vl B s RatRbRERy iR S R ige pien e
ﬂ@gmwﬁ@ht&g%p&lﬂ (B2 Ac/h&af4 1070, 20%)@@1)&@& dleﬂelﬁre(daﬁhtma)
Triethylamne (6.92 nL, 49.7 mmol, 5.0 eq) and benzyl
oformate (1.54 ni, 10.93 nnDI 1 1 eq) were added
and the mxture wascstirred for 1 hat rt. The,
reaction n1xture mag*pa i ti oned between satu At od
) (390 niyncemdit OAc (1001 ¢
¢d° dnd the organics "
. trated to dryness
material wa ied using silica ge
chronatography'(EgCﬁc/Fbxanes 2:98714: 8%) Q0 give
3.759 of material” Step F An et hanol solutlon %ﬁp
of c oApouNdehot@m(flgs wachaged witrsPmpaund @ (ke tlr&Sanwel. 1 eq) and
dr.ox ydr
wa)s HIS \(lfdu m%g%g% QZS‘ Jﬁ() 6’[818 Péagﬁ(ﬁéld\gas(cﬁlzlrgedmgl)l ?\hgﬁr}ﬁ%% @zg?lyst
((D7Bg,n‘n 92, manid 1 OPeqniToe wriguwassdeited @dBOYE strredffgr0.3h hFhe
The .m xt ure was it bet ter
SRS S s R ap b SRR LS S U by e, e
Mds)due Sk pekiftedesing siticalgel Slash dir@matemaphg CREwheatres 10% A 15%) to
white resjdue. The crude product was purified by
éﬂ??%%? ei%ﬁt tography (ether/hexanes 2:3-M1) to
Gkeped 193 ng of oxine 18. Conpound 18 (50 ng, 0.087
nmmol, 1.0 eq) was glssolved in dry pyridine ¢1.0 niL)
and at 00C treat ed Winth _met hanesul fonyl  chl ori gle 0.0
ng, 0.174 mol, 2."0-°q). Adterl%nhrrlng far “2-K
sohﬂlonvmsvmv ga, rt SERdE edt ed wit ‘emﬁum
i 1.5 mol, 18 eq) ‘ ‘

h. The nix as split betmeeant OHnL) and | M
aqueous yen chloride (15 nli). 5 L0f gani c | ayer
was washed with o 25

A round-bottom flask was charged with compound 24 (750 mg, 1.34 mmol, 1 eq)
and was dissolved in EtOH (10 mL) and water (1 mL). The reaction was charged with
hydroxylamine hydrochloride (662 mg, 8.07 mmol, 6.0 eq) and sodium acetate (561 mg,
8.07 mmol, 6 eq). The mixture was stirred for 0.5 h at rt. The reaction mixture was
partitioned between water and EtOAc. The organic was separated, dried and concentrated to
dryness. The residue was purified using silica gel flash chromatography (EtOAc/hexanes

10% = 25%) to afford the desired material.
Step E

MsCl
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wat er, washed with brine, dried over sodium sulfate,
and concentrated to a clear oil. The m xture of

wo amsaes2avas purified by silica gel chronmat ogrB@iys2008/056229

(80-100% et hyl acet at e/ hexanes, then 1% net hanol in
ethyl acetate) to afford a m xture of the | actam

regi oi soner,s _as cl ear oi 4 Y iel d) L, T

pr odu f© i’bﬁﬁ?fﬁtﬂgsﬁ WS ﬁ’@eé\g&gc n’l%;dsucr)lg\g/se%%;or?l gEzl A WI?Q) Teq)
Hﬁclb whstiolfvb@mkoyyitlinb é 53 IhL)h biene readort wkﬁlﬁgrg?%?tthl 31/ CTh e
solution was sparged with nitrogen, .and.10% P t
waﬁ%alf?rwf@loeﬁd‘%ng 0¢ Iﬁ‘}m‘§53'&rﬁ‘§5' 788 e v ﬁﬁé"% 0.5hat

B OrhY FB RS R §8bav tloRedbdiv Q@AQR aditdud KudwtioRvd 1 0QIEAl and
%as and stirred at rt for 3

. -3 h. The m xture was_then
padgethesirgmichy asieREHed: AitAd goRtTPERIEh 4 GIeHs Tgfesidue was
gﬂlifye%ﬁda;ﬁ SiRa PEHAARSoRRS S BRI A MR hd 05@ -5126%) titford the

e oil s purified by silica gel flash
deniredmtatsgalaphy (0. 5% ammoni um hydr oxi de/ 2- 20%
MpOH DCM, and the pure fractions were concentrated to
an oil that was |yophilized from7 % water/

utanol, to afford a C@‘.\ m xture of unsepar at e%,iz\N
| actanms, as a whit e~pswd 146
Exanpl e 4 Conpoung '
simlar to thogg g
Step A Corrpo % (2.0 g, 4.7 molg=1.
di ssol velf*iNg~BEM (20.0 niL) and THF ("20%0 niL) and at
rt treated with trssethylamne (3.3 m, 23.6zmmol, 5.0

d Cbz- oS3 m, 5.2, . .
b Ry Rl argnd Sl B 3gE s s ol 1o

hek ivbd dissoBsd &t MeOHd 30 oil).6Dhaveactiah was chafded withxcourestratas HC1

split bhetwee c (200 nL) and 59 0 . '
R BT 2B Sy 1 P ey W RS G R v e
\Wé e Borbini xd@e gv5§)pd’i‘ii.t)(%ned bét@de@?turﬁ&ﬂh@%ﬁub]ﬁlgd)mof s[adlidm
concentrated. Purijfication of t esi il

DR TOPHE ALY a0 PEEBNS Y05 <233 ALY FaEpiRley  dryness. The

Qésﬁcg% ded E&x@ﬁeddﬁﬁllg K@ida SAFRAE:SmaSr@pMMEICA JiRames 68%4> 90%) to
a)fford tﬁg desired material.

Step G

Pd/C, H,

A round-bottom flask was charged with compound 27 (142 mg, 0.248 mmol, 1 eq)
and 10% palladium on carbon (30 mg). The solids were suspended in EtOH (3 mL). The
suspension was placed under hydrogen atmosphere and the mixture was stirred for 2 h at rt.
The reaction mixture was filtered on celite and the filtrate concentrated to dryness. The
residue was purified using silica gel flash chromatography (MeOH/DCM 0 % => 5 %) to
afford the desired material. ([M+H]=441.5 m/z).
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Compound 20 (200.0 ng, 0.36 mmvl, 1.0 eq) was
dissolved in EtCH (3.0 niL) and water (0.3 nL) and at

wo poosnemeed with hydroxyl am ne hydrochl ori de (RGSODUSIP)8/056229

10

15

2.1 mol, 6.0 eq) and sodium acetate (176 ng, 2.1
nmmol, 6 eq). The m xture was heated at 700C for 10
mn. The m xture was spllt bet 2N Et CAc (30 nlL) and
water (15 nL). The organi c—’f—%pigiwas washed with brine
(15 nL), dried over sodiumsulfate, ;and concentrated
to give the oxine 21 as a white,f (202 ng). Step C
Compound 21 (200.0 ng, O. 34 mml .J0 eq) was
—Hnd a:; 00C treated
]1 05 mmol ,

wi t h met hanesul fonyl chl o
3.0 eq). After stirri -.
warmed to rt and t4-s
(0.75 m, 4.25 mol, and stirred for 12 h. The
m xture was split bet weéh Et OAc (30 nl) and 1m aqueous
HO (15 nmL). The organic |ayer was washed with water
and tHepAbrine (15 nL each), dried over sodium

sul fate, and conceptrated to give the oxine

Onet hanesul f onat e asN clear oil. This oil wasCbz
suspended in O—f ). treated with concentr&a
aqueous HA (0.//5dd % and-heated=at 600C f\or. 2 hx
This dark b om ture was concentrated in/vagud Hand
puriflﬁ ica gel flash chromat o ﬂ'} 100%
Et OAc/ hg ol lowed by 1 - 5% Me [

white solid (45 ng). The product carbamite | actam was
di ssolved in pefidine (7 nL) in a flask with%stir bar

and rybber. s The ,sol S r '
ni trobd. unda‘th EIQT%?%slﬁalﬁtch(a fee w1t%estga\£@n arﬁa{%%bag%glr%,?)tb9 mmol, 1 eq).
Alhd kélaiwas2fssolggd MSdeﬂledahy?Hi‘dflﬂamri mmmtimwasmeged -78°C. A
vvlth itrogen and ' r

b SFradrs bGP RERMER B RRe  HTFE, Gloahmor,
fllj éqarvaﬂ chire@ugi g B1udidn nm mfeyleww B me@rbifmammd was then
concentrated to_a cl ear 04 \NE eﬁurlfled %dt
shpgedwigametghiotide G4 PLdhy 9(%m81% SMM PICATIR oY afmec o
2650V Xelbn wal@irteh 8/nRHEEChafoaE Wit e teVefi e iyl ACRME.I Eicastganic
to give an oil that was |yophilized
was separated, dried and concentrated to dryness. The residue was dissolved in DCM and

was loaded onto a SiO,. Elution with 50 to 90% EtOAc/hexanes gave Compound 32
(IM+H] = 587.8 m/z).

Step B

A round-bottom flask was charged with starting material (50 mg, 0.085 mmol, 1 eq)

and 10% palladium on carbon (10 mg). The solids were suspended in 3 mL of ethanol. The
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from 7% wat er/ ?-butanol, affording the product as a
white powder (14 ng: [MtH = 441.7 nz). Exanple 6

wE@p/149829 dry round-bottom fl ask was charged weTuK008056229

(0.57 g, 5.1 mmol, 7 eq) and fBuCH (6 nL) and the
solution was stirred at rt for 10 m n. Conpound 17

s el Al Qb G b B Radie e PR S Bl o 4 e
sglcut cars shavf&wnpfe@:r d@b@ea{a@céﬁ& sﬂéint,mg4nd¥e1ﬁﬁ1’01l"he Ba@igh Nigsre was
added dropw se, and the sol ucfl on became sl i qlgtl(ﬁ ved in DCM
Blieietien sehie B Sbn i ST TERSd REMEG TPy e W eliedip

bhd $ 8 1048 d Bnto RO XEKUTEN RS tol §78 Meld®l/DTONEN e BiRtdegild product
MIBE/ 1% NaOH (2 x 20 nlL). The aqueous | ayer was

gemgpynided (WHHHI 243-H¥2unti| the pH reached 5, then
extracted with chloroform (2X). The conbi ned organic

| ayers were washed with waEempldgi ed over Na2SO , and
concentrated to dryness to give 200 ng pal e yel |l ow

foam This material was used vvithoﬂt further
purification in the next step." B 22 23 A

round- bottom fl ask was char -+in conpsund 22 (2.0

g, 3.40 mmol, 1 eq) and wg s{ohy®d in tol uene (25

m.). The reaction wa ; i'th DDQ (0.849 g, 3.74
mol, 1.1 eq). Thep=
rt. The reaction ni xkur~m@s thenconcentrated in vacuo
to 10% the ori gi nal Vol Uine. The residue was purified
using silica gel flash chromatography (EtQAc/ hexane,;@
10% - 20% to af '
24 A round- sk was charged with corrpound ‘,
(1.10 g, 4 o"ﬂf eq)__and was di ssol ved iX tol
(25 ). tion was charged wth Wlkln
cat al ¥ g

31 35

A round-bottom flask was charged with Compound 31 (10 mg, 0.022 mmol, 1 eq)
and dichloromethane (1 mL). The solution was charged with triethylamine (3.2 uL, 0.066
mmol, 3 eq.) and methane sulfonylchloride (14 uL, 0.088 mmol, 4 eq.) were charged and the
solution was stirred for 0.5 hr. The reaction mixture was partitioned between a solution a
saturated aqueous solution of sodium bicarbonate and ethyl acetate. The organic was
separated, dried and concentrated to dryness. The residue was dissolved in DCM and was
loaded onto a Si0,. Elution with 75 to 90% EtOAc/hexanes gave the desired material
Compound 35 ([M+H] = 533.8 m/z).
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(1.77 g, 1.92 nmol, 1.02 eq). The m xture was heat ed

to 800C stirred for 0.5 h. The reaction m xture was
w@eomBawmsand concentrated in vacuo to 10% t he opPCTUSHNS/056229

vol une. The residue was purified using silica ge

fl ash chromat ography (Et OAc/ hexanes 10% - 15% to

afford the desired material.. Step D A round-bottom

flask was charged with coﬁ%%@ﬁ%:§4 (750 ng, 1.34 mol

1 eq) and was dissolved in EtCH (10.nL) and water ( 1

m.). The reaction was charged mn - hydr oxyl am ne

hydr ochl ori de (662 ny, 8.07

acetate (561 ng, 8.07 Mo

stirred for 0.5 h at rt. Hgtn m xtre was

partitioned between wa ) OAc. The organi c was

separated, dried apd cO ﬁrated to dryness. The

resi due was purlfl ughg silica gel flash

chr omat ogr aphy (Et OAc/ exanes 10% - 25% to afford the

desired material. Step EA round-bottom fl ask was, o

charged with conpoy ®5_ (770 nmg, 1.34 mmol, 1 @qﬁ and

was di ssol ved {n p, AM.di/ne (10 nlL). The reactlon N

charged with ng yl fonylchloride (462 .

mmol, 3.0 e rﬁxture was stlrred f or 0/

—N[he m xture was

separated,” Wlri ed and concentrated to 3.

residue was purified using silica gel flash
chronatographyIFEtOAc/hexanes 15% - 20% to gfford the
desired materia Step F 26 27 A round-bottom fl ask

was chamgeiequomlflasb wpodhnged &ith THpegnd 12 16 ngnB 036 mmed)l eq)

@H‘gfhé 8ro\mef}ﬁme gl n?"lrlea %o 1&10&%%3 ?@%%ed-r\pﬁl @g@gfahl% (%%L 0.109

efhol, The) aidhdilia@e welfonhiehloade (20 ub0Q CHamohok tieny wrefqharg_wand the
Ei)lu;{gnewas stirred for 0.5 hr. The reaction mixture was partitioned between a solution a
saturated aqueous solution of sodium bicarbonate and ethyl acetate. The organic was
separated, dried and concentrated to dryness. The residue was dissolved in DCM and was
loaded onto a SiO,. Elution with 75 to 90% EtOAc/hexanes gave the desired material

Compound 40 ([M+H] = 519.8 m/z).

Example 10
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reaction mxture was partitioned between a saturated
aqueous sol ution of sodium bi carbonate and Et QAc. The

woe@aniws2nas separated, dried and concent r at edP€DUS2008/056229

dryness. The residue was purified using silica gel
fl ash chromat ogr aphy (Et QAc/ hexanes 50% - 90% to

afford the desire .Step. G 27 1
r ound‘g cht?fPa’@é‘a‘ 8‘]%8(# i S\%ﬁ’flﬁ “%;ageﬁ%gﬁ}ﬁé 700 gl 1ea)
Hiﬂi etkhndf@ 5 )| The]soﬁlﬁ))n aadchhl padhlsad i ncaie ¢ad Ihgnl A B0mmol,

T s S BE 58 o Lo 5 bk A3 b Qe s e

E(h@tum WdsUe BeMBS708t hid Rigrell Ot 62ird) TAE rdattion TR tufeR St dodld to rt and
m xture was filtered on celite and the flltrat

é@}ﬁte@fﬂtqdaif]@quef1éued\y%;;rpé§tgloneﬂ]‘t§t\y@§Iv&alltfé apdeth )B&Fertrtltf: e"lale organic was

g&J %&%dséhjlédcaﬁd g6l cef iAo ARMATBFIRAEAMRRYY 4s MRSSH LAGMDT Wand was
o afford the desired material. ([M = 441.5

trfagddd @mﬁice Phgoe it 027 165 MeQIyREA parertbniesiredRatgral
ged tarting material (51 ng, 0.09 mmol, 1

gﬁ? }%Thsewsé Z was dissolved in 5 L of

t et rahydr ofur an. ThersoI ution was cool ed toCbz78C A

t ol uene (0. 207 nL 7z 0y el

and the solutig Stirred for 0.5 hr
reaction YA charged with nmeth

0. 179 mmol°:{~ .) and the reacti &

The reactioh was stirred o/n then charged W|th wat er
and et hyl acetate. The organic was separated, dried

and c droent raspedlaslo war shatesd witTsartinggnaterel (lakd &1l $Io nyesd 1 e)
By FEBRITH AR5, O a8 3 o Wl o

rhipyide G480 gB2.249 mmol, 1.2 eq.) was charged and the solution the solution was stirred
at rt for 0.5 hr. The reaction mixture was cooled to rt and concentrated, The residue was

partitioned between water and MTBE. The organic was separated, dried and concentrated to

dryness. The residue was dissolved in DCM and was loaded onto a SiO,. Elution with 10 to

80% EtOAc/Hex gave the desired material ((M+H] = 587.9 m/z).

Cbz

A round-bottom flask was charged with starting material (100 mg, 0.170 mmol, 1
eq) and 10% palladium on carbon (50 mg). The solids were suspended in 3 mL of ethyl
acetate. The suspension was placed under hydrogen atmosphere and the mixture was stirred
for 4 hrs at 25°C. The reaction mixture was filtered on celite and the filtrate concentrated to
dryness. The residue was dissolved in DCM and was loaded onto a SiO». Elution with 0 to

10% MeOH/DCM gave the desired Compound 41 ((M+H] = 453.5 m/z).
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31 A round-bottomflask was charged with starting
material (50 ng, 0.085 mml, 1 eq) and 10% pal | adi um

woroosasdsen (10 ng). The solids were suspended P@I/BS2918/056229

of ethanol. Thesuspensi on was placed under hydrogen

at nosphere and the m xture was stirred for 4 hrs at
25C. LCVS show conpl ete disa rance of starting
material. The reaction ni%%ﬁﬁggaés filtered on celite
and the filtrate concentrated to drynhess. The residue
was di ssolved in DCM and was | gadedionto a Siq 2.
Elution with 0 to 8% MeOH DCM gaye the desired product
Conpound 31 ([M+H = 455.5 \ xanple 8 31 35 A
round-bottom fl ask was charg Wit Gtpouwsd 3 1 (10
ng, 0.022 mmol, 1 eq) anrd ononmet hane ( 1 nL). The
sol ution was charg ' 5l ét hyl am ne (3.2 ulL, 0.066
nmmol , 3 eq.) andOow W?onylchloride (14 uL

0.088 mmol, 4 eq.)HWwerd e
stirred for 0.5 hr. The reaction m xture was

parti Joggd bet ween a solution a saturated aqueous
sol ut f sodi um bi carbonate and ethyl acetate. The
organi ¢ was separated; dried and concentrated tos
dryness. The resifg

| oaded onto a \Si Q& _nNpl ution with 75 to 9Q%Q" NN
Et CAc/ hexane e/tthe desired materi al by 95%(:>

R chl or omet hane ( 1 nt N 50l uti on was
charged WHth triethylamne (8.0 uL, {109 mmol, 3 eq.)
and net hane suu%onylchloride (20 uL, 0.149 mpol, 4

eq.) were charged and the solution was stirred for 0.5
hr. Theirieédlatk wa chingédiweh daS5parg D 8Pomew!.Hetaweenngdry THE (5

SRR B PR DTl B R s s
sapaeatsUperoitiledsang, z.onmeaml, Radger.)t helmystes svas Fiiveed for 1 h at
rOg(% I, t?lgr? th\é\lgglut?(i)ns\?/z%l g¥ae uaf.l)lz’] wg)r?nl\f/:ld%on 95°W.a%fter 2 h, the mixture was diluted
with EtOAc and washed with aqueous saturated NaHCOj solution. The aqueous layer was
extracted once more with EtOAc. The combined organic layer were dried over NaySQOu,

filtered, and evaporated to dryness. The oil was dissolved in CH>Cl, and purified by SiO»
column eluting with hexane/EtOAc (40 to 100%) to give 238 mg of desired compound 47.

Step B

47 45
A round-bottom flask was charged with 47 (229 mg, 0.41 mmol, 1 equiv.) and
MeOH (5 mL). The solution was treated at 25°C in presence of 2 N KOH (1 mL, 2 mmol, 5

equiv.). The mixture was stirred for 3h. The solvent was removed by nitrogen stream and
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| oaded onto a Si2. Elution with 75 to 90%
Et OAc/ hexanes gave the desired material Conpound 40

W@ paBiR9829 519. 8 nf z). Exanpl e 10A round- bot t onPET/ES2008/056229

was charged with starting material (1.15 g, 2.06 mol,
1 eq) and ethanol (15 nL). The solution was charged

t h sodi t 7
N 20 o B B 8y v
Bflee) porRing oEOBFUS ACainéd @ g &0d lddroRersaisied eat 8d,SM, TRHE, and

and stirred for 6 hrs, The r tion mxt

£QicpRtraisddo dpyRessnthegruds mapgiia! &éﬁﬁ@ﬁlgamﬁv&&w s%‘%gg@ folded
B WD, WRLET (12136 akf ditkd AR TaLEL/MITH mqgwrmoo%amgwe the
separated, dried and concentrated to dryness
hedipaiining 5. dTkesprtged rchsww%ﬁam\bﬁgtalp%%a@aa%{Oog“éF dgpiged
ma[%lnuf?,fmhrl%rﬂ%tnﬁ’/g)m% MeOH DCM gave the desired

mat eri a = 7.9 mz). A round-bottomflask was

char gegmpgung 58 vae pﬁengem@tp%hmws siilgy to thogerdesprfisd abave.

eq) and dissolved in pyridine (15 nly) and water

(0.7mL). The solution was charged—wikth tosyl chloride

(0.430 g, 2.249 nmol, 1. L) RS c arged and the

_The ‘ Was separated, dried and
concentrated to dfynes Ae residue was dissolved in
DCM and was | oaded ontoHa Siqg 2. Elution with 10 to
80% Et CAc/ Hex gave the desired material ([MtH = 587.9
m z). A round-bottom fl askpwapicirarged with starting
mat er i aI (100 ny O 170 mmo 1 eq) and 10% aII dj um .
on &y Q tire Hedoehophathwa ~plgire Lising Analogs yClO
of etg]é acetate. The suspen5| on. was ace%Funde

Py i olfeReche bR e IeaHS RN I e TS NG Pr gt e i the

r%lﬁ)v@ﬁ %@agv B of ?/QQEl'lstffé'FbﬁﬁaWﬁtoV@@olglhsjti ®Whédoffacted with the
celite an he filtrate concentrated to dryness. The

[SORiF umemeﬁm@s@hh@d UHOID@WP%W%&?S@Sﬁfé%Pl@FﬂHSOdé’C?s@éh

éeovei‘:sl of tdfgglgx \fﬂh%{bhgt }—jqu%g@%ﬁ o @Q%ﬁé’[’é@ 11{ ﬁeengﬁﬁzitfc%%ay
(Nakamura et al., BBRC (1997) 237:465). Compounds that block the d1fferent1at1on of

C3H10T1/2 into osteoblasts (a Shh dependent event) can therefore be identified by a

reduction in AP production (van der Horst, et al., Bone (2003) 33:899). The assay details
are described below. The results (ECs, for inhibition) of the differentiation assay are shown
below in Table 1.
Assay Protocol
Cell Culture

Mouse embryonic mesoderm fibroblasts C3H10T1/2 cells (obtained from ATCC)
were cultured in Basal MEM Media (Gibco/Invitrogen) supplemented with 10% heat
inactivated FBS (Hyclone), 50 units/ml penicillin and 50ug/ml streptomycin
(Gibco/Invitrogen) at 37°C with 5% CO in air atmosphere.
Alkaline Phosphatase Assay

C3H10T1/2 cells were plated in 96 wells with a density of 8x10° cells/well. Cells

were grown to confluence (72 hrs). After sonic Hedgehog (250 ng/ml), and/or compound
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A dried flask was charged with 46 (355 ng, 0.806 mol,
1 equiv.) and dry THF (5 nlL) and pyridine (326 uL

wa2@8/1m%29 , 5 equiv.). The cool ed (00C) sol utiPCT/WER08/056229

treated with benzoyl peroxide (585 ng, 2.42 mol, 3
equiv.). The m xture was stirred for 1 h at OOC t hen

e I e A A

FE AU S5 A1 AtE Dl @ el sdNdAID 280 lylsjitbsm’pun fﬂﬂ@l ga @Lﬂaﬁﬂ ?Vl])fyrﬂ:ttes
was extracted once nore

éﬁ;(@'&lﬁg)c 40 ;N_é}f lysaes was ?Séﬂ/egb%IA l\%ﬁ% in aﬁ? rPeelingger SOA]ﬁt&)n (Sigma)

BYARRIK At Rich/ih Pp-Slic 1 PHGABhA%. | ARGSncbasR! e iin 1052C] the
and pu?l%%%dg% (ﬁﬁ&ﬁkoluﬁn elutlnn mn?% hexane/ Et QAc

plays busTeTOBbAN iR DRSBTS0 1 BRI ERHEB o GuRATied with a
§@Ppor§tei% ars&g/rkﬂ fh)(ﬂ{ biofk E&c@ﬁiﬂr&é"@ﬁnﬁhﬁﬁﬁ%@ s\Wistrictbhs. (B2 Qctlwty

, equi v.) OH (5 m). The solutio
was nﬂzm@hzeédlganstzs@ Bffﬁelpr Neteriba “Af imliqaterehat he ICxnis les than 20
'IN/F"‘B” gldﬁ:gt!éé Ml‘ag the erOXltOB 1, es 1I§ﬁda{e§ ﬁﬁt {n® ﬁC%th > ToveM.
solvent was renmoved b nitrogen stream andthe sol ution
was neutralized with 500 uL of IN HO . The aqueous
layer was extractBdlan t hAPHPEEIEIGs B Enhifitieyp cp.

Conbi ned or ggRbsuld@yYers wer e msirferslighen ANaY 8O,
filtered, and Ggoncentrate 0 dryness. pThe crude
material (220 ng) was dissolved with Gi2Q 2, | oaded
onto a Si @2 coliym (12 g) and eluted wgth CHO 2MeCH
(0% to 100% tQqqgive the hydroxylam nec45. The

mat eri al recrygﬁalllzed from hept ane/ 2g- propanol to
gi ve desired terial 3 ([M-H = 547.5cm z). Conpound
50 was preparg% usi ng technlques S|nllgr to those
descri bed above4_1 Exanpl e 12 | nhibition~of the Hedgehog
Pat hway in Cell_.Cul ture Using Anal ogs Cycl opam ne
Hedgehog pathmé? speci fic cancer cell Ellllng ef fects
may be ascertained using thenf®d {30W ng assay.
C3H10T1/ 2 cells differentiate into ost eobl asts when
contacted with the sorfacRddamed Mt i de (Shh-N).

Upon differentiation; these—osteoblasts produce high
| evel dhefctiyitkaf q:(pfépcplﬁ@ é% WAa$ glgt@er(tﬁﬁ)d itry| |h€pila1é B#HcEatic model:

TBass %lel v&br@ﬂnﬁﬁ&éﬁ%ﬂ&ﬁan@&ﬁﬁ%nto the flanks of the right legs of mice. On

day 42 post-tumor implant, the mice were randomized into two groups to receive either

Vehicle (30%HPBCD) or Compound 12. Compound 12 was administered orally at
30mg/kg/day. After receiving 25 daily doses, Compound 12 reduced tumor volume growth
by 16% when compared to the vehicle control. At the end of the study, the tumors were
harvested 4 hours post the last dose to evaluate an on target response by q-RT-PCR analysis
of the HH pathway genes. Analysis of human Gli-1 resulted in no modulation. Analysis of
murine Gli-1 mRNA levels resulted in a robust down-regulation in the Compound treated
group, when compared to the Vehicle treated group. Inhibition of the hedgehog pathway in
mouse cells, but not human tumor cells, indicates that one effect of the hedghog inhibitor is

to affect a tumor-stroma interaction,
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identified by a reduction in AP production (van der
Horst, et al., Bone (2003) 33:899). The assay details

are descrl bed bel ow. The resul 4( EC50 for inhibition)
of the differentiation assEgﬁ—giiéfshom bel ow i n Tabl e

1. Assay Protocol Cel IMé&libbiagodMseelenbr yoni c

mesoderm fi brobl asts C3H10T1/2 cells (obtained from

ATCQ) TMCQVl%ﬂG&IﬁﬁuﬁmlﬁaﬁsaﬂsoMiﬂhMB@ina transgemc mouse model of
(G bco/ I nvitrogen) suppl enent ?d with 10% h

il aOBE S (TG Y0 TP 8f WP T GHY i Ghgmor
s 0rs BdErRAt @mﬁ') Ehdl@ﬁéﬁﬁéthﬁ&tbd nAURIBYr (Hic1 BddveMb kponbdfeous

in air atnosphere kal i ne Ph hat
azrulrbistpmae ﬁ}r%ﬂ%}@f%ﬂné%@aﬂ?h%%%na?@%@ugﬁﬁgg%ﬁgei cpipplete

?fonﬁ%ér%p&ﬁkﬂhﬁam bt th&Rhamindeie1 S1fedMas el &01BEs! dexysi€ssion of the
rs After sonic Hedgehog (250 ng/m ), and/or

m@erlrl adelaeYhen pasengedas| sgbw@arnéoqsygégiaﬁtﬁq thegefupprs grow
! %’%%s%w@ El& Ere(}ﬁzggg% gﬁﬂh@ thpz:néent Okt ?n-(l)_ﬁél LA eﬁ{pﬂag)&) to evaluate

re soni l'ysat es spun through
Wmﬁlqabaomm(mmnmstgr)ed Caogpmindpfind ty seredate \%ﬁ%’lt&%@)ﬂé‘& exposure
for AP agti y f
1%%1€sanllanann tur_xl(l)rts p n?l aﬁ%tfaﬂg%?ﬁ) of Eﬁlﬁ e#g%egﬂ‘ Cfg?ltpg{rﬁﬁl) 12 led to
IdD@l—.dB:@tnng cfomn raghlamon ofithe $]Z-ijat][1\h@ ip Ismcgglnmslg inplapted ppmors, as

an En n t_ 40
e ehenred - BERNE oPltO2s Bl ) e BaphFLuleS
accor @hmg(lqm) adainiftepgibhl bethe Siompsdndlﬂﬂ fednsa dodPdegendant tnpibition
s normal i z t total tej.
193 RSEEI 50 PR Rl P SaBE R, Shelondlina
Lelr;fg%tﬁ/t@hiﬁi%i (Sc%b]lgiosé e 5%‘%31@1111)16012& tl@Or g‘thh"(EDSO)’ld berat@s3 and
a e is > n
f7oima/1?ﬂq.%ﬁl%#eawnt%’n%él&ﬁﬁ&le%e‘ﬁgeg?%WPfB&PAﬁp‘g n@ﬁ@@ﬁ“ porR the

hedgehog pathway and tumor growth in a tumor dependent on the hedgehog pathway due to

a genetic mutation.

Example 15
Multiple Myeloma

The ability of Compound 12 to inhibit the growth of multiple myeloma cells (MM)
in vitro was tested, using human multiple myeloma cells lines (NCI-H929 and KMS12) and
primary clinical bone marrow specimens derived from patients with MM. The cells were
treated for 96 hours with Compound, washed, then plated in methylcellulose. Tumor
colonies were quantified 10-21 days later as an indicator of cell growth potential following
treatment. Treatment of cell lines or primary patient specimens resulted in decreased cell
growth compared to an untreated control. Where the untreated control showed 100%
growth of cells, each of the treated cell lines, as well as the clinical samples, showed less

than about 25% growth.
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Pancreati c Cancer Mdel The activity of Conpound 12

wormsfioseher tested in a human pancreati ¢ nodePCT/BX0G3/656229

cells were inplanted subcutaneously into the flanks of

the right Iegs of mce. On day 42 post-tunor inplant,

the m ce were random zed into groups to receive

ei ther Vehicle (SO%HPBCD)Egﬁ—@%ﬁgound 12. Compound 12

was adm ni stgfedmodial lsokahia3aanykiad gpiasticAfyhéome

receiving 25 daily doses, Conpound 12 reduced tunor

vol unmenegibaitg b Gympddedd Wh eninkioirperie dittogrdwia of Blnhal ell lines derived

control. At the end of

FrapRagenswith pe @y ieid ée“ﬁ(ﬂalﬂ @Efﬂ a‘BlLQ“et @% A phyelodyplaic

E;é}{daﬁﬁe VISP RES BndKGH i K@@B \fmakuyi&us Eadh dfhll& ddﬂl lipad Vavageated
enes. Anal ysis of huma resulted . in

dahae oih Gapoyad & 4P Ao R R By splose. Growh

LERHLL LA 1ihdd hshieRsEY bY QWRpb&EH 2ah] @ihntafizé i@ tKOBReYEIBw.
treated group, when conpared to the Vehicle treated

group. Inhibition of the,hed e se
cell's, but not'2hgdan RRiKgPD & ﬂ§%“Wﬁ ggﬁé@HPﬁg? one
ef fect of the]ﬂgggpog |nh|b|tor At bvadd ect 4 t unor -
stroma intera3 VY REguahe, |Mode

The activity ooy in a
transgeni ¢ mus$ 257 e

(relative to vehicle control)

Example 17
Non-Hodgkin’s lvmphoma (NHL) and Hodgkin’s disease (HD)

The ability of Compound 12 to inhibit the in vitro growth of human cell lines derived
from patients with non-Hodgkin’s lymphoma (cell lines RL and Jeko-1) and Hodgkin’s
disease (cell line L428) was studied. Each of the cell lines was treated for 72 hours with
Compound 12 (1.0 uM) followed by plating in methylcellulose. Growth of these cell lines

was inhibited by Compound 12, as summarized in the table below.

Table 3  Inhibition of cell growth in HD and NHL

Disease HD | NHL
Cell line 1428 | RL | Jeko-1
% colony formation 21.4 | 143 (274

with Compound 12
(relative to vehicle control)

Example 18

Pre-B cell acute lymphocytic leukemia

The activity of Compound 12 (1 uM) against three pre-B cell acute lymphocytic
leukemia cell lines (REH, RS4-11, and Nalm-6) was studied, using a transient transfection
assay in which a Gli-reponsive luciferase reporter was transiently transfected into cells.
Treatment with Compound 12 repressed luciferase activity compared to a vehicle treated
control (Table 4). This demonstrates that Compound 12 is an effective antagonist of the

hedgehog pathway.
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medul | obl astoma. M ce that are heterozygous for |oss
of function nmutations in the tunor suppressors

woaaoshexdk (Pt chl ) and Hypernet hyl ated i n CancePCT/Bb200§/056229

devel op spont aneous nedul | obl astoma. Simlar to human
medul | obl ast oma, these tunors denonstrate conplete

pronot er hyper net afion of the.renaining.Hcl
allele, as well aﬁ%beoés lg‘fpreégﬁlﬁpgggllcloeﬁasgfac i wild type
Pt chl al I[alegLlindhen passaged as sSyYRHH pRBHUS | Nalm-6

al | ogr af t{ R INERR LRI (ScBEONRI]6ERS| YEYY fBd2ar &
Hedgehog |pat hway- dependent. Thi s [node| was ¢npl oyed to

eval uat e [t R o (o) damion| $EET ediYanpaund,

and to cdar rkg?t{g%gzdcgagﬁhifry W toh ar ug exposur¢ in pllasma
and tunor's—Srat—admnrstration (PO —of —a st gl e dose

of Conpouypd | ed t ose- dependen - at i A
of t hggel-?#é ta(f]fmo}n}f&szﬂ Jcut an g@h%ﬁf/vg iogrp anctregglﬁ%su%a?gs}{ e vitro
a& Treasy e aby sadzde sibavifid iredmefRNAllewpreesshednnd phedis

Fo a5 B SR My ghlons o

LoIORIESs @ntittated dighifidaanishibitidalof e@ressi(Dmlseen at
hi gher doses. The approxi mate effective daily oral

dose for 50% i nhi iﬁ%(gn %.}bityog%rfcg{ or\é'\tvp\i(\% 0) is
. es

between 3 and 7.5 enonstra at the
hedgehog i nhadiitner Conmpound 12 i nhi bi | REHQtR$4t He

hedgehog paTgIeERn ARFmbEERTiOCaWEdnd N B urfom deplendent
on the hedde(‘l;@givg@gmegyﬂ@olﬁo 18p@gRef i ¢ rutation.
Exanpl e 15 WEoRY ForMNEin Wi, CfRpdtd | T [y off 1gonpound 12
to inhibit E( qq%g;é%\(, ,i,C?@fILmJﬁH lt)l_@ Blafl}€] oM cells [(MVY)

invitro s—tested,—usthAghtran ot rpte nyetona
ells |ines - H929 and KMs512) and primary clinical
ns derived frompatients with WM
The calilo thear.s. patedataad UL  puBIGhedpatat whiilibatGanpicadridrein are hereby
washed, then plated in nmethylcellul ose. Tunor col onies
WRHOEPORRIEEY TEfeB@°%0- 21 days later as an indicator of

q_%uvagﬁt@wt h potential follow ng treatnent. Treatnent
of ce

lines or primary patient sgeci mens. resulted i n
decr edbes skifeq in the art will fecognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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growt h conpared to an untreated control. Where the
untreated control showed 100% growt h of cells, each of

wo bastioss2d ed cell lines, as well as the clini cedT/US2008/056229

sanmpl es, showed | ess than about 25% growt h. Exanpl e 16
Acute nyel oid | eukem a and nyel odyspl asti c syndrone

The ability of Conpound 12 .Inhibit the in vitro
growt h of human cell |ines ed frompatients with
acut ey myel Qeshpuk enFamoANL, cell 1ine U937) and

nyel odyspl astic syndrome (MDS, cell line K@ and KA a)
was studi ed. Each of the cell |ine& was treated for 72

hours with Conpound 12 (1.¥eu folN\qwed by plating in
met hyl cel | ul ose. G owt Ir* &f ktHeg l'i nes was

i nhi bited by Conpougdr®
bel ow. Tabl e 2 Lphi biM¢
MDS Exanple 17 | ‘
Hodgki n' s di seak®

PP eMd n the table
2 growt h in4AML and
s |l ynphoma (NHL) and

e ability of Conmpound 12 to

inhibit the in yidt r? rpwt R°of human cel |l |ines
derived from patients w!th non-Hodgkin' s |ynphoma
(cell lines RL and Seko- 1) and Hodgkin's di sease (cell
l'i ne bd2$hrivasutschlidiebtatiacil thdredfhe cel | |ines was

treated for 72 hours with Conmpound 12 (1.0 uM
fol | oWBEeBy plating in methylcellul ose. Growth of

t heserEgIH, alkyl afkeiasSalitynhi, biyl, @dlc1oakyTayaand achByl, asteroaryl,

t he tabl I T = 1 ohibiti f
e TonliG NI kel NL. DR e 5% Br - BIE eI TORRLL o

LYIRHREY L @) NERINAET 2 NIRE @R VT IN(RIC CIRTOBRE 250 R
uM agai nst t Fo_eezdore-Boce | gcute %gﬁ)hg(pytlc 20
-BOR&AN aSEHNRT )R 3, -NI@EZI—D,S(@EE- 1-[W)-aH Y IRal tHW)-GROLR™
St A4 ion b enty INRP PO} (WS- [R2hREh
R A N R e T et T
+HANDIRT W& BRI 'sor -TMOatlfent wi t h Conpound 12

[ reg;te g%ﬁ%f ku,(iiﬁagcﬁ R¥4s ﬁﬁéﬂeﬁh&ﬁy @Pg}%?f, Qﬂéeﬁ)@, aﬂiy\ﬁﬁh‘jﬂ&i, €ycloalkyl,
heterocycloalkyl, aralkyl, alkoxyl, aryloxy, acyloxy, halide, hydroxyl, amino, alkylamino,
arylamino, acylamino, aralkylamino, alkylseleno, aralkylseleno, arylseleno, alkylthio,
aralkylthio, arylthio, heteroaryl, or heteroaralkyl;

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

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

RCis H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl;

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

each of R’ and R independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, heteroaryl, or heteroaralkyl; or R’ and R" taken together form =0, =N(R™),
=N-OR”, or =S;
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control (Table 4). This denonstrates that Conpound 12
is an effective antagoni st of the hedgehog

w@2a08mas29Tabl e 4 Repression of |uciferase actiRCT/YSINE056229

effect of Conpound 12 on the growth of two of these
cell lines, treated in vitro for 72 hours, was al so

studi ed. Follow ng treatnent, cel [re shed _and
plat e i ﬁﬁ%@$@§gﬂrﬁ?ggggﬂﬁﬁaﬁga%ggM&??%%%mﬁﬁﬂFﬁﬁ?ﬁon
af(ogRI* 0ty s RS, nEd RSt - SO, SCIOBRRIBR Y, BpICASINIB* GR>"); or has the
col oni es denonstrated a significant inhibition of cel
frowenl¢RapleRs) . Table 5 I'nhibition of cell growth in
ALL | ReofRpsRthtBTob¥ciel@meness A dikof alkdigl, blkFnyl paglenickalkyl,
and U. S. published patent applications cited Eereiﬂ .
hrteropecieabiyy L japdlor isiestand: hsiproastlyledceC RerjuRy alV B g2ch R is
T&Q@&déﬁi IH &9C1-86 LIS BF hnyWMvb locERRAGRIER?’ cBf bd@KkAbE e to
ascertal i using no nore than routine experinentation,
fiernye 48 oiewdbred pRtianslly Hbstiped ripg whishisewniagPrd hietsroajops selected

[ t .cri bed herein. Such equivalents are
Pﬁ%@ﬂé%gﬂ?%ﬁﬁe enconpassed by the foll ow n

cl ai nB* Ghdzperstedtly for exshpownrdnasfis Hogyeleprbeylh aryb hetgroaryl,

har maceut.d cal | C ler.sal ; i:p; :
iB%teﬁchgﬁkzi}#?xyglaéré%%r ;fc?/g§gy1%§}ff€ s@{%ﬁﬁ,gggﬂtggﬁgﬁla ara{ﬂylthw,
lhydioopydminaraaylkiyinp, dgitieroparcybenyheowrioag ghdupi |

hal oal kyl , al k - SR20, - OR20, . = o
-C(O kzd{ldepﬁéﬁ%&d ?aéffﬁ)uﬁﬁb(ie 1S %%1%,%%&%? or nitrile;
D0 NI 0

(W 66 BReb.S BT - 0 0) 0] pR20, 1 (W] - G O] PRRO.
%\Ma@%]dw@@al; -[ (W - N( R20) SC2] pR20,
(

-C(O N(R20 0, -[(W-Q PR20,
-[ (W XN RL@)C‘]%F&@%& -[(W-S] pR20; each of R2, R7 and
R13 1 gnd &?ﬁﬁﬁﬂdﬁﬁéﬂﬂ, altyn@! d¢Yl, cycdaken hktercrl Kyl ardlkyl]

cycl oal kyl
h%teroaryl, heteroaralkyl, whether alone or part of another group, is optionally substituted.

2. The compound of claim 1, wherein R7, Rg, R'? and R*? are H.

3, The compound of claim 1 or claim 2, wherein R* and R’ are both H; or R*

and R’ taken together form =O.

4. The compound of any one of claims 1-3, wherein R? and R’ taken together
form a bond.
5. The compound of any one of claims 1-4,, wherein R’ and R'° are each H; or

R’ and R" taken together form =0 or =S.
6. The compound of claim 5, wherein R* and R are both H.

7. The compound of claim 5, wherein R’ and R'° taken together form =O or =S.
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het er ocycl oal kyl, aral kyl, al koxyl, aryl oxy, acyl oxy,
hal i de, hydroxyl, am no, al kylam no, aryl am no,

wa@eoosaesed, ar al kyl am no, al kyl sel eno, ar al kyl B&l/&82908/056229

aryl sel eno, al kylthio, aral kylthio, arylthio,
heteroaryl, or heteroaralkyl; R3is H or R2 and R3

t aken_toget her for bond; .each o 4 1 11

i ndep%ndeﬁ'{hﬁ?oﬁngoqq ng‘rkyy(?ne 05%? yll; i eyl/rhqu/l an%z{Rr i
ﬁﬁd@ﬁk&aérkwlseleaed froth @1, CAD K WO,R A alﬁamowar yl oxy,

acyl oxy, hali de, sulfhydryl al kyl thio, arylthio,
aral kyl t hi o, hydroxyl, am no, al kyl am no, aryl am no,
acylaminoﬂAaMﬁkaﬁamanMaHeteroaryl, or heteroaral kyl ;
or R4 and R5 taken together form =0, =S, =N(R20),
=N-OR20 or =N(N(R20)2) : R isyH alkyl, alkenyl,

al kynyl, aryl, cycloalkyMe S ¥ oal kyl, or

aral kyl ; each of R8 aQ@ R endently is H, alkyl,
al kenyl , al kynyl, R ~hetér ocycl oal kyl ,
or aral kyl; or R7 3 v t oget her forﬁ1a bond;

or R12 and R13 a ther forma bond each of R9
and R10 i ndepender H, al kyl, al kenyl, al kynyl,
aryl, cycl oal kyR’ nutRﬁIe aralkyl het eroaryl, or
heteroaralkyl or Rﬁ“and R10 taken together form =0,
=N( R20) , —N-ORZ al kenyl ,

al kynga pl]é‘Ff%CCUtW]&Y %f&f’l?@tfle S%téﬁf‘é?%cx?f&?%& kyl, aral kyl,
-( O RQQaH ally Bh Y1, dIGRIRAN], (Smlaaqudroxyl aralkyl heteroaryl

O N( R20) R20 o
ﬁl@ct(ﬁf?axa yl, [hé@@w; @F%Ymcﬁ@éﬁ Iﬁé% g‘%ﬁd)erf’?( foF é ch
o6€ ﬁz@q‘@O)lSW)(I@PMWRZ%@W' N(RPOB@@&N(RZ&XH%O) S<0>R2°

%@%ﬂbaré(ld&gN( erg){ 6@?233)52 1311 [(W) &@ﬂ 8{&‘13{) gy@)ao]pRzo
o'?qﬁzo caﬁkik()) {W)ﬁgoﬁ:kzm (W) K\)’(k%)SIBZ]PW (WO COOMNHRFGIIRE S

fonna -8 nenber ed
ekﬁW)dﬂdﬁy[@OHﬁﬁH ({)hRedOrr [(h\@ S/]bﬁ ch contains 0-3

het er oAk offR: 2 3 €ChEDeldeR N, Qe Btk dlynAry). cycloaii,

I ndep or e occurren cyc oa [\1/
a)Itylle arply e akkax}yl arylpret, erydeyychalide, sa]ﬂn@lxyyll alkydthig, @WV io, aralkylthio,

}Iygtioié %rﬁﬁr]lg | alllky?dmlfci(l)'l laryqélrgmxlacyl%}nlﬁ%l algfk%amﬁ{oy Létgﬂ)&yl or

heteroaralkyl; or R4 and R taken together form =0, =S, —N(RZO) =N-OR%, or —N(N(Rzo)z)

R®is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl;

each of R’ and R"° independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, heteroaryl, or heteroaralkyl; or R’ and R taken together form =0, :N(Rzo),
=N-OR”, or =S;

R is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
_C(O)R™, -C(S)R”, -COR™, -SO,R, -C(OIN(R™)(R™), or ~C(S)N(R™)(R*®); or has the
formula —[C(Rzo)z]q—R21;

R? independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or —[C(R)z]q—R21, where each R is
independently H or C1-C6 alkyl; or any two occurrences of R* can be taken together to
form a 4-8 membered optionally substituted ring which contains 0-3 heteroatoms selected

from N, O, S, and P;
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10

15

hydr oxyl, am no, acylam no, am do, or a
car bonyl -contai ni ng group; R independently for each

weewanesere is H, halide, ester, am de, or nitpPCT/ES200p8/056229

is O 1, 2, 3, 4, 5, or 6; qis O 1, 2, 3, 4, 5, or
6; Wis a diradical; X is a bond or -C(R22)2-; and

ot or Boyelariy b ongaaf e M Shary S 891 Peapt

1&&%&%@16&1@1@1 afyld3a dcylky anndd) eulflghgu plkyltslopmmmakdnyyltmo
substi t ut ed . The conmpound of clai.m 1, wherein R7,
RO R R GO 3 CoTR LETRBIRREBP R m 1 of

clai m 2,0, vhenei B, &%;and R are both H or R4 and RS

taken together form=0. 4. The conpound of any one of

cl ai ngisfh 3,2 #vbPe?iP>R2 and R3 taken together form a

bond. yBy 5 iligsicgpound of any one of clainms 1-4,

wherein R9 and R10 are each H, or R9 and RI10 t aken

t oget Kesabandipr=0Hot =S, 6. The conpound of clai m 5,

wher e g@gggmi f im
5, \/\h‘lﬂél{raeRél%g)q ﬁge giglk?%gﬁ %y%gtair%gfhform =0 3? ag@lkﬁ
]ibteroaotrrhlomrudradifyl arhgthgndowgsf orpheg pﬁ@oﬂwvgromeSr antigngdly Sah?dllt“ted-
R11 are independently sel ected fromH, C(O R0,

S2R, 20 , and COOR, 20 9. A conpound of formula 9 : or

a phaicheﬂtelcéallpPlgﬂda?éé@ml8bW1@r‘§&P<tlsrﬂ§Peof wher ei n;

Rl is H alkyl, alkenyl, aIkynyI aryl, cycl oal kyl ,

Egﬁggxiyl alimaclgg%gqm hoetg]‘%{rg o cla@_—\,%%vrhgrae{n 1¥h’0r alkyl.
-N(R, 20us)(Rt 20ux) , C(O)R 20 , -C2R, 20 -OC(O R 20,
-C(O R XR20 R

20) (R120) e§€6§?@l§‘o®'}](dn>éﬁg TG, #7 g RS RS
E%gtM)@(_@ alRERRO(OYRF{, BD-1E( O it iPBROR [ (W-&0dg

13.  The compound of any one of claims 9-12, wherein R’ and R'? taken together

form =0 or =S.

14. A compound selected from the group consisting of:

> N
<
<

llll

~
~
~

N
, and H

and the pharmaceutically acceptable salts thereof.
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-[(W-040)] pR 20, -[(W-SO 2]pR, 20u, -[(W-N(R
2Qu) SO 2] pR2u, -[(W-C(OQN(R u)]pRzu -[(W-0] pR, 20u,

WO posyledstR u)] ,20 pR u, or -[(W-S]pR 20u.; PemOSmhs/056229

R4 and R5 independently is H alkyl, alkenyl, alkynyl,
aryl, cycloalkyl, nitrile, aralkyl, alkoxyl, aryl oxy,

acylo , hali de, hydrylL, alkylthio, arylthio,

aral k thr%cmﬁWﬁpiﬁb%?xgﬁ¥%o, al kyl ani no, aryl am no,
acyl am no, aral kyl am no, heteroaryj:, or heteroaralkyl;
or R4 and R5 taken togethq&iﬂ@ m =R, =S, =N(R20),

=N- OR20, or =N(N(R20) 2 ' yl, al kenyl,

al kynyl , aryl, %y g}kyl or
aralkyl; each o

al kenyl , al kyn§T77ary
heteroaryl, or h&terg

croal kyl, nitrile, aralkyl
kyl; or R9 and R10 taken

t oget her form =0,B "REN-OR20, or =S; Rl11 is H,
al kyl, al kenyl, al kynylg aryl, cycloal kyl,

het er ocycl oal kyl, aral kyl, -C(O R20, -C(S)R20,

- CO2 R0y, phaBCRERRAlly L MR heRXD) , or - C(S) N(R

20) ( ﬁ%_ or has the fornula -[C(R20)2]g-R2 1; R

i ndep& gﬁtly for each occurrence is H, alkyl,

aIkenykhoahhymBhnm@myknﬂpwe%@m?ky{c mEUEF®b§¢toalkyl
oo e S QRO B A o e o P
@B&rofamym@mmkﬂn@lesmf SR20-0raf Nezz’f)akzép a(ogle%ﬂhé:ozk%?
cgﬁf@mﬁ %%N%ﬁ@%ﬁ%ﬁ%ﬁ@@)é RGN S-S,
S a5 st o oo
aﬁfww&;ﬂo BRI G- SO B SRR Ry AR e
aﬁﬁgqﬂqgw ﬁﬁ@h@gﬁ%pkw,mhyﬁrQﬁxﬁﬂ an!no acylanlno
or carhonyl - contalnln rou 2,
3, 4, ea@h oHR* & aqd RS iggndgpengently | 41ky]5 alk@}yl @lkywll, gryb cycloalkyl,
qjl {e?oqyaéilkyl?&rélﬁyl?alp%g aB)'iox'y,q_cly%xy, halide, hydroxyl, amino, alkylamino,
arylamino, acylamino, aralkylamino, alkylseleno, aralkylseleno, arylseleno, alkylthio,
aralkylthio, arylthio, heteroaryl, or heteroaralkyl;
R’ is H; or R? and R? taken together form a bond,;
each of R* and R’ independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulfhydryl, alkylthio, arylthio, aralkylthio,
hydroxyl, amino, alkylamino, arylamino, acylamino, aralkylamino, heteroaryl, or
heteroaralkyl; or R* and R’ taken together form =0, =5, :N(RZO), =N-OR* or :N(N(RZO) 2);
RCis H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl; or R®
and R'? taken together form a bond;
each of R'', R’>, R™ and R” independently is H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, or aralkyl; or R!! and R'? taken together form a bond; or R’
and R taken together form a bond;
R" is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
_C(O)R®, -C(SIR™, -CORY, -SO,R%, -COINR)(R™), or -C(S)NR)(R™); or has the
formula —[C(RZO)Z]q—R21;
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and each al kyl, al kenyl, alkynyl, aryl, cycloal kyl,
het erocycl oal kyl, aral kyl, heteroaryl, heteroaral kyl,

wohk@shess2al one or part of another group, is ope@DNSI008056229

substituted. 10. The conpound of claim9, wherein Xis
-CH 2-. 11. The conpound of claim9 or claim 10,

wh T
of e{;lellg{d H@G @en%inﬂyvé%re?aélil ﬁcc%errcg s;’_lﬁ, ag]%{fpon él?l] gﬂ(yny"l]){arﬁ cycloalkyl,
ﬁét@%t:}l’dldﬂlgfﬂ afalkyChekdayl, hefer &R, or SEPIRIQ,-ROI whdre &h R is

The coppound of an one of gl ai
iidercapentindt offql- ﬁielkf/b%ﬁwwa SrHER Y Pfﬂ‘ E‘S@%n fqgpthepto
CRIROUB thefi®kiR8 bbb NI PHIbLHiEe@FifL WhicRREAtSh 09 hokroatdnd selected
t he pharnmaceutically acceptable salts thereof.15. A
semgbuhd: &4 Pif ornul a 15: or a pharnmaceutical ly
acce pf{aglll Fé@lkﬁtlyt Qleéa%f?t)cc)u%&re% H; cy%@ﬁﬁtypﬁr Ah@t@ﬂ)a@l

i ndepende IS - C=0O - C=S Ri
kieterogy dkyh alkq;qyk @rxy, @y]@yﬂ),hahd%ﬁglfhyd%@ﬂl@ygpq@yqrylthm aralkylth1o
Eg?r{)ﬁfiyinilm@ M no zﬂl_%%%r QQ%IrM(I)nyl B&{tﬁfu‘ﬁ@% E,y 20) (R 20)
- (O Rzzzmiependamlm @h occu@@Qc@IRHzl@hde e@eoym(qa FORRED)
NR 2 -N(R 20) C(O N(R 20) (R 20) ,
-S(O)(EQI )19(9)%? Sttt ( -S(%))C(Z?\I((R 20))((R 20)), “N(R
20) S(Ps ®R 20,4, 5 (- O] PR20 , -[(W-(OQ PR20 ,
[(Wbﬁgﬂ%ﬁ‘ PaFIQZO , -[(W-SO 2]pR20 , -[(W-NR 20) SO
2] pR2 40 O N(R 20) JpR2O , -[(W-O PR 20 .
R[ gWxgﬁﬁb?gl)or}C(lﬁbz, or -[(W-S] pR20 ; each of R 2,
an [

a1 eyt i . ARG edselostyE ety S A

AL, heREAMDRGY,, wHRERE ﬁmij@ orfpaft lo€l €nothey gfoﬁp )ﬂ; optemhlhosubstituted;
al kyl am no aryl am no m no,

al kyl B@Vidadth a%ﬁv%ﬁ%rss%‘{@ a’ﬁ“v ‘%Pef‘éa@k SRl hiyt

ar al kiéllotvﬂb@thaa\&/b{éntmsa(ci@t eﬁqa;f:m B@kushigd ev@anal kyl ; R
3i sH; or R2 and R3takentogether form a bond;

16. The compound of claim 15, wherein A is ~N(R")- and B is C=0.

17. The compound of claim 15, wherein B is ~N(R"- and A is C=0.

18. The compound of claim 16 or claim 17, wherein R? and R taken together
form a bond.
19. The compound of any one of claims 15-18, wherein R’ and R'® are each H.

20. The compound of any one of claims 15-19, wherein R!! and R are each H.
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each of R4 and R5 independently i s H, alkyl,
al kenyl, al kynyl, aryl, cycloal kyl, nitrile, aralkyl,

wa@bkdoenyds29 ar yl oxy, acyl oxy, halide, sulfhydrylPCT/US2008/056229

al kylthi o, arylthio, aral kylthio, hydroxyl, am no,

al kyl am no, arylanino acylanino aral kyl am no,
heterparyl, or ar 2? or R4 and R5 taken

t oget Her f‘%?‘?ﬂlp%‘n °rm‘ﬁf(‘ 20) , =N-OR 20 or =N(N(R
20) 2) ; Ri s H, alkyl, alkenyl, rial kynyl, aryl,

cycl oal kyl heterocycloal I Mmr anal kyl; or R6 and R
10 taken together for = af R11 , R12 , R
14 and R 15 indep Al kenyl ,

al kynyl, aryl, o 3?ky|21or

aral kyl; or R 11 2 takKen together forma bond;
or R7 and R 1% = n ttooggeetthheerr ffoorrmm a
bboonndd;; RL13 ¥ at kyl , al kenyl , aIkynyI aryl ,
cycl oal kyl hem@rocycloalkyl aral kyl, -C(OR 20 ,

ot SHUTEERD, e Eoon oy cyciawalwiﬁwemyf&am etk

%9&31%]3.1‘11152 h&lo&i%&l hlﬁ@@m egeie nURV"‘O me%aéPu c@(ogmg eacsr’s

PQ@@)B%O)/ @(Q&N Q%/a%(RZ%)F d‘ﬂ &%C(‘qqggoy%g%(o)wg% e)ﬁ%zg\}, aﬁ (Qgﬁzo
P BTN wheke a0k K s IORREndRmIoOIDRR”

occurrances

t[éWé@Q(@@]@R%ei(WbS%Mn a[(W)g«RemapBgJ dpvi- G@JW LR,

S t oh,.c 0.0- 3 het eroatons

Igﬁé Ck]éd fﬁw%lﬂ% Oglk ﬁw@rﬁm 1 i ndependently for

each eﬂ&b@f R%mddi |1sddﬁen6byf¢)f iodl. ki1, alepil, aliyeylepryheydloalkyl,
fér ogﬁ’( Xﬁ(o ;}’yo acyﬁ% l?;ﬁ)‘le SBHEY ,zﬁll%wht{ﬂ Sl,’ Q€ 1thio, aralkylthio,

ara
fhydibﬂydyimlna,mlkydh,mm@ytt}amm@, acalmndm arglkylamino, heteroaryl, or

Tt bopﬁg&grﬂsa@‘kﬂgﬁc&go ey ff)zrm @a%ggeﬁﬁzef}t Ly. 619“ ?aﬁfN(Rzo)z)

nitri
i s 0, Ris 1,alid], atkenyd, alloynyH aryﬂ), ciysloflkyllhet@ocy8loalkyl, 61; ardkyl
6, Wi
$1saln<(f~iependent‘l:yaf{ alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,

aralkyl, alkylseleno, aralkylseleno, arylseleno, alkylthio, aralkylthio, arylthio, heteroaryl,
heteroaralkyl, or nitrile;

R" is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
_C(O)R”, -C(S)R”, -CO,R?, -SO,R*, -C(O)N(R™)(R™®), or -C(S)N(R*)(R*"); or has the
formula —[C(RZO)Z]q—R21;

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

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

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

R* independently for each occurrence is H, halide, ester, amide, or nitrile;
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Xis a bond or -C(R)2- ; and each al kyl, al kenyl,

al kynyl, aryl, cycloal kyl, heterocycl oal kyl, aral kyl,
whedoenamey| , heteroaral kyl, whether al one or pe€T/US$008/056229

anot her group, is optionally substi t ut ed; provided

that when Ais -N(R 13)-; B nust be -(C=0 -, or

C=9) -; d_praqvi dthat V\henAls-(C—O) or
9%150 g%ﬂﬁ 4{% >N(R 13)-. 16. The corrpound of

cl ai g@lmgr@|5n0r$|s -N(R 13) and Bis C=0 17. The
conpound of claim15, wherein Bis -N(R 13)- and Ais
c=0 VWgs atijuli %rrpound of claim16 or claim17, wherein
R2 ang iR3pdmlerc@Réyethar forma bond. 19. The conpound
of any one of clains 15-18, wherein R7 and R10 are
each MisQ0rSThe conpound of any one of clainms 15-19,
wher e?ﬂ?l eRE,'hlauéFlldanEé]a ] Qﬁ(?ﬂﬁaa@ﬁ Hedhik ﬁh@t%@ﬂ%h%yﬁfaralkyl
formu ) , al kenyy al kyny Y
bstetoaryl, lyteroatpkgh, axbpther zgqalw Qeypprt oﬁ@p@eb &y, 1S opt1ona1 y substituted.
het er oar al kyl, hal oal kyl , al koxyl - SR20 - OR20,
-N(R20) (R20), -C(O R20, . - OC(C?}

-C( 0 Rzo“ékmeylpouqq@ﬁz]@)‘@%ka)w{?lnx 8 -CHy~
-N(R20)C(O)N(R20)(R20) -S(O R20, -S(0O) 2R20,

LW 2 0) B Brpbind g it QLpuihrgteon ety RSB B
-[ (W - N(R20) 802] pR20, -[(W- C(O) NgRR20) ] pR20,

-[(W-Q PR20, -[(W-N(R2Q)d p oXi._- [(Z\llkglnle20 each
arnd kyI2,3yaI koxyl ,

al kynyl, aryl, cycl oal ky, b

aryl oxy, acyl oxy, M6 hydryl, al kylthio,

aryl thi o, aral kyk am no, al kyl am no,
aryl am no, acyl amgo, kyI am no, heteroaryl, or

het er oar al kyl ; q{n’R4 and R5 taken together form =0,
=S, =N(R20), =N-OR20, or =N(N(R20)2) ; R6 is H, alkyl,
al kenyt 3 prakikaoeyticallpnaeeptaldy edlighékgfl whiveiner ocycl oal kyl ,

Tt AT 5o ST SRttt A
alleiéydaﬁﬂtyenmloaﬂtyhhllkyi}s eSRf'?o ORif yNQb RO), %(IQ&E( HﬁJQ)R
AREKA QNP WRPGER R KR CONR)R™), -SOR™,
-S(0):R, -S(O)NR)(R™), -NR*)S(0):R™, -[(W)-C(O),R™, -[(W)-C(0)OL,R™,
[(W)-OC(O)[,R™, -[(W)-SO5J,R”, -[(W)-N(R*)SO:1,R”, -[(W)-CONR™)J,R™,
-L(W)-OLR™, -[(W)-N(R*)JgR™, or -[(W)-S],R™;

R is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
_C(O)R”, -C(S)R?, -CO,R, -SO,R*®, -C(O)N(R™)(R™), or -C(S)N(R*)(R™); or has the
formula —[C(Rzo)z]q—R21;

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

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

pis0,1,2,3,4,5,0r6;
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heteroaral kyl, or nitrile; RL13 is H, alkyl, alkenyl,
al kynyl, aryl, cycloal kyl, heterocycl oal kyl, aral kyl,

WO G eBy - C(S) R20, - CO2R20, - SO2R20, PCT/US2008/056229

10

-C(O N(R20) (R20), or -C(S)N(R20)(R20) ; or has the
formula -[C(R20)2]g-R2 1; R14 is H, alkyl, alkenyl,
al kyn ycl IkyI het erocycl oal kyl, or
araIK¥10 gfy%ﬁ4§ 4 t aken toget her forma bond; R
I ndepgndeqirhdicdl.or each occurrence is H al kyl,

al kenyl , alkynyl aryl cycl oal kyl , heterocycl oal kyl,

ar al k¥ a brad 6Q$y1M1heteroaralkyl or -[C(R20)2]g-R2
1; oryanyobwo occurrences of R20 can be taken toget her

to forma 4-8 nenbered optional]y substitute rin%i
whi chandsaehailig. Dkeavh @ké?Yéa?EﬁénWC?élkéhP@EimWi%ﬁN agglyg,

#&€ro Igr eljoafaﬂgf? ReREEPIbYe JrPhrt SRLIIHRE SN, @@Qﬁlohzﬁlyﬂubsututed
cycl oal’kyl, aryl, heteroaryl, heterocyclyl al koxyl ,

aryl oxy, acyl oxy, halide, sulfhydryl aIkyIthlo

aryl thi.o, Aeahkoohl bdiestedrydii Q?é)gkoup@mlsi@mg atyl am no,

am do, or carbonyl - contalnlng group; R22 independeptly
for each occurrence |s S halide, ester, amde, off
nitrile;pis O 1, 25 4, 5, or 6, qis O I/2\3,

4, 5, or 6; Wi «lr:-}cal; X is a bond oro N
C(R22)2- 6ru31 and each al ky/ AL kEiry i
al kynyl , , heterocyclo; Al Kyl ,
het er oary , Whet he

anot hery optionally sub;tlt . .
conpound aim2 1, whereirPX 23. The

conpound of claim21, wherejn said cﬁnpound has ,
formula 23: or a pharnaceutlcally acceptabl e salt
t hereof, wherein Rl is al kyl, al kenyl, al kynyl ;
aryl, cycl oal kyl , , aralkyl, heteroar

',

~
~
~
~
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het er oar al kyl, hal oal kyl, al koxyl, -SR20, -OR20,
-N(R20) (R20), -C(O R20, -CO2R20, -0OC(O) R20,

WO S{NMERROXR20), - N(R20) C( O R20, PCT/US2008/056229

- N(R20) C( O) N( R20) (R20), - S(O) R20, - S(O) 2R20,

- S( 0 2N( RROXR20) , - N(R20) S(O) 2R20, -[ (W -C( O ] PR20,
-[(W-CO 9 PR20, -[(W-0C(0)] pR20, -[(W-SC2]pR20, +
HW N( R20) SC2] pR20, -F(W - C(O)N(R20)]IOR20

-[(W-QPR20, -[( {(R20) ] pR20, -[ (W - S| PR2O,

is H alkyl, al N y@yl aryl cycl oal NH
het er ocycl oal kyl Y af kyls’ C(O) R20, C(S) R2

-CRR20, - § R20) ( R20)

-C(S) N( RS has the fornul g %-': g- R2 1;
R20 o&4 I for each occurr@émge -m :

al kenyHhn 1yl , aryl, cycloal kyl, erotycl oal kyl ,

ar al kyl , héferoaryl heteroarﬁﬁkyl /6r -[ C( R20) 2] g- R2
1, or be taken together
arfd e %ﬂ&%% 1§ g&géfl e nﬁg Qne?é?a@ g

to forma 'y substituted ring
whi ch contains 0-3 heteroatons selected fromN, O S,

and Pys R21, bﬁ‘gﬁl@@eﬂlqg‘f‘ th)rMszRfon %%Fﬂ%&l&fnﬁﬁﬁﬁi dfSanklone of
cycl oal kyl', "aryl, heteroary erocyclyl; al koxyl,

ahimoky4, aa@yqlwyonemapﬁr@éeut%iw a9gPptaple exaqp!@w thio,
aryl thio, aralkylthio, hydroxyl, am no, acylam no,

Zm goQ@or 6‘&: glreﬁg)g)gf 1n(i:11(%)r1]ttglagl agtllya 019 fef ay lgq;dg%]olg\sﬂftggzaéin V21t’ro g’r’ €x Vivo,
Qbﬁlﬁl% Eiddmlﬁgstbﬁngato RO Ga@int a g‘rgpound 8Nchy Yk 6f ik 134 inagl

eac kenyl , al kynyl, aryl, cycl oal kyl,
h@p@lrt@efimeeap ksrluce e aftkgiion fehehedaghor Pati#ayr oar al kyl |

whet her al one or part of another group, IS optlonally

substituted. 24. A conp und S ig? %on1the group
consi%?ingUﬁ?ﬁ&ﬁamPW@'ﬁ ﬁﬂﬁﬁ@ iR heARG bt abl e
salts thereof. 25. A pharnaceutlcal composi tion

o Tt "oH SRAPRHRGGRr ol Sy Skl Caf iR i

medicament.

29, The use of claim 28, wherein the medicament is a medicament for the

treatment of a condition mediated by the hedgehog pathway.

30. The use of claim 29, wherein the condition is a hyperproliferative disorder.

31. The use of claim 30, wherein the hyperproliferative disorder is cancer.

32. The use of claim 31, wherein the cancer is a cancer of the central nervous
system.

33. The use of claim 31, wherein the cancer is a cancer of the gastrointestinal
tract.

34. The use of claim 31, wherein the cancer is a hematological cancer.
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26. A nethod of inhibiting activation of a hedgehog
pathway in vitro or ex vivo, conprising adm nistering

wao 00sads2pat i ent a conpound of any one of cl ai PEI/LSD48/056229
in an anount sufficient to reduce the activation of
t he hedgehog pat hway. 27. Use of a conpound of any of

one. of ol Ak as BT ALY viegep ket PafteR O

medi canment . 29. The use of claim 28, mhereln t he

medi ¢ nt |s a 0RRbm ek (i

Condi I on Trlrlg i a dau%l {rﬁﬁ]&ﬁfl e %Jg%r %Jsasgll%& I&% N a 1C cancer,
u&eulniblaedomamnﬂﬂplem;etoalanmtyhlelddondmta, myelpéysalastlc syndrome non-

rolifera order 31. The ¢l.ai m 30,
AR bt e O RSy dus L0PaESEs Budh® %35
The use of claim 31, wherein the cancer is a cancer of
the central nervous system 33. The use of claim 31,
wherein the cancer is a cancer of the gastrointestina
tract. 34. The use of claim 31, wherein the cancer is
a hemat ol ogi cal cancer.35. The use of claim 31,
wherein the cancer is |eukem a. 36. The use of claim
31, wherein the cancer is selected from pancreatic
cancer, nedul | obl astoma, nultiple nyeloma, nyeloid
| eukem a, nyel odyspl astic syndronme, non- Hodgki ns
| ynphoma, Hodgki n' s di sease, and acute |ynphocytic
| eukem a.
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