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WO 2008/109829PCT/US2008/056229 CYCLOPAMINE LACTAM
ANALOGS AND METHODS OF USE THEREOF Technical Field The

WO 2008/109829 PCT/U82008/056229

present invention generally relates to cyclopamine analogs,
pharmaceutical compositions thereof, and methods for using such analogs
and compositions. These 5 compounds and compositions can be useful
for the treatment of hedgehog mediated disorders, such as cancer and
psoriasis. Background An The Hedgehog polypeptide is a secreted
protein that functions as a signaling ligand in the hedge athway.
T8 HRRAMINh GEAAS AR R S
Sonic hedgehog (Shh), Desert hedgehog (Dhh) and Indlan hedgehog
(Inh)). Sonic hedgehog is the most prevalent hedgehog member in
mammals and also is the best characterized ligand of the hedgehog
TtahmilgalPiidd to secretion, Shh undergoes an intramolecular cleavage and

lipid rppdificatem LSRG BentRf iRt mMadificd Papiide S ISSPORGIRIedRtcal

signaling activities. 15Inhibition”of the hedgehog pathway in certain

CRARRE FO IS BRdn SH SNFH BI Y EX LT e mwibm@wgﬁ WGP dihese

cEXPOIRLE, aaawﬂplgﬁtm antadigs) havadeannshe Wi @hagasirzedhe
fun tion of the hedge Spathway and inhibit the growth of tumors. Small
%%%ﬁe% r?h%‘i%ﬁ% e% gﬁ%&f pathway activity has also been shown to

Bgggipimealitdeath in a number of cancer types. 20Research in this area

has faglisech im0 0 lucidaion nf hedgsheg paiuay BislagY A0sha

the discovery of new hedgehog pathway inhibitors, Although inh
infee hederdne Gasatrvay nas dibeent asntimGchethedacban Bsasis fie fasedit

hidenifys Baer adrtant ivnibitorsof lhe.brdoeheg ARtk IRUBARRMYNN). Sonic
hThe esent invention relates to analogs of steroidal alkaloids,

B a BT CATE B STIBRLeng EIRES BROME A © et
chnventidrdricgludest cmmmg,ﬁmdg fhfFigrnidler 1o mﬁosj&hh&mmgpelsmg at
B B e R R e
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 1s:
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or a pharmaceutically acceptable salt thereof; wherein; R1is H,

WO al(l§ {[iofgggléenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heé%rgﬁg%wézw

e eroa?alkyl, haloalkyl, alkoxyl, -SR20, -0R20, -N(R20)(
-002R20 , -0C(0)R20, -C(0)N(R20)(R20), -N(R20)C(0)R20,
-NI(R2D)C(0)N(R20)(R20), -S(0)R20 , -S(0)2R20, -S(0)2N(R2)(R7), -N(
20)S(0)2R20, -[(W)-C(0)10R7, 4UW)-C(O)011Q?R20 , -RW)-000)1,R20,
4(W)-S021pR20, -[(W)-N(R2)S02¥iRZ[(W)*C(0)N(R20)]OR20 ,

Ino, alkylseleno, aralkylseleno, arylseleno,
alkylthio, aralkylthig, ATy tefparyl, or heteroaralkyl; R3 is or R2 and

R3 taken together fofm g bgng;, 15each of R4 and R5 independently is H,

alkyl, alkenyl, alkynyl, argl! cycloalky nitrile, aralkyl, alkoxyl, aryloxy,

aCV'Oéyar?ﬁ‘Q%‘? %ﬁ'@f@fﬂ%@c&!ﬁﬂw& ﬁ{é&;gfo aralkylthio, hydroxyl, amino,

C
alkylamino, arf}jlamlno, acylamino, aralkylamino, heteroaryl, or
heteroieatikyl;

R'is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, alkoxyl, -SR?, -OR%, -N(R*)(R™), -C(O)R™, -CO,R”,
-OC(O)RY, -C(O)NRZ)(RY), -NRX)C(O)RY, -N(R™)C(O)NR™)(R™), -S(O)R™,
-S(0),R%, -S(0)NRZ®)R™), -NR™)S(0)R™, -[(W)-C(O)},R™, -[(W)-C(O)O],R™,
[(W)-OC(O),R™, -[(W)-SOJ,RY, -[(W)-NR™)SO],R”, -[(W)-C(OINR*)],R™,
[(W)-O1R”, -[(W)-NR™)J,R”, or -[(W)-ST,R™;

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

arylamino, acylaming,Jaralk

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*")2);

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(R?"),
=N-OR”, or =$;




or R4 and R5 taken together form =0, =S, .1\1(R20), =N-OR2 or 20R6 is

WO %{f@?ﬁ%ﬁlkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, o][ f?ﬁtﬂ%%lo ﬁgf 20

R12 independently is H, alkyl, alkenyl, alkynyl, aryl; cycloalky
heterocycloalkyl, or aralkyl: or R7 and Rg taken together form a bond; or
R12 and R13 taken together form a bond each of R9 and RI

indefendentslishirerkeRpn dugiyicaiprlkykimmacydoobyliakatalkyl,

-d?@iﬂ@?f@ksgﬁm?-@fgﬁ@ Kybg@i‘z R%@Mﬁ@);%@ﬂgwm%)@%; or has the
=N(R]§.IZB, =-0R20, or =S: WO 2008/109829PCT/US2008/056229 R'l is

fopmulasiCHikeryiRalkynyl, aryl, cycloalkyl. heterocycloalkyl, aralkyl,
-C(0)R2 infefByRaly- 0 2RE 0<S02R20 i+ B(QAIYIRZNERA) abrynyl, aryl, cycloalkyl,
-C(S)N(R20)(R20);.0r has the formula - 1 21 "
¢ NGRS RSP R
indyphmakioply feoe fobyisi ol onratk i chearsersyts ReReraarairypksp together to

foithGURY I RR e dMREES SRR R IR SRENAEM b Qs GL-OR @kMlo Rk aileted

two occurrences of R2 can be taken together to form a 4-8 membered
frapiSnaHy-dtituted ring which contains 0-3 heteroatoms selected from

N, 0, &' angRnR3lincependenilydareath gctutkehceyis Hdtecyatdalkyl,
o o3RRSy T e
hadnisgl, emancatdnylcoataittngrgroaboR2 20rd@peangiently for each
occu rﬁenﬁ]%éﬁelﬁ'delﬁﬁk;qu EXIE bRk ﬁ;ﬂb@i&j%s%gva%ﬁge,‘br itAle6;
pis0,1,2,3,4,5,0r6;
qis0,1,2,3,4,5,0r6;
15 W is a diradical;
X is a bond or -C(R*),-
and each alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
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
20  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:

5 R 10 Rl H
or a pharmaceutically acceptable salt thereof;
wherein,

each of A and B independently is -—N(Rl?’)-, -(C=0)-, or ~(C=S)-;
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qis 0,1, 2,3, 4,5, or6; 15W is a diradical; Xis a bond or -0,1222)2- and

WO i@%l O%Ié%l, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkylltqj;%g%lm 1056229

' roaryl, 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 90 compositions com#)rising at least

one $udh Bottpburkearidefenbas brosiprf st ¢ompAiHEY ditseroaryl

h%&’@i?(jﬁ’lﬂpﬂﬁfﬁ’g&@@ﬁm@ﬂt rﬁn@n@%?@mzmymwmw
isorders, including capcer re me the haedgeho .
'%%mp%@ag%’gﬁﬂuﬁf i3 &?29%@@%&%%20%%021ﬁ%@%ﬁ%|a
-S16)28, -Bﬁoggmﬁﬁm%ﬁeem@m@nk&%ptamecs@mm@remwm@m%%ich
e iseN -NT Ok 20V 1208 20

R T St ontoss o R B g S B, ey
[EyOIeEIRT, HYBFoRYR Aralky ! dnetdhoaraR heteroaralkyl, haloalkyl, alkoxyl,

-SR20,10R20, fN(RZQR2QA e feAQRROH; GRAR2Eny DGUONFR A yICE RN Ik,

i A Doe e
- 2007 EW)-CLTORZ0 = (Wy-Ctdyojore, ™
arf(MRCAO) LARRZN ar V)2 B0 GRZBe WV JAIRI20S0 2AiE o0, alkylthio,
AR R | o
cycloRlkil FhetdRoeydIBatkktnaratiher &ikoxybadiloxy, acyloxy, halide,
hydroxyl, 8reng, KYIRBIRASYIANINAACYARIPO a AERIY H3IR0s oal kyl,
alkylseleno, aralkylseleno, arylseleno, alkylthio , . .
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(R20), =N-OR* or =N(N(R20) 2);

R®is 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($)RY, -CORY, -SO,R”, -C(OINR™)(R™), or -C(SINR*)(R*); or has the
formula —[C(Rzo)g]q—Rﬂ;

R” independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or —[C( R)Z]Q-Rﬂ, where each R 1s
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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10aralkylthio, arylthio, heteroaryl, or hmeroaralkyl: R3 is H; or R2 and le
ether form a bond; each of R4 and R5 inde

wo ﬁgﬁﬁienyl alkynyl, aryl, cycloalkyl, nitrile, aralkyl, alkogy /9%%{?{)%;)_%6229
acyloxy, halide, sulfhydryl, alkylthio, arylthio, aralkylthio, hydroxyl, amino,
alkylanaino, arylamino, acylamino, aralkylarnino, heteroaryl, or
15heféroardifiegicdi R4 and R5 taken together form =0, =S, =N(R.20),
=N-0RZ QrshHNLERD).[); R6 is 1-1, allcc71, alkenyl, alkynyl aryl,
cycloalkyl, heterocycloalkyl, or aralk l; or Rg@ d RI tak ethﬁworm a

bond?nd eachalky. ﬁ@@'wﬁyrﬁ&&% gl é%&"éﬁ
‘hadkenyl, adkmoylaanyl vmeclﬁalakyhehet@nmoyakmakhkygronmnalmomll% btandtﬁbzi;

taken to form a on 7 7 en together form a

bond" ‘%ﬁ% SR dﬁ\@ga %k?r%%é% ?y%c?éﬁ? et

hetenpoyclodtkyt, \mamk&lwe@mz@r C{SHR2B J@@QR@@VGSOERzo
Brg}(@g\ggﬁg@(@g@e grragl$),N(R20)(R20) or has the formula

enden%}( for each occurrence is H, aﬁ

alkeriR Ui P i R F TSRS Ey BT SPAR ke %%)Fd A
vhgterearalsih ©0dGiR)JatR21, where each R is independently Ft or
DCil‘-C6 alkyl; or any two occurrences of R2 can be taken together to form a

= bered optionally substituted ring which contains 0-3 heteroatoms

selectén frgimifond oSicandPedRIcindepaprie tlinfornosish beoratca e ¢f;

th%Y*?JP@éh}ﬁ u%f%'re'&@éﬁf%r}’& %9&%9ﬁymw@@lﬂﬁ@ﬁyl&r@r}ﬂﬁﬁﬁa@&w%}ﬁel ds.
halide, sulfthydryl, alkylthio, ary]thio, aralﬁ%hlo hydroxyl, amino,

WS ABR T SO ICAHSBY REDFASShin G Tt 285 SRR P &R Fothey
aRAGRDGROIEEBEALS khebalidaopsieksantidey e Nitriled p ip&siflc BsBndgsSeittier

IS 7 ) 21
indi%dua?ly or as part of a larger group.

As used herein, the definition of each expression, e.g., alkyl, m, n, etc., when it
occurs more than once in any structure, is intended to be independent 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:

N

|

R50
wherein R50 is as defined below, and R54 represents a hydrogen, an alkyl, an

alkenyl or -(CHy)-R61, where m and R61 are as defined below.

RS54

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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3,4, 5, or 6, WO 2008/109829 PCT/US2008/056229 W is a diradical; X

4
:;]SO 6?8 b(())gnd or and each alkyl, alkenyl, alkynyl., aryl, cycloalk

e}ocygloalkyl aralkyl, ,heteroaryl, heteroaralkyl, WhethelP éFE{HEZSP%% 229
of another group, is optionally substituted; provided that when A is
-N(R13)-; B must be -(C=0)-, or -(C=S)-; and provided that when A is
doie0y- rinfe (Qrbies B bA KISk BIE EBRL A tfaikuted with the

RI2WINGS mar floWeddaniesdecashankeisiapotasteraidalatkaleidby t
SWIth%\{E}e%n;] aé labeled A-F. Moéesnof Carrgﬁ]g&o%t thet Inye b v

%@éﬁm}e@ Tyrind glrnvtiond %H%%O&Qéa%f&%a f’rﬁ?é’&ﬁé%he

piacBspoOsatrihe. present state-of-the-art definitions recognized for each

term jp the che cal and p mace tical fiel i
exemjﬂﬁlca%n%p %I ed" The de& ﬁﬁﬁl%)nag gpg %\% g%‘gﬁgs%s@%%gy %?Vemg
amseygﬂnmdghbmmgdspem@cﬁﬁmsmﬁé@s oinephEsevipnitstig BjsEdfig. ethoxy,

%er?%‘t% 2idivdnalrer Qﬁﬁ@&@&@o@gﬁfkg@lg%up is QSR the

hereln the definition of each expression, e.g., alkyl, m, n, etc., when it
alfek arevRToREtRAMbSEBSHLFH it Agree %Wé af‘fo@‘Béﬁ%%%SpSé’H&étﬁ%tF on
aggzﬁgeﬁﬂp@% eieeweerpemﬁtmsgme stailatieaEhesterm "acyl” as used

erein. refers to of the general formula,R- 20wher can

be H%ﬁﬁﬁr%rﬁlg ara‘fﬁyf In%?alca agg tu%lﬁ%éh%(‘au muP,‘S %Zugi
stmd]ghlmhaupaikkyhgl;osmbbmumcﬂ -olnalRy eﬁwlmcalmllqﬂclm]eyeﬁﬁlm@laﬁﬂmws alkyl

E’Qf' dralirbin @ ad [egharamatiaor ig ring,
btk ?/]?%0%%1 @a%l C%gg %/L?engbgroup a@r%% %ﬁ?gﬁﬁ%&aﬁd aryl

eﬁ&%%fé?ea Spieham ELINE e ae kY ke R P S ERROG RS, 17 1

b@eawb @ @@h@gym@wigmme@y@mrmxmpm) ofteotyfeical.
aralkyl. 25The term "ac%Iantlno" ref rs to a moiet

1}815?& %’rﬁ%&l gﬁ%ua &R traé?s 10 car on atoins as 1t ac one ng may be

substituted or unsubstituted. Likewise, certain cycloalkyls have from 3-10 carbon atoms in
their ring structure, and others have 5, 6 or 7 carbons in the ring structure. Unless otherwise
indicated, alkyl and cycloalky! groups, whether alone or as part of another group such as an
aralkyl group, can be substituted by suitable substituents such as, but not limited to, halogen,
azide, 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, -CFs, -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. Por such purposes, the typical substituents include halo, -OR’, -SR’, -
SO,R’, -SO,NR’5, COOR’, CONR 5, 0x0, -NR’,, NR’C(O)R’, NR’C(O)OR’, NR’SO2R’,
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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formula: 0 R54 R50 wherein R50 is as defined below, and R54

represents a hydrogen, an alkyl, an alkenyl or -(0-12)m-R61, where m a
WO Y 1378%s defined below. 30The terms "alkenyl" and "aIkyﬁ)tlITEéesfzeOrO?c/)Os9929

unsaturated aliphatic groups analogous in length and possible substitution
to the alkyls described below, but that contain at least one WO _
2008109829 PTTAISPEORISER2S d6 3B IRSReryRs BBIsE sadeartividyncludes a

mAkS Il Ans, AKYOYLGHaMPEIRY bR sbstitkied with the same groups that
are suitable as substituents on alkyl groups, to the extent permitted by the
available valences. Typical alkenykiand alkynyl groups contain 2-10
carbons in the backbone structure Thepterms "alkoxyl" or "alkoxy"
refers to an alkyl group, as defi ow? having an oxygen radical
attached thereto, Representative alkoxyl groups include methoxy, ethoxy,
propyloxy, tert-butoxy and the like. The lalkyl portion of an alkoxy group is
sized like the alkyl groups, and can be BaBstituted by the same groups
that araestitaie asl Rfastituantsfoadibkidwgrdigpsitetitedntent pedrmitteiddm
the available vale\%]es. TOThe term "alllﬁ)ﬂjl' ref R to i Ladical of

the present nvention 1ot include imrdes w
satura e(ﬂnaﬁpthé}lc groups, mcelu%l‘lng straight-chain alkyl groups, _
brancHedeshaitralivgl’ groisgringCroalkyiteaReyERe pardalss ahah sapdrifteed
ald g!f%@!ﬁﬁ’legr%ﬂés,aﬂéj %M%@JM&QH%@J%{L@H@M&&W% dBnepNtadimulas:
embodiments, a straight chain or branched Fln alkyl has 30 or fewer

carbon atoms in its backbone (ejgs7C1-C30 fpr-straight chain. C3-C30 for
branched chain), 20 or fewer. ¥6Typically, ar} alky| group contains 4-10
carbon atoms as its backbone, and may'B'é—sl.\IHs_ﬁ éd or unsubstituted.
Likewise, certain cycloalkyls h glfrom 3-10 agbon atoms in their ring
structure, and others have 5, 6 or 7 carbons frthe ring structure. Unless
otherwisgdndicated 1alky Frch oy Bl6a Baghd ndepsidahbthpratone loydasgpartn
f another grou C an Iyl it itable

LN e GRS SR

spycioallathiroxs valkoxy 1N atping whieh SuftyelpRaPsihesififRdeterocycle
h@@ﬁ@%&%‘%@'ﬁ%xﬂi{?lsnﬂ@%%tﬁnmﬁéPﬁhl%eﬁr&%ﬂ&oﬁwrﬁaﬁ%&diﬁl@@dS

or their esters or amides, alkoxy, alkylthio, alkylsulfonyl, alkyls Ifonami?cf, g
crelesteenld R5gE Sste Pr RARREGI A4 PR oY AB AR A canEe o 10 8
aietiembsam3ntCNs@nd thellikad optivithigr® stkyhcalkelpéndealkyepeisnt a
part of another group, such as.in alkgxy, alkylthiq, etc...qr.it i ,
e SR A AT AN B AR e
aoimerzaiky| grdefned Kwer, hikers/h gubsifuise lowarEIKRiAdgshAHathRg threto.

119 SiqSRIRQD &tﬁ%sarﬁ‘i{ﬁuﬁ%wﬂ@?%%&ghe typical substituents include
halo, -OR’, -SR’, - SO2R’, -SO2NR'2, COOR', CONR'2, oxp, -NR'2,

NR CBIRI IR ORNR SRR, DREfoe hehasddptPi goup fame such as

fidependeptly oy URSeb stitutatk @ lstst pikyle CRbEBhatkienyb B0oe R+ 6n aryl

alkynyl. fﬁ? term “alkylthio" refers to an alkyl group. as defined apoye

oup). hd

SR S ST AR SaR B RETot5 T COH SO, T

thalkyltiriotimoié tpdb repkekomgoabytoneady tkylly-Shafikarg, TSpagry mpkyl

& é%ﬁgﬁﬁg)fof%)@%ng%yghgﬁﬂs - apek RO ARG AfinedDelQWere Ar represents an
epresentative alkylthio groups include inethylthio, ethyl thio, and the like.

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,

7
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reco
0 ﬁqw%gs?gpresented by the general formula: 0 /R51 R50 PCTHR

WO 2008/109829PCT/US2008/056229 The term "amido" is art
nized as an amino-substituted carbonyl and includes a moie%(/}that

05056229
R50 and R51 are as defined below. Certain embodiments of the amide in
Sthe present invention will not include imides which may be unstable. The

piermks, pynidiet ayd Zaxnipgidarénarnkpoimided. and feflkeo Bestke aryl groups

hy\ﬁﬁé’ Ré@é%%h%ﬂﬂ ol li’i%%%%@tﬁ%‘ Hil?f nRddbe ?ef&%%t% mata??-ﬂe%ocycles” or
represented by the general formulas: R50 /R50 | + -NN R53 R51R52

“hoFrareTARG0s REDHENRED MRS P st iRtpr e ) aplasenpgmic at one
oK. a8 déh alkiyh @pralkBAberd© k@ miRalabor R & ananiRb 1hisdRE0

and R52 in the ammonium species), taken together with the N atom to
EticH 't ﬁ%ﬂgla%gﬂ%da(ﬁértﬁ%re%aé ﬁgk}e’r%yc%gfgagﬁ\%%x 6m 410 8 atoms
sulfitiger yin gty ciuids, mmwsepngsahiwt,mrgycifdzaqmgdg)wbyemmémtpap,
s %t%'éﬁecx%h%ﬁt'%%,ps%&¥gy le; ANFM IR 2670 T ARINEYSLR hea0ae Rflnarc

. In other embodiments, R50 and R51 (and optionally R52) eac _
olfwegrariaaity reprEtent B 1SRV RbEEAIkaN BIRyF EN YKe 0 dicludes polycyclic
Ol hRGLinkhus, dhederaycatkyiam) ibeen Beluslagranaigine gracpvasor more

defined above, having a d_substituted unsubstitg}ed aalkl}/l a,St%%heclin  Jeast one
CHRIBTETS EOURIBA TN AT B LI KB EAR Ak grous; * V The ferm
ofanalkyls Aausediherginhwirbtheydlomesries partyofalgytupyakaikesuish

of l l . - Tom
cgcéga% %g%rﬁvaﬁ@gaﬁ@’kyp%zgé&%? § 19,20 AlkyvlgrauR.as descuRed harein «

stitut ary group as described herein (e.g., an aromatic or
phetetohiorhenic freumyBUthRHdHIRyPEHBItRS SHYIBRIRI SR ST dT I eyl
d9EOHR AL8xyRicaliv pptipnaly. suRstitutedmbypicabralied. groups include,

for example, groups of general formula Ar-(012)1-, where Ar represents
an analﬁﬁﬁr@%@fqp siefl Mt gET T 32 .S“{’S aﬁﬁ%gk’é%anﬁl%ﬁ%aas%g drggen fon

se
(pexetn dstngther alone or as part of another name such as ‘aryloxy’,

includes. 5 A LMEMOIed single ing AMAEALAUPR 1A 0FYpresened

includeﬁl‘arom Zero 1o four heterdatom ected from N, O and S as ring
mémbersiahsowrilass fused bicyclic an tricyclic systems consisting of such
rings, for example, benzgne, anthracene, naphthatene, pyrene, pyrrole,

furan, thiophene, irnidazible, oxazole, thiazole, T,
/RSS ~

X50 X50 R56

wherein X50 is a bond or represents an oxygen or a sulfur, and each of R55 and R56
represents independently a hydrogen, an alkyl, an alkenyl, -(CHa)n-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,

%

‘ v .
each of which can be optionally substituted. For example, is an alkyl diradical;

“,
" — )
%, is also an alkyl diradical; is an aralkyl diradical; and
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WO 2008/109829PCT/U82008/056229 pyrazole, pyridine, pyrazine,

WO E%%%%%me and pyrimidine, and the like, Those aryl groups havin

tOatoms in the ring structure may also be referred to as Cg;/ﬁgzoos/ 056229
heterocycles" or "heteroaromatics.” The aromatic ring may be substituted
as available valences permit at one or more ring positions with such

%1; s described above, for example, halogen, 5azide, alkyl,
aral enylalkyn melnaiiony Dysrar, 2ol RIRes Mtie alk
sulfhydryl, |m|ngg&zg?;|(D:J%Iﬁ])éhospll?l“gkr?,atel(ii hosphgll%gate carbor? l, i alkylenes
ofeirsriATRS S iRy regse i1 1 e %W&Pﬁadgmmymﬁaﬂ%lmwm
hiffé@r}@wﬁ;lgiwagﬁb&smnhatﬁr@@mmlngmam@reIaetaneamﬂpaausonds,

moieties,-CN, or the like, The term "ar I" also inc ude
C@%?&?ﬂﬁrﬁﬁﬁ%’é’s[\%v&gr%grgrgy% il rlng’sgmi‘f%S SPwo &F‘?Pe% %\?h}% T

a o lsrmeié Ifiegrbdinsadet canimealiktbeiwep adjodningoringseft Nelc’m@gésaarethe
"fused rings") wherein at least one of the rings is aromatic, e.g., the other

cyclic rings may be cycloalkyls, cycloalk% @L}élkynyls aryls and/or
aﬁ%]?m{ﬁgﬁ(@h/}h% ibrbsemealrnbedisnants, sach arykis selecteddianmg@hanyiThe
thiophene, furan, pyritle, pyridine, pyrimidjn |dazo
als¥h Ao th %L\ﬁ}éfgl g@éa&@}/ eiliﬁé} ,%%P/r?é: o‘ozﬁ%ﬁé% some(%a@(e dnd
hméemﬁdl paTihestefmdiBrbrrtad emtidhadferdiotainy sulisstaibed theitecan
act asff?eh%( Oggl%e{ﬁ&l(pﬁgw g%ﬂf’refers-[@gntgﬁ!pl '@ﬁ@ﬁB%&@Qﬁ%ﬁuf&

group” includes such’moieties as may be represented by the general

fifsPrifel REOXTTNSORBE OWASEI R M4 bondBPHspHde fia e all of

@%ﬂﬂ @ﬁ%&&ﬁf%e@%lﬁ@&hv@ih%%]md R56 represents independently a
ro

en, an alkyl, an al en %\Cl ,R61 oracatl n representi ga,
phar ‘Bé‘ﬁﬂ}: eé%tQBbBT PSS f—?g’loa?é‘y ine go'{/ea

csmmeoehyha@gmemsambmammmmntaﬂﬁ |hgr<gmupqgepresmﬂr,l,lt is a
e?‘r:BOX “C qu oL 89 ANehh, a@ ?&H%ytﬂﬂ&@r%é%@ape'&é%ﬁ from N, O and S.

ments and R55 or R56, whichever is 25present, is often H or an

optloﬂ&llwes‘ubMIéﬁlﬁlkW@réﬁf?mcydPﬁﬂ‘Yé refetipadicArIrbfEs ot RlRFaps as

dassehiesHRfsivalsatoroupsia alksh @Mawla@lkmyb@wm@ppémn is

heterocycloalkyl aralkyl, het roa l, and eter Ik ups, e ch of
r?fﬂlﬁﬁﬁj(l?é(rf"ﬁ%t?fﬁf‘l@ﬁ“aﬂi)% (%8?e ﬁ?ﬁﬂeca Xf‘ég g(ﬁn &yf’ iradical;

methoxymethyl, allylthioethyl, d1methy1am1ncethy1 and tetrahydrofuranyl.

The terms “heterocyclyl” or “heterocyclic group” refer to 3- to 10-membered ring
structures, in some instances from 3- to 7-membered rings, whose ring structures include at
least one carbon atom and one to four heteroatoms. Heterocycles can also be polycycles
Heterocyclyl 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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\ is also an alkyl diradical; mtE, is an aralkyl diradical; and WO
2008/109829PCDUS2008/056229 I/ is an (alkyl)heteroaralkyl d'radi(;al.
5U§N 056229

0 zlggffilcoé’f%&amples include alkylenes of general structure (Cf

is 1-6, and corresponding alkenylene and alkynylene linkers having 2-6
carbon atoms and containing one or more double or triple bonds;

sipyottmikplemithiroumbiomdvka B8 laby Ase ilsera Dgraaps st e agmatic or
ndGHARREONG )1&@)@@4’%@@{@ hiare each integers from 0-4; and

aralkyl groups whereiri one open valence is on the aryl ring and one is on
the allkd tponticresicheas rOferd toepy NePRsOIPRIAL THIEASIIRYIARMRTHAN ARy,
ac%@gt,ogycloalkyl, heteroc?,,cloalkyl, aralkyl, heteroaryl, and heteroaralkyl
portions of a diradical are optionally substituted as described, above, The.
term URiEaiRg PUBS Y SE QAR PERNYTE SRR oD %?)f?iré‘ Sa‘??fi%e e
mbfEQm lite albly drogenshavedeernteplacachwiib @ kalidenoAs, in some
"perhaloalkyl” is where all of the hydrogens have p Witk
TR PR R T RIS e B e
alstenyiea dtherthalinaatb daversyidrogem Exethiplesrsiheiclaatsmisintauge

a%gfsf? N ULTOYERLOANLER: RROSPRAMS Sl salenium: if Risalbaike

teroatoms are selected from N, 0 and S. 15The term "heteroalkyl’ an
chet&éé?é%‘%ﬁ@ﬁf%ﬁﬁlawoaﬁ???:%ﬁgw@FSﬂBskﬁ%anébc‘??S YidreinCh
‘ﬁ%%f rein at IGAsLons SAMPOR-AI0m 9 dhaalkyhor XSO RYhPRSHORIS the term

_replace by a heteroatom selected from N, 0 and S. Typical examples
RERIYE metHdXYRiEthyl, allylthioethyl, dimethylaminoethyl, and

etra r?JPnﬁa% fio By SIRA RGN eerh TRGISIOCHANG GouRE I 8lGiHtnay

3-to 10-memb ring 20structures, in some instances from 3- to

b7 imeliiarsd ﬁ’h]@ §}Wﬁ6§éﬁ%ﬁ@%@r@’é§%ﬁ@§ m&m&s&?sﬁments to the extent

consistent with the number of available valences on the specified group. In some
embodiments, each optionally substituted group is substituted with up to four substituents or
with 0-3 substituents.

The term “oxo” refers to a carbonyl oxygen (=0).

The terms “polycyclyl” or “polycyclic group” refer to two or more rings (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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least one carbon atom and one to four heteroatoms. Heterocycles can

also be polycycles. Heterocyclyl groups include, for example, thiophene
WO %H?ghlt??lggﬁe furan, pyran, isobenzofuran, chromene, xanthglgg,/ US20bSG229

phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole, pyridine,
pyrazine, pyrimidine, pyridazine, indolizine, isoinclole, indole, indazole,
95puiihe lequifivlzzinas issd dirieimeE bl PRUBhen AP U BHIPGHIETHAC e,
JQHPRARAING Wﬁ%e Qi&ﬁﬁlﬂﬂﬁg BiRridingrCarhasanemHIaliRse rings.
henanthridine, acridine, pyrimidine, phenanthrol,inef henazine, .
Thhatragy e, Prafoimiazided frhs shgidaiyhat E@ﬁ‘éﬁ%&iﬁé?"&%&%lne,
tHhvelane, «azolepiperiding, pipdraringagaoipheline dabtoiestattasmeharide
such as azetidinones, an rrolidino sultar Qnes,and ihe like.
m?heéyhrg%g:%ec% %eﬁ tnﬁ brﬂ%%i@é%aé S% ét??%%éygtg (Sg}ﬁehi Plr%l élr% ‘quiﬁéns'twith
asuohrsubsstitueint saachdederibed Sitsovenas ifstudkabhpies halBEerRd dhapose.
aﬁ@ﬂ%k%‘ﬁgg&/ b Q&X%le@{%@%@( |g1t_l¥9§é?’@(énﬁ5§é0 183;@!9(1%?@%@6(_63_6, talose,
imino, amldeéggosphonate, phosphinate, carbonyl, carbonyl-containing
2BSp, MO EBEBPL09829P CIA1S2008/056229 silyl, ether, alkylthio,
sulforie katanerialdehysgiestassa heteroayalid areromatic or
heteroaromatic moiety, -CFl, - r the like, The term "Lewis acid"
h s B A SR et e Stont T o or
nbiniBssrobetmemifendfecarnbonssis airaywiBee spetifisdlatowapaliid™ asnasdate”
NETSILRERNS AN AlhecRiR. A eslinad.abave bt brdngs fpmare to ten

carbons, in some embodiments from one to six carbon atoms in its
niMISSREC8RE CRiFE ADARIRITEE ORRRBPEIE A SR G TRRGE PRSIV e
pSailaechaindergthsidGestain alstgrenps are lower alkyls, In some

embodiments, a substituent designated herein,as alkyl is a lower alkyl,
10As GEREFRE IR GhE %rl%o'anlct%gmnﬂzgﬁlﬁl r&%g the term "halogen”

desigTateshbievi@lpnd BfeoFtl Pthd teh TsuNbydpydsamangiBylShth elemmh,
v means sQH ARG, IR IR GAeABR8AA-ana  The term
tr@%ﬁé%ﬁﬁ?@uﬁa@mpas used here?n in |c’z§es that a gg%}%:ified grou

megyrRsuesubstreitI Y ithiBg DO SSIRDTEE ItRfoheBPimEoDs Uilized by
SsuhgiuenE dothe@senikibronsisieqipath itheumbsuobtaailakiRime of the
valences on the specified group..In some embodiments, each optienall ,
AR A B0 6 SR G150 RO BTG te G g L
SubsitituentsnsThe term "(_)xo" refers to a carbonyl oxygen (=0). The terms
“polycy u%fr Q5588{'35(8{&H?ag‘“g’&b%'{i{&fgﬁ’I%J"“éﬁb@&ﬂl@&%«ﬂﬂ@lﬁa&ﬁxdgs the implicit

cl
20cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in
mihicl thid DehioketicaippitdmreceBIADI B RV HBIbHIRECRRG LSS titH
Jings Mendysad dinasinRingsthatareuiaines shienghuinadipeatt atpmshich
are termed "bridged"” rings. Each of the rinﬁi of the fol cglcletma 1bet.
A5 SR TR Y SR S R R B B S P A BBV B S o e ample. ™
dalpgeaivnadkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,
Su”hy%%lére 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)RE-C(B)R3- represents —
C(A)=C(B)-.

The invention, in one aspect, includes compounds of Formula 1:

11
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25imino, amido, phosphonate, phosphinate, carbonyl, carbonyl-containing

0”8}9%2”(}/" ether, alkylthio, sulfonyl, ketone, aldehyde, ester

r e
wo %’é’?érocyclyl, an aromatic or heteroaromatic moiety, -CF3, -%ﬁ@%%i"t%g/ s

The phrase "protecting group as used herein means temporary
substituents which protect a potentially reactive functional group from
undesired chemical transformations. 30Exarﬁ\bles of such protecting
groups include esters of carboxyliv eaéflﬁ, sillyd-ethers of alcohols, and
acetals and ketals of aldehydesRag ‘

S natural monosaccharide, disaccharide or
oligosaccharide co‘%r]}opri &he or more pyranose and/or furanose rings.
The sugar may be covalently bonded to the steroidal alkaloid of the

presentipueaten.eueh anehanluear At iuauahan alkyl inkage. In

certain em ments the saccharide S5moiety may be covalently bonded to

a stefvidalamarbialsrideaprasdrinverionkal dpdmotherdet erory b
hSRFSHANGe HiNGSUARSkMAS e ude b ukiare Rl mitech k3 TSR ™,

bt g s e e o Y

-Sraesy®, -Sro) INGTAARE™ refer ) ST raMettaaeEsBiforiyly )-C(O)O],R ™,

-tol ony sulfogwl, b fluor ek&t)a_@ ¥, ups,
'&‘i%?gﬁj@gmi(@%@%ﬁldteﬁwgfﬁgg%@ %{éﬂs@y% e", aﬁ?ﬁ%?]a ate"
-FSFerab RIS IMSRaNeRUIfend&VesieR p-toluenesulfonate ester,

methangsuiignate.qsen ansinanalinajabutgnesuiapaigiester sumctionaliyl,

groups and molecules that contain said groups, respectively, 15Thl%,erm
hefisioxeideers 5 keaH5BIYh THET A8y 10Xy AR W BB,
alflalfnd. sicMsi@prestii metiy bietinlephenyl thitllsorotmgteime sullipltlylo,

n uorobytanesulfonyl, p-toluenesulfonyl and methanesulfonyl,
aféqgﬁﬁegé%?\’/é‘f%% ‘Omoerér‘é%%pgéhee%i%%%# tRof the abbreviations utilized by
orgark 6henesks efbRdinéey sistthetheram Bpiskars in the first issue of

each yoly 'ES}Q{%H&Q{QM?éﬂ@éxﬁfy@@ﬁ@iﬁﬁQﬁ&kﬁ%&[ﬁlﬁ%l'}§I~3i§ typisaly1,
presented in a table entitled Standard List of Abbreviations. , .
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(R20),
=N-OR?’, or =S;

R* is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
C(O)R?, -C(SIRY, -CORY, -SO,R*, -C(OIN(R™)(R™), or -C(SN(R*)(R™); or has the
formula -[C(R*)2]-R”";
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It will be understood that "substitution" or "substituted with" includes the

WO 1\/@%{%33850‘”50 that such substitution is in accordance with p@ﬂ%&%ﬁs 056229
tthe

nce of the substituted atom and the substituent, and tha
substitution results in a stable compound, e.g., which 25does not,
spontaneously undergo transformation such as by rearrangement,

cyclifatisnieatmimaidar exeh occungrrsrs fvalbrbbs ark alavavh asyetpeioalkyl
ndQrB: R BRRG:. 461 HOKRRSIEnaliRGhad 0 AomRBRLRI e WinothenRise
. directly bonded to each other, they represent a b betséveep the att ms
inglsRERHEAPH VL el A Akl o 1AL GO B S hoAtomE tha tgrgncff?%%ﬁ)e/r ©
foranded ie:30eadhpiber)thepsepreisent ahicldditione GO tbonmanstirsed
tw . Thys, for example, when R- and R3 taken together form a
fr%%crz\gt?gé?s?t?ﬁg’ure -C(A)R2-C(B)R3- represents - C(A)=C(B)-. The
inverftionnigepmdensiyder, srriladesTena potines brEstth etesigine

h&%@@ﬁ‘?'&ﬁ%%}'l aceeniakia saltthereatmberainiy iRl isihalkybikylthio,
alkeni/l, alkynyl, aryl, cycloalkyl, hydrox%/l, ara,lklyl, heteroaryl,

hytlspspd A0 BB WM. CERINTORBB I REEIFR2D), -C(0)R2,
-002R2OndePE(@MAR Bor E4®) DR A}(ER2Y, HN(RIZYC{@Ye, amide, or nitrile;
-Ni(R2n)C(0) )(R2),.-S(0)R2, -S(0)2R20, -S(0)21V,R2)(R2), -N(
20)58)5‘“2%2 oy.%%%) 1,R2, -[(W)-00110]0R2(), -[(W)-0C(0)11,R2,
-RW)4$02.11,R2 1) 4[fV)-N(R20)S02]1,R213, -[(W)-C(0)1N(R20)]I,R20,
'[(XV)@]E%%%QM[&W)&MRZO)1"12213’ or each of R2, R"and R3 is
Independently H,alkenyl, alkynyl, aryl, cycloalkyl, 10heterocycloalkyl,
aralk%léﬂ(B%‘li, %’Er‘ﬁé&y,)ﬁcyloxy, halide, hydroxyl, amino, alkylamino,
arylamigea@cyliamineearakylamineylatkylseleylohacadkytseltyb aarikigeleno,

nalkylthio, aralkyltpio, arylthio, Acteroaryl, of tgr;%%r Jkyl bgi?bﬁl QB uted.
aRd RS taken together form 4 bona; Gach O R4 and K5 in ependently is

H, alkytralkenyipaiiegnpf, heyrasyel dayigiion may exist in particular geometric or
stereoisomeric forms. The present invention contemplates all such compounds, including
cis- and trans-isomers, R- and S-enantiomers, diastereomers, (D)-isomers, (L)-isomers, the
racemic mixtures thereof, and other mixtures thereof, as falling within the scope of the
invention. Additional asymmetric carbon atoms may be present in a substituent such as an
alkyl group. All such isomers, as well as mixtures thereof, are intended to be included in
this invention. Where tautomers are possible in a compound of the invention, the invention
includes each tautomeric form. Where stereochemistry of a chiral center is not expressly
depicted or described, the structure includes each isomer at that center. Where the absolute
stereochemistry of a compound is depicted in a drawing of a structure, the depicted isomer
is a preferred embodiment; a racemic mixture of each specifically depicted compound is
also an embodiment of the invention.

In 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 =0,

13




15nincile, aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulfthydryd, alkylthio,

arylthio, aralkylthio, hydroxyl, amino, alkylamino, arylamino, Tylamlno

WO 2 ino, heteroaryl, or heteroaralkyl; or R4 and R5 takEnhktdigeaps6229
form =0, =S, =N(R21), =N-0R2 or =N(N(R20)2); R6 is H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl each of Rg and H'2
indepgendenthy nbem(pxagqhga&k@wm@myn&f aaryR oyktodtigrther form a bond, so the

pabhetsreacloalivle b ATl gl BAGNAGRR RAEIAGGHISLIB auhand:
12 and R13 taken together form a bond each of R9 and RIG

SQﬁ@élp@h@éhtI)I%WeaW}hO@\lIWéﬁm RIR)AVA, aistaehdtoallcyl, nitrile, aralkyl,
hetergagyh Ostatanasailykabddhend, RIAhdakenrtogeihat fopmed,R” and R™

=N(R2 N-OR20, or =S; 25R |s I alk Ike I, a l, ar
> taéﬁ&l&’ﬁﬁfbﬁﬁ%‘?@ro@y?ﬁoétk@ﬂ thaid })/%33 af,X( M"y‘c}&y e
enboRRes: R CEYNYR2)(R2); or has the 21. formula -[C(R20)2].- R e

2008{?9‘ 9091“1%22 c?tP % LéS%Or%fg%%Q&%fents Eﬁlg%j&&%ﬂ thy E%S%‘Han

occurrence is 1 ynyl, aryl, cycloalkyl, heteroceg:loalk yl,

selikyrdeteroatyy] I@é?évéé(ﬁén@m@%[b(lﬂyzwRé@e\ﬁm&@@&%ﬁ qignents, R is
1@%@% demthdnt OrkCosallivld &r@@ykﬁmv@m?é Ecﬁﬁ)@fll%%l%aﬁ:%mted

en together to form a 4-8 bered stifyte hjgcl
10 G G DS b S GH R DB P - e 1
bimdepardentbiior eaeh-oagurrence is 11, cycloalkyl, aryI heteroaryl,
heter? ¥C1¥ 1(’) Ili\ é&%’} Olé);( bgg%quéé Eahlgﬁ{l e?‘é}g&’? Hhraék%'a%any

arylthlo aralky amino, acylamino, amido, or

semmwgl%bﬁ@mm@mb@z@ﬁh@épbﬂﬁ@ﬁw ebihscereaviogeedinenss. R
ihalide,85ter ;RMide. QUK AHORD, b o R whe R is an optionally substituted

15  C1-C6 alkyl or aryl-(C1-C6)-alkyl. In certain embodiments, when R'! is COOR®, R is
benzyl, methyl, ethyl, or tert-butyl.
In some of the foregoing embodiments, R’ and R® are both H; in other embodiments,
when R’ and R® are not H, R’ and R® taken together form a bond, so the A-ring contains a
double bond.
20 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, the compound of Formula 1 is a compound of formula 9:

or a pharmaceutically acceptable salt thereof;
25 wherein;
R}, RY, R’ , 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(R20),
=N-OR”, or =S;
14
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30

qi.sO0,1,2,3,4,5,or 6; Wis adiradical; and X is a bond or -COZ22)2-,

and each alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, araIkOy
i@ﬁ@f’é’%%ryl heteroaralkyl, whether alone or part of anothér r(ér)/gﬁf) (/056229

optionally substituted. =~ Certain compounds of the present invention may
exist in particular geometric or stereoisomeric forms. The present

inverRiornsdaridmi piéitesyhlibyehl cormpogledlkyinbrieliery diealiahdralkyl,
é@j‘ﬁg‘m@@ﬁm C'(I?QQS %@@H@ @)l\fh@@ GEQQVBPV%(W%@O) or has the
-is

omers. the racemic mlxturest ereof, and other mixtures thereof as
Ty Wﬁﬁln)zhaeRsoope of the 20invention. Additional asymmetric carbon

ato mﬁmé@@rﬁéﬁaw&ma@w&ﬁﬂweﬁhwpmw aikatiy) gron, Amstlﬁhoa kyl,

isomer ell smlxtures reof nten t included in
hERraR: ?ia ARl SRS aryareeﬁ%g%rl%#( in cPCe r% 3&%% b?’h-ue |€Fﬁ?gntlon
it éngentiod m](ﬂllldé@aélaﬁhmammrweerHnCWhé&?Ostar@gcﬂ@miswl@f £
forﬁifﬁh%n%%l}ﬂ@rg(? ﬁﬁm&%m&t@ﬂr&{)&%ﬁ%&m&h@ SHYGHE inludasd

each isomer at that centet, Where the absolute 25stereochemistry of a
freshpSUird 484Rpicted in a drawing of a structure, the depicted isomer is a
prefeﬁéqr@@m@ém@%@me&eﬁeﬁww ofyeralkspesificatitsepicted

compound is alsp an embodiment qof the i en In. some mbod|
h?ﬁf‘é‘%ﬁ(f&h.&%%ﬁvfﬁé@’&yc% r#(ﬁa orr&%ﬁg  WRERIS 9 thlﬁ c’ﬁglgiy&}gb

h{dd-anchiRidrepyesants dhitio snmlmmb@dmam.gﬁalm,lgﬂd or optionally
SOsubstltblt?d,q f@ alkyl In some of the foregoing embodiments of
the cgmpounas o] Tormu a 1 R4 and R5 are both II; or R4 and R5 taken
togetlidk forny=9, 4\§O008/109829PCT/I1S2008/056229 In some of the
foregging eahadiments, R2 and R." taken together form a bond, so the
D-ring contains a double bond. In such embodiments, X is sometimes a
bond%ﬁﬂﬁﬂ”@gé’ﬁw&ﬁﬁes CH2. In some embodiments, R2 and R3 are

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

In some embodiments of the compound of formula 9, X is ~CH»-. In other
embodiments, X is a bond.

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™)C(0)],R?, -[(W)-C(O)[;R™, -[(W)-C(O)OT,R™, -[(W)-OC(O)],R™,
-[(W)-SO31,RY, -[(W)-NR™)SO:[,R™. -[(W)-C(OINR*),R”, -[(W)-O],R™,
[OW)-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.

15
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In some of the foregoing embodiments. R9 and RH' are each H; in others,
5taken together form =0 or =S, so that the A-rin cta

WO@] %Stliégr)n In some embodiments, R6 is H or Me. In sq)rrér/gfgi filscz29

foregoing embodiments, R is preferably H or an optionally substituted

CI-CO alkyl or aryl-(C1-C6)-alkyl. In other of the foregoing embodiments,

RI is preferapRpodithentorive CYMRDISGERER SO 2RFEAiRsRe R2 is an

optionally substituted 10CI-CO aIKyI or aryl-(C1-C6)-alkyl. In certain

embodiments, when R' is CO{) R2 is benzyl, methyl eth

tert-butyl, Qregobing embodimen gpreférably H
or an optionally substl 6,8 ’ﬁi(yl or aryl-(Cl- /1 ther of
the foregomg emb ' R |s preferably of th 20 S02R2

methyl et y -butyl. In some @t thg foregoing embodlments R'
and R8 are bo{h 1I—I in other embodiments, when R7 and 123 are not H,
R7 and Rg taken togetheT form a bond, SO the A- rlng contains a double

at each occwrencg-M sgme such embodlments, pis
embodimentg o QQWQ/FQrmuIa 1lisacomp _—Ph
Me Me R4 phaymaceutically acceptable sglt thex, 5wherein;
g it
; 0”7 "Nz
o Nh _and H A

and the pharmaceutically acceptable salts of these compounds.

In another aspect, the invention provides 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=S5)-;

R’ is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, alkoxyl, -SR*, -OR%, -N(R™)(R?), -C(O)R™, -CO,R™,
_OC(ORY, -COINRPYR™), -NR™)C(O)RZ, -NR™)C(OINR™YR™), -S(OR™,
-S(0)2R?, -S(0RNR™)R™), -NR™)S(0)R™, -[(W)-C(O)],R™, -[(W)-C(O)OL,R™,
[(W)-OC(O) R, -[(W)-SOsJ,R™, -[(W)-NR™)SOz},R”, -[(W)-CONR™)JR™,
-[(W)-OJpR™, -[(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;

16
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WO 51) ?%(gndently is H, alkyl, alkenyl, alkynyl, aryl, cycloalk

Ri, R4, R5, and R6 are as defined above for formula 1, each of R9 and

%&"P 5008/056229

aralkyl, heteroaryl, or heteroaralkyl; or R9 and Ri taken toge orm =0,
=N(R2), =N-OR2, or =S; WO 2008/109829PCT/US2008/056229 Rl is
H, alkxl alkenyl alkynyl, aryl, cycloalkyl, heterocycloalkyl aralkyl.

-C(OJR2OF:OrS)R2S R UeksR WSSy SRS LBRN (R20)(R2D), or

;C(Swﬁﬁgﬁ&(ﬁ@a wrdﬁ?a@éﬁl%f?sn:uta z{l@ﬁRzﬁ}Bu} R24nR 2aintiepeiodant]y

or each occurrence alkyl, a I
mgH&éFWH%W éﬂjﬁ@l i 8?‘3&1&1‘ %étero ‘Lﬁ?y%{ Ig?%éaﬁr)%én&ﬂalkyhhm
hwhe&ﬁ eadhoRalgyindépendéntiing arny@RGH alijkybmeny: werogolrpEnces
hé:pc eroara lyelmopﬁlltgnﬁl ﬁitpa%gﬁhgéé%ép i @@WRW—Q@W‘&Y —N(N(Rzo) 2);

stltu ed ring which contains 0-3 heteroatoms selected from N, O
and R FReoH, ﬁi@ﬁpéﬁ@%t&ﬂ%%a%ﬁloﬁ?&‘??@%@%e@céile%ké}fkﬁr é'i%}#yl or R’
aheferoaryl. rasyelybnalkoxyl, aryloxy, acyloxy, halide, sulfhydryl,

alkylthio, arylthio, aralkylthios hydroxyl, amin
carbc?ﬁﬂ‘@g a1l]%ngRgré‘BBRanlcfi1 peTgleRt iy 33%:3%' kend ngiy}llﬁzagl
cﬁlwﬁywd@rao@mamm[ ot Btk bmmlmmdm-tzcal@mebgabﬁ Syl 2 dakdeah it R’

Qﬂ% tld %Y}?'O%E){l ggltﬁrocycloalkyl aralkyl, heteroaryl, heteroaralkyl,
W ether alore or part o éf another group, is optionally substituted, In

someRenibbiditeheliohihe bonpaind oriedidgerccledky nadibr

@(Bﬁ@m'”@@ RS IFONGPRM sorekireroreaoing auRddiRIBNLS Bis the
éOLEJfEﬁ%% gif(i{%pula 9, R6 is H or optionally substituted CI-C6 alkyl.
ti &5 Me

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or —[C(R)Z]Q-Rm, 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 carbonyl-containing group;

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

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

qis0,1,2,3,4,5,0r06;

W is a diradical;

X is a bond or -C(R*)>-;

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(Rn)—.

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(R13)— and A is C=0.

In some of the foregoing embodiments of the compounds of formula 15, R¥isH. In

other such embodiments, R** is COOR? or SOQR20, wherein R*" is C1-C6 alkyl or

17




In some embodiments of the compounds of formula 9. Rl is H. In other

jments, R9 is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
wo Zgﬁgﬁ@% 9eteroaryl, heteroaralkyl, haloalkyl, alkoxyl, _C(O))/NF&(%%%@&S?S@”
COO0R20, -IC(R29)21p-R20, 754(WI1)-N(R29)C(0)IpR29,
1PAO-C(0)11,R29, -I(W)-C(0)0112R2e, -[(W)0C(0)1R20 ‘
ary}((9)-SORMIR R IRl NKRY 33 Borisg Al WALt g (HB §F 14D,
eriYMHIRRRO8 1 RaNRaNPRagd (V) welpR28h QftancR-isityl. optionally
substituted CI-C6 C(0)R29, SO02R20, or.it is COOR29. |]!1 cert:i\zil 1 0
embURTEHEL e Y S BPECIIR oA M POU R L By Sér%yl?lld R

argnatinyi. ethyther 1ert-budyik frisamenobghédorefping eanbdodiments, p is 300
s ol '?Qseooe”dﬁgllg%o%égo%gfg QEGUITERGE o HRUNE UG QP RIMMENISR Pt R

In somé embodimen he compounds of formula 9,124 and le are both
takénlwpther Suehn daitsbdimmshs eR2ogines 16tk sRdFg StidtBith a bond.

In soppesbedimsnis.aftbscampaunssef forpslad R andRbtakend R’
together form =0 or =S. In many such embodiments, t%e ar%taken
arggEne i IGFSugh © b§8’r¥?§’§?n%oﬂ?ﬁ1%n’i§f%5’%%t hOURYs of formula 9
is seleciaddimeanddbephatousenticslijcacreptanle Saltsofithds® and R™
compaungds. In another aspect, the in ' ovi 0,
o SRR PR SR ey RS SRR . e
Rihereit; Baotidy AwntiBindessenideftiyis bRIR IB)oheCen)edgpere=g)en R
isRbisaHr 2lkoyd ikenyd allorayh.Revl ¥alealkybrvdsexyl, aralkyl heteroaryl,

10heteroaralkyl, haloalkyl, alkoxyl, -SR20, -OR20, -N -
-CO2Rsome Ofy the foregoi%g embocﬁ(ments of the compéuncsto%)gg%%}é IQ(R)Flas ! In

other such embodiments, R' is COOR? or SOQRZO, wherein R% is C1-C6 alkyl or aryl-(C1-
15  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, 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 L.

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

N

where R', R*, R>, R’ R™ R", R, R?’, 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 -CHz-. 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.

18




-0C(0)R20, -C(0)IV,R2NR23), -N(R29)C(0)R20, -N(R20)C(0)N(R2)(R2h,
-S(0)R20 , -S(0)2R26, -S(0)2N(R2)(R2), -N( 20)S(0)2R20, |
WO 2HAYBB)10R 20, -RW)-C(0)0]0R20 , -RW)-0((0)ipe, -(W)-SO21 088036229
ARW)-N(R20)S0210R20, -[(W)-C(0)N(R20)I0R20 , -[(W)-0]1,1Z20,
-RW)-N(R2)10R2, or 15each of R2, le and R'c’ is independently H, alkyl,
alkeriglsctieyriyibeafoic zsyopiiyidinserotyBrosRpC Aoy AR afy by,
O oo, Sl oelonb. atvicalono, Ay, Aoy,
) amino, alkylseleno, aralkylseleno, arylseleno, alkylthi kylthi
CEryti AR (ERAD G At G IR S0 R 0B SBUE T apGr When
RIGE62RRR3IRY I en B2, aacthR:tafeor togeitvgt. form a bond; each of
R4 and R'in endently is H, alkyl, al l, | 7 14
> nitrile?nﬁ?)aﬂ?l?y%egﬁg%l ,%% |8?<’y,°§‘é§f€§syl§i%&g%gggﬁ{ﬁ?%%ﬁ%@y%gk and R
ararybhibl, dradkiydthicsayobosiyheamiRo 2edky anmriakaarinar AIRicO AesiahipRs!

aralkylamino,fgtatparyin Ok ahsirreakikvk QbRIcand fRdaken togrthan R°
form =0, =S, =h4(12 =N-0R2 or, =N(N(R20) 2); R6 is H, alkyl,

2 \
arg|RethyH- Al gRAT s %%%Hmﬁsh%téfﬁc@b%%\fﬁiiﬁnd%%ﬁ&ﬂ FRE%nd Rm
take r[ﬁ(fgfi@?[ tfw'llfﬂrlakgbﬁiglcﬁlﬁﬂﬂ’m ohRibIREZcRp4an dRdminde pahidéntiyor
| , alkeny nyl, aryl, . cycloalkyl. h o Ikyl;
DRNHa B E Wy A o R
wiogeithBr forel £ batid;] 183k (El-alkyilalkenyeasikgyl, 2/ arelic|oafilpplly

s&]a%ttﬁ[l(?&y Ciﬁ%gﬁ’;lin' %%%Qerftg (@512 - @gﬁ%@? ‘Egg%%gf?zyl methyl, ethyl, or
-C(O)N(R2())(R2), or -C(S)N(R20)(R20); or has the formula -[C(R21))2L
tqRgutyl. In some of the foregoing embodiments, p is O or 1 independeritly at each

occurrence. In some such embodiments, pis 1.

15 In some of the foregoing embodiments, the compound of formula 21 has formula 23:

wherein R', R"* and X are as defined for formula 15, and Yis O or S; or a
pharmaceutically acceptable salt thereof.
In some embodiments of the compounds of formula 23, R' is H. In other such
20  embodiments, R' is COOR? or SO.R?, wherein R* is C1-C6 alky! 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, R”is H. In
other such embodiments, R'? is COOR? or SO,R*, wherein R* is C1-C6 alky! or aryl-(C1-
25 (C6)-alkyl, and each alkyl and aryl is optionally substituted. In certain embodiments, when
R™ is COORY, R¥ s 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.

19




R20 independently for each occurrence is H, alkyl, alkenyl, al ynyl, aryl,
cloalk |, 15heterocycloalkyl, aralkyl, heteroaryl heteroaralkyl, or

2[{0 %L R21, where each R is independently H or CI-C6 & PW%‘}F“”

two occurrences of Ra) can be taken together to form a 4-8 membered

optionally substituted ring which contains 0-3 heteroatorns selected from

ti, 0, By sk Rf R2 foingapenudntimioreadh Geclimdeemdsidy eychohlkgdurrence.

m’;\gglﬂp%gﬂ%%ygd%ggﬁgeg)quclyl alkoxyl, aryloxy, acylox.y, halide,
sulthydryl, alkylthio, arylthio, aralkylthio, hydro gl amino, acylamino,

amidén W@%%Wﬂ%ﬁﬁafﬁﬁ@@ﬂﬂﬁﬁd BIIHEERAHeTSIRF st Eoh

occurrence is li, halide, ester, amide, ore, plsO 1,2,3,4,5,0r 63
qis0,1,2,3,4,5, or 6 ‘ S ,‘
each aIkyI alkenyl, Ikynggg aryl cycloalkyl heterocy Ioalkﬂ ralk I

-N(R1.3)¥and A is C=0. In some of thefore&omg embodiments of. the
compounds of formula 15, R is H. In other such embodiments, RI|4S




10

15

20

aryl4C1-C6)-alkyl, and each alkyl and aryl is optionally substituted. In
certain embodiments, when RCOOR20, R2C1 is benzyl, methyl, ethyl, or
ShsatuEee

Wo %g%/mﬁ%g In some of the foregoing embodiments of thef&e

formula 15 R11 and R72 are each H. In others, R'l and R12 are taken

together to form a bond, In some of the foregoing embodiments of the
compounds of formula 15. R2 and R3 taken together form a bond. In other
embodiments, R2 and R3gre both Ht. In some of th egoi
embodiments of the\cor@poyngs ghformula 15, R4 and ] e-each in

H o In

) bdiffents of the como
and R 10 &4 . In some of the fog s d
compétinds o oy Llﬂa 15, when R7 is not {1, R{ and R14 are taken
togethé?wto ofm a bond. In other embodimentsAwhen le is not H. R1 anpd
R6 are sometimes taken together to form a bond. In some of the foregoing

other such embodients Lﬁgn\,@'\le taken togetherf D
) (O

aryl-(C1- 15C6)-alkyl, and each alkyl a -optonally substituted. In
certain embodiments, when R1 is CQO0 @ R2%s benzyl, methyl, ethyl, or
tert-butyl. In some of the fa s‘{g%@n bodiments, the compound of
formula 15, Xis CH2. In gther su kipdiments, X is a bond. In
some of the foregoing embydimgents,p is 0 or 1 independently at each
occurrence. 20In some such embodiments, p is 1. In.some embodiments,
the compound of formula 15 is a compound of ormula 21: Ri3 where
It, RAPRECR P 1A iR EC8PEP R are as defined above or formula
15, amueYisthateSiaila phasmiseauticallihacoaptabls stibethresentjRBmion

., some embodiments of the.compound of formula 21, X iS.-Cii2,-. |

RN L BN 1 B et roohent) Sl (b heghos.

egomMpoumeh of formgdaio or ¥dgMifsiomd suetianib caihepiticignal pentoxic

salts include those derived from inorganic acids such as hydrochloride, hydrobromic,

sulfuric, sulfamic, phosphoric, nitric, and the like; and the salts prepared from organic acids
such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic,
palmitic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sulfanilic,
2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic,
isothionic, and the like.

In other cases, the compounds of the present invention may contain one or more
acidic functional groups and, thus, are capable of forming pharmaceutically-acceptable salts
with pharmaceutically-acceptable bases. The term “pharmaceutically-acceptable salts™ in
these instances refers to the relatively non-toxic, inorganic and organic base addition salts of
compounds of the present invention. These salts can likewise be prepared in 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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WO 2008/109829PCT/US2008/056229 In some of the foregoing

e Iments of the compounds of formula 21, Rl is H. In r
W , ’
0 zeﬁm&zlog%%ents, Rl is COOR2 or SO,R20, wherein R.2 is c&gg’zﬁwg?"“z”

aryl-(CIC6)-alkyl, and each alkyl and aryl is optionally substituted. In
certain embodiments, when Rl is COOR2, R2 is benzyl, methyl, ethyl, or
forarattsugf Urssaddision tbsfordgising drmiae fieRid st tiecdonipelinas of
OHOWR L o AshRieas Bt @thersusbeershodimentsRe, and.,
1214 are taken together to form a bond. In some of the foregoing
sug@hfhodiments of the compound of formula 21, R4 and R5 are both H. In
othensughiembpeimentsivRAianpkRREdere thkemtogethierdioforioo=0otrprising
R 06 1B AP ENSAL HBEFRMRONAH L UM AL 4] 3
is11. or -Co alkyl, such as methﬁ. In other such embodiments, R13
plisr@@O Ry 802RIMe, axtieidin R2 is Cl-Co alkyl or aryl4C1-C6)-alkyl,

and gachalkyhand.and is.entianalivioubstitiitesh ip caran.QBRRNNEEFated
when R13 is COOR20, R2C1is benzyl, methyl, ethylé?c:qrt rt-butyl. In some
I

bt Bertsidga PR YRGB HERE BIL6 S e (e RISGENY G i BaEA O ©
cQBEUIFANGE:ABesamei sUhembadinentsppigi¢dbin:somef ohtnm fioregdiag
emhodiments, the compound af formula 21 has f : '
R T SR PP MR AP O o
ophesmpeeutibatiyirddeptiabldisain thetien klin wordeeribelinAoh e airpgancer in

a%%&ngﬁﬂg QMR 23 8L ISivpiheruch-A0empedinaRiamBuls of a
COOR2 or S02R20, wherein R2 is CI-C6 alkyl or ary1-(C1-C6)-alkyl, and
C@aEﬁuangﬁaeérwgrbp%vfﬁlaﬂ%v%bgﬁﬂaéé’&aﬂ%éﬂ%eéﬁ%%ﬂ%ﬂ%,SWﬁeé’Pn
a{cﬁf iﬁr@&m k ihg%si@dﬂﬁﬂﬁmalme&hyﬁmM@ﬂfoﬁefﬁﬂ&lﬁybrovidéﬂ sorbodfdhe

. foregoing embodiments of the compounds of formula 2 is,H. | .
B OTREe: R oL Bt GO prcs W i i hpae
d@pakgrt—(@mofg@@)naimmdoeh@nagmy|aag¢dla¢yntkd@pﬁr6wdm¢@ub§tiw@69unt
s&?ffé?erﬁ%k@ %H&Q%ﬁ@%%t%ﬂ%ﬁtﬁ@%&%@@%&vﬁ" is benzof osthvheethyl,

or tert-butyl, n some of die foregoing embodiments of the compounds

of forMRuBCHT SRS TvBRHER BIRFCERUBERAS LK & e icted by

excessive activity of a hedgehog pathway, which comprises administering to the subject at
Jeast one compound described in any of the above embodiments, or a pharmaceutically
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

22




10

15

25

WO 8 8EEurrence. In some such embodiments, pis 1. In some

In some of the foregoing embodiments of the compounds of formula 23, Y
is 0, In some of the foregoing embodiments, p is O or inde[pendentl at
7US2008/056229
embodiments, the compound of formula 15 is selected from: WO
2008/11)9829PCT/US20081056229 and their pharmaceutically
poatceptaiskngagin aRhaqeabide ontilsaivg s cleapedsriam < yP d CEp G
tthﬁg%e. RiRsERhinvetioR RiPGllde.the.cNveRtR RRk NONT@XI- 888 Olgent to

guaternary ammonium salts of the compounds, e.g., from non-toxic

foRfFRA I BE TRSTGAMEERL! 6 B3R RS QU CHIRUVER S HAI S HES© dat the

6-inetsigshnse deriveddionmnatganiaaced Sstheh Aisyhyetociiahidelternative, a
hydrobromic, sulfuric, sulfamic, phospharic, nitric, and. like: ar

PR SRR For o SR SOch b At eran G EHLoe

reghp@dlto,m&mﬁuomgtidknia’ﬁi@,W'&hani@ph':mié} tiscotiie; 10 palmitic, maleic,
hydrexymalgic: RReRY aceRe, AianicdRenzeis isalicusliswWianilica

2-acetoxybenzoic, fumaric, toluenesulfonic, inethanesulfonic, ethane
T-HRSOIRSHIC HLAHED RHHBHIE AsHashEliRE COMPRMSIhRERsdarprg directly from A-
ri£0BMPAUIEE Witithe ReseBarventiearmaecentaireo reneiigareradidianay be

functipnal groups , thus, are capable of formi . .
B SRS S PRk B gb s s o o0
anasesndthe idemItpharxacpiatibaliraocepiaplsisaitys tinathé setstirlcad base

SERIS IR e SlRfiYalkNRRHRNIG, INRIARARIG AN, TaPRIG Rase addition.saits
too% cecgmp%un%(s of the pr%gélnt in\(/)ention. These salts can likewise bg
lastaBared in situ in the administration vehicle or the dosage form

_mfj_ml#f@é‘éﬁﬁiilﬁgr:@fﬁi&§,&h@écbhpaemﬁraf€h}é peaeting ibeipuiifigccanpasicbr

in its free acid form with a suitable base, such as the hydroxide,. .
GBI ORLE 7 Bar O Bl et LA ACAebtAbtS il cerai
neatidmprudithiamenonigr onatie e ohanmacdutithilpsadoeptill byohgarsignple in
SPEIMaN.i(S8COnIRNY AL IERiRNY, ATINR  ReRIeRSRIRE AlkaliRp ARG th

eart esal%selrblc?ude th]e it%um, Ié%dium% got%ssium, calci@uy:r% r%z%%}nisiumg,t ¢

Darivieat{iripigrleareoiiad kel sdd otep e Mening SigaitianfysLusaIpRs

prB@uct with a Lewis or Brgnsted acid to catalyze a ring expansion rearrangement to yield
the seven membered D-ring analogs.

Scheme A. Exemplary formation of a 7-membered D-ring.

1. EtpZn, (ArO),P(O)CH, CHyl,
2. MSOH

o

Ar = 2 6-dimethyiphenyt

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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WO 2008/109829PCT/US2008/056229 formation of base addition salts
include ethylamine, diethylamine, ethylenediamine, ethanolamine

wo %ﬂ)l%stﬂg??&%mine, piperazine and the like. (See, for example,%ﬂ&g?()g?/ 056229

supra). In another aspect, the invention provides a pharmaceutical
composition comprising 5at least one compound described in the above
pmireditenhSomdeitient with at least one pharmaceutically acceptable

excipj @%AﬂlHzeeﬁs%m@%é&%iequ&w&\msoamumm@@mam

condition mediated by the hedgehog pathway, including administering to a
sudfahje fora SHETRIOBYBROBT & CFIIHIENLT § FEPEtRIS FRers
(MNVBRIOR RIS QreMidesradprihastaftralagopizing thedOhedgelabg formulated

athway in a subject, including administering to the jec ffectiv
O G SRt ML eI TR PR S R orl
adméthvod afrémtingnganckeinhassabjectsinchodingraelin HaktEr N gLeuaPsubiaet:
wfitherapenically effeciye arnguntehacomRQyad desetihsddicrgiRusych

cancers include cancers of the central nervous system and cancers of the
beJatroRStEAtI ol HAEESTRRSRIVER HIIHI FAFIEIO SPEVRISESA (MY Bf!
adiRinRikitieg astivatipneobadedgahogspatinwaydila, paiierhdibgnesadavith

. a hyperproliferative disorder, including administering to the patient a .
RO GO dPBESEH BB NP A1 AR GLAE SURBn L o g mlacon

(ctipatibmppfitheohsidgehogppativwaycmacetioh the pamlledjr@%m@mﬁf
s%)%(gggént@aeté’%gQﬁg&g‘ﬂ‘?ﬁ’tﬂ@%gﬂl551%1%&9&5%%%11Q&%ﬁ{p?é,f lictedeM¥ry, cream

Ive activity edgehog pathway, which comprises administering

Otcfemé;ééﬁ@b&%@@}i‘e@t@éﬁ%@rﬁ%&&ﬁﬂiﬁé@éﬁb@ PRy Bt thardBbtasally-

embogiments, & mbrrhassitisalhoacrrptakiesalt thereafaObeemployed in

pharmaceutical compasition tl'é)ereof. In some gmtioqisr?ser%sbgh? gel%o-ect. is
the BRRTRAEHAGH SBRIAHSY HiOath PR SIE HESNIEE, Bid i &ome
peipfiedinsnts, thisdiypenprdlifetativitididdrdend sanber nSymtbredigef, vegetable
o1 ste sr%%aals %1‘%%'%%? %ﬁ'gge%%‘i'é organi-,g Q@t&rse Eggxaelsaék@lp&jeﬂgnwgb\é??luidity can

eéscribed above can be prepared directly from naturally occurring

b teeoitrnedk 1O RIS TOPIS PBLIESAIPARRIE A SIS A Seiah RISAdRsDthe
nsigkeidatalalic statinghMAteHASICABR B8 CYTIRPBAIRR, AhiBrYite ulhese

steroidal alkaloids can be purchased commercially or extracted from
SWFEA californicurn. In certain instances, the compounds of the present
inventiaseaynpositainsanaix 30 meminerddvaitrogeh coptaiing Asrimegt{see
Figure 1). These compqunds.m ] , es trigggiagg‘loyy \le ~ £
a%%éjsaﬁ\%zﬂéf&\r}éééeg Str?és%%ﬁﬁlé o %%E?eﬁr%?fggl&gl Ryl el Dora ™ °
tha thdon-pfTgicPefraniing wetkesesinevas thslasidIe B8 mrinPeRINLFhEY the
i1he Siis &f ClravaosigRe Al sgemINGAERDIBLIRN fotethapingmayihe

changed. In the examples below, the double bopd is ic{/?(;{gjj%qated tqg - <otoni
RIS 3R RHERP BB G SO HTEH e ot s Jya01e 1 el isotenic
226R8/10982IR IV JGLOAB16622 A ptasiiarin pehmangamnatenth drdoidiiers
e RIS AN AR RO R LM RIIOMLE Mk Dfoouc by e

ern-ester may be trea . with an amlne and are ucing agent.to
ifioimai theoBagearmbbielt deletarhsarptiga WQW@{%}HWIWH%@F&?%%@@%@IHS
used torfarm the fspaanmgreddaniam ol e restiing fastapumaydaefuther
alkylated or in the alternative, a ‘ A
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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5primary amine may be used to access tertiary lactams. The resulting

WO %@%ﬁg& 2rpay be reduced to yield steroidal alkaloids with anp%}ngzbr(l) 8t 026229

In certain instances, the compounds of the present invéntion
may contain a 7-membered nitrogen containing A-ring. These compounds
may be formed directly from A- ring oxime-derivatives via the Beckman
rearrfiyariemormpe rdadisriefsd PrEdeteA) B TOL A BAURIGE AR By

nfiation.afthe nitkogsnfdheramide ofeduginmatiecaraitetaiasamine,

and the like. In the examples below an A-rin% oxime is treate%nwit MSC'J{)
o, Of about

CONRINAEd YoeaHRRIHR L A e et SRGEM Bt 18 4B P SACh t(Qair]g/ and

1tesErycAating expartizdolatiams0 ln ceftainadinstances]itheicompoas ofith a
thlg mgggggcntuin\z{erétigrglgnca%%gntain a six or 15 seven membered D-ring.

P ompoun s'With & 6-membered D-ring are accessible from certain natural
produsteisubivags jersinel dhecirsiopasieticBriafiic aBaTnatpatisal sgrepesitions

Y DPIEAR SCREMB RS SRYER SPRIDRGIRT: R1HAGANANRH TR DE: o
accessed b@clopropanatlng the D-ring of a suitable steroidal aII%Imd

a9BiF/ B A5 HERGRAY FIETRERL CoE RS A PAE B ot RAES 5 RS5O
1Bronsiadacid teoeatalyz eoritirgiexpansion reamangement to yield 20 the
seve embered D-ring analogs. Scheme A. Exem i -
PR TR 0 LTS L RPN
ofnisdificatidmscomiprenl-rimglosied. ac donsplistradt. oT hesde Hivgeakbamepaes of
JAnalegsdmRke firtherfunctionalizad vaing axasielyRhiuastionalzation

reactions known in the art. Representative examples include palladium
PRBISHIH G TRREHBh BB HIRUIIRGIE L35 MY PRGREES QMRS AVERIRHhe
meQaataNsMéthinLcleappiesisraantons eitiselectiopbildsmanencyidide particular

reactions, installation of protecting gro removal of prote t'% droups,
SE e b e e s R
hGemypdsitgrsient b¥ing tearegoundskdifclosedcidretn o st nay

be forp g!ﬁ@g ,i Qts%&%%ﬁ!}' e UFQQ@J}%&Q MRIRNALIe H NG RN8aPEmount

more pharmaceutically acceptable carriers (additives) and/or diluents, The

op FigrreatRauISaT HeRip B tONS hiay e e Y RS FufdhsepRypc effect. Suchan
cdpainisisationiinesetid palisud fpsminneledingdhesedadapie Giaetkls, oral,

.following: (1) oral administration, for example, drenches (aqueous.qr
IEREgUe 8@% WBRHBIEYS r(}g ﬁ%s’p%nt{sl?ocr? ] ??é"%%tgfrea. 52 G s%%Fgra%%%(%f¥é?e
itdicoal] sfillinguidlraugd Systehoia 81960 pHchoca}¥Lies, dohese s 00dvwarenit 100

ng%a&uallgémtgfﬂ% [Br@RPHGAION 1R JRENt PRI ZDoBBREBETBE about 1 to about 50

ministration, for example, by subcutaneous, intramuscular, intravenous
et epidieararopfjeetiv i dshterelmple, a sterile solution or suspension, or

sustaipgd-reigastifaimuladieministered 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,




(3) topical application, for example, as a cream, ointment, or a
controlled-release patch or spray applied to the skin; (4) intrayaginally or
WO 208 ]r(é%f%ﬂly, for example, as a pessary, cream or foam; (5)%3%%6??3% ;;(,229

(6) ocularly; (7) transdermally; (8) pulmonarily, or (9) nasally. Examples of
suitable agueous and nonaqueous carriers which may be employed in
MeSrbds phareativenitical compositions include water, ethanol, polyols (such
as g|¥ﬁ§iré%|hc‘y § @Xh@i’ﬂg @'é@%t{a@lﬁqukﬁﬁgg%m%@wﬁt&dlK@e@&l@ in
S

suitable mixtures thereof, vegetable oils, such as olive oil, and injectable . .
FogpeyioR: (ééfétr&ggaéﬂ%&hgﬂ%ﬁféﬁt@dmﬁ%mﬁ%ﬁ%ﬂ%l%iﬁ%&ﬁf@d?‘%w y
dexapplendiythieiusedihanatingintaterals ek astddithiof, blyithes cyclopia.

M ianes SLne eanlied paligls lze i e Grss of HIsRRLRIPDR yand

by the Us o?lﬁbgsur?é’c ants. These compositions may also contain
hatelvanistoueh dpeecetvafived witmg ageived censlsiyiiel dyarmgiment with
tJispSRIngage AR MiGANtS. 2RO aRtinxdaisHRreventicn pltheiagtion

of microorganisms upon the compounds disclosed herein may be ensured
PHY RS TRIBHOSF AR SRRt Baeis Ll RHAARRHING 4T 4o shtddxbjature S91-90-
2EXRMPRIRI PR At chierablianels pheseksesbie@oid spnehihRdikebktrpaay: al.

I desjtable to_jncl isotonic nts, such as sugars, sodiym
I S IS FER 0TS B
aBb$eeptibnvof ithevimfectalokaghayneaceciticaGiorat vragebel o digistraboaatisy
e%ﬁ%%%%‘éi?é%@:ﬁi agentsavhich delay RPRsPrRlion shichas AlURIRWD,; al. 2003)

stearate and gelatin. Methods of preparing these formulations or
Nesrrnbaiidht Meluaeansstel k8o Britging it Seration d Compyaid
cMyitB the.gacier and (mptio Ralykane : GMOeIESAcEessaTY J0u ediertsldnCancer 3:

ok %?%Eé@%%%ﬁ%ﬁ@é5%?%‘1@5%%%&%%?%ﬁ%ﬁ%ﬁg@ d
Conlick Garrders) 64160t Bnd tivem cifadeC684atyyrahiayibuhnany 6 piopy an
bﬁe%opé(&Q%8@53&%{/Qé%ggy&éﬁaﬁ%ancmmbﬁ&9%@95\%@&%@&@%,

erein are administered ‘as pharmaceuticals, to humans and animals, they

Meliihe gl éi0per S8 OR 484pHaPaceutical composition containing, for
examplg.eabapleOshia 93%sui ARk HOM0RA% oh BRI tend 8%y Gfown to

.about 10 to 30, ar about 10 to 20%, or. about 10 to 15% aof active
RSN BT G B T RS i e 2L
niechulalidosage (Buelsmofithe 200W8drgredEhtST i, pharrriceutical (Berman ef
a0 Eb%d%{}'a%ﬂ% N3yhe YIS 50 48 10, ARUARATSUROHN, O P ACH e 425:

ingredient which is effective to achieve the desired therapeutic response

Ser-alpavitihad BatieampliserioYifot @S b aerBhasarhitraFatiRTT AR Kbgt> 2003

pging 10Xigig. t1e patieat-40Fhaisslested dusagedsyebwil depend yeasmme
varie'g/ of factors including the a%%\ézy o; th) particular compound
ARSBIOvREgFIng E5tel4al B Emide thEredt, the route of administration,
the tinle xkiatdminisikaiéen sHoe natatofiexceetion ppanetabolismuof itdectivation
rticular compqund hein | L t X1enhel ARSQIPHQBsarch
R R Ty

Gs 66 T o hrdinedibvendenctre Rasrticar 2068 oPAp drErb Moy sanigengg e bstract
Sowsighti copditans geenal hralthand Drusmedicabhistantabial

patient being treated, and like factors well known in xhe medicaz%a[ts Yu. 2001
i igerias SGliasrd iAo BTl tshissbl ARsEl SR RFSRAifpe: 2001
thatamaslet, aidie. ¢comppousiihiciais 1Hes Narest 390 se0efB ctiveitiboblastoma
roduce a th tic effect..S 2 ffective dose will generallygepend
e e D S s sl R AL
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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20 intravenous and subcutaneous doses of the compounds for a patient,
when used for the indicated effects, will range from about 0.0001 to about

WO 398 ’r%‘&?%r about 0.001 to about 100 mg, or about 0.01 to gg}g&y%@%g’zw

or about 0.1 to about 100 mg per, or about 1 to about 50 mg per kilogram
of body weight per day. The compounds can be administered daily, every
poothisddss tHrde WheDarmaielodSHICE ar Week \WERKR, '8l WaelisTHe
c&(ﬂ;éé[}ﬂd%%%ﬁké% gariingivded, drdghelidayald«e hihR diue £anieay, and
a

inistered for two weeks on, one week off, or three weeks on, o?e
solfeiR EmRRSRIEEICS DI B WABIP B RE 2 BY BontifUB I S IE 4™ !
s gdnRliniays Jhecampaundscan e gdministeretiforally ditoalencustys
v Z|lr£11tr{;;tsla)(%r&orylaalIy, _topically, transdennally, intramuscularly, subt_:utaneously,

mf’ranasaﬁﬁ/, sublingually, or by any other 30route The subject
recgivmgftlnzigwtﬁeétméﬂs idatreprabprredthd neeel tinaladieds prstenedsherein
iRALHE lﬁﬁ% Rymans, AREQHGLMRMNAIS fIEH.AS RAIRRS, GRS ARdEher

sheep; and poultry and pets in general. WO ‘ _
caes/2 008 IS HEI 056 SIL ARG 4 o ERR BN Gy SRR cauc
Cﬂ%@ﬂ!ﬁkﬁli SeﬂSfa@d’_iH&hKl mmy@%ﬁ@mﬁﬁe\@h@mﬂtmsp gmaﬂyrmary cancers,

formation o 'eft'%ﬁ’ht N r?ﬂ&k%‘{g?'ggﬁg}%‘%%&%d%%% oy Q&Q&StQ&%%'%%]ag%&on

S S I Y YeVEIBpmen s and malfornfations, one o

cost stitiingofantriclisroyciopial. SMary ofithoksanidiieliferztive (including
nfARNIR) %1&%2(,%9&9@&%%@&9 flspsnd anutbshadeghospathwardihe

growth of such cells and survival can be affected by treatment with the _
YSRGS ek Rl AERP TR MR e Ha b Bk P BUHE i non-Hodgkin
1Astivating hedgelags pathivanmsiaionsyoseunin sparadiohasabeal|
carcinoma (Xie et al. (1998) Nature 391: 90- 22 and primitive
n}ﬂgm%lgg%a Hlﬁla ?ﬁ}'ﬁ é}ga%]f%ﬁease spft-fissue sarcomas, sug%:gé ibrosarcoma,

€ central nervous sysiem llenberger et
nafx &a{Aa08 iGancenRahs8ird eS80 3)stehzcontrolfothacthvibdonef the

aggid ehag. PARVIRY; has-3I50, RESTh SHONR-R RIS SAREESRYRE SRR,

| tract cancers mclud_ing pancreatic, esophageal, gastric cancer
sgBerivmn a0 (Eous) Natiles 4058l OPHARET BPRI(P00% 1eattrguamous
AR B binf bi4RC-cRBERT{YNAkiR fala (ZQ03hN ki e 4 3Bt dicinoma,
prostate cancer (Karhadkar ‘e%a%gizom Nature 431: 707-12. Sheng etal.
PO MSEENANE ARESF 3BV 9T EIR S &P (F00 45 ERdoEriRdlogy 145:
a386karQ)ohreast dameerdkobe etalu(2004) Canve bReseswhcdArGOTlagnal
Lewis et al, (2004) Joyr y ' ia.2:
T o i () A Ass
caemiferen SBIRORIMOBLAF(ZODSYIAACIRE fidte cigs icular cancer, bladder

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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For example, small molecule inhibition of the hedgehog pathway has been
shown to 20inhibit the growth of basal cell carcinoma (W|II|ams etal.

WO H593%KiAs 100: 4616- -21), medulloblastoina (Berman et ab o 08056229

Science 297: 1559-61), pancreatic cancer (Berman et al., 2003 Nature
425: 846-51), gastrointestinal cancers (Berman etal.. 2003 Nature 425:
846-3he pubficiec:POT BifIcUISA WO 0SIIIS00ybsbpAREEANER D

p&ﬁ@ﬁ%&l% 200iNpHUE A2R s BAP19dduikROGancek (W ahkinsegiaknd poultry
2003. Nature 427 313-7), and prostate 25cancer (Karhadkar etal., 2004.

A PRI ALSPEFH7-12). In addition, it has been shown that many cancer
typesrhauedgaﬁ;gnmm@aﬁwm Eﬁrélﬂecbedgehmgipatmmawﬁer example,

LQsastcancer (Ko ol 2004, Gancer Reoeatch o4 A0TL Aaicn

TAr tan ual AACR conference
bxahstmummcsﬂsmmems zmsxmee@amermmh@er&mmaﬂd tumor

nﬁ%@soéaéz'&fwemmseh@ QmlignangiesONaking ansivasui.apeblished

results), basal carcinoma (Bale & Yu, 2001. Human Molec, Genet,
inigung TN ahEIo g Katis e Erabo Ay e MG S RARS
Rty (&%1&%9@6&&&1@%6@@81&8}3%@1&@ gasbienspneesddinsati akomatase

005 arclno en 19 2005 ] t
rﬁ‘é‘?}@‘i‘g U%ltﬁs < eﬂSgI erﬁr”dlecu %an |b]§||5cl>8ng§%§ﬁeaﬁ qgi%%gw&g ?ffsgsway gnISts
(dbeegostrolivmtal am@h@:awmetsymmmmmegzm@m@igezg Iﬁ@ﬂiﬁtamlde) ;
%QQQ/%%&% Bﬁ%@ﬂ&ﬁl@gnr@{% aﬁ%dpr%m@m@axe%qgglz@ﬂ&gamﬁs

own the Examples, the compounds disclosed herein have been

(%Bavweb Ridupsraning. Reglges i patiay hRaehoss v esrpbR RS Rave
m@ﬁnﬁhgwnggﬂemmgameg growth. It is therefore believed that these

compounds can be useful to treatav net ofh [ |ferat|ve disorders,
such G5 8PS SC‘&%H%Z‘F?&?P fifersive |S¥8r ebr\{s XE%taclan%e tl’eat8% using

nibeamethdds, dmgo&edeheyémnmmeyﬂun@mnﬁelppmmkdmgienfaﬂ@eme
mlfI graegg & éﬁglﬁlo&ﬁ ﬁe&l%%&ﬂ“&%&bg% ﬁﬂﬁ%ﬁﬁ%l% tg’t%pomdes

monary system, medulloblastoma and other brain cancers, pancreatic

pe%@m@ioamaIxéembamﬁo?ﬁeﬂﬁpéa%%eﬁ@éwﬁr&é%awe&né%’i-“éh‘a%‘fhiéﬁambma

d%iﬂ%@bﬁ@ﬂﬁ&é&%ﬁwénl&%ﬁt&@mteﬁt&@h&ﬁ@w@dﬁaﬂgﬁmé& Iaddlasmdeother
cancers of the gastromtes# %al tract, colon 1cgn%(letr conolggsctﬁl cancer,
VAR AR AR RO s Y ]é)%enga{losp%llce e QRS (Incd gr%ultlple
cRy@Iboapha0de m,ommhmeytmﬂmﬁmmqeapldomwelo@ynndemcemthm@mhﬁiqw@),
ARG deukemia. U eBialVRRIEHIEILKErIR, Hadgkimbiaka .

non- o gkin ymp oma, and im",elodysplastic syndrome),

m@w@tmﬁﬁao%mvv&}aengm|§a£%%@1@méﬁlﬁ>ﬁu1i@awteﬂﬁﬁh
Aisedss: safblissue 83rcapasinstaBaliresaosamtn), 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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myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma,

ymphangioendotheliosarcorna, synovionia, rnesothelionaa,

tumor, leimnyosarcoma, rhabdornyosarcoma, squamous cell carcinoma,

basal cell carcinoma, melanoma, and other skin cancers, ,
(e adeHoeatRInBmaciDWERt Yiakd ARIABIHA BrhisgsTyysie: BEUMSHE,
(cRaRilly R GinomaRaRiliary AdeRpralenomatratadenocarcidamayubicin,

medullary carcinoma, bronchagenic %arcinoma,bre.nal ceﬂ.c%r%igé)ma,
dyeRiSIAAAEHATBRLE Car RS CRHBEAN ISR L ARSI embryonal
maakainmng, MR giilmas, eeryvicahcande G artetiiRecaimbér eesticalar

cancer..bladder carcinom itourinar - itheli
R R T i,
suapanblymd petepimaaliohibittrennshilor Astisanaiicoustic neuroma,

Oligom@w'l%}gh%qaﬂmﬂt@m aisPRWehlastomaadetineRlast@manbination with

endometrial cancer, follicular lymphoma, diff,usecllar e B-cell@;m&ho&wa, of
othea HaEEN Ty MR G dHOP AL SRR FaPo MRS %%91%?& CARCer Jastic
eoBNGeN: esaphagedlicancer iheactarisk heck cancér, smedposligadee )y single-
2 pgal th591%“b%ggle{ﬂ'%he%%raogﬁ&%Mﬁ@gddé&m@et@;q&a@and the second

ypereosinop ilic ngrome, sys%emf?: mastocytosis, familiar N
theyapeneiosipom Hiliao dhronie keosimdpbitic ddnkensfan e rsieRegiical composition,
aﬁholﬂlé?/?ggc%%@@f CRRGERS pAY\SLERIRINGIC I RFar A RKliiRRabigariesisred by

include Gorlin's syndrome and psoriasis WO = 1 e the s d
digtsemy1 00820 Per PAISRIS0RIe 5699 N cthRe BB PEELRINY fyle the secon
(Hepatmentsisanyiastedahinvweedslincliding primaties, didpanticidlaf mmissstion

and other mammals, such as equines, cattle, swipe. ; oultry
St e S L
conpisitied witfeBthighioahckGtiedanmdibs, skdled cimgie, fhsyinigp pgministration
P phined XX@&H&Q@@&%@W@@@ atieRn Rioiherapsidtiesn(waskuapon the

erfe

Interferons, cytokines -- e.g., In ron a, Interferon y, and tumor necrosjs
observrd KERTEIBORATBG AT T AL RHR I HITABIGGI ERFS APy VAR o
nRNEHABL RRStkMeBtskiantibodies (e.g., Avastin, Erbitux, Rituxan, and

Bexxar); endocrine therapy (jncludin tide hormo i i
etrog I AP BN Ae ArarR A 3o DR e g LSy e o
alainoxifed cRaloxifelyd e andiMdgestelly. LB EREE sinsleneaysl yeseidn the

e%rrﬁg SR Ell%t@g&t)at}ﬁge(?&ﬂEQQQ r09enSd SolovflidBiitieaRd with an optional

WO %gg/rl(ﬁ?@g angiosarcoma, endotheliosarcoina, Iymphangioﬁ%ﬁ%@ﬂosmsmm
wing's

icalutamide); gene therapy; bone marrow transplantation; photodynamic
timerapesl(B feivesiopbnrndsp ERRIAYC BHIARISRIGA! %Vi%ggﬁ%%zt F
beditisndidempetapxyratpeatalincho( B2 il té)iearid agent and/or radiation to
b(:hem'ot,herapeutics. 15Examples of cheinotherapeutics include

o] H4HES methotrexate, taxol, mercaptopurine, thioguanine,
hydroxfikeisdeytarainhieitoy clopiho spirahitiezifogianses aniiop suligaers are not

GSRIG, 8%{9%%@&ggj';9rg@ggm-mq9@%&5@@@@;@&@%@@;@&%@@%f
pre_élnlso pne, examet asone, € tarbine, pampathecms, b eom cin, ‘
adoyorusiein TmRssldisraaipiolient COALHINginy RS PhEaRYE Hfuations the
HOHRXRR TN ASRA 3FIRaREI tlaatn®llowed 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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20vincristine, and vinorelbine. Additional agents include nitrogen mustards
ée. ., cyclophosphamide, ifosfamide, trofosfamide, chlorambucil,
wo %‘}%QH?E{Ié%|ne and melphalan), nitrosoureas (e.g., carmustlr%jflé‘@ﬁﬂ%/%az}
lomustine (CCNU)), alkylsulphonates (e.g., busulfan and treosulfart),
triazenes (e.g., dacarbazine and temozolomide), platinum containing
kioonpzernd shteskillasi ppiatinac afioopratiatiamal chaflskan Poira dee didapise
C(gﬁdgtlogg\i{'ﬂﬂgrﬁﬁt |Bf: \%}@Qﬁﬁﬂ@ MH@&%H‘%@QQM‘@%@A@Q@O@M%K%Q)I be

paclitaxel and Docetaxol), epipodophyllins (e.g., etoposide, teniposide,
a@a}s@fé%rgﬁ figsh fiipfsEA gtéﬁ%éc?ﬁm&aﬂ%ﬁt%ﬁﬂ BRE B GdFratBIen fqntintied with
tHRY GRS Oh éntihsagtabelitam; iR wiiibilee (Regrmmethaivexagecandy the
imetrexate Pde nase In |b|t r e henoh
(F ?lfﬁﬂo?léavm%ecgrﬁ%/dﬁrgﬁ r om‘ilcl:l 4 d[feZl re uc’tg][slcglep nh |tgt£ﬁzgtreatment
plyyolroixiyurxeapine 30deferoxam|ne) uracil analogs (e.g., quorourac:lI
EQg&gﬂ%@ﬁbgoxmundlne ratitrexed, and capecitabine), cytosine analogs
(e.g., cytarabine (am C), cytosine arabinoside, and fludarabine), purine
analoE@(@@n%@%%ﬁwrﬁ?@e&ﬂﬂ {irergivas He‘)(ﬂ\llﬁﬁmmqjgagﬂfé%rfg’@d by
& Bho8R t@@f@l@ﬁﬁn@@ﬁb&bﬁe@%ﬁ)@ﬂ&@@f&]&dﬁﬂ%ﬁﬂblhﬁqj’ﬁrﬁes@s of illustration

LSRR Sl RIS S 200808 oB a0 e gt T

tistamwasgporine), actinomycins (e.g., actinomycin D and dactinomycin),
bleolnymns (e.g., bleomycin A%&[ﬁ@ycm B2, and peplomycin),
anthracyclines (e.g., daunombicin, doxorubicin (Adriamycie), idarubicin,
epirubicin, pinffubicin, zorubicin, and mlto tronﬁ) NIDR inhibitors (e.qg.,
verapamil), Ca2+ ATPase inhibitors\(e, apsigargin), imatinib,
thalidomide, lenalidomide, erlotini |E5* sorafenib, and sunitinib, and
proteasome inhibitors, includiTc ezomib. When the hedgehog
inhibitors disclosed herein aferadiinistered in combination with other
treatments, such as additional tﬁerapeutlcs or with radiation or surgery,
Step doses of each agent or therapy will in most instances be lower than
the corresponding dose for single- 10agent therapy. Also, incgeneral, the

hedgehog inhibitors gescri herein and the second therap nt do
not have to be admllste in the saime, pharmaceutical c Rasition, and
may, because of di SNt phyS|caI and chemical char fistigs, be
administere rent routes. For example, on @wnd can be

administgredhorally, while the second therapeutiefS-administered
intravenously. The d%termlnatlon of the mode of administration 15and the
advisdbilitypefraundifisiagidd, Avherd, pssibieasdithel warieaphediozcRatiiag

é%m%mps(wkﬂg'th'Mﬁﬁn%nw%eggrfaft{-i@h%ﬂlﬁgl&b@5:1;-111 FNe inifial

admlnlstratlon can be made according to eSta Ishe rOtOCO S nown |n
SRSt ein e IS s SO Ob A i O AR s
rRemanist@toncnd mesiefiadmintsisaiion ﬁmb@&%ﬁﬁfﬁ@dﬂyﬁhe&kd% to get

C{ﬁ%%%ggaz@ggg% 1%%%9461& golgvgcp tltgoc:ro%p% v etpqgéﬁ‘gta t%gggr%ed 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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administered concurrently (e.g., simultaneously, essentially

WO Zc()’ner’ %ously or within the same treatment protocol) or S%W§%'$¥/&’5<e229

6wed 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
St B5be administered. If the hedgehog inhibitor, and the second

therapeutic agent and/mszradlatlon are not administered smultaneously or
essentially S|multaneou§ ren the optimum order of adm [Stration may
be different for differeptcgnditioasePhiuscertain S|tu ;
hedgehog inhibitpr/mn e administeredidirst followed By _
administratio @@ second 30therapeutic agent rwadlatlon and in
other situ&ti®nstheé second therapeutic agentafd/or radigtion may be
administered first followed by the administ gtlon of a qi nlhlt?jltort h
This BittriatesdmiiRsHsHRIH TRV S 7&% “a{‘,?ﬁhdh %fgsle FSatment

A RIRR0 |D"@NE(Seﬁﬁﬂmunatuzeoﬁf)ﬁae @Dd)er*ﬁfeadm]m@tsahdmaamthm@umdmbah
viueh e A AADINHAUt SR HERIABEHS AORHANIRS Slution

en pI’O'[OCO IS We t
<mw8¢1ogezgmwwe@@©mm;zz@ KnewlddgenstiheBiiirsdlisti¥i€idh
AR N ReRiios0h %ﬁ%%&%&agﬁmﬁ)tf%@fé@mgwmrfdéﬂea@fpﬁaeed under

patient, For example, the second therapeutic agent and/or radiatiqn may
hl@é mm%t%r%?dhﬂrgfleélg&éc'?é?rﬂ’ﬁPfé’tacaﬂt&/&&e%&%fv Brid*th ﬁ &

abigAlRSMCONtnusD) WHhsthe) admiristration oflamedgehfly) inhibiitdr was
follo

Where dete e vantag us, by.the 5 t m
chyg \%Y ltfﬁeﬁgthehzﬁ%cérégr?tgand or rac ia”tl%n anél:ihsg1 or% uﬁ%ﬁ%ﬁﬁgﬁﬁgﬁﬁ !

aptotbenbis cﬁrmmdeyeaclzxgrlmaﬂﬂdaweﬁplaced Theéetrienipon plody Bedrsgarged with
g?%%';é‘ 'bé@?%%‘i) ippilkke merg readiby uderstonmhiy (SfRIRRCeVi thenin,

owm examples, which are included merely for purposes of |IIustrat|3(
Tbemseeﬁ@maagﬁewedé% &6 A BRI M o YT Bre BRI ASRRSH R Sh of 5
etinterded ot thr inve RO N kxampleveClzmibh NThe reaction was stirred for

an additional 5 min resulting in a slightly hazy yellow solution. Diiodomethane (1.78 mL,

22.1 mmol, 3 eq) was added at rt over 1 min. The reaction was allowed to stir for 24 h. The
reaction was quenched by the addition of a saturated aqueous NH4Cl solution. The layers
were separated and the aqueous layers were back extracted with DCM. The combined
organic layers were washed with saturated aqueous NH4Cl solution (1x), 5% NaHCO; (2x),
10% Na,SO; (1x). The organic solvent was dried over Na;SOs, 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
v H)g)—‘ ”"'H)Q‘
‘ i O-"H NaOH ‘ 4%
0L 9L
HO

4 5

CbzO

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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Cyclopamine 2 (5.02 g, 12.2 minol, 1.0 eq) was dissolved in

anh rous pyridine (25 mL). DMAP (300 mg, 2.44 nimol, 0.2 e
wo ﬁqg&fﬁ))?%%me (5.5 InL, 39,1 inmol, 3.2 eq) were added, foug\gﬁJ)WOS/OSﬁzzo

BtO-Cbz (10.5 g, 39,1 mmol, 12 eq) and the mixture was heated at 40C
for 2h. The mixture was cooled to rt, treated with 30 inL water, heated to
axgmzmaﬂdummawsdswimiﬁw@mdﬁ%vvéd toneijpedigaipayipiteere washed

WREESIRItale 1hat orpahwasgellesied Ay dHationihestikes 1@@%@&{@? solid.

Was ed with ortlons of water (3 X 50 mL), and dried in air to afford 9.53

P@ﬁi%?e@@lﬁ%f&ﬁwwﬁcﬂ%?%ﬁﬂﬁ%@%rﬁlﬁ%@rﬁ/@ﬂ%‘fﬁn&o@l@ gt d ¢
oBiNE RsiR Ot desired product. WO
2008/109829PCT/U82008/056229 Step B Eyn, (ArOt2P(0)0OH, CH212 Ar -

=dimethylpnenyl CO-20Cbz0 34 Bis(2,6-dimethylphenyBphosphate
(6 76 g, 22.1 mmol, 3 efga as dissolved at it with anhydr&@’m CM (50 inL)
and azeotroped (2X) *h¥ restlting solid was placed undeszh‘Svacuum
for 12 h. The solid ' 'endéi%ﬂﬂbﬂﬁ?ﬁﬁo nth) to ‘elear

solution (Flask A). Cbz protected cyclopamineg ;- m 35 mum’, 1 eq)
was dlssolve)'idrous DCM (50 nil) and & d*(ZX) The
resulting white foam was placed under high vacuum for &2 h. The dried
Bis-Cbz protected eyclopamine was dissolved in anh DCM (15JnL)
(FlasB) T S0 B0 & e At SooTE PR s BRI
scietydzine4 AROBR1 3 .ongna Qnacp)l, The:dbaskum(%@aiéﬂi wit ebseptum

out f the dr bo Il
angﬂtj?marge nX 1an S ra(g%%(xs %ﬁj %3%(?:? %C@F%g%%ﬁvﬁpg%&ehed i
10 tmdxannmldlm ﬂ@m@@ mmwm SW@P@&&E@@\W@@@%W%%B‘@IW%%%PW at
4%%@ 26, rﬁlﬁaFFﬁQ Il'fl%i@ Was QB&%%@HE'%&@%@@]%@%%%&&@H €hree times
reaction flask C via cannula over 10 min. The reaction wa stirr 1 ap
VAHRIONSY ST Kéédltuﬁ]@e|ﬁ°81§1ﬂjﬁt%fi§§))%¥§fl%w&%}‘(ﬁ?8% 8§§|ﬁﬁc§h Je's
sﬁlt 1BipaloveeNa 3 ofil3red) avd@soadeed @t kb dvateds inwd hecresttionzeeavpic
ggvggé}%a [ Gk e eRdion ey gueu%@s Byatheadditipnef a

aque UtIOI’l
15 chromatography (hexanes/EtOAc 4:1) to afford 859 mg of the desired product.

Step B

Cbz CbZ

/1

1. NalOy4, KMnG,

r/
2. TMSCHN

The enone derivative (350 mg, 0.63 mmol, 1 eq) was dissolved in -BuOH (5 mL)
then a solution of Na,CO3 (100 mg, 0.94 mmol, 1.5 eq) in water (5 mL) was added. The

20  mixture was heated to 80°C and charged with a solution of NalOy4 (0.94 g, 4.4 mmol, 7 eq)
and KMnOy (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,SOy, filtered and concentrated to dryness. The material was chased a couple times with

25  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 pL, 1.2 mmol, 2 eq). Bubbling was

observed and the bright yellow color persisted. Nitrogen was bubbled through the solution
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WO R B &BIution (IN), 5% NaHCO3 (2x), 2010% Na2S03 (1X

were separated and the aqueous layers were back extracted with DCM.
The combined organic layers were washed with saturated aqueo
RTR
solvent was dried over Na2S0O4, filtered, and evaporated to dryness to
give a foamy solid, Purification by flash silica gel chromatography
thdmerkanelstetOvas 95rSewra) iyiditaehs. 8l sfuferaeiidd 3efatesial s ugited
udr ﬁ%ﬁ l%tstf? Mhflasko \%ﬁﬂ%h@l'&ggeW@R)%@‘g@Zupﬁoltﬁgﬁﬁord the desired
cyclopropylcyclopamme (2 g,"2.88 mmol, 1 eq). MeOH (15 mL), and THF
M@eyH e A TBro (R §#tPeBSNith 2N NaOH (2 mL) at 55C for 3h. The THF
s@pd-MeOH were removed under reduced pressure WO
2008/109829PCT/US2008/056229 and the reS|dL<geZ was extracteg)zwnh
EtOAc (3X). The C(ﬁhﬁp' ed organic layers were w’ i

flask'Was ¢ @- with N-Cbz-cycloprefyicietopamine (&3¢
eq), AI(OBu%B (1.4 g, 5.76 minol, 1.4 eq), foluene (30 rnL), and 2 butanone

(30 myy), The Mixtiurewas hepiediati? oY) WndersAsfed Ho-dbe serction
was quenched by 10 the addition of an aqueous 20% Rochelle's @ e
e

teate&.wefhﬂ%%%%&ﬁ%@%é@ &tikAd SRR RENORPFRIN SR
AWMEFRISEPasRLe et mme‘m@uwl@ywwmexmﬁmmmmmmm the
EtOAC|t0Iuene The com anl layers were wa

TREML }%}%‘galt drie %Sv\é’?rﬁ]agz eéé) ere Q’ae{ l‘wc\%l}hc%ezht}t]rra%%%%t %%%gégcw
voy e and dbdie wzedttdpic mgmlmqblnsd\mmweqatghesesm piasgtracted with

dnsierigkwag, 9‘&9&%%’@8}9&1@9?9%' Jash Lochromaieorarily (1x), then
(hexanes/EtOAc 4:1) to afford 859 mg of the desired product. Step 67

seHEEAOHE Givaths T ds0 s o! eelﬁﬁ?ﬁﬂfaie%q?b@afgaﬁggmsavrﬁ%deﬁw er
N&,§1b,) thera slulinpeairNaPC @3(dN0 'Itﬁelauee%mﬁotvi?&%qmmmened

as add 70mixture was heat
DB S A5 1B e TP AR, Pt G BN L7k B e 5o
redﬁaeeq)cmm(mm@ctaﬂppwtsv Bolewit] thed w&@uﬁedmaéb@%@ﬁa qenpigend 9).
SQ%E@ mixture was acidified with 2N EIC1, and exn-acted with EtOAc (3X).

A cooled (-78°C) solution of compound 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
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 NaHCO;. The residue was extracted with
DCM (3X). The combined DCM layers were washed with saturated aqueous NaHCOs,
water, dried over Na,SQy, 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 So-reduced lactam product as solidifying oil (48 mg).
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The combined organic layers were washed with saturated aqueous
dried over Na.2S04, filtered and concentrated to q; @(%62 0
ma erla?was chased a couple times with 25 MTBE. The materﬁ%?g f
was dissolved in toluene/MeOH (10 niL; 4:1, HPLC grade) and treated with
of 2M TMSCHN, in hexanes (630 u.L, 1.2 mmol, 2 eq). Bubbling was
StethHerved and the bright yellow color persisted. Nitrogen was bubbled
through the solution WO 20087’109829PCT/U82008/056229 then the
[ ial Y366 mg) was
RQAG 95:5 to 4:1)
Step F The

treated with RIH%@C 1 2 g, 16 mmoI 40 eq) anstodlum
cyanoborohydride (25f mg, 4 mmol, 10 eq) at rt for 3h. Then, NELO.Ac
(600 @ogpBund i8I 420ner OWAS muigdd it reacdibroidirE WA Wwhsand

cRTMGH BRGNS stireskion facBaipaled prueeHINaR CRT 1L Onaglask
added and Me014 was distilied under reduced pressure. The resgxg was

wesPAl® A R EXO NEIXYTOBRR ComhPASHBIEMiA0 /Bt B A S e STt
THNNa@EWAXithen sasusated Naidd AbxgsDherithe dayeesiclearhf crude

separated, The organ ic layer.was dried over ofiltete 92-8
méi‘fﬁ‘é}—:*n%’gfgﬁafbo?hfnséé%a %‘ﬁeﬂ %‘% & PhAatena Péé#%%w%tgplﬁ? fied usmé
afflaghdsticage! fashnelmorhdtdegrighy2(héxaines/EtOAC 1:9 to 100% Et0Ac)

to give 5- 15 reduced lactam (@@%lg@mpound 8) followed by 5a-reduced

lactam (89 mg, compound 9). A cooled (-78C) solution of
compound 9 (82 mg, 0.15 mmol, 1 eq) 'm A hydrfms DCM (3 rnL) was

treated with BF,-OEt2 (55 pL, 0.45\n eq). The mixture was stirred
20at -78C for 15 min then warm D€ and stirred for 30 min. The
reaction was quenched by thé~agdition of saturated aqueous NaTICOs.

The residue was extracted;' BCM (3X), The combined DCM layers
were washed with saturated aqueous NaHCO3, water, dried over

Na2 SOufilteeb] BAt S OlSErarertardimssee PHESHIBES RSP ERR)s 1

S o%?%%;ﬁs'%é%ﬁ%@m;ﬂ%? e
o ETOAC) to /5afford the desire -reauced lactam product as

solidifying oil (48 mg). WO 20 PCTRIS2008/056229 Step I-I

Compound 10 (42 mg, 0.075 mmol, 1,eqpivywas gissolved in EtOAc (3
mL) and treated with Pd/C 10% ( ek WE AldI‘ICh Degussa type E101
lot 08331KC). The flask 5 was

by silica gel flash chromatography (PCNI to DCM/MeOH 92: 8) afforded 20
f pure material ([M-I-FH = 427.4 miz). Example 2

1, Et,Zn, (ArO),P(OYOH, CHyl,
2. MsOH

-

Ar = 2,6-dimethyipheny!

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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=H 10H Compound 11 was synthesized according to the procedure
describeg in example 1, using compound 8 in place of compound 9 in
B2nd H. Example 3 To a solution of diethyl zinc (57 Cl@/é{sﬁ%/ aiG,229
4,63 mmol, 3 eq) in DCIV1 (5.0 inL) at -20C was added a solution of
bis-(2,6-Dimethylphenyhphosphoric acid (1.42 g, 4.63 mmol, 3 eq)in
mBOM (15 aptd fvhile minintAiGing e sddingornabiperhtbic GBowJseanne
1.§9'gtﬁ9§4%91%,5@@sg),fg{éém@o 0Crheabdilpdornatiang kkedds: S der
uL, 3 eq) was added, and the WO 2008/109829PCT/US2008/0.56229.
bashitut @A aa HRBCrON 15 P dt ORISR AG AL SfutiGr-of 1t @ dry ice-
ac%@nl_gﬂ&égé(mh iRin@:op. A0 with4nemmantsdlOmeepcit IOWs(haiinl)).d hé. 50%
coolin th was replaced by a water. bath.at rt and maintain it for,4-
T B s DS o A Ly e e s, e P
Tolsopuwisewithgerethaie 20 i nicatitd R sbitivne(@ 161 merphebios (O &,

228 llxl’oﬂtf.? %ﬁ@%‘ﬂ[@&l nﬁxé) ENWHIlG, PRINARIG INR rBetioT I PHBRFALES was

elow - , The mixture was aged for 15-20 min. and quenched drg
reyigeedvithe ATAeHERGIHEER BOsGirerof Rl 08 qu%gmfaﬂﬁ?gptﬁéerﬁé%ﬁgﬁed off,
al@ !ﬂhte@f%é&dag B&\eeimlyﬂh@sﬁ&p&mg bath was (ermved, thedeadtion
mixture was stirred for 16-18 h., the whijte precipitate was filtered .off, and
PR o S LA ST T 20 0 3o B et ey
nsgdéynmi Qbisarbonateni@er 20/naty, wetere( an@ Chentrydmulab ina f{gdyipilica gel
flgSWc%yrh%?od{z}?Hy%{%{a%%@)%H %%@t?) @%ﬁﬁ"@@@i@gg' MVRCHIR, 86%) of

ryness and thecrude was purified by silica gel flash chromatography
thih escared SIRIAE 17:3-*4:1) to afford 924 mg (1.33 mmol, 86%) of the

seesired product. Step B

To a solation 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

H N
‘o, 1. Al{OBu),, 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 zert-butoxide (6.10 g, 24.8 mmol, 1.4 eq), anhydrous
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wo %%95@)%?&8 on carbon (823 mg, 0.583 mmol, 0.1 eq). The flas

151314 To a solution of compound 13 (4.05 g, 5.83 minol,1. eq) in a

solution of EtOAc:roluene (2:1, 60 mL) was added 20% palla wné
1/1152008/056229

evacuated and filled with hydrogen three times. The mixture was stirred

under an atmosphere of hydrogen for Ih. Neat ethylene diamine 20 (0.38
tointena adde dndiduamixtite vas strrelefor TH1C B it veatBrpad yader

o fltessd off, bg-filter akgonas washed AiGe Mt B8 Gialuraea(Biked cool
InL). The combined filtrates were washed with a 2% a?%agor%s soluélé);& ?ft
oo RIBR AP AT S7 D0 RS TR SQCHUR FEBRIL SR Ifte Rt RBRALT ALl

stifracpglpeiRigiveIBAb pasianvhite onystallintesblich. JteplGers werelsapumdd.
ottom flask was sequentially charged wi horno-allyli aLd

e S e e e

(8G)mantycrouisd Wer 200811 09829 PG Tie1d2 (b /058229 1 lirsae Yithgoluene

APk P0G Arbutane n&@&&%&f‘d@%& 6d)e IR SHARANSIAR MBS eated]

under a nitrogen atmosphere to 75C for 16 h. The reaction teqm eratut[je
TRAREO B EMOWER 15 OIS A0 AR S 0B T S ITAEL T RE 88 lim
(1sotrate.salution: (326:@) wastadueduigothesstiofed: suspensioexchiwee from

suspension was stir at.it for 3.5 h.. The.layers were se . .
R A s s R S e R SRa A LT
panibivate @aSimi prident diied wypsrsisdivag diifiatevaicfftisied! Theptane
ABsidye WA dnsed withfoluane.Borinland discardeds The cambingd: 7 mL)

organics were concentrated to dryness. Residual reaction solvents were
apeifis b Ep HoPRIAE meftdisdBy <brie8Rttating from 2-propanol (250 rriL
sagded portion-wise) to a final solution mass of 44 g. Solvent exchange
from 102-propanol to n-heptane (275 nth added portion-wise)to a final
solution mass of 41 g fully pyecipitated the desired produet/ The
suspension was diluted "%n = i
1 h, and filtered. The, s/@ chwas W%E%With ns
dried to afford 54y pftthe desired product. 15
Sy -8

15 H 16

A round-bottom flask was charged with starting material (110 mg, 0.26 mmol, 1 eq)
and 10% palladium on carbon (106 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 benzy! chloroformate
(1.54 mL, 10.93 mmol, 1.1 eq) were added and the mixture was stirred for 1 h at rt. The

reaction mixture was partitioned between saturated aqueous bicarbonate (100 mL) and
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A round-bottom flask was charged with starting material (110 mg, 0.26
uninol, 1 eq) and 10% palladium on carbon (106 mg). The solids were
?‘iq&éd in pyridine (4 mL). The suspension was placedIiﬁ?%fﬁzoosms6229
hydrogen atmosphere (1 atm) and the mixture was stirred overnight at rt.
The reaction mixture was filtered through celite and the filtrate
E€phcaibanés 20in vaseaviescpactedratbiial argsisurifieditethgaiit)qen
cJIRghEue {Bﬁ{?%ﬂp hﬁhéMﬁQUﬂ%@M@%@ [ aford 93:me gt desired

compound. Step A round-bottom flask was charged with
C@@W&W!Wés/§e¥9% ot 14-86) s o 8T REEaBRL
sipigthylamine (6.92 mL, 49.7 inmol, 5.0 eq) and benzyl chloroformate
(1.54 ink, 10,93 mmol, 1.1 eq) were added and the mixture was stirred for
1 h at rt.. The reaction mix as partitioned betweertigatyrated

aqueous bicarbonate {0 and, We, s
2008/109829PCT/UBz 622REAC (100, i e p%ases were
separated and amlcs were dried (Na2 d concentrated to

dryness. The«

chromatography (EtOAc/Hexanes 2:98-314:86 e 3.75¢g of material,

Step o cinpl QAN SORAIGRTS N CRUBBT T7 Vb fidgrsied
mmglhréx%}maihgr@@&dowmwﬁ@gm amibE hygracklonide{14Q 16Qn2,

mmol, 6 eq), sodium acet 16 2 mmol, 6 e er,
2SI FHATCHEE Qo 0 108 R e B e
watQAlR amtzwatEt(IB@ mil sadtn)(STel erdanithayezaviadanashesdraitisbyifb brine

AP0 M dried Q¥ SQeMm a%ﬁ't%&ﬁea@ﬂ&qegqoyeé@glwl@ white fasigauct

e crude product was purified by silica gel ¢ romatograph
westherifirsdenes 2 8¢ f@@@@ﬁé@%eﬁgxé%eéﬁnﬁe«@éﬂéwwe 193 mg of

oxime 18.

Step G

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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15Compound 18 (50 nig, 0.087 mmol, 1.0 eq) was dissolved in dry
ridine (1.0 mL) and at OC treated with methanesulfonyl chloride (20.0
wo 8?’5’38723 mmol, 2.0 eq). After stirring for 2 h, the solution WA IHESG20
rt and treated with 5N 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
finepee cusdydrogeniahfoticer (kneniidmbheconghrmodayersdas ndshed witke oil
20water, washed with bring, dried gver I f nixated
o B R S S L S s A sacanalec
ME BN raphyhaouedoTsiethyicac epatsiisiethesian mhhienmadopigilized
i acgiatominaliord amixiure afithadasiam rasivisonars.as aieaiei der
(34 mg, 68% yield), The product carbamate lactams were dissolved in
5 (ke (hih mﬁ?ﬂlééll/%ith stir 95bar and rubber septum. The solution was
sparged with nitrogen, and 10%xRa#le (et, Degussa type El 01, Aldrich,
25 mg) was added. This mixture was sparged with nitrogen and then
hydrogen gas and stirred at rt for 3 h’~:FHe mixtureldvas then sparged with
nitrogen, WO 2008/109829PCT/ @ 48/056229 filtered through a 0.45
J,tni polyethylene membrang-ah ﬂ Rcentrated to a clear oil. The oil was
purified by silica gel flash *@ rg ngraphy (0.5% ammonium
hydroxide/2-20% MeOH/DEM)! and the pure fractions were concentrated
to give anpailinab was dephilizegisamuteYsiwateibhoanalsdabatfond saile 3.
mixture of unseparated lactams, as a white powder 5(19 fig: [M+Hil =
441.6 nt/z.). Compound 15 (Z.Mmol, 1.0 eq).was dissolved in
DCM (20.0 inL.) and THF (20.0 mL) an

v 25(0.73 ml, 5.2 mmol, 1.1 eq).
4-Dimethylanainopyridine (50 Iy added, and the mixture was stirred
aqueous sodium bicarbongte(150 inL). The organic layer was washed
with brine (50 mt.), dried over sodium sulfate, and concentrated.
fication of the residue by silica gel flash chromatography (5 -> 40%
EtOAc/hexanes) afforded thEHg sired carbamate as a wiiite 20foam, (2,4

9).

10

15 20
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
15  (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
20  foam., (2.4 g).
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WO 2008/109829PCT/ES2008/056229 Step B Compound 20 (200.0 mg,

0.36 rqural, 1.0 eq) was dissolved in EtOH (3 0 in14 and WaterH(O.B nit) and
WO 2008/1P28%d with hydroxylamine hydrochloride (150 mg, 2.1 ¥ihgiSH@/@56229

eq) and sodium acetate (176 mg, 2.1 mrnol, 6 eq). The mixture was

heated at 70C for 10 min. The mixture was split between EtOAc (30 inL)

Sapdwater (15 mL). The organic layer was washed with brine (15 niL),

dried over sodium sulfateand concentrated to give the @xime 21 as a

white foam. (202 mg). Step g empound 21 (200.0 pig,"Q"34-ntnol, 1.0

eq) was dissolved in dpyR) r(') ne (1.Q/mk) and at 0 ) sater with

methanesulfonyl c| I 120.0 mg, 1.05 mmol, . After stirring for

2 h, the solutioff Whs Warmed to rt and treated

5N sodium hydroxide
(0.75 ml, 4.2%'mmol; 12 eq) and stirred for 12y e21mixture was split

between EtOAC 15;%3&&®()fnd 1 m aqueous HC1 (15 mL). The organic layer
was WASHRY (PP BsdtHemBife! @ 8minras 4L thida }38%117‘ §&ditpky and

wakdfates and sangantraied togivedbeyoxime Ryditethanesylifonagelas mmol,

lear oil, This oil ded in MeO  treated with o
O R AT SER s BB 18 FAEY kG Mo B e 20°C o
18arkabBwminixtereawssicoriventritod in Yoo andysimfidd bisillde erepnic
1%?%?6%1 RIeYARMAS9s 11 90% A hgxANesdRlone d By had e G

0Ac) to give the unsaturated lactam as an isomerically pure white
theopi e fdf)2 ThRduct-Oardate lactam was dissolved in pyridine (7
stepdn a flask with stir bar and rubber septum. The solution was sparged

e mixiurewas.then SPy '% with nitrogen,
pIyethylerismembrange aind concentrated to a
clear oil. The oil v i

ammonium Mftox
21

Compound 21 (200.0 mg, 0.34 mmol, 1.0 eq) was dissolved in dry pyridine (1.0 mL)
and at 0°C 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 > 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




MeOH/DCM), and the pure fractions were concentrated to give an oil that
was lyophilized from 7% water/t-butanol, affording the product as a white
wo 6{9&%&%&34 mg: [M-FHI = 441.7 m/z). Step A 17922 P A §f1/US2008/056229
round-bottom flask was charged with KOtBu (0.57 g, 5.1 mmol, 7 eq) and
tBuOTI (6 mL) and the solution was stirred at rt for 10 min.. Compound 17
MEBIHAN 078 rpole Tracfonas e derrenithsties Yo o5 diikarties Wigrbilized
frg}ﬁspﬁf%%?@ﬁﬁamﬁ AN Rleabsiution eyl founate (Qe3NiH A4
mmol, 6 eq) was added dropwise, and the solution became slightly
49paf\e-and produced bubbles. The slurry was stirred at rt for 48 h. The
mixture was then portioned bepweapld4TBE/1% NaOH (2 x 20 mL). The
agueous layer was acidified with 2 N MGl ntil the pH reached 5, then
¥mbined dkganic layers were
+-And concentrated to dryness to
aterial was used without further
2223 A round-bottom flask was

stepuene (25 mL). The reaction was charged with DM./ (0,849 g, 3.74
mmol, 1.1 eq). The mixgg;\e was stirred for 0.5 hr at rt. Theggaction

mixture was then WO, 829PC1/1182008/056229 H N
KOBu, HCO,E N ji/ \///‘
— o™

17 22
A dry round-bottom flask was charged with KOBu (0.57 g, 5.1 mmol, 7 eq) and
BuOH (6 mL) and the solution was stirred at rt for 10 min. Compound 17 (0.3 g,

10 0.73 mmol, 1 eq) was added and stirred for 5 min. The white suspension became a yellow
clear solution. Ethyl formate (0.35 mL, 4.4 mmo}, 6 eq) was added dropwise, and the
solution became slightly opaque and produced bubbles. The slurry was stirred at rt for 48 h.
The mixture was then portioned between MTBE/1% NaOH (2 x 20 mL). The aqueous layer
was acidified with 2 N HC] until the pH reached 5, then extracted with chloroform (2X).

15  The combined organic layers were washed with water, dried over Na,SO,, and concentrated
to dryness to give 200 mg pale yellow foam. This material was used without further

purification in the next step.

Step B

20 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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concentrated in vacua to 10% the original volume. The residue was
urified using silica gel flash chromatography (EtOAc/hexanes 10%20%
wo 29%‘8?8%(9 desired material. Step C ) 22221/ (5A round-botﬁfﬁ’ﬁ%‘wmzw
charged with compound 23 (1.i 0 g, 1.88 mmol, 1 eq) and was dissolved in
toluene (25 mL). The reaction was charged with Willdnson's catalyst (1.77
conckrd2tadmotgdud 2oedf Threongitak golvasehdategId80C shirrdddos 0SS iica gel
nlEeASIRNMI YRS caalRd A congantialRdinaasUale Aakithe
original volfm . The residue was purified using silica gel flash
Sgrbmatography (EtOAc/hexanes 10% 3 15%) to 10afford the desired
material. Step D 2425 Asaund-bottom flask was charged witf) compound
24 (750 mg, 1.34 mmol,.1'¢q) and was dissolved in EtOH ¢1&InLyand
water (1 rrEL). The reg oN4Y A
hydrochlorige (6 )
8,07 mmol, 6 @@
mixture wasoparfikioned between water and EtOAC. {The organic was
separated, dried and eoncentrated to dryness. The residtie was purified
using gilica @ebflashrehramatagraphy: tFioAsHhaxanes 0901-68358@)1 10 eq) and

afford the desired material. 20 Ste
was dissolved in toluene (25 mL). The reE\c%on was charged with Wilkinson’s catalyst

(1.77 g, 1.92 mmol, 1.02 eq). The mixture was heated to 80°C stirred for 0.5 h. The
reaction mixture was cooled and concentrated in vacuo to 10% the original volume. The
residue was purified using silica gel flash chromatography (EtOAc/hexanes 10% = 15%) to

afford the desired material,

Step D

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 B

MsCl
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2526 WO 21108/109829PCTMS2008/056229 A round-bottom flask

WO 2 &§1q&%§ged with compound 25 (770 mg, 1.34 mtnol, 1 e%ﬁmﬁ\ﬁﬁsmsmw

Issolved in pyridine (10 mL). The reaction was charged wit
m_ethanesulfonylchlorlde (462 mg, 4.03 mmol, 3.0 eq). The mixture was
stirred for 0.5 h at P. The reaction mixture was partitioned between an

aquedieEsEisHR BT BtEed RIGKePARE AHHIOWas Sepaadq! ed)
andried @@%RQH%?W@&% toEime StrelBR:-fiesigHenmageauitied using silica

gel flash chromatography (EtOAc/hexa 59 20%) to afford
mﬁ‘@%‘i‘r"éﬁﬂ@f@ﬁ&“@%"pg fﬁé@inﬂ irgd(gw% éclés%]llve Oﬁi?esé)ﬁe %II’]L hrat
1t The: reactionmiasre vargedtsisheddroecinate dH0ds (x’é@@ltmg)f 3.54HRptrof
EfRERn BEMIE WasNEAIRLIG R0G ROASIIRY dRRAL TR fRacton

mixture Was partitioned between a saturated aqueous solution of sodium
pusiGadboimateilarace b, cfansreeAR WA arstas, tifePatitye) to afford the
1&008enkated to dryness. The 15residue was purified using silica gel flash
chromatography (EtOAc/hexanes 50%90%) to afford the desired material,
5@%&% G A round-bottom flask was charged with compound 27 (142 mg,
0.248 mmok 1 eq) 70 anGM[Q% palladium on carbon (30 mg'j.\N e solids
were suspended in EtOH. | he suspension was placegrunder

(MeOH/DCNT 0% -3' 5 %) to afford the desireo Nrnarlal ([M-1-11] = 4415
ni/z). WO 2008/109829PCT/US2008/056229 Example 7
A round-bottom flask was charged with compound 26 (765 mg, 1.18 mmol, 1 eq)

and was dissolved in MeOH (30 mL). The reaction was charged with concentrated HCI
(300 mg, 3.54 mmol, 7.0 eq). The mixture was heated to 60°C and stirred for 17 h. The
reaction mixture was partitioned between a saturated aqueous solution of sodium
bicarbonate and EtOAc. The organic was separated, dried and concentrated to dryness. The
residue was purified using silica gel flash chromatography (EtOAc/hexanes 50% = 90%) to

afford the desired material.

Step G

PA/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 % -2 5 %) to
afford the desired material. ([M+H] = 441.5 m/z).
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Step A Cbz, H NCbz, HN 52732 A round-bottom flask was charged
| [ng material (Si mg, 0,09 mmol, 1 eq). The solid w, issalved in

wo z%[118"2@(“93%Slgetrahydrofuran. The solution was coqczled to -78C. E%géiﬁsz%%ﬁ%)ﬁézn”
of potassium bis(trimethylsayl)amide in toluene (0.207 mL" 0.104 mmol,
1.2 eq.) was charged and the solution was stirred for 0.5 hr at -78C. The
reaction was then 10charged witHEx3g®ilibdide (11 uL, 0.179 inmol, 2 eq.)
and the reaction was warmed to 25C, The reagction was stirred in then
charged with water and ethyl acetate. Tne prganic was separated, dried
and concentrated to dryness. The residy&was/dissolved in DCM and was

ORc/heyanes gave

ep'B 31

Step A

A round-bottom flask was charged with starting material (51 mg, 0.09 mmol, 1 eq).
The solid was dissolved in 5 mL of tetrahydrofuran. The solution was cooled to -78°C. A
0.5M solution of potassium bis(trimethylsilyl)amide in toluene (0.207 mL, 0.104 mmol,
1.2 eq.) was charged and the solution was stirred for 0.5 hr at -78°C. The reaction was then
charged with methyliodide (11 uL, 0.179 mmol, 2 eq.) and the reaction was warmed to
25°C, The reaction was stirred o/n then charged with water 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 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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A round-bottom flask was charged with starting material (50 mg, 0.085
g) and 10% palladium on carbon (10 m2). The solids were .
wo %Hgs}pengaed in 3 ME of ethanol. The WO 21108/109829pC T}/ US2008/056229
S$211081056229 suspension was placed under hydrogen atmosphere and
the mixture was stirred for 4 hrs at 25C. LCMS show complete
sughsaipe siardecesd sraetidodroaesr amorRBCre Aad die Mixitie WeastKhEy dhws at

2pelite-and i flvanconcenaiad o divrassmibadesiduuasitisselvedas
in DCM and was loaded onto a Si09. Elution with 0 to 8% Me?H/

filfpagrt A ectbestdcH 15 BUTE Be6RPBBGAMSI RS T4 106B 5K ISE%CM‘PeDé:

antiGfn g (esaddhoiio mstaskiiar o hatiy 6 dovsith N«PRpD UM B e( iR degir&l@R&iuct
mmol |ch ane mL) The solution was charged with

C?né’&ﬂérﬁ%@e%%g % g@é?mma 3 eg.) and methane sulfonylchlorlde (14
uL, 0.088 mmol, 4 eq.) were chargggnandgthe solution was stirred for 0.5
hr. The reaction mixture was part tween a solution a saturated
aqueous solution of sodium bicarbonate and-ethyl acetate. The organic
was 15separated, dried and concentral dryness. The residue was
dissolved in DCM and was loaded ! Q2 Flutigp with 75 to 90%
EtOAe/hexanes gave the deswe m Hy Gggnpound 35 ([M+11) =533.8

S 229 Example 9 5A round-bortom
:HL2 (16 mg, 0.036 nano’, 1 eq) and

=

uL, 0,109 mmol, 3 eq.) and methane sulfonylchloride (20 uL, 0,149 mlnol
4 eq.) were charged agrq e solution was stirred for 0.5 hr. The Egzﬁe%on
. 2 | ) tior

dried and con &t S d-idryness The re5|d’ue was dISSO|V
and ywa @;- oo a Sift. Elution with 75 to 90% EtOAc '

31 35

10 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

15  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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WO 2008/109829PCT/US2008/056229 A round-bottom flask was

ith starting material (1.15 g, 2.06 mmol, 1 eq) an
wo %{%{%gf%g{;olution was charged with sodium acetate (1,0153@?%%8 }r)réﬂ#gﬁzg

10

15

6 eg.) and N-methylhydroxylamine iiC1 (0.189 g, 2.27 mmol, 1.1 eq.) were
charged and the solution was heated to 70C and stirred for 6 hrs. The
reaction mixture was cooled to rt Ex¥¥¥h2entrated, The residue was
partitioned between water and ethyl acetate. The organic was separated,
dried and concentrated to dryness. The,residue was dissolved in DCM
and was loaded onto a Si02. Elutio Wgo to 10% MeOH/DCMI gave the
desired material = 587.9 m/z) 10A) @ d>b %g&ﬂ flasggwas charged with

starting material (1,10 g, qj*ahd\dlssolved in pyridine (15
mL) and water (0.7mL). 3 oirwas charged with tosyl chloride
(0.430 g, 2.249 mmad=4.2 eq s*tharged and the solution the solution

concentrated. The reS|due was partitioned between water and MTBE The
organic was separatequ jed and concentrated to 15dryness. g}ge reS|due
was dissolved in DCM.ard was loaded onto a Si02 Elution wit

EtOAc/Hex gave thy d material ([MH] = 587.9 in/z),

round-bottom charged with starting material (100
mmol, 1 ; % palladium on carbon (50 mg). Tih¢ were
suspend aL of ethyl 20 acetate, The sgs as placed under

hydrogen atrﬂosphere and the mixture was stirrét iars at 25C. The
reaction mixture was filtered on elite and the filtrate concentrated to
dryness. The resid@e was dissolved in DCM and was load¥d onto a Si02.

Elution witQ .t &Q%M%QAMB% 8@%&{@@' GOMPaNEh Hdmol, 1 eq)
([IMH- 11] =453.5 ink). WO 2008/109829P E 820081056229 Example
apd dichloromethane (1 mL) The solution was charged with triethylamine (8.0 uL, 0.109

mmol, 3 eq.) and methane sulfonylchloride (20 uL, 0.149 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 40 ([M+H] = 519.8 m/z).
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SteiL-) A 54647 A dried flask was charged with 46 (355 ing, 0.806

WO gé’@%ﬁ%equiv.) and dry THE (5 mL) and pyridine (326 uL, %%%/ngéa%é%gm

tiv o The cooled (OC) solution was treated with benzoyl peroxi

mg, 2.42 mmol, 3 equiv,). The mixture was stirred for 1 h at 0C , then the

solution was gradually warmed to 25C. After 2 h, the mixture was diluted

10 witirEmslakobp flesénes dimcsdudbyesirmisdiNaHEes>MusA. Tre)
arfC e %(lﬁ’ﬁiW%a@égfg%ﬁ@«ﬁ&%ﬂg? ?}M%&Eﬁ@f&eﬂ?@@@ﬁ%ﬂ%7 mmol,

organic layer were dried over Na itered, and eyaparated to dryness
6 LR DA O o Gt G By 0 Kl AR SRR S
sderanedk RAed 407100A a0ds)ite gfve R8. Mg of dasired xomposineb§1.(Stepd
iRyt mne re QRO BRNRE ORIt ER ClRIARH DM A0 EE OIS v

, L equiv.) and Me mL) The solution was treated at 25C in

sqpresectriod 20Nl a@EN (htpdlto Zyners| Bhedetidye Tiae disalies wd2Sdrad var
1ol SRoSPYENT WREJEMRAYBADM AR SERARNHe W EDARerial

109829PCT/ITS2008/056229 the solution was neutralized with 500 uL of
(i1 5¥he Bdeous layer was extracted with three portions of CH2C12.

Conibined organic layers auere dried over Na2S04, filtered, and

concentrated to dryness,, T hE Orede material (220 mg) was, flissglved with

’ TsCi v, .
/7 olumn»(lZg,) and eluted wit

A round-bottom flask was charged with starting material (1.10 g, 1.875 mmol, 1 eq)
and dissolved in pyridine (15 mL) and water (0.7mL). The solution was charged with tosyl
chloride (0.430 g, 2.249 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).

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 Si0,. Flution with 0 to

10% MeOH/DCM gave the desired Compound 41 ((M+H] = 453.5 m/z).

46




Example 12 IClInhibition of the Hedeho Pathway in Cell Culture Us'n

WO @9@'1%9%2? C Hedgehog pathway specific cancer cell kilggﬁfggg@%g@b

10

15

e ascertained using the following assay. C3H10T1/2 cells
into osteoblasts when contacted with the sonic hedgehog peptide (Shh-N).
Upon differentiation; these osteoblasts produce high levels of alkaline
phosphatase (AP) which can be Fi@8¥¢dd in an enzymatic assay
15(Nakamura, et al., BBRC (1997) 237:465). Compounds that block the
differentiation of C31-11 0T1/2 into osteé)bl (a Shh dependent event)
can therefore be identified by a reductiorain APyproduction (van der Horst,
: share described. below. The
(ationAssayddre shown below in
Table I. 20Assay Protoco @ Mébuse embryonic mesoderm
cells {optained from ATCC) were cultured in Basal
MEM. Media (Gibco/InMiiroggr) supplemented with 10% heat inactivated
PBS (Hyclone), 50 units/inl genicillin and 50ug/m1 streptomycin
2¢(Gibco/invitrogen) at 37C with 5% CO2 in air atmosphere. Alkaline
Phos@lﬁéféése Assay C3H10T1/2 cells were plated in 96 wells with a
density of 8x163 cells/wellsCells were grown to confluence (72 Ms), After

37C, the 5plates were read on an Envision plate reader at 405 nm. Total
protein was quantfffed with a BCA protein assay kit from MiErce according
to magufaciuiisRsHustions: thBsastvityo\@soaanmalizedagatast dotalHFE (5
protein. Note that "A" indi%ates éhgt the %. Ois| S$ r(;;?? 2 "B"

ha

AT B0 (L3008 MO i ehSata o 1 B e e
withVbehabie pkApptoxistate PGBGHaolthigition. The mixture was stirred for 1 h at
0°C , then the solution was gradually warmed to 25°C. After 2 h, the mixture was diluted
with BtOAc and washed with aqueous saturated NaHCO; solution. The aqueous layer was
extracted once more with EtOAc. The combined organic layer were dried over Na;SOu,

filtered, and evaporated to dryness. The oil was dissolved in CH,Cl, and purified by Si0»
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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10Coin oundDifferentiation Assa ;EC A 11 12191531 35404150 A
le 13 Pancreatic Cancer Model The activity of C ound
wo %@%vas t%rther tested in a human pancreatic model: BXPC-%Cg‘eﬁgE\)/Q/Oesr/gs6229
implanted subcutaneously into the flanks of the right legs of nnce, On day
42 post-tumor implant, the mice were randomized into two groups to .
thretsdivie e vAE POINFRFE & (3008 1L PB ED 6! CHif BRIy E Bitisodretabwith
m\éé%%&%ﬂ%b?é@@%gr aijjbﬁﬁiiﬁ%@%m/@l@érﬁﬂ&rh grcﬁf&ivim Rb,geilyraeses and
ompoun reduced tumor volume growth by 16% when compared t
CHFREVEHIEI RSN ALTHEERE P GOy LAt e bk
otoursipessiinenast dpsel tovenbividte H(OHINEQBI 056 poH¥D yoeRT tRCR

analysis of the Eifi pathw NeSy: i N Gli-1.res 1§
(SIS oo AR gL bl e g
nlamm.ml-ﬁe@l&ﬂaﬁd)ﬁ i tien@ompound treated group, when compared to the

Vehlfé%x‘irﬁ‘&iﬁ@ﬁr%!ppﬂqlmaﬁlg&gf eI PRWAY IR BB E RS,

but not human tumor cells, indicates that one gffect of the hedghog

inhibitor is to affect a tuntor-stroma intergct'

Example 12

Inhibition of the Hedeehoe Pathway in Cell Culture Using Analogs of Cyclopamine

Hedgehog pathway specific cancer cell killing effects may be ascertained using the
following assay. C3H10T1/2 cells differentiate into osteoblasts when contacted with the
sonic hedgehog peptide (Shh-N). Upon differentiation; these osteoblasts produce high
levels of alkaline phosphatase (AP) which can be measured in an enzymatic assay
(Nakamura, et al., BBRC (1997) 237:465). Compounds that block the differentiation of
C3H10T1/2 into osteoblasts (a Shh dependent event) can therefore be identified by a
reduction in AP production (van der Horst, ef 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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WO 2008/109829PCDVS2008/056229 Example 14 Medullobl2tstoina

WO M&gl%lg’y;e activity of Compound 12 was also evaluated in %%ggﬁ)@}& 6229
STo

10

15

25

30

mousée model of medulloblastoma. Mice that are heterozygous Tor 10Ss 0
function mutations in the tumor 5suppressors Patched.' (Ptehl) and
Hypermethylated in Cancer (Hid) ) develop spontaneous

trqpiatuiichtasinvaredimmmhing IRurha brdtlonfés S8 o Tiadd Tumdide
THSMRNSHRLS FoMRIeteprBeEIhyReempthyiatapmad thewembinpgad/el

allele, as well as loss of expression of the wild type Ptch] allele. When...
(GRS BTG SIS, B RS S S o Hhrelay emo
candnate Heggepogipathway Riependent fEnismisdektasiemplaysd s the
pfilgte Loe slisary girladmiviiesad GompRuth AR A RIRIAR o
~activity Wlt% rug exposurg In plasma and tumors, ral admlnlstratlon .
B(RPQyota simylditiom Giasmpaufia 2P Ranbagese g spangets. AP activity
waonisraaulptionof tha Jrékinathwanin snbaiteneoustimmiated smerso

as measured by decreased Gli-1 mRNA expression 8 (Q_? S 05t1§ &1
i Qg agish 86y [6D5 AarMbAdn St EOMpBEAEPOTI S S:
dose dependent inhibition 150f tumor growth, with frank tumor regression
seen at higher dosesTde lappfaxirpsiteasiectiviordalNbiient dose for 50%
inhibition of tgigiapeawth (EDSO) is befigendanitAcmaikg. This
demonstrates that the hedgehog inhibitor Compound 12 inhibits both the
hedgehog pathwayiand tumor growth in a tumor dépendent on the
hedgehog pathwaj2due to a genetic mutation. 20Bxample 15 Multiple
Myeloma Thelability of Compound 12 to inhibft the growth of multiple
myeloma cells (M®) in vitro was tested, using hurBan multiple myeloina
cells lines (NC1-H¥29 and K,MS12) and primary dlinical bone marrow
specimens derived%rom patients with MM. The cefls were treated for 96
hours with Compcﬁ}nd, washed, then plated in meﬁwlcellulose. Tumor
colonies were qua’?ﬂified 10-21 days later as an indicator of cell growth
potential following treatment. Tre@ggﬁﬁeofyell lines or primary patient

specimens resulted in decreased cell growth compared to an untreated
control. Where the untreate%ﬂ%é&&?é%@ growth of cells, each
of the_treated. cell.lines as(\:(vﬂl as the clinical sampl d| )

el 1S Rtz ar PAVEAE Fodel:
Al SRR b o M SRR
BXPC-3 cells were implanted subcutaneously into the flanks of the right legs of mice. On

day 42 post-tumor implant, the mice were randomized into two groups to receive either
Vehicle (30%HPBCD) or Compound 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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WO 2008/109829PCT/1152008/056229 Example 16 Acute myeloid

ja and mvelodvsplastic syndrome The ability of Co
WO %ﬁ%@{&g}% w&%&%&w

e in vitro growth of human cell lines derived from patients
acute myeloid leukemia (AML, cell line U937) and myelodysplastic 5
syndrome (MDS, cell line KG1 and KG1a) was studied, Each of the cell
lines was treated for 72 hours wi@ﬁ@&ﬂ%&nd 12 (1.0 UM) followed by

plating in methylcellulose. Greudioelthase weldines was inhibited by
Compound 12, as summarized in the table below. Table 2 Inhibition of cell

growttdndiMty ahddvipSRisease AkleMD8eColldimentiOs7 B kKBl 10%f
mEQAMIMARA W GRS Ao FEIABY S IR RIS ontEaY it &hé dihfot

suppressors Patchedl (Ptch1) and Hypermethylated in Cancer (Hicl) develop spontaneous

medulloblastoma. Similar to human medulloblastoma, these tumors demonstrate complete
promoter hypermethylation of the remaining Hicl allele, as well as loss of expression of the
wild type Ptchl allele. When passaged as subcutaneous allografts, these tumors grow
aggressively and are Hedgehog pathway-dependent. This model was employed to evaluate
the efficacy of orally administered Compound, and to correlate activity with drug exposure
in plasma and tumors. Oral administration (PO) of a single dose of Compound 12 led to
dose-dependent down-regulation of the HH pathway in subcutaneously implanted tumors, as
measured by decreased Gli-1 mRNA expression 8 hours post dose administration.

Daily (QD) administration of the Compound PO led to a dose dependent inhibition
of tumor growth, with frank tumor regression seen at higher doses. The approximate
effective daily oral dose for 50% inhibition of tumor growth (ED50) is between 3 and
7.5mg/kg. This demonstrates that the hedgehog inhibitor Compound 12 inhibits both 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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34.6 Example 17 10Non-Hodgkin's lymphoma (NHL) and Hodgkin's

iseas D) The ability of Compound 12 to inhibit the in vjt th Qf
WO F008170% Q" : : : :
0 %un%?aor)}%gell lines derived from patients with non-Hodgkin's %}d 802m% /&(:%gﬁzsv

lines RU 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

ulV1) followed by plating in mettiaamlgd€e. Growth of these cell lines
15was inhibiteg By GRAINAUAL IR A% EHNANZakiR thadahle below.

Table 3-Inhibition of cel growth in HD and NHL Disease HD NHL Cell line
1,428 Rlabgkoof @optony farm atiobiwithiCampgonthi? rebativelidines derived

frg%h}g%%gt(s)r&;{&l)agu]fé%n%fgl(%d leukemia (AML, cell line U937) and myelodysplastic

syndrome (MDS, cell line KG1 and KGla) 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 2 Inhibition of cell growth in AML and MDS

Disease AML | MDS
Cell line U937 | KG1 | KGla
% colony formation 434 251 346

with Compound 12
(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 1428) 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 L1428 | RL | Jeko-1
% colony formation 214 | 1431274

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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27.4 Example 18 Pre-B cell acute 1 m.hocvtic leukemia The activity of

Compound 12 (1 uM) against three pre-B cell acute lymphocytic
WO IYIIKERia cell lines (REFI, RS4-11, and Nalm-6) was stuoﬁg

a2y L6229

transient transfection assay in which a Gli-reponsive luciferase reporter
was transiently transfected into cells. Treatment with Compound 12
repressed luciferase detildity coRepeasstProblvefitde gethter conu-ol (Table

4). This dgTpgSIFatES thatCompound 121

hedgehog gt %\{

fs@(mé"\i%%%?

4Repressipn of luciferase activity Cell line

S RBLE[TRGUVE aNtagRiaist of the
& IR20981956229 HU;L

REH RS4-11 Nalm-6 Relative

luc activity WERIRE BONENRY S E8efotnay

Compoundgl) 1.12

Rejative 3yc agtivity (4-

The effect of Compound 12 on the growth of two of these cell lines, treated in vitro

for 72 hours, was also studied. Following treatment, cells were washed and plated in

methylcellulose. There was little inhibition of colony formation, but subsequent replating of

colonies demonstrated a significant inhibition of cell growth (Table 5).

Table 5

Inhibition of cell growth in ALL

Cell Iine

REH

RS4-11

% colony formation with Compound 63
(relative to vehicle control) — 1° plating

71

% colony formation with Compound 9
(relative to vehicle control) — 2° plating

11

Incorporation by Reference

All of the U.S. patents and U.S. published patent applications cited herein are hereby

incorporated by reference.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than

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

described herein. Such equivalents are intended to be encompassed by the following claims.
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1.31 1.44 The effect of Compound 12 on the growth of two of these cell

lines, treated in vitro for 72 hours, was also studied. Following treatment,

cells were washed and plated in 5methylcellulose. There was little

inhibition of colony formation, but. subsequent replating of colonies MCSLLP
demonstrated a significant inhibition of cell growth (Table 5). Table 5

Inhibition of cell growth in ALL Cell line REH RS4-11 % colony formation

with Compound (relative to vehicle@afitiol) - 1 plating 63 71 % colony

formation with Compound (relative to vehicle control) - 2 plating 9 11

Incorporation by Reference 10All of the U.S. patents and U.S. published

| pater) gpRIcaligns filed iefein are hereby

or a pharmaceutically acceptable salt thereof;

wherein;

each of A and B independently is —N(R"*)—, —(C=0)—, or —(C=S)—;

R!is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, alkoxyl, —SR*’, —OR*, —N(R*)(R*"), —C(O)R*¥, —
CO,RY?, —OC(O)RY, —C(OINR?)R?), —NR*)C(O)R*, —
NR*)C(ONR)R™), —S(O)R™, —S(0)R*, —S(0ONR™R™), —
NR¥)S(0)R*, —[(W)—C(O)],R*, —[(W)—C(O)OJ,R™, —[(W)—OC(O)},R*, —
[(W)—SOa], R, —[(W)—NR*)SO3],Ra0, —[(W)—CONR),R™, —[(W)—
OR*, —[(W)—NR™)},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;

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

each of R” and R’ independently is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,

nitrile, aralkyl, alkoxyl, aryloxy, acyloxy, halide, sulthydryl, alkylthio, arylthio,
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incorporated by reference. Equivalents Those skilled in the art will
recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the

invention 15described herein. Such equivalents are intended to be MCSLLP

encompassed by the following claims. Claims 1.A compound of formula
15: 10or a pharmaceutically acceptable salt thereof; wherein; each of A

a,réﬁl‘}ﬁni&‘%%?&gﬁﬁé%@o' Nf@%ﬁin‘cg,%%m%o, adgldh o aliyik e,
alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl, heteroaralkyl,

hdvataaykylr atkexylSR26; RORZORNERHRIBIheClOIR 20, TOZRET.), =N—

-QC(0)R20, -C(0)N(R20)(R20), _N(R20)c(0)R20 , N(R20)C(0)N(R20)(R2),
OI%%@;F@KNG%@QR%, -8(0)2N(R20)(R2), - N(R20)8(0)2R20, _-[(W)-C(

)]2R20s [(W)-C(0)012R20 -0c(0 TN o .
NSO Ty O INR2ON e, TOomat o el o
REMDRRZONLL R@R: asra0gaeA®f R2, R7 and Rl is independently H.

alkyl, alkenyl,l?lkylgyi, 1§ryl, cyloslpalkyl, heterocycloalkyl, aralkyl, alkoxyl,
aryloxgslacfRxy Rnalide, dngdioxindepansisneikiddmmbylapfkemihalkynyl. aryl,

S5{ne:asianne leischng oeloisd, uisgs. sl
SEeae g P Bk o1 S sparterty

halider 'Sugthy el pdksdihin, adlcylthiparyl, cycloalkyl, heterocycloalkyl, aralkyl, —
C(ORY, —C(SIRY, —CO,RY, —SO,R*, —C(OIN(R™)(R™), or —C(S)NR*)(R™);
or has the formula ———[C(Rzo)z]q———Rm;

R* independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or ——[C(R)z]q——Rzl,
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, sulthydryl, 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;

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

W is a diradical;

X is a bond or ——C(Rzz)z-—;
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MCSap aralkylthio, hydroxyl, amino, alkylmnino, arylamino, acylamino,
aralkylamino, heteroaryl, or heteroaralkyl; or R4 and R5 taken together

form =0, S. =N(R20), =NOR2 or =N(N(R211)2)1 R6is H. alkyl, MCSLLP

alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl. or 5R6 and
R1 taken together form a bond; each of R11, R12, R14 and R15
independently is H, alkyl, alkenyl, alkynyl, ar cycloalkyl, heterocycloalkyl,

o 3l S B12 e oo O e o e i

hetyRIealkHebrierorytl oalkylearmieybrpbAG0RABer G{SHR 20 0pBi0RIR 20,

-S02R20, -C(0)N( 20)(R20), or or has the formula -1C(R20)2],j-R21;

suRgiintigpendently for each occurrence is Ft. alkyl, alkenyl, alkynyl, aryl,

2

3.

cycloalkyl, heterocycloalkyl, cyl, heteroaryl, heteroaralkyl, or where
each Iﬁ%“iilﬁi& En éerﬂ%‘ F?@kgcé—a—lk ;n&‘sg ¥ i ({62{&We%lcé§(é}ég—’ and
can he 1>ipkeR.faorthel fo fofm-g -8 mempergd optiongllyubstituted
ring which contains 0-3 heteroatoms selected from N, 0, S. and P; R21

independently for each occurrence is H, cycloalkyl, aryl, heteroaryl,
heterocyclyl; alkoxyl, aryloxy, acyloxy, halide, sulfhydryl, alkylthio,

aryltindeARIRyMAIS S gdrsxyl, whsiss Acilarmig, amidedds is C=0.

carbonyl-containing group; 20R22 independently for each occurrence is H.
halide, ester, amide, or nitrile; pis 0, 1, 2, 3,4,5,0r6;qis 0, 1, 2, 3,

The compound of claim 1, wherein R!" and R'* are each H.

The compound of claim 1, wherein R* and R® taken together form a bond.
The compound of claim 1, wherein R’ and R' are each H.

The compound of claim 1, wherein B is —N(R")— and A is C=0.

A compound of formula 21:
21

RIS

or a pharmaceutically acceptable salt thereof, wherein:

R is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,

heteroaralkyl, haloalkyl, alkoxyl, —SR*’, —OR?’, —N(R*")(R*"), —C(O)R*, —
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4,5, or 6; W is a diradical; Xis a bond or -C(R22)2 SLI. P 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(R1)-; B must he -(C=0)-, or MCSLLP

-((2.-S)- and provided that when A is -(C=0)-, orB must be -N(R1311t-.
The compound of claim 1 wherein A is -N(R13)- and B is C=0. 3. The

Compo @%@?ﬁ{am Loydseae gﬁ"'ﬂ R1Z¥6@ReRH,L101 4. The

im 1, wherein R2 and R11 taken together form a bond, 5.
N (REQCaNORIGR lains o WAkrein (R At Ris#6e-24BA WR15, 6-The
NGB 1 () O (W - BIOTRE. i DERB I
[(W)—SO0],RY, —[(W)—N(R™)SOz],R*, —{(W)—CONR™)}R™, —[(W)—
OI,RY, —[(W)—NR*)],R*, or [(W)—S],R™;

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

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

R’ is independently H, 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(OIRY, —C(S)RY, —CORY, —SO,RY, —C(ONRX)(R?), or —C(SNR™)R™);
or has the formula —[C(R**),],—R*";

R'is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl; or
R7 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_th; 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, 0, 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;
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or a pharmaceutically acceptable salt thereof, wherein: 25R1 is IT alkyl,
alkenyl, alkynyi" aryl, cycloalkyl, hydroxyl, aralkyl, he,teroaryl,
heteroaralkyl, haioalkyl, alkoxyl, -SR20, -OR20, -N( 25(R20), -20)R20, -
M CSLLP CO2R20, -00(0)R20, -C(0)N(R25(R20), -N(R20)C(0)R20, -
N(R20)C(0)N(R20)(R2), -S(0)R20, -S(0)2R20, -S(0)2N(R2(1)(R20), -
N(R20)S(0)2R20, -[(W)-C()]12R20, -[(W)-C(0)0L,R.20,
“WWRB(LAPELEARAD fol QAT SO&I RSk, i (1 hNIR20IRO2HARZQr nitrile;
---[(W)-C,(0)N(R2)L"R211, -[(W)- 01pR20, -1(W)-MR20)11,R20, or
[(W)18%1)R2@; 3, deachrdf, R4 and R5 independently is H. alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, nitrile, aralkyl, alkoxyl, aryloxy, acyloxy, halide,
sulfn§diyl; aiKkyithio, aRlithio, aralkylatio, hydroxyl, amino, alkylamino,
arylawi&o acylamino, aralkylamino, heteroaryl, or heteroaralkyl; or R4
and R5 taken together form =0, =8, -N(R20), =N-0 10R20, or R is H, alkyl,
alkenylsalkysmyt br aryl(R¥gloalkadd heterocycloalkyl, or aralkyl; R7 is
independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalk,|,
aralkyl lafRyiséleno, aralkylseleno, arylseleno, alkylthio, aralkylthio, ar

fithio, heteroaryl, heteroaralkyl, or nitrjle; 15R13 is H. alkyl, alkenyl,

aly TSR Tt RSES BBkt ST - e Bl
hetth0AR20rSOZRRIL wHSHRINGBRONRRN o OL s CHRINIR 20NR AN Mt pas
cqeta et J[C(R2D)2h-R21: Rlﬁé H, alkyl, all%eﬁ\ﬁ,)a%nyl, argL
subytitaalkyl, heteiocycloalkyl, or aralkyl or R7 and R14 taken together form
a bond; 20R2 independently for each occurrence is H, alkyl, alkenyl,
alkynyl, aryl, cycloalk vl, heterocycloalkyl, aralkyl, heteroaryl,
.Ee'[ergﬁléa%uéggoﬁﬁ%bgﬁazr% 2"?1%1%%1;19{ any occurrences of R20 can

e taken toget

MCSLLP

8 110 form a'4-8 membered optionally substituted ring

which contains 0-3 heteroatoms selected from N, 0, S, and P; R21

independently for each occurrence is H, eycloalkyl, aryl, heteroaryl,
9.25hetrocycipbpadkakslaiaryloxpc eyl endy, dvatipeysutfhy iyt wikythio,

arylthio, 3

or a pharmaceutically acceptable salt thereof, wherein

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)RY, —C(OINER*N(R?), —N(R*)C(O)RY, —
NR¥)CONR*)R?), —S(O)R, —S(0),R*, —S(0pNR™)RY), —
NR*)S(0):R*, —[(W)—C(O),R*, —[(W)—C(0)O],R*, —[(W)—OC(0)], R*, —
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aralkylthio, hydroxyl, amino, acylamino, amido, or carbonyl-containing

group; (vi 031.1,13 R22 independently for each occurrence is H, halide,

ester, amide or nitrite; pis 0, 1, 2, 3,4, 5,0r6;is 0, 1, 2,3,4,5,0r 6; Wis

a diradical; X is a bond or -C(R22)2-: and Yl is O or S; and each alkylyic g1 p
alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, T
heteroaralkyl, whether alone or part of another group, is optionally

(B TRl i et Tl 1)
OLRY, —[(W)—NER*),R™, or —[(W)—S},R"

R" is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, —
C(ORY, —C(S)RY, —CORY, —SOR™, —CONR®YRYY, or —C(SNR™)(R™);
or has the formula —-[C(Rzo)z]quZI;

R independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or ——[C(Rzo)z]quzo; 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;

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

W is a diradical;

X is a bond or —CH,—; and

YisOorS;

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

substituted.

10. A compound selected from the group consisting of:
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23 or a pharmaceutically acceptable salt thereof, wherein Rlis H,
alkyl, alkenyl, alkynyl, aryl, cycloalkyl, hydroxyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, alkoxyl, -SR20, -OR20, - N(R.2)(R20), CO2R20,
--0C(0)R20, -C(0)N(R20)(R20), -N(R212)C(0)R20, -
N(R20)C(0)N(R20)(R20), _s(0)R20, -S(0)2R20, S(0)2N(R2)(R2), MCSLLP
N(R20)S(0)2R20, -[(W)-C(0)1"R2, -[(W)-C(0)0]9R20, -[(W)-0C(0)]p R20, --
MCSLLP [(W)-S021A2, -[(W)--N(R20)S02]9R20,
-[(W)-C1(0)N(R20)],,R20, -[(W)-- OkR110, +-[(W)--N(R20)12R.20, or
-[((W)S]2R211; R13 is II, alkyl, alkeny=alitynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, - C(0)R20, -¥(S)R20, -002R20, -S02R211,
-C(0)N(R231)(R20), or or ha : C(R2)Hg-R21; R2
independently for each occury, - @Ikyﬂz alkenyl, alkynyl, aryl,
eroaryl, heteroaralkyl, or

acyloxy, halide, sulfhydryl alkylth|o arylthlo, aralkylthio, hydroxyl amino,
acylamino, amido, or carbonyl-contaiming group; pis 0, 1, 2, 3,

59




10

15

25

4,5,0r6;qis0,1,2,3,4,5,o0r6; 15W is a diradical; X is a bond or -CI2-;

and Y is 0 or S; and each alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyeloalkyl, aralkyl,  heteroaryl, heteroaralkyl, whether alone or
par( of another group, is optionally 20substituted. 10.A compound

selected from the group consisting of 10

[IN

a
&
&
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and the pharmaceutically acceptable salts thereof 1 1 .A pharmaceutical
composition comprising Compound Or salt as claimed in 20claim 1. and at
least one pharmaceutically acceptable exeipient. 12.Use of the compound

or salt as claimed in claim 1 in an amount sufficientto reduce the MCSLLF
activation of the hed ttehotl pathway in a cell of a patient in the

manufacture of a medicament for inhibiting activation of a hedgehog

pathway in a patient diagnosed 75with a hyperproliferative disorder. 13.

The use of claim 12, wherein said hypeyproliferative disorder is cancer.

14. Use of an effective amou mpaund or salt as claimed in

claim 1 in the manufacture of gn}f’\fgoantagonizing the

3 dica
hedgehog pathway in a,su _ bf 4 therapeutically effective
amount of the compotnl et §adt-as claimed, in claim 1 in the manufacture

of a medicamentfor trea hematological cancer, wherein the
hematological canger jsfselected from multiple myeloma, acute
lymphocytic leukemia, acute myelocytic leukemia, chronic myelocytic
leukemia, 10 chronic lymphocytic leukemig, Hodgkin lymphoma,
non-Hodgkin lymphoma, and myelogyspfastic syndrome. 16. Use of a

ent fortreating leukemia, wherein

the leukemia is selected f ! "phgaﬁytic leukemia, acute
myelocytic leukemia 1 ytic ﬁaukemia, and chronic
lymphocytic leukemi rapeutically effective amount or the
compound or salt as cja gd in claim 1 in the manufacture of a

pancreatic cancer, medulloblastoma, multiple myeloma, myeloid leukemia,
myelodysplastic syndrome, non-Hodgkins-t{mphoma, Hodgkin's disease,
and acute lymphocytic leukemija. 18.Us¥ of aytherapeutically effective
amount of the compound or sa i imgi—in 25claim 1 in the
manufacture of a medicament f ating pancreatic cancer. 19.Use of a
@ e cdmpound or salt as claimed in

claim 1 in the man ffact a medicament for treating chondrosarcoma.

H

and the pharmaceutically acceptable salts thereof.

11. A pharmaceutical composition comprising Compound or salt as claimed in

claim 1, and at least one pharmaceutically acceptable excipient.

12, Use of the compound or salt as claimed in claim 1 in an amount sufficient to
reduce the activation of the hedgehog pathway in a cell of a patient in the manufacture
of a medicament for inhibiting activation of a hedgehog pathway in a patient diagnosed

with a hyperproliferative disorder.
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MCSLLP

13.  The use of claim 12, wherein said hyperproliferative disorder is cancer.

14.  Use of an effective amount of the compound or salt as claimed in claim 1 in the

manufacture of a medicament for antagonizing the hedgehog pathway in a subject.

15.  Use of a therapeutically effective amount of the compound or salt as claimed in
claim 1 in the manufacture of a medicament for treating a hematological cancer,
wherein the hematological cancer is selected from multiple myeloma, acute
lymphocytic leukemia, acute myelocytic leukemia, chronic myelocytic leukemia,
chronic lymphocytic leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma, and

myelodysplastic syndrome.

16.  Use of a therapeutically effective amount of the compound or salt as claimed in
claim 1 in the manufacture of a medicament for treating leukemia, wherein the leukemia
is selected from acute lymphocytic leukemia, acute myelocytic leukemia, chronic

myelocytic leukemia, and chronic lymphocytic leukemia.

17. Use of a therapeutically effective amount of the compound or salt as claimed in
claim 1 in the manufacture of a medicament for treating cancer, wherein the cancer is
selected from pancreatic cancer, medulloblastoma, multiple myeloma, myeloid
leukemia, myelodysplastic syndrome, non-Hodgkins lymphoma, Hodgkin's disease, and

acute lymphocytic leukemia.

18.  Use of a therapeutically effective amount of the compound or salt as claimed in

claim 1 in the manufacture of a medicament for treating pancreatic cancer.
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19. Use of a therapeutically effective amount of the compound or salt as claimed in

claim 1 in the manufacture of a medicament for treating chondrosarcoma.

63




