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Rel ated Application This application is a continuation-in-part of PCT
Application US01/10296, 5 filed March 1, 2001, and is a
continuation-in-part of U S. Application No. 09/964276, filed Septenber

26, 2001, which is a continuation-in-part of U S. Application No.

09/ 724,492, filed Novenber 28, 2000, which is based on U. S.27 [laesH soosal
Application No. 60/193,279, filed March 30, 2000, the specifications of

whi ch are hereby incorporated by reference in their entirety. 10 Background
of the Invention Pattern formation is the activity by which enbryonic cells
formordered spatial arrangenents of differentiated tissues. The physi cal
conpl exity of higher organisns arises during enbryogenesis through the
interplay of cell-intrin&rwll OrgmedeMBeculd RegldaterstafiGedl Brdifgragionng.

I nductive interactions are essential to enbryonic patterning in vertebrate
devel opnent fromthe earliest establishnment of -the body plan, to the
patterning of the o d igation t o t he generation of diverse cell types

L
during tissue differ entlﬁﬁg gighéa@@,yls%%ﬂmﬁmﬂ-l 2901 pEe H&H@mtjséa%z%
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are varied. Typical bypedres p@l@dls@ﬁem&@lies 28018 whidtelst £ dodtin@MoQRLpdrOHt & Of
cell differentiation to ano |ndUC|g§ cells that di ffer from both
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Soretimes cell's i ndeeRislohal AppRatisRe 68/10921, fife8 Mafdn 38! 2000] & sgebIRETRBs\ES
(honeogenetic induction); .in other cases a cell inhibits its nei ghbors from

25 differentiating PWEBmFP%ﬂW““%EW?“*%?@PE%FPHW@I?W“@érIy devel opment nay
be sequential, iguch that an initial induction between two cell types |eads

to a progressive a Hific HJ Q[Of !iversity..Nbreover, i nductive
i nteractions occur ﬁggjgﬁpamﬁﬁL—gﬁﬁﬁ?bs, but in adult cells as well, and
can act to establish andmnahnb@hﬁmamﬂﬁ@hmgewe@dﬂmﬂammm@mﬁcaahmﬁhhoaﬁmﬂnduce
differentiation (J. SBpatlac.?J arrr%gnem(e%tg%%)difg?énl(iatec? gss J[’ﬁe physm?al complexity of higher
organisms arises during embryogenesis through the interplay of cell-intrinsic lineage
15 and cell-extrinsic signaling. Inductive interactions are essential to embryomnic
patterning in vertebrate development from the earliest establishment of the body
plan, to the patterning of the organ systems, to the generation of diverse cell types
during tissue differentiation {Davidson, E., (1990) Development 108: 365-389;
Gurdon, I. B, (1992) Cell 68: 185-199; Jessell, T. M. et al., {1992) Cell 68: 257-
20 270). The effects of developmental cell interactions are varied. Typically, 4responding
-cells are diverted from one route of cell differentiation to another by inducing cells
that differ from both the uninduced and induced states of the responding cells
{inductions). Sometimes cells induce their neighbors to differentiate like themselves
(homeogenetic induction); in other cases a cell inhibits its neighbors from
25  differentiating like itself. Cell interactions in early development may be sequential,
such that an initial induction between two cell types leads to a progressive
amplification of diversity. Moreover, inductive interactions occur not only in
embryos, but in aduft cells as well, and can act to establish and maintain
morphogenetic patterns as well as induce differentiation (J.B. Gurdon (1992) Cell
30 68:185-199). |



| 27 March 2006 Menbers of the Hedgehog famly of signaling nolecules

nmedi ate many i nportant short- and | ong-range patterni ng processes during
invertebrate and vertebrate developnent. In the fly, a single hedgehog
gene regul ates segnental and imaginal disc patterning. In contrast, in
vertebrates, a hedgehog gene famly is 5 involved in the control of
left-right asymetry, polarity in the CNS, somtes and |i ply, March 2006

or ganogenesi s, chondrogenesi s and spernat ogenesis. The first hedgehog gene
was identified by a genetic screen in the fruit fly Drosophila

mel anogaster (Niisslein-Volhard, C and Weschaus, E. (1980) Nature 287,
795-801). This screen |dent|f|ed a nunber of nutatigns affectlnggenbryonlc

10 and | arval devel opmerffembier aloys Fedeehegdamily ph siggabag molsoulss msfiategpatyhe
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publ i cations WO 95/18856 and WD 96/ 17924. Three of these nenbers, herein

referred to as Desert héﬂgéhggwﬂﬁhhgngmmiamhﬁﬁgéhcggmﬁﬁhhywmhdméﬁdﬁdﬁ
hedgehog (1 hh), apparent I St n e | udi [ 0
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hedgehog (Thh), appﬁaﬁgsswecﬂﬁsax&mxdmﬁﬁmiinaam#ohad@ﬁhugﬁ&ahmﬁmm&mmC
expressed principal l e. testes r.yoni nt
and in the adul tlla edn{"a‘m’11 %V?%O R s ggl an de}d{ﬂgﬁrﬁ)?ecﬁrfhﬁ 9? gf;tlh%\(jb\é(?“]\?g}g[z?n
bone devel opnent dumdgghogrﬁn‘r))g@@evmsapgrthfﬁmebbﬂe(lﬂm el 76,831 5), eh@ singdul t ;
and, Shh, which as describ d ) e genic
and neur oi nducti ve g% i Vit F%% 2¥§1m&?ﬁéf ?Ef%%% %QM& %%gm%gigg&ggg
hedgehog pol ypept i degecien Whie ahéw ellcopiprhts aerd h@abn@eﬁqmrdcr@ Bfosepéils et other

organs, the identific; &ngqﬁmgﬁgggggggkgﬁg%%%%%Q?gpkggg&a§ is of paranopunt

significance in bot B Cli nl ca
15 The vertebrate family of Aedgehog genes includes at least four members, e.g..

paralogs of the single drosophila hedgehog gene. Exemplary hedgehog genes and
proteins are described in PCT publications WO 95/18856 and WO 96/17924. Three
of these members, herein referred to as Dt;sert hedgehog (Dhh), Sonic hedgeliog
(Shh) and Indian hedgehogr(lhh), apparently exist in all vertebrates, including fish,
20  birds, and mammals. A fourth member, herein referred to as tiggie-winkle hedgehog
(Thh), appears specific to fish. Desert hedgehog (Dhh) is expressed principally in the
testes, both in mouse embryonic development and in the adult rodent and human;
Indian hedgehog (/4#) is involved in bone development during embryogenesis and in
bone formation in the adult; and, Shh, which as described above, is primarily
25  involved in morphogenic and neuroinductive activities. Given the critical inductive
roles of hedgehog polypeptides in the development and maintenance of vertebrate
organs, the identification of hedgehog inferacting proteins is of paramount

significance in both clinical and research contexts.

The various Hedgehog proteins consist of a signal peptide, a highly

30 conserved N-terminal region, and a more divergent C-terrninal domain. In addition

-



The vari ous Hedgehog proteins consist of a signal peptide, a highly 30
conserved N-term nal region, and a nore divergent C-term nal domain. In
addition 2 27 March 2006 to signal sequence cleavage in the secretory
pat hway (Lee, J.J. et al. (1992) Cell 71:33-50; Tabata, T. et al (1992)
Genes Dev. 2635-2645; Chang, D.E. et al. (1994) Devel opnent

120: 3339- 3353), Hedgehog precursor proteins undergo an intemahrch 2006
aut oprot eol ytic cl eavage whi ch depends on conserved sequences i n the
Cterminal 5 portion (Lee et al. (1994) Science 266:1528-1537; Porter et
al . (1995) Nature 374:363-366). This autocl eavage leads to a 19 kD
N-term nal peptide and a G termnal peptide of 26-28 IcD (Lee et al.
(1992) supr; Tabata et al (1992) supr; Chang et al. (1994) supra: Lee et

al . (1994) supr; Bupcggt 1se@u&cs cl@iva@al in thel Q98RJorMVpdthwayQekd, J.7BEGIL. . (1992) Cell

15: 2294- 2303; Porter et a 95) su Ekker t_ al.
Biol. 5:944-955; Laf! 3%:9}“‘%5& 3, 4 et'al i@@%)) ?%ér??‘”i Eg"} f@‘%o()‘%]“srhe N-
termnal peptide stg g&@_ﬁ;@ it 120: 3asasm5l3ﬁtf&dgembg rprehﬁra)rspwtfeﬁwnaﬁrgoca{ krfierial

which it was synthesized, while th ern na tide is fr .
diffusible both in GHeRpeclyls ‘i‘%‘\“’%ﬁﬁ?"g“cg (GeRsPfien ?Pgé‘%d SPAgEFSS 1 in i ﬁ‘émé%: 363;

Lee et al. (1994} syptian (ﬁdmr@t(1994)ascten§e19&51)528 sssm ®ortdybartal, (1B95)elanak .
(1995) Devel opnent 121 253 1995 B?Cell

81: 445- 455) . | nter est¥ %f’ar%?ﬁ) %giﬁra’“?aﬁ%?e"lé"&%ﬁ?‘&r%rﬁe }90 ?’Hg’a ® A &
peptide is dependepimpil RpiRcf28-28¢D, (Laﬁetazlt(wmpgiggdmmmroﬂ (2 poecied by
cl eavage 15 dif1usi brEE: 5’!5&5#43%@%%?%@%@&% S5io-3har &5 G5 ok o
(Porter, J.A et al Cell.3986)5: mhm(&wm&ie&a)(w%BMEM&,aﬂ Cstr all( B85 awe
o oceeds t hr oughanDie EPRASS, Rodet af o i & heraediahi 2he Sopedy BTy 1 s
cleaved in a nucl eo&hhinh.leeﬁhﬁ}Sdldyﬁ uglntlymssobirated svithithee$uyfatehelt cetlha wbich 8ophi | e
Crormmnal | end of PHEREReRP R CEOPPaoRrEa oo FaBaplebin b Spd e,
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Hedgenog pepti de. 1 i Edh¥ak P8 nAReBRRE TR0, S @LUTAb)
cells. It is thit$ Ngzﬂr8m4m5a#55§)dpitele€talgcht’(ﬂrﬁurf@eb‘dfPIrhOn@éé@sl}irt%rmaln’dpepﬁde 15
dependent on autocleavage, as a truncated form of HI encoded by an RNA which

terminates precisely at the normal position of internal cleavage is diffusible in vitro
(Porter ef al. (1995) supra) and in vivo (Porter, J.A. et al. (1996) Cell 86, 21-34).
Biochemical studies have shown that the autoproteolytic cleavage of the HH

20  precursor protein proceeds through an internal thioester intermediate which
subsequently is cleaved in a nucleophilic substitution. It is likely that the nucleophile
is a small lipophilic molecule which becomes covalently bound to the C-terminal
end of the N-peptide (Porter et al. (1996) supra), tethering it to the cell surface. The
biological implications are profound. As a result of the tethering, a high local

25  concentration of N-terminal Hedgehog peptide is generated on the surface of the
Hedgehog producing cells. It is this N-terminal peptide which is both necessary and
sufficient for short- and long-range Hedpehog signaling activities in Drosophila and
vertebrates (Porter et al. (1995) supra; Ekker ef ol (1995) supra; Lai et al. (1995)
supra; Roelink, H. er al. (1995) Cell 81:445-455; Porter et al. (1996) supra; Fietz,

30 M.J. et al. (1995) Curr, Biol. 5:643-651; Fan, C.-M. et al. (1995) Cell 81:457-465;
Mart’, E., et al. {1995) Nature 375:322-325; Lopez-Martinez et al. (1995) Curr. Biol




sufficient for short- and | ong-range Hedgehog signaling activities in
Drosophila and vertebrates (Porter et all (1995) supra: Ekker et all
(1995) supra; Lai et al. (1995) supra; Roelink, H et all (1995) Cell

81: 445- 455; Porter et al. (1996) supra; Fietz, 30 MJ. et all (1995) Curt.
Biol. 5:643-651; Fan, C.-M et al. (1995) Cell 81:457-465; Mart', E., et
al. (1995) Nature 375:322-325; Lopez-Martinez et al. (1995p7Quarch Bdgd 3 27
March 2006 5:791-795; Ekker, S.C et al. (1995) Devel opnent 121:2337-2347;
Forbes, A.J. et alL(1996) Devel opnent 122:1125-1135). HH has been
inplicated in short- and | ong-range patterning processes at various sites
during Drosophila devel opnent. In the establishnment of seZ%me‘rl% 5 A?gl arity
in early enbryos, i87Wa%5sRbfer-SGrge’ S99k Revelopment 1ZLGINFO4 G i9egi 46 ét | y
medi ated, while in theodapblRlopmad 1951128 135yRgI nal discs, it induces

| ong-range effects via the induction of secondary signals. In vertebrates,
several hedgehog ‘genes hayeadean impward ih Bhdrb and dgig-riigw payeding prosses hese
genes, Shh has received npst_of the e _&eri\r%ﬁntalt ﬁlt enttiq% as 0ift IS g.O
expressed in differ SO PSSR P EWREE SVRRPRTRE e BF HERRSIPEE L1 PP L™ nal s
that pattern nekghbglitngn barBSttByos Rt @afn khotvintte reffects milich apper tchbd disielly | s )
involved in these 1nteractions, The expression of. Shh staris short after
the onset of gastr uFlﬁil‘PtB‘ﬁ V\'thﬂe {ibe paﬁ‘?@ﬂ’@ﬁﬁﬁ?\?&agfﬂagﬁcﬁ’ép@%&d@? 'raﬂg%eef}e%:%de in-
t he nmouse (Chang et viakhe ifduBih)of Sadpidarybgniichel ard, Y. et al. (1993) Cell
75:1417-1430), the rat (Roelink, H et at (1994) Cell 76:761-775) and the
chick (Riddle, R D. et dah vAdesds, Eakhl Z&igdbp beled b8)e beamdlontrein dhipadtdew n t he
zebrafish (Ekker et at 95) supta;. Kray : ) ] e
75:1431-1444) . In cﬁ?%ﬁzgiﬁﬁf%%ﬂ = S%ehaéﬁ??g‘g%p‘?%ég?%‘ﬁap"éﬁ“ ot ool as tis
devel ops a | ef tor i ghtressegyindiefereyt, orgahizing cappeich aroth sourass pisimilp thet Maiem t he

| eft-right situs of t. .20 .heart Vi o) I : ;
82:803-814). In the™ ?“%H‘S%“Fso%‘%’%?g Whendd ikl ol 573 6‘%?’23‘1%“& obears
to induce ventral aedrhetib@t es. When ectopically expressed, Shh |eads to a
ventralization of large regions of the md- and hindbrain in nouse
(Echelard et at (1993) sthsrexpre@sodi Sk starts shortly after the onset of gastrulation n the

presumptive midline mesoderm, the node in the mouse (Chang et al. (1994) supra;
15  Echelard, Y. ef al. (1993) Cell 75:1417-1430), the rat (Roelink, H. et al. (1994) Cell

76:761-775) and the chick (Riddle, R.D. ef al. (1993) Cell 75:1401-1416), and the

shield in the zebrafish (Elker et al (1995) supra; Krauss, S. et al(1993) Cell

75:1431-1444). In chick embryos, the Shh expression pattern in the node develops a

left-right asymmetry, which appears to be responsible for the left-right situs of the
20  heart (Levin, M. ef al. (1995) Cell 82:803-814).

In the CNS, Shh from the notochord and the floorplate appears to induce
ventral cell fates. When ectopically expressed, .Shh leads to a ventralization of large
regions of the mid- and hindbrain in mouse (Echelard ef al. (1993) supra; Goodrich,
L.V. et al. (1996) Genes Dev. 10:301-312), Xenopus (Roelink, H. ¢t al. | (1994)

25  supra; Ruiz i Altaba, A. ef al (1995) Mol. Cell. Neurosci. 6:106-121), and zebrafish
(Ekker er al. (1995) supra; Krauss ef ol (1993) supra; Hammerschmidt, M., et al.
(1996) Genes Dev. 10:647-658). In explants of intermediate neuroectoderm at spinal
cord levels, Shh protein induces floorplate and motor neuron development with

distinct concentration thresholds, floor plate at high and motor neurons at lower



L.V. et at (1996) Cenes Dev. 10:301-312), Xenopus (Roelink, H et al.
(1994) 25 supra; Ruiz i Altaba, A et al.. (1995 Mdl. Cell. Neurosci.

6: 106-121), and zebrafish (Ekker et al. (1995) supr; Krauss et at (1993)
supra; Hammerschmdt, M, et al. (1996) Genes Dev. 10:647-658). In
explants of internedi ate neuroectodermat spinal cord |levels, Shh protein
i nduces floorplate and notor neuron devel opment with distiordiarch 2006
concentration thresholds, floor plate at high and notor neurons at |ower 4
27 March 2006 concentrations (Roelink et at (1995) supra; Mart' et at
(1995) supra; Tanabe, Y. et at (1995) Curr. Biol. 5:651-658). Moreover,
anti body bl ocki ng suggests that Shh produced by the notochord is required
for notochord-nmedi ated i nduction of notor neuron fates (Mart' et at (1995)
supra). Thus, high GaReeRihAlRAMKet SN gRuih b $1lf @0%) elprsiThnapE,0duci ng
m dline cells appears to account for the_contact-pedi ait d inducti on of

fl oorpl ate observed® 999 (Gug Bl ar i3S MMasgovey aptibedysy O%kué%?ﬁiémat it
117:205-218), and t{equbidhy e nReSiotd BRédiedfor hbBcHotdapsdmtat Rductiom® of mbtet Yy
above the notochord in vivo. Lower conc%%o% of Shh rel %ﬁgd ftéomthe
not ochord and the IMEBripratMa) sl fRlsPY SURRe L WS MBf O F ORI Ot (P81

di stant ve gt rol Ss er @tfade Q@ ISP Srolitink QnidlirR! RNEHPedddlacdras HEME calt@nhcdigede
contact-independent_in vitro (Yanada, T. et . 93) - §73- 686) .
In explants taken afdyiefhphflepmaizg 0?%}?"8%{'5?’%"ﬁé\?‘&ﬁ'é,]"%sﬁrf‘“g@é%) Egﬁg%"gé%gt he
appropri ate ventr ol gtzepsabieuwdeahidGed posttippias of tie Plasrhiaerigirediotelyuhes, thdM et

al. (1995) Neuron 15:35-44; Wang, M Z. et. al .. (,1995 ture .
1:1184-1188) and c’P%‘r“T??fgf’b‘f‘Yf’- P%F?fég%?ﬁ‘,‘t‘ag‘?mé’tf Sé{t“’%is)é‘bg?m&ﬁ W“l\égg":’diﬁ“fl-‘h/%e)
precur isor s, r fes pect flasediyte prkﬁz;]damgiiimbé tAtot ftonShthndrs distagtoemmbatérsl chepimns o f
ventral specification over the entire length of the CNS es

observati ons rai?@e LPIRRES PRt S BEn ?Ibo“ﬁ'éevlb? ﬁ‘g‘ttaﬁf?%e@?réd%‘ftiI?ﬂlf’lno}gaé%%ﬁs% 4% shh
i Is regul ated at hpar@bmlga;lln 7ﬁm3€386pﬂ85fx@raht9tak@mhﬁdbmﬁSand%rbbrﬁindﬂvblb,lﬁéh Al i ne
al so patterns the paraxi regi.ons he vertebrate .enbryo,. ites
in the trunk (Fan efd%fs tﬂfi g Jf)l?(%li’jatteéaﬁ& e'fr?ln@F ?‘1‘%@8’ esﬁéig%ar%%%%@egﬁe%ﬂgl’st ral
of the somites (Hanpres $Tson) Méurent 15e5-4419969, M &) (1999 NehireMedirid 1BbLEE)

i al d | ant s, . Shh t £5S] -
Cal or ot ome- spect {1 comTaNeEiEs B pap oo TRk P75 BBl rmpecivepy,

der manyot omal nas keindiPang.that Shh is a commen inducer of ventral specification over the entire

length of the CNS. These observations raise a question as to how the differential

response to Shh is regulated at particular anteroposterior positions.

Shh from the midline also patterns the paraxial regions of the vertebrate

embryo, the somites in the trunk (Fan er al. (1995) supra) and the head mesenchyme

20  rostral of the somites (Hammerschmidt et al. (1996) supra). In chick and mouse
paraxial mesoderm explants, Shh promotes the expression of sclerotome-specific
markers like Pax] and Twist, at the expense of the dermamyotomal marker Pax3.
Moreover, filter barrier experiments suggest that Sk mediates the induction of the
sclerotome directly rather than by activation of a secondary signaling mechanism

25  (Fan, C.-M. and Tessier-Lavigne, M. (1994) Cell 79, 1175-1186).

Shh also induces myotomal gene expression (Hammerschmidt et al. (1996)
supra; Johnson, R.L. et al (1994) Cell 79:1165-1173; Miinsterberg, A.E. et al.
(1995) Genes Dev. 9:2911-2922; Weinberg, E.S. ef al (1996) Development
122:271-280), although recent experiments indicate that members of the WNT

30 family, vertebrate homologues of Drosophila wingless, are required in concert



Moreover, filter barrier experinents suggest that Shh nedi ates the

i nduction of the sclerotone directly rather than by activation of a
secondary signaling mechanism 25 (Fan, C.-M and Tessier-Lavigne, M
(1994) Cell 79, 1175-1186). Shh al so i nduces mnyotomal gene expression
(Hamrerschm dt et al. (1996) supr; Johnson, R L. ei at (1994) Cell
79:1165-1173; Minsterberg, A E. et at (1995) Cenes Dev. 972942285
Weinberg, E. S. et at (1996) Devel opnent 122:271-280), although recent
experinments indicate that nmenbers of the WNT 30 fam |y, vertebrate

honol ogues of Drosophila wi ngless, are required in concert 5 27 March 2006

(Mcnsterberg et al. (1995) supra).. PuzzLingl t opal 1. i i hi cks
requires higher SH ueﬁﬁheéﬁf‘FZt(fggﬁ)s%gh“?%’é&Y’r‘fg’ﬁ% %?ﬂlg*l&g%{%{élf%? S‘IHIEFSC
mar ker s (MUnst er bergggt Shhabneed 88 thaa upriaductial df bdergtomphearsat @storlyers ef

originates fromsomtic cell sitione nmuch.cl os Ne 0 .
Simlar results wer® %%%Sélﬂﬁéé’ ﬁﬁ‘o‘fgﬁfe&z% FArTS RS ‘&ﬂ%éfffé’“gg%"{“gf“@gﬁ%g%? %Cgti ons .
of Hedgehog i nduce @t aBGotheREd Sinile raulstvommbbriendde the zgksplishewressi on -
(Hanmmerschmi dt et al.. (1996).su | n.contr ] DPWEMES | ,
t hese observati chs 3% °°6‘69’i"§%‘“§’?%ﬂ{ﬁﬁgf}}?gt“hém%?gﬁ%r[%%{lﬁr {eg%&%%hoéofi sh embryo, *.
as here, the nyot ongné Sxprideiop (Helembmsdhnidt amcel. nP) supra). Ir opposielqt angholeshe '
somtes. Thus, nodul ation of Shh.signalin IS b4t O RshfmbpeW
signaling factors nwe"ei’otg?‘?é\?léscﬂ{ﬁtb‘fnfgrgcfo?shsgeng{g%h Plge‘%c?@%g{tri!rﬁ{e dur i ng})_%’
vertebrate evol uti of.heleNtht botuee tisahe gedoniinanbardudes adalsatypenentoif tisemiesi or
mesenchymal cells, the "Zone of.,pol arizin [ MELY o e APt ke

ant er opost eri or di gHtusi ‘B%ﬁfafl?'ﬂlc’;‘s('gélﬁl%%an fxﬁ%ﬁ%ﬁé&[ﬁf S. %58 Nat ur%
291:72-73). Ect opi ChaR¥poéisisd hersondfite Sinivtups durinp pértebmateiegelutsm. beads soaked in
Shh peptide mmcs the effect of anterior ZPA grafts, 15 generati n]g a
mirror image duplicati ofin dfe itehrtts linBrnnds desubsgl of pasiayiey mefggehymal giile;the
Martinez et al. (19 supra;.. Rid Lot Abay (A3 SMBbAOstelibi @igit2 @entityy hUS,
digit identity appng?lo%‘es #opﬂ%{ﬂﬁdq%ﬁtﬁar(?ﬁl y)’on"gl?éaﬁﬁ concg&r?t ration, 5{;}‘I{zt hough
it is possible thagedvrdrin Sogisal§. (51 Mty 291572573 nBmiFERPER IV & S 198
substanti al distances,.t % Widi8ds e effA ofPakdier TR A grafls,
(100-150 ). Sinil a%PPP%a%?%%f?acﬁ‘tﬁg‘?%“é{‘ ?’od?i' 5%15{%0_ HH aneDPPOE n,Ahe Drosophila
i magi nal di scs, 1Shhgéneratifeea mror ébssstdeplicptiny ¢ffigits (Chang ef al. (1994) supra; Lopez-

Martinez ef al. (1995) supra; Riddle et al. (1993) supra) (Fig. 2g). Thus, digit

identity appears to depend primarily on Shh concentration, although it is possible
that other signals may relay this information over the substantial distances that
appear to be required for AP paiterning (100-150 pm). Similar to the interaction of

20 HH and DPP in the Drosophila imaginal discs, Shh in the vertebrate limb bud
activates the expression of Bmp2 (Francis, P.H. ef al. (1994) Development 120:209-
218), a dpp homologue. However, unlike DPP in Drosophila, Bmp?2 fails to mimic
the polarizing effect of Skh upon ectopic application in the chick limb bud (Francis
et al. (1994) supra). In addition to anteroposterior patterning, Shh also appears to be

25  involved in the regulation of the proximodistal cutgrowth of the limbs by inducing
the synthesis of the fibroblast growth factor FGF4 in the posterior apical ectodermal
ridge (Laufer, E. er al. (1994) Cell 79:993-1003; Niswander, L. e al.(1994) Nature
371 :609-612).

The close relationship between Hedgehog proteins and BMPs is likely to

30 have been conserved at many, but probably not all sites of vertebrate Hedgehog



activates the expression of Bnp2 (Francis, P.H et al. (1994) Devel opnent
120: 209- 218), a dpp honol ogue. However, unlike DPP in Drosophila, Bnmp2
fails to mmc the polarizing effect of Shh upon ectopic application in
the chick Iinb bud (Francis et al. (1994) sura . In addition to
anteroposterior patterning, Shh also appears to be 25 involved in the

regul ation of the proxinodistal outgromh of the |inbs by prdvaromROdche
synthesis of the fibroblast gromh factor FG-4 in the posterior apical
ectodennal ridge (Laufer, E. et al. (1994) Cell 79:993-1003; N swander, L.
et al. (1994) Nature 371:609-612). The cl ose rel ationship between Hedgehog
proteins and BMPs is likely to 30 have been conserved at nany, but
probably not all sites of vertebrate Hedgehog 6 27 March 2006 expression.
For exanpl e, in the csihissikn.Hiondeumple, 8hihe lobick biadgut,sbwas beon isimhucle itdwee the

i f Brp4, e i e e ﬂg}% t e
((a)l(ggg)SSI %gvgl opxnt %%%ngiégb‘%% .ﬂ@%:grrtg etr %gﬂﬂéﬂ%ﬁ@ g E£ DZJ Eaﬂggﬁ‘% show
a striking corr el atDesdodment 17431 6FeXFhe Ewthsmmdrn SepandnitziZal. carﬁdhmseimﬂmgnal
cells of the stomach,, éautoﬁgn hﬁE?gﬂ?és&@A I\%}Kt/ﬂae%g‘anh'}.%sénﬂ%bg%lﬁ Hh%t pﬁ's and

the hair follicles (Bitgoo hon
172:126-138). Furdt hdle urggehital @)ﬁ@mofhetlm thovtpothdmube andrthe kaic ﬂeiérdlg@(ﬁ;gogbh@k is

expr essed adj acent s | dpdevel
P j ta04 mphﬁﬁlpf‘ﬁsi g,xs& BfL. ﬁz&f@u ?lﬁéﬂ?ﬁ A CHE! P RINGo

cartilage (Bitgood and McMahon $ supra). Recen ence suggests a
model in which | hh pthsymouse dedgefed EeP%?I» is expressefeadiapent it §up sxiresping pells in the

chondr ogeni ¢ devel opERl ab/BRRRE Lisie (Bhacol TAXTMBURTS9 B NG cart i | age

formati on, chondrocytes proceed froma proliferating state via an

internediate, prehypertrRRiitGvRtRE Sudesstsd hb@ ahivhidh o8k NYREN rh@RRHIE in the
chondrocytes. Ihh is expressed in the prehypertrophic chondrocytes and

initiates a signd i AgprleiYt abshondypgguq é‘a’alé’l”?ﬁ“ tRebeHp 6 1hge oY WpBhPBiRgt e

differentiation. |t%m€llaﬁ@%m¥aﬁ6rge$hoﬁc§0 € pk&eRE of AN gotikbhakiag el vihen! hh
expressi on domai n, which respgonds b expression of Qi and Pat ch

(Ptc), conserved tr&HERFHEE; PB‘FHPB"F }:’Qé’faé? gt urfolyrerngphit ehopdiagytesyik gw)
Most likely, this | eaegrd@dseaRpeiperfopgio dhdna@eytesiidlihifgied § sighding yatdiesi s
gfer i Eﬁ{)ﬁé? IyL%I d hor rtrtg??e rse!:oatﬁleq)ldp (a%:[: eolf r(]:ho Ig;gl;i)[w dlfl“eren;[lagl%n pFI’ Id.i?'gc't[ Itagguelt ?'Sr the
15 perichondrium around the fhh expression domain, which responds by the expression
of Gli and Patched {Ptc), conserved transcriptional targets of Hedgehog signals (see
below). Most likely, this leads to secondary signaling resulting in the synthesis of
parathyroid hormone-related protein (PTHiP) in the periarticular perichondrinm.
PTHrP itself signals back to the prehypertrophic chondrocytes, blocking their further
20  differentiation. At the same time, PTHrP represses expression of Ihk, thereby
forming a negative [eedback loop that modulates the rate of chendrocyte

differentiation.

Patched was originally identified in Drosophila as a segment polarity gene,

one of a group of developmental genes that affect cell diffe;renﬁation within the

25  individual segments that occur in a homologous series along the anterior-posterior
axis of the embryo. See Hooper, J E et al. (1989) Cell 59:751; and Nakano, Y. et al.
(1989) Nature 341:508. Pattemns of expression of the vertebrate homologue of

patched suggest its involvement in the development of neural tube, skeleton, limbs,

craniofacial structure, and skin.



PTHrP itself signals back to the prehypertrophic chondrocytes, bl ocking
their further 20 differentiation. At the sanme tinme, PTH P represses
expression of 117h, thereby form ng a negative feedback | oop that

nodul ates the rate of chondrocyte differentiation. Patched was originally
identified in Drosophila as a segnent polarity gene, one of a group of
devel opmental genes that affect cell differentiation w thip7tiasreRo2006

i ndi vi dual segnents that occur in a honol ogous series along the
anterior-posterior axis of the enbryo. See Hooper, J.E et al. (1989) Cel
59: 751; and Nakano, Y. et al. (1989) Nature 341:508. Patterns of
expression of the vertebrate honmpl ogue of ~patched suggest its |nvolvenent

in the devel opment of ndnetic %flﬁlb@mtlﬂﬂél gedigs, dqmopgigte thal AdfrigFalsi pert of
structure, and skinpe éch%Z MREGR 2008, GNRbhkorRAN dobitedel QABhyas tthtlir@lates

demonstrate that patched is part of the hedgehog signali na cascade, an

evol utionarily consé’mamb%ftaﬁweftq{é?w’?%@ﬂﬂ ganess Seeepmaens NoH 981 Gell Afirbiar
downstream genes. Sg& PglifnbiON, (Nos) E8P3p:5 G| Par@Rd Picficiparaneh BRS MnﬁﬂﬁhveN
(1996) Cell 86:513. Patched participates in the constitutive 5
transcriptional fepHesginganadfepesEon 8? B ttargel resRes; |1 6ot fseRmPoted tyhEfseifdby a
secreted gl ycopr ot gifhorddi OAesHcd by NRASABL br DRerBbder hdkYIcHue, WRIED LS, '
whi ch induces transcriptional activation, Genes under cont rl&ﬁ of th|

pat hway i ncl ude menBegPGPnal privain; Henchyadecsonisal of this ppYsIne e of
protei ns possess tWalvali g6 Bot-basaldiek.ar domai ns, twelve 10 transnenbrane
segnents, and several cytoplasm c segnents. See Hooper, sup r Nakano,
supra; Johnson, R L. et miched 1@8@h8@6£&€ew&723@66&ua&1ﬁ1aHaHMhH stelval .
(1996) Cell 85:841. The bjochem cal at.ched in the,h e

signal ling pat Aty trRISOERBIRRE, FEEMERT @8? S?"rﬂ"’ifgtg?lasgﬁc g e hSeeeﬁlg%’ﬁ cg'rlf;%
protein has, hOWeVGNakdﬂS@_ﬁpr_meﬁd’oh,eﬂL(&mﬂr(w%) Seitnca272: (6&9&)d ¥Déin) H8&:a553)

and patched may partjcipate in a_15 re t.or X, al on i.th
anot her transnenbr aﬁlé’g @?—Ue?%gl‘*éngéﬁgﬁ %lcaf'r%’ée Oﬁ%‘gﬁhﬁ%ﬁ%gimeﬁ%eho%ﬁg%l iy
Perrinon, supra; an@atﬁia@ris wisdpf. Diredthsterhction with dredledgbes mbtequamu; hedevar seen
recently cloned and WBPRSRLO v et al (1996) Cell 87:553), and parched may participate in a

15  hedgehog receptor complex along with another transmembrane protein encoded by

the smoothened gene. See Perrimon, supra; and Chen, supra.

The human homologue of patched was recently cloned and mapped to
chromosome 9q22.3. See Johnson, supra; and Hahn, supra. This region has been
implicated in basal cell nevus syndrome (BCNS), which is characlerized by

20  developmental abnormalities including rib and craniofacial alterations, abnormalities

of the hands and feet, and spina bifida.

BCNS also predisposes to multiple tumor types, the most frequent being
basal cell carcinomas (BCC) that occur in many locations on the body and appear
within the first two decades of life. Most cases of BCC, however, are unrelated to

25  the syndrome and arise sporadically in small numbers on sun-exposed sites of

middle-aged or older people of northern European ancestry.

Recent studies in BCNS-related and sporadic BCC suggest that a functional
loss of both alleles of patched leads to development of BCC. See Johnson, supra;
Hahn, supra; and Gailani, M.R. et al. (1996) Nature Genetics 14:78. Single allele

30 deletions of chromosome 9q22.3 occur frequently in both sporadic and hereditary

8



chronosone 9g22. 3. See Johnson, supr; and Hahn, supra. This region has been
inplicated in basal cell nevus syndrone (BCNS), which is characterized by
20 devel oprmental abnormalities including rib and craniofacial alterations,
abnormalities of the hands and feet, and spina bifida. BCNS al so

predi sposes to multiple tunor types, the nost frequent being basal cel
carcinomas (BCC) that occur in many |ocations on the body ardiaRPERI06
within the first two decades of life. Myst cases of BCC, however, are
unrelated to 25 the syndrome and arise sporadically in small nunbers on
sun-exposed sites of m ddle-aged or ol der people of northern European
ancestry. Recent studies in BCNS-rel ated and sporadi ¢ BCC suggest that a
functional [|oss of both alleles of patched | eads to devel opnment of BCC
See Johnson, supr a; BCEidlinkagsaplysis raveadedChat ltzndefecfiR inletited |allel¢ $BOBkRinkhtndr e

Genetics 14:78. Single aII Ie 30, del et i sonme 9q22. 3 occur
frequently in both %d?g‘ ic anasﬁgre ggémgkggﬂﬁégﬂ% 2006 BCC. Linkage
anal ysis reveal ed that Iipg, 04Gekd Y| %\g& bEd! a8l LF%(Y@%:%%E;@A Aesnd  the

normal allele was lost ih tunors rom atients oradic tunors al so
denonstrat ed a | osspasthed ifitwdlvatumprs irawhieh H‘@hétéméﬁatmnp &F@h@ﬂtiﬁ@‘mthﬂeﬁmg@

tunors in which patghed gialkons rﬁ&gy;n%rpmﬁngaréenﬁg yggagh nfheShdi9bfoRossiaand

conf or mat i onal ponnDrphlsn1scree assa ni ne chronmosomal del etion
of the second aIIeI@*@nﬁOfﬁeS%mmbﬂhbWﬂééwWﬁwrﬂﬁﬁé@4v&@ﬂﬂg%ﬁwﬁﬁpﬂbﬁ§m¢n bot h

alleles (Gailani, Sﬂfgre@(%ll\ll%,esugﬁai.%@lee%ﬁnsddﬂin&%&upﬁﬁﬁé cdrﬂsﬂolaﬁng germline
. S

correspondi ng germ I ne the 1dentified nmutations resulted in
premature stop codod¥Aor frame 10 shifts. Lench, N.J., et al., Huns.

Genet. 1997 Oct; 100(5-6): 497-502. Several, however, wer e poi nt nutations
leading to am no acid sdfnstefitha ideniidied putationg gesultedin P‘E’E‘%tl‘“fetﬂ"arco‘éﬂns EVFBIA asmi ¢

domai ns. These $pt egmf LBﬁbhaNUorbt@)/HhﬁldG@ﬁeﬁ‘el%fﬂmt m(rads) 4ppeeat Jaeealf or
interaction with extracel lular proteins or with cytoplasm ¢ .nmenber, of the

downst r eam si gnal i nEPFAThRERF. PEE PHEIH 51 RETEN FBP 4t SYhsufions i geither
i nhibition of gene gxRiAsiEi G HdPIathl€ domains. These sites of mutation may indicate

functional importance for interaction with extracellular proteins or with cytoplasmic

members of the downstream signaling pathway.

15 The invelvement of patched in the inhibition of gene expression and the
occurrence of frequent allelic deletions of patched in BCC support a tumor
éuppressor finction for this gene. Its role in the regulation of gene families known to
be involved in cell signaling and intercellular communication provides a possible

mechanism of turnor suppression.

20  Summary of the Invention

The present invention makes available methods and compositions for
modulating differentiation or proliferation of a cell. Compounds useful in such

methods and compositions include those represented by general formuia (I):



occurrence of frequent allelic deletions of patched in BCC support a tunor
suppressor function for this gene. Its role in the regulation of gene
fam lies known to
conmruni cation provides a possi ble nmechani smof tunor suppression. 20
Summary of the Invention The present invention makes avail abl e net hods

conposi tions

for

Conmpounds usef ul
represented by general formula (1): 9 27 March 2006 Fornmula | wherein,
val ence and stability permt, Ar and Ar' independently represent

substituted or

for each occurrence, is absent or reprgsents -N(R)-, -0-, -S- or -Se-; Xis
selected from-C(=0-, -C(=9S)-, -S(OZ)}, -S(O-, -C(=NCN)-, - P(=O (OR) -, )
and a nethyl ene group optionally substituted with 1-2 groups such as 10

| oner al kyl,

each occurrence,

-CH2-, - CHF-,

be involved in cell signaling and intercellul ar

nodul ating differentiation or proliferatpgmsfchazond |
in such nethods and conpositions include those

a substituted or unsubgtlitutaed quhylene group, such

al kenyl, or alkynyl groups: M represents, independently for
-CHOH, -CH(Me)-, -C(=0)-, k@m

Y“two M taken together

represent substituted or unsubstituted et hede or ethyne; R represents,

i ndependently for each occurrence, H or gubgtituted or

and

as

unsubstituted aryl or S heteroaryl rings; Y, independently

as

15 unsubsti t ut ed

aryl, heterocyclyl, heteroaryl, aralkyl, heteroaral kyl, alkynyl, alkenyl,

or alkyl, or two R taken together may forMna 4- to 8-nenbered ring,
with N, C and Cy

i ndependenly represent substituted or unsubstituted

aryl, heterocyclyl, heteroaryl, or cyghoal kyl, including polycyclic
represents, independently for each occurrence, an integer
20 preferably fromO to 2. 10

groups; and i
fromO to 5,

10

13

20

Formula I

wherein, as valence and stability permit,

Ar and Ar independently represent substituted or unsubstituted aryl or
heteroary! rings;

Y, independently for each occurrence, is absent or represents -N(R)-, -O-, -S-
, or -Se-;

X is selected from -C(=0)-, -C(=S)-, -S(Oz)-, -S(0)-, -C(=NCN)-, -
P(=0)OR)-, and a methylene group optionally substitated with 1-2 groups such as
lower alkyl, alkenyl, or alicynyl groups;

M represents, independently for each occurrence, a substituted or
unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -CH(Me)-, -C(=0)-,
etc., or two M taken together represent substituted or unsubstituted ethene or ethyne;

R represents, independently for each occurrence, H or substituted or
unsubstituted aryl, heterocyelyl, heteroafyl, aralkyl, heteroaralkyl, alkynyl, alkenyl,
or alkyl, or two R taken together may form a 4- to 8-membered ring, e.g,, with N;

Cy and Cy’ independenly represent substituted or unsubstituted aryl,
heterocyclyl, heteroaryl, o.r cycloalkyl, including polycyelic groups; and

i represents, independently for each occumence, an integer from 0 to 5,

preferably from 0 to 2.

10

e.g.,

.



27 March 2006 In certain enbodi nents, Mrepresents, independently for each
occurrence, a substituted or unsubstituted nethyl ene group, such as -CH2-,
-CHF-, -CHOH, - CH(Me)-, -C(=0O)-, etc. In certain enbodinents, Ar and Ar
represent phenyl rings, e.g., 5 unsubstituted or substituted with one or
nore groups including heteroatons such as 0, N, and S. In certain

enbodi nents, at |east one of Ar and Ar' represents a phenyb7 Mai® 2006
certain enbodi nents, at |east one of Ar and Ar' represents a heteroaryl
ring, e.g., a pyridyl, thiazolyl, thienyl, pyrimdyl, etc. In certain
enbodi nents, Y and Ar' are attached to Ar in a neta and/or
1,3-relationship. 10 In certain enbodinents, Y is absent from al

positions. In enbodinents wherein Y is present in a position, i preferably
represents an integer fbRstpEmbadignts, dfirepsesets, fpdepandsnily fofsasiperueense 2 n

two occurrences of aﬁbaﬁmagoﬂhﬁseml{u)edahmm@cgmprsuaﬂ as 0CHY/ LeeHne e-cHORY, bei ng
directly attached tg N. In_certain enbodinents, Cy' is a substituted or

unsubstituted aryl HHMejg (ﬁfepér?f%lryl In certain enbodi nents, Cy' is
directly attached to X _In certai d msnt |tuted or

unsubstituted bicyclic oF FEPE rSIEP‘Wm g™ SeTA‘ér a{mf‘if“@oé’ﬁ nﬂf{ APEPi &Fand
het eroaryl, suchsasutbetzatdioopieiaed bamamfunmm grolya izehyayrpr hetematoms such as

benzopyridine, etc. .Ipn certain enmbodi men npeyclic aryl or
heteroaryl ring suth\Qt%ﬁ‘?égdﬁ’act Frifin g Odlmeth %tk%/tbsnf {ﬁfg'g“%}/ ﬁegﬁnﬁssatﬁ&e’ﬂftled
aryl or 20 heteroarghg. [dcregamleméod,xmémsr ot lengt ame lof Ar yid Aa'yﬁrpesantslametematyaﬁmg, )

enbodi nents, Cy' i ncI udes sy | tut ed nsubstitute
heteroaryl rings, e“§: %P ?@a 1 e(??”f?’@jr I%fl ot |(r’eét(a:“tnlemtbc%nnedt e%\t1 ¥ one

or nore bonds, e.g. arehmcn@lmsmmntaimwnd/orlB)mlqrmhsihq:.rl ng system In certain
embodi ments, X is selected from-C(=0)-, -C(am-, and -S(02)-. 25 In
certain enbodi nédfits, R repressepnbodknats. [Yowesbsal pn, alk pegitiont lnrembiodimenfs

certain enbodi ments,, Qv @e@@%&mnsa @osaumtp+e&éa;b%dreﬁrresepﬂ§u%ﬁéé& HLE 9100

aromatic carbocycllc or heterocyclic ring, 1.e east one spa
hybri di zed atom aﬂrﬁanﬂttéﬁlei?la%t"yulérepllﬂt}ﬂéwq feoymmlc@pfig bhl}ﬂgﬂif@iﬂzﬁél‘dﬁﬂm?@n In

certain enbodi ments, (¥ .06} LEesHRRAMMAG ¥ hin the atoms of the ring or
on a substituent of the ring, e.g.,

In certain embodiments, Cy is a substituted or unsubstituted aryl or

15  heteroaryl. In certain embodiments, Cy’ is directly attached to X. In certain
embodiments, Cy’ is a substituted or unsubstituted bicyclic or heteroaryl ring,
preferably both bicyclic and heteroaryl,. such as benzothiophene, benzofuran,
benzopymrole, benzopyridine, etc. In certain embodiments, Cy’ is a monocyclic aryl

or heteroaryl ring substituted at least with a substituted or unsubstituted aryl or

20  heteroaryl ring, i.e., forming a biaryl system. In certain embodiments, Cy’ includes
two substituted or unsubstituted ary! or heteroaryl rings, e.g., the same or different,
directly connected by one or more bonds, e.g., to form a biaryl or bicyclic ring

system.
In certain embodiments, X is selected from -C(=0)-, -C(=S)-, and -5(O5)-.
25 In certain embodiments, R represents H or lower alkyl, e.g., H or Me.

In certain embodiments, Cy represents a substituted or unsubstituted non-
aromatic carbocyclic or heterocyclic ring, i.e., including at least one sp® hybridized
atom, and preferably a plurality of sp® hybridized atoms. In certain embodiments, Cy

includes an amine within the atoms of the ring or on a substituent of the ring, e.g.,

1



11 27 March 2006 Cy is pyridyl, imdazolyl, pyrrolyl, piperidyl,
pyrrolidyl, piperazyl, etc., and/or bears an am no substituent. In certain
enbodi ments, Cy is a 5- to 7-nenbered ring. In certain enbodinents, Cy is
directly attached to N. In enbodinments wherein Cy is a six-nmenbered ring
directly attached to N and bears an am no substituent at the 4 5 position
of the ring relative to N, the N and am ne substituents nmap7hgadhsaoreed
trans on the ring. In certain enbodi nents, substituents on Ar or Ar' are
sel ected from hal ogen, |ower alkyl, |lower alkenyl, aryl, heteroaryl,
carbonyl, thiocarbonyl, ketone, aldehyde, am no, acylam no, cyano, nitro,
hydr oxyl , azi do, sul fonyl sul foxi do, sulfate, 10 sulfonate, sulfanp Xr

sul f onani do, phosph&¥ 8 Byrigthoaysitatis eyrrolyh SPERIYh FYBEOHAL PIEEBTHl ey or bears

- (CH2) pal kenyl, - ( CH2)ARbL k¥iftMiuent: fn%i%aupaiwédmer(tm)@arsaltwlmemm(e@rag peH,
-(CH2) pO- | ower al kyl, -(CH2)pO| ovver al ken

_(CH2) pS- | ower al ky Fertain(eaiiodinents, G %Héﬁ%he tgf"c#tz%"ﬂﬁd’mm&gdllﬁ‘gew

- (CH2) pNR- | over  al kxlkcamen‘ﬁ)%hﬂé\@récﬁy\@ﬁacﬁédk@w&d heléﬁ(ﬁlﬁﬁimubanﬁhnw the 4
protected fornms of the above, wherein |nd|v%l’guall for

occurrence, repPeseptionmf digerng Tlaiys o I‘tToth‘?LE’)I ang Aging; SyRgHuep dﬂ"iyobe Spgse‘i
certain enbodi nent s ,eQRRHgs useful in the present invention may be
represented by general formula (11): Ae Y I cy Formula Il 20 wherein, as
val ence and stability pean@idan el:ﬂaoaxﬁlehtarsaﬂsstiﬁ@ﬁﬁoﬂmm Amcli:aumzlldq.wnhbémmhy
represent substi t ut ‘Iaocxiye? glkﬂ ']3#3% eny X h%{e%laryp E:arbonyf ?hlocarbXnyl ke&'}gg aldehyde,
amino, acylamino, cyano, nitro, hydroxyl, azido, sulfomyl, sulfoxido, sulfate,
10  sulfonate, sulfamoyl, sulfonamido, phosphoryl, phosphonate, phosphinate,
(CHppalkyl, -(CHp)palkenyl, -(CHy)palkynyl, -(CHp)paryl, -(CHi)paralkyl, -
(CH)pOH, ~(CHz)pO-lower alkyl, -(CHz)pO—lowei' alkenyl, -O(CHo)nR, -
(CH)pSH, ~(CHa)pS-lower alkyl, -(CHj)pS-lower alkenyl, -S(CH2)nR, -
(CH)pN(R)s, -(CHz)pNR-lower alkyl, (CHz)pNR-lower alkenyl, -NR(CH2)nR, and
15  protected forms of the above, wherein p and n, individually for each occurrence,

represent integers from 0 to 10, preferably from 0 to 5.

In certain embodiments, compounds useful in the present invention may be

represented by general formula (I):

Ar'

|

Ar.
\Y

|

M; M;
\N/ \NRZ

i

Foomula I

20 wherein, as valence and stability permit,

12




Y, independently for each occurrence, is absent or represents -N(R-, -0-,
-S or -Se-; 5 Xis selected from-C(=0-, -C(=5)-, -S(02)-, -SO) -,
-C(=NCN) -, - P(=O (OR)-, and a nethylene group optionally substituted with
1-2 groups such as |ower alkyl, alkenyl, or alkynyl groups; Mrepresents,
i ndependently for each occurrence, a substituted or un- substituted

met hyl ene group, such as -CH2-, -CHF-, -CHOH, -CH(M)-, -€&fawirch ddbeetc.,
or two Mtaken together represent substituted or unsubstitdted ethene or
et hyne, wherein sone or all occurrences of Min M formall or part of a
cyclic structure; R represents, independently for each occurrence, H or
substituted or unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl,

het er oar al kyl , al kynyl, al kenyl,. or alkyl, or t Rtakento may
forma 4- to 8-nenbered ‘%f ﬁ@‘PAé Efi?peﬂ?eflﬁyﬁfpmfg't éﬂ?\,\&tweﬂr‘ers'érﬁ’t‘t? %%teEL?ﬁysjt‘?rt ut ed
or unsubstituted ar ykterohgtmgocyclyl, heteroaryl, or cycloal kyl, including
pol ycyclic groups; j represents, independently for each occurrence, an
integer fromO to 10, pkehdspaidentlyfforgashocturedice, @mmbbent or egpreegenNR ), -O-, -S-

i ndependently for eaghggccurrence, an integer fromO to 5, 20 preferably
fromO to 2. In cerfain énbodi nents, M represents independently for each
occurrence, a substituted..o i d - CH2-,
COF oo, o Me R l-scfelédgééumﬁ oHge ce@ﬁg 3oty 2‘5‘“‘“ hd A’
represent phenyl ri )((éR)g and aZfEthmBqJEQ‘m QHHPMYerbsemtséwﬂldt-ieetovwsnchme or
nore groups includi Rg,heif r%gn&aﬁ&%hggs O, N, and S. In certain

enbodi ments, at |east one of Ar represents a phenyl ring. In

certain enbodi ments, at Meeﬁreséa@enﬁé efllenf GorAbach roeaﬁeﬁﬁnassuestlmﬁédeﬁpaﬁrw
ring, 13 27 March 2006 e. g oF t hi azonI thi en E%“ m dyl, etc.

In certain embodi neftistituip &??HW]&P@ g“"é’i’ é“cﬁtaﬁ dclbsd HF-ACH a 27O

1, 3-rel ationshi po | BicC 6F &xIND tARBEDIBEHIE Rb FsentsubSinALISE MhsubfiR Edthend &StlyhONS .
| n enbodi nents

wherein some or all occurrences of M in M; form all or part of a cyclic structure;

R represents, independently for each occurrence, H or substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,

or alkyl, or two R taken together may form a 4- to 8-membered ring, e.g., with N;

15 Cy’ represents a substituted or unsubstituted aryl, heterocyclyl, heteroaryl, or
cycloallkytl, including polycyclic groups;

j tepresents, independently for each occurrence, an integer from ¢ to 10,

preferably from 2 to 7; and

1 represents, independently for each occurrence, an integer from O fo 3,

20 preferably from O to 2.

In certain embodiments, M represents, independently for each occurrence, a
substituted or unsubstituted methylene group, such as -CH,-, ~-CHF-, -CHOH-, -
CH(Me)-, -C(=0)-, etc.

In certain embodiments, Ar and Ar’ represent phenyl rngs, eg.,
25  unsubstituted or substituted with one or more groups including heteroatoms such as
O, N, and S. In certain embodiments, at least one of Ar and Ar’ represents a phenyl

ring. In certain embodiments, at least one of Ar and Ar’ represents a heteroaryl ring,
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wherein Y is present in a position, i preferably represents an integer from
1-2 in an 5 adjacent M if i=0 would result in two occurrences of Y being
directly attached, or an occurrence of Y being directly attached to N or
NR2. In certain enbodinents, Cy' is a substituted or unsubstituted aryl or
heteroaryl. In certain enbodinents, Cy' is directly attached to X. In
certain enbodinents, Cy' is a substituted or unsubstituteg7ygysl 200e0r

het eroaryl ring, 10 preferably both bicyclic and heteroaryl, such as
benzot hi ophene, benzofuran, benzopyrrole, benzopyridine, etc. In certain
enbodi ments, Cy' is a nmonocyclic aryl or heteroaryl ring substituted at

| east with a substituted r i s€.
forming a biaryl syStefm’ y?‘??"ce?ztoﬁ le%g)gnﬁd%lf o B%Br?érﬁ&gﬂen(s Tnd hr
substituted or unsub&tattﬁdhbcemAanryimgtaa:hiéarér?»erahab}dnsmln ngs, e.g., the sane or
different, 15 directly connected by one or nore bonds, e.g., to forma
biaryl or bicyclic ring Inssgtiersmbpiiments.t &iih aksesioftmmah tpesitionsi & aapodmpeals fr om; -
-(=0 -, -(=9)-, a ( n; Q! NS inHnOr )
| over  al kyl, e. g : Eﬂlﬁrﬁl\ﬁ@prﬁerggnr 92{3Strllt?c,lg’rrb%\-d| rre?lg%pgs%ﬁrlg%%?gﬁts a
primary amne or Sa sdiewntidrifi-grvouligesuls in g cgcurmcaeofSlbring Free dtibed oie or

two |over al kyl groups.ALyhy@EgYBSectPhitadleAtdN br gL OUpS, respectively,
preferably a primary am ne or secondary am ne. In certain enbodi nents,

substituents on Ar or Arj;, afi@inSehBstmss! (@mibal agemuted |c@V\tﬂ1’éubaﬂ1tKM ar)I'IOMBI’
al kenyl, aryl, heteroaryl, carbonyl, t hi ocar bonyl ket on d’? 1
I ‘EﬁSm

am no, acylam no, cyaRGavhilprertainyemtediments, £y ds duly Gffgghed st%
sul fate, 25 sul fona%%hoﬁmkﬁt@r% is aswbitﬂatmmnsuphmahewm oﬁhﬁ&fbh@’n@hg,

hosphi nat CH2) pal kyl | k CH2) pal k CH,
p(&irz)) ;)Q?afkw( 10()Clﬂ%f?5y )pa A ( ARy 51 pW@ Bﬁgb& g%‘?%l,

- CH2) nR,  (CH2) pSfﬂenzag B&bﬁ%ﬂhe Q'h‘k]ﬂ certa.lﬁ Qﬂﬂadﬁﬁcﬂt@‘@f 13a| dﬁ&xﬁwchc aryl
-S(CH2) nR, 14 27 March 006 )pN(e% CHﬁleg u)ét od

- (CH2) pNR- | over  al ké’ﬁ)theroa'B(lh('@-l?) Sited, gl teast g f‘é}ﬁ“‘?“é % “8? e\,
wherein p and n, indiiiodeplihg i f.OfonfiRG A bREA Wystedd) (€ certalnepibedigiits,iCY aghies from

0 to 10, referably from0 to 5,
P y two substituted or unsubstituted aryl or heteroaryl rings, e.g., the same or different,

15  directly connected by one or more bonds, e.g., to form a biaryl or bicyclic ring

systemn.

In certain embodiments, X is selected from -C(=0)-, -C(==S)-, and -5(O03}~.
In certain embodiments, R represents H or lower alkyl, e.g., H or Me.

In certain embodiments, NR, represents a primary amine or a secondary or
20  tertiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

groups, respectively, preferably a primary amine or secondary amine.

In certain embodiments, substituents on Ar or Ar’ are selected from halogen,
lower alkyl, lower alkenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde,

amino, acylamino, cyano, nitro, hydroxyl, azido, sulfonyl, sulfoxido, sulfate,

]

25 sulfonate, sulfamoyl, sulfonamido, phosphoryl, phosphonate, phosphinate,
(CHa)palkyl, -(CHp)palkenyl, -(CHz)palkynyl, -(CHj)paryl, -(CHy)paralkyl,
(CHz)pOH, -(CHz)pO-lower alkyl, -(CHz)pO-lower alkenyl, -O(CH2nR,
(CHp)pSH, ~(CHy)pS-lower alkyl, -(CHgz)pS-lower alkenyl, -S(CHz)nR,

t
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In certain enbodi nents, conpounds useful in the present invention my be 5
represented by general formula (I11l1): Ar Ar M -~ N1~ MY/ ey\Y M 1~ NR2
| Y Y C' Formula Il wherein, as valence and stability permt, Ar and
Ax' independently represent substituted or unsubstituted aryl or

heteroaryl rings; 10, Y, independently for each occurrence, is absent or
represents -N(R)-, -0-, -S- or -Se-; X is selected from - Cor®March-2BS) - .
-S5(02)-, -S(O-, -C(=NCN)-, - P(=0)(OR)-, and a nethyl ene group optionally
substituted with 1-2 groups such as |ower alkyl, alkenyl, or alkynyl
groups; 15 Mrepresents, independently for each occurrence, a substituted
or unsubstituted nethylene group, such as -CH2-, -CHF-, -CHOH, -CH(M)-,
-C(O-, etc., or two Mtaken together represent substituted or
unsubstituted et heneClppNRNy(EH,)RR-ppeesdient-CHjplepeackditnyly-NRECHGAR, nd
occurrence, H or substituted or ugsubs ituted aryl, ,heéerocyé': |,
heteroaryl, aral kyl POHEFE fERF gF R51209%) RYFGP P 4 ile Rypvidually fog ca %ermﬁ t wo
R taken toget her mayepteadnfnigds frbf 0 & MR HBRIBY floli o 5. 9., With N, 15 27
March 2006 Cy and Cy' independenly represent substituted or unsubstituted
aryl, heterocyclyl, hetigkcaailydmbodimesty,clompbiod nsefudxl thel iptegenp dlvicipe kiag be
groups; and i represents, .independent!|y for each occurrence, an integer
fromO to 5, pr fefegbefvtefi:%?ﬁngm{kgn‘ﬂﬁaéﬁn'

2

¢ e

Formula ITT

wherein, as valence and stability permi,

Ar and Ar’ independently represent substituted or unsubstituted aryl or
heteroaryl rings;

10, Y, independently for each occurrence, is absent or represents -N(R)-, -O-, -S-
, OF -Se-;

X is selected from -C(=0)-, -C(=S)-, -S(0y)-, -S(O)-, -C(=NCN}-, -
P(=0){OR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or alkynyl groups;

15 M represents, independently for each occurrence, a substituted or
nnsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -CH{Me)-, -C(=0)-,
etc., or two M taken together represent substituied or unsubstituted sthene or ethyne;

R represents, independenily for each occurrence, H or substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,

20 or alkyl, or two R taken together may form a 4- to 8-membered ring, e.g., with N;
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5 1In certain enbodi nents, Mrepresents, independently for each occurrence,

a substituted or unsubstituted nethyl ene group, such as -CH2-, -CHF-,
-CHOH, - CH(Me)-, -C(=0)-, etc. In certain enbodinents, Ar and Ar'
represent phenyl rings, e.g., unsubstituted or substituted with one or

nore groups including heteroatons such as 10 0, N, and S. In certain

enbodi nents, at |east one of Ar and Ar' represents a phenyp7mvagh 2006

certain enbodi nents, at |east one of Ar and Ar' represents a heteroaryl
ring, e.g., a pyridyl, thiazolyl, thienyl, pyrimdyl, etc. In certain
enbodi nents, Y and Ar' are attached to Ar in a neta and/or

1,3-relationship. In certain enbodi nents, Y is absent from al Iwggsi tions.
I'n enbodi ments 15 wher éish a¥d i& pRésseifienly nregregspls isthsBiied j on MapRTAHTd, a0,
represents an integgL Lo hedodd), @RyAsHIas eitivae pbilycycFOzbas] shar esul t in two .

occurrences of Y being difectly attached, or an occurrence of Y glei n
directly attached to N drremreenis, Rdperdentin o8 FBt PrrRmEnge. a8 integer Zom b‘é’t?’t ut ed
or unsubstituted arylsRiiy fRt@ooaryl . In certain enbodiments, Cy' is
directly attached to X. I'n certain 20 enbodi nents % IS a substituted or
unsubstituted bi dyclic dJP criwesRsiments; Myepressisfipden ?llﬂléfét”heaﬁ*f eSFETFES &nd

heteroaryl, such asghenzes i aRBAicddRBRALI @bup, sRANEOOYLY OCHF-, -CHOH-, -
benzopyridine, etc. In certain enbodinents, Cy'" is a nonocyclic aryl or

heteroaryl ring sub&H¥ek.eH&D- Feast with a substituted or unsubstituted
aryl or heteroaryl ring, i.e,, forping a.,biaryl, system. In certain

enbodi ments, Cy' incl udg@ 2@?&{%’"@&?@?‘%‘%&@ r UnsTBEert Lﬁhg'%ﬁalrm ® 015"
heteroaryl rings, eygubstili€l & 3iatitated diithfose @nhore gliupiatlhding tatarextdnescsutdyasone
or nore bonds, e.g., to forma biaryl .or bicyclic rin stem. .In tain
enbodi nents, X i€ s& Setd {1 HHRD Ephjiments. %zgk one 05%%%%‘%5?@?%?%381%%}& n
enbodi ments, R repr @&gMmh sertadin@mbbdinedts, at keyst onesnf g and-A0 rephdsentd ShFoadmoh 2006
In certain enbodi nents, NR2 repr nts.a prinmar nmne or, a. »or
tertiary am ne subsfift @t WW‘%"@iE}’lg}yl’t"\X%r”Id&’/\g?' lglc 59“‘ %nrlbé)aﬁﬁses%g?y &éfoups,
or aral kyl groups, afeeffBed do\Aelin/a mgs edddr al3hrylatdongip.mary am ne or a secondary

am ne.
In certain embodiments, Y is absent from all positions. In embodiments

15 wherein Y is present in a position, i preferably represents an integer from 1-2 in an
adjacent M; if =0 would result in two occurrences of Y being directly attached, or an

occurrence of Y being directly attached to N or NR,.

In certain embodiments, Cy’ is a substituted or unsubstituted aryl or

heteroaryl. In certain embodiments, Cy’ is directly attached to X. In certain

20 embodiments, Cy’ is a substituted or unsubstituted bicyclic or heteroaryl ring,
preferably both bicyclic and heteroaryl, such as benzothiophene, benzofuran,
benzopyrrole, benzopyridine, etc. In certain embodiments, Cy’ is a monocyclic aryl

or heteroaryl ring substituted at least with a substituted or unsubstitated aryl or
heteroaryl ring, i.e., forming a biaryl system. In certain embodiments, Cy’ includes

25  two substituted or unsubstituted aryl or heteroaryl rings, e.g., the same or different,
directly connected by one or more bonds, e.g., to form a biaryl or bicyclic ring

system.

In certain embodiments, X is selected from -C(=0)-, -C(=8)-, and -8(04)-.

In certain embodiments, R represenis H or lower alkyl, e.g., H or Me.
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In certain enbodi nents, Cy represents a substituted or unsubstituted non- 5
aromati c carbocyclic or heterocyclic ring, i.e., including at |east one sp
3 hybridized atom and preferably a plurality of sp 3 hybridized atons. In
certain enbodinents, Cy is directly attached to N and/or to NR2. In
certain enbodiments, Cy is a 5- to 7- nenbered ring. In enbodi nents wherein
Cy is a six-nenbered ring directly attached to N and bear 97anah 2006
substituent at the 4 position of the ring relative to 10 N, the N and

am ne substituents may be disposed trans on the ring. In certain

enbodi nents, substituents on Ar or Ar' are selected from hal ogen, | ower

al kyl, I ower al kenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone,

al dehyde, am no, acylam no, cyano, nitro, hydroxyl, azido, sulfonyl,

sul foxi do, sulfate, sulhonddiesmdinaatspiR; repigteht pomindly, anpho spphsecytdary or

hosphonat e, phos h| Qﬁt}? ., . - [ nyi,
E)(CHg) paryl, IO(CHICZ)) para Emﬁné@b&%‘?%%ﬁéog W&%Wﬁc@’aﬂﬁagﬁ%&%u@ g

- (CH2) pO- | ower al kergydups, r@@m)mﬂefembwmmpsmm oCHRyp8ary emize. al | cyl

-(CH2) pS-1 ower al kenyl, -S(CH2)nR, (CH2) pN(R) 2, -(CH2) pNR-1 ower al kyI

- (CH2) pNR- | ower al keny! , I qupgiTiRbed eném@y rmﬁéw é@bswteﬁpr@mutm@tﬁb

wherein n and p, s gy agyézlrl!yc%yéhg'br %&{Hﬁ%@rﬁn%udir%oat ﬁéﬁ)mhyﬂrmlz%@er S
fromO to 10, preferably fromQO I'n certain

enmbodi ments, conpourtegs a@eﬁr%f?rablha phalily ghjre Bybrigizedhaserss. fngertaig @b@ﬁmﬁﬂ s

represented by genenrahid@f Mabid td ¥ andBY o QRITH Berlat ent38RLR, CRS &4l gnce and
stability permt, 5 Cy' represents a substituted or unsubsti f ut ed aryl or
heteroaryl ring, inEMepRg ringolny egpbadeaentsywhergig) ye fde ixrgembsred ot directly
occurrence, is abse@&acﬁédtﬁ%@%@di‘éélanhlﬁd@ubshtueﬁtattheﬁpoﬁfmncﬁ%an bigiees ect ed
from-C(=0) - )1\b 2)-, -S(Q-, -C= P(=0 (OR)-, and a
met hyl ene gr oup Wptl %IN@“%%?WW@P@&W?H%DOZW%% feh as

In certain embodiments, substituents on Ar or Ar® are selected from halogen,

lower allcyl, lower alkenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde,
amino, acylamino, cyano, nitro, hydroxyl, azido, sulfonyl, suifoxido, sulfate,
suifonate, sulfamoyl, sulfonamido, phosphoryl, phosphonate, phosphinate, -
15 (CHppalkyl, -(CHp)palkenyl, -(CHz)palkynyl, -(CHa)paryl, -(CHp)paralkyl, -
{CHz)pOH, -~(CHa)pO-lower alkyl, -(CHp)pO-lower alkenyl, -O(CHzpR, -
(CH2)pSH, (CHp)pS-lower alkyl, -(CHp)pS-lower alkenyl, -S(CHznR, -
(CH2)pN(R)», -(CHz)pNR-lower alkyl, -(CH;)pNR-lower alkenyl, -NR(CHz)nR, and
protected forms of the above, wherein n and p, individually for each occurrence,

20 represent integers from O to 10, preferably from O to 5.
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| ower al kyl, al kenyl, or al kynyl groups; Mrepresents, independently for
each occurrence, a substituted or unsubstituted nethyl ene group, such as
-CH2-, -CHF-, -CHOH, -CH(Me)-, -C(0)-, etc., or two Mtaken together
represent substituted or unsubstituted ethene or ethyne; 15 R represents,

i ndependently for each occurrence, H or substituted or unsubstituted aryl,
heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, c>zljgien20060r

al kyl, or two R taken together may forma 4- to 8- menber ed ring, e.g., with
N; Rl and R2 represent, independently and as val ency permts, fromO-5
substituents on the ring to which it is attached sel ected fronthalogen

| oner al kyl, 20 | ower alkenyl aryl, heteroa car pon onyl ,
ketone, al dehyde, ami no,D Egrtaey expadimensg 894 qt‘ntﬁﬁﬁﬁﬁmt cu(E:’yano
nitro, hydroxyl, aZIc@lﬁpouﬁ&tlré&é@ydted@Lgkﬁee@tmﬁmta(mlfate sulfonate

sul fanoyl , sul fonam do, phosphoryl, phosphonate, phosphinate, -

(CH2) pal kyl , -(CH2)pal kenyl, -(CH2)pal kynyl, -(CH2)paryl, -(CH2)paralkyl, - .-

(CH2) pOH, -(CH2) pO- | ower al kyl, -(CH ower al kenyl, -Q(CH2)nR, 5
(CH2) pSH, -(CH2) pS-1ower al kyl, -(CHd)pS—tHower al kenyl, -S(CH2)nR, -

(CH2) pN(R) 2, -(CH2)pNR-| ower al kyl, - pNR- | ower al kenyl, -NR(CH2)nR
and protected forns of the above; Cy represents substituted or
unsubstituted aryl, heterocyclyl, het yl, or cycloal kyl, including
pol ycyclic groups; 10 i represents, ijndep@gndently for each occurrence, an
integer fromO to 5, preferably fro ,—~4Rd _p"and-H, individually for
each occurrence, represent integers ffomO to 10,]j preferably fromO to 5.
In certain enbodi nents, Mrepresents, |ndependenv$y for each occurrence, a
15 substituted or unsubstituted nethyl ene group, sueh as -CH2-, -CHF-,
-CHOH, - CH(Me)-, -C(=O) -, etc. In certain enbodlnents Oy represents a
substituted or unsubstituted bicyclic or heterocycllq ring system
preferably both bicyclic and heteroaryl, such as

Formula IV .

wherein, as valence and stability permit,

5 Cy’ represents a substituted or unsubstituted aryl or heteroaryl ring, including
polycyclics;

Y, independently for each occurtence, is absent or represents -N(R)-, -O-, -5-
, or -Se-;

X is selected from -C(=0)-, -C(=S)-, -$(0,)-, -S(0)-, -C(=NCN)-, -

10 P(=O)OR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or alkynyl groups,

M represents, independently for each occuirence, a substituted or
unsubstituted methylene group, such as -CHz-, -CHF-, -CHOH-, -CH(Me)-, -(?(=O)—, _
etc., or two M taken together represent substituted or unsubstituted ethene or ethyne;

15 R represents, independently for each occurrence, H or substituted or
unsubstituted aryl, heterocyclyl, hetercaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,
or alkyl, or two R taken together may form a 4- to 8-membered ring, e.g., with N;

R; and R, represent, independently and as valency permits, from 0-5

substituents on the ring to which it is attached, selected from halogen, lower alkyl,
20 lower alkenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde, aniino,
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benzot hi ophene, benzofuran, benzopyrrole, benzopyridine, etc. In certain 20
enbodi nents, Cy' is directly attached to X. In certain enbodinents, Cy' is
a nonocyclic aryl or heteroaryl ring substituted at |least with a
substituted or wunsubstituted aryl or heteroaryl ring, i.e., formng a
biaryl system In certain enbodinments, Cy' includes two substituted or
unsubstituted aryl or heteroaryl rings, e.g., the sane or 2¢i Maasre?006
directly connected by one or nore bonds, e.g., to forma 25 biaryl or
bicyclic ring system In certain enbodinents, Y is absent fromall
positions. In enbodinments wherein Y is present in a position, i preferably
represents an integer froml1l-2 in an adjacent M if i=0 would result in
two occurrences of Y being directly attached, or an occurrence of Y being
directly attached tecyNmimQ apifdoppmiding 00810} mitve rydipxyle pridsdl i splienyl | suboxide,
selected from-C(=0 - - 9) = 5 - t Ao nEHROghi _R
represents H or Iow%au;lfagl %flbna@ Sulfaﬁ]@a’ Sour%%eldol’ Rﬂﬁc}g}%’?yg’l lﬁllog)rltlt)odi’gﬁen s,a%Q/

e.g.,
represents a substi (CHdeiksk dﬁﬁgb@kq‘nvlutéﬁﬂﬁm&mﬁr offeitdmardar-fdbparaiigl or

het erocyclic ring, | ek NC i I t h i di z tom
and preferably a pl L(F%PHCU o'lfdﬂgjﬁgglﬂ‘g%riag?gea@gl?)(??g?%rn%}r“?’ai ﬁEbeangb%i ment s,
Cy includes an asi NECRJSh, N -Chig)psllovs afkyll he(CHi)p§-lover OatkanysubS(AH)ABNt - Of
the ring, e.g., Cy is pyridyl, imdazolyl, rrolyl, piperidyl ‘
pyrrolidyl, piper azWI,{ﬂRi‘i/ ), “(%?étﬂ‘gf"l"ﬁf’é%ﬁ%d’ gﬁ'ﬁ% WER Ayl ﬂﬁ%@zhﬁw 8drtain
enbodi nents, Cy is ﬁ;’ogegtg&{agn frached. to N In certain enbodinents, Cy is a
5- to 7-nenbered rihg. I'n enbodi nents wherein Cy is a six 10 nenbered ring

directly attached to N dhdrepresenis substitated o ugsybsittyted ek heferoeysbyl detersash ©f on of

the ring relative tg Nl RGeSt i tuents may be disposed trans
on the ring. In certgyacir? Séhb%diﬁ%%%@&a% R2 represent, independently and

as val ency perrnPts, fromepesnisipdeprdgetyt Br Gpeht preurqnery aponigerr dem  tp S
attached, selected frpunladied @3esha | over alkyl, |ower alkenyl, carbonyl,
t hi ocar bonyl, ketone, al dehyde, am no, acylam no, cyano, nitro, h%/dr oxyl ,
sul fonyl, sul foxido, sulf#day, indipdusthafos sachgeurepssy repieesnt Fingemiige 0 to 10
-(CH2) pal kyl, - (CH2)pal8M0m 0 w(6CH2) pal kynyl, - (CH2) pCH,

In certain embodiments, M represents, independently for each occurrence, a
15  substituted or unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -
CH(Me)-, -C(=0)-, etc.

In certain embodiments, Cy’ represents a substituted or unsubstituted bicyclic
or heterocyclic ring system, preferably both bicyclic and heteroaryl, such as
benzothiophene, benzofuran, benzopymole, benzopyridine, etc. In certain

20 embodiments, Cy’ is directly attached to X. In certain embodiments, Cy’ is a
monocyclic aryl or heteroaryl ring substituted at least with a substituted or
unsubstituted aryl or heteroaryl ring, i.e., forming a biaryl system. In certain
embodiments, Cy’ includes two substituted or unsubstituted aryl or heteroaryl rings,
e.E., the same or different, directly connected by one or more bonds, e.g., to form a

25  biaryl or bicyclic ring system.

In certain embodiments, Y is absent from all positions. In embodiments
wherein Y is present in a position, i preferably represents an integer from 1-2 in an
adjacent M; if i=0 would result in two occurrences of Y being directly attached, or an

occurrence of Y being directly attached to N.
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-(CH2) pO- | ower al kyl, -(CH2)pO- | ower al kenyl, -Q(CH2)nR, -(CH2)pSH,

-(CH2) pS- lower al kyl, -(CH2)pS-1ower alkenyl, -S(CH2)nR, -(CH2)pN(R) 2,
-(CH2) pNR- | ower 20 al kyl, -(CH2)pNR-I ower al kenyl, -NR(CH2)nR, and
protected fornms of the above. In certain enbodi ments, conpounds useful in
the present invention may be represented by general formula (V): 20 27
March 2006 Y/ i N(Rh x~Y Cy' Fornula V wherein, as val eragaamn®006
stability permt, Cy' represents a substituted or unsubstituted aryl or
heteroaryl ring, including polycyclics; 5 Y, independently for each
occurrence, is absent or represents -N(R)-, -0-, -S or -S e-; X IS

sel ected from-C(=0)- C(=S)-, -8(02) )(CR)

and a net hyl ene group O&PPWFW"%‘{?B’& ?(t‘ﬁfeé%teg\frf’ﬁ &?)O}%uﬁs’ BESCRs | over
al kyl, al kenyl, or allcynyl groups; 10 Mrepresents, independen Iy for each-
occurrence, a substitut daceiein coedipents. Ryersererratliy lowitelgh st HEM% " as - cro- |

-CHF-, -CHOH, -CH(M)- or two Mtaken . toget represent -
substituted or unsubsti tIHtC%a“éF‘HB‘ﬁ’Emﬁ‘FS E¥ Ap em‘"i?a rsgbgpegeg,?{gmsugﬁﬁkg%%ﬁdlem ly -
for each occurrence gollafd catidbsietié buﬁe%ﬂoc@amumg,utesnmmgcht &hstlone bpé thebriviiaed | v |
het eroaryl, aral kyI het er oar al k ny | k 15 or r two
R taken toget her Snajtompfidpeefeabl X%p Sraﬁ%r?%ﬁ’r hﬂ’"& H*Satgfés C“Wteﬁg"ﬁgﬁ(ﬁts §ﬁd R2
represent, independegpiuid anehi@Svitad GO GYmPer lﬁib'hﬁg off dsxomlmstﬁuensumm tibgermt,s on
t he rlngto which it is attach sel e edf
| ower al kenyl, aryl CYReRYERYaM) ﬂ°1¥la¥’56’8f¥§/|p‘pe? %bdgﬁﬂpbraﬁg’\tl\%ﬁe é/myb &yde,
am no, an amino substituent. In certain embodlments Cy is directly attached to N. Incertam
embodiments, Cy is a 5- to 7-membered ring. In embodiments wherein Cy is a six-
10 membered ring directly attached to N and bears an amino substituent at the 4
position of the ring relative to N, the N and amine substituents may be disposed

trans on the ring.

In certain embodiments, R, and R represent, independently and as valency

permits, from 0-5 substituents on the ring to which it is attached, selected from

15  halogen, lower alkyl, lower alkenyl, carbonyl, thiocarbonyl, ketone, aldehyde,
amino, acylamino, cyano, mitro, hydroxyl, sulfonyl, sulfoxido, sulfate, sulfonate,
sulfamoyl, sulfonamido, -(CHz)palkyl, -(CHz)palkenyl, -(CHy)palkynyl, ~(CH,)pOH,
~(CHz)pO-lower ailyl, -(CHa)pO-lower alkenyl, -O(CHa)nR, -(CH)pSH, «(CHa)pS-
lower alkyl, -(CHa)pS-lower alkenyl, -S(CHz)nR, -(CH)pN(R)z, «(CHz)pNR-lower

20 alkyl, -(CHa)pNR-lower alkenyl, -NR(CH;)nR, and protected forms of the above. '

In certain embodiments, compounds useful in the present invention may be

represented by general formula (V)
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acyl am no, am do, am di no, cyano, nitro, hydroxyl, azido, sulfonyl,
sul foxi do, 21 27 March 2006 sul fate, sulfonate, sulfanoyl, sulfonam do,
phosphoryl, phosphonate, phosphinate, - (CH2)pal kyl, -(CH2)pal kenyl,
- (CH2) pal kynyl , -(CH2)paryl, -(CH2)paral kyl, - (CH2)pOH, -(CH2)pO I ower
al kyl, -(CH2) pO | ower al kenyl, -Q(CH2)nR, - (CH2)pSH, -(CH2)pS-Iower alkyl,
-(CH2) pS-1 ower al kenyl, -S(CH2)nR, 5 (CH2)pN(R)2, -(CH2) pNFMavet 2ebd&yl ,
-(CH2) pNR- | ower al kenyl, -NR(CH2)nR, and protected fornms of the above; Cy
represents a substltuted or unsubstituted aryl, heterocyclyl, heteroaryl,
or cycloal kyl, including polycyclic groups; j represents, independently
for each occurrence, an integer fromO to 10, 10 preferably from2 to 7;
represents, independently for each occurrence, an integer fromO to 5,
preferably fromO to 2; and p and n, -qdividually for each occurrence,
represent integers fromO to 10, pjef |y fromO to 5. 15 In certain
enbodi nents, M represents, independently for each occurrence, a
substituted or unsubstituted nethyle group, such as -CH2-, -CHF-, -CHOH,
- CHMe)-, -C(=0O)-, etc. In certain enbodiments, Cy' represents a
substituted or unsubstituted bicycli or heterocyclic ring system
preferably both bicyclic and heteroaryl , such as 20 benzot hi ophene,
benzof uran, benzopyrrole, benzopyridl etc.lIn rtain enbodi nents, Cy
is dlrectly attached to X. In cert nmoodiments, ik, i S a nDnocycllc
aryl or heteroaryl ring substituted at |east wifh a substituted or
unsubstituted aryl or heteroaryl ring, i.e., fofming a biaryl system In
certain enbodinments, Cy' includes two substituted or unsubstituted aryl or
heteroaryl rings, 25 e.g., the sane or different, directly connected by one
or nore bonds, e.g., to forma biaryl or blcycllc\rvng system In certain

embodi ments, Y is absent fromall positions. In enbodinents
cy'

Formula V

wherein, as valence and stability permit,

Cy’ represents a substituted or unsubstituted aryl or heteroaryl ring, including
polycyclics;

5 Y, independently for each occurrence, is absent or represents -N(R)-, -O-, -S-
, OT -Se-;

X is selected from -C(=0)-, -C(=S)-, -S(0;)-, -5(0)-, -C{(=NCN)-, -
P(=0)(OR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or alkynyl groups;

10 M represents, independently for each occurrence, a substituted or
unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -CH(Me}-, -C(=0})-,
etc., or two M taken together represent substituted or unsubstituted ethene or ethyne;

R represents, independently for each occurrence, H or substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,

15  oralkyl, or two R taken together may form a 4- to 8-membered ring, e.g., with N;

R; and R, represent, independently and as valency permits, from 0-5
substituents on the ring to which it is attached, selected from halogen, lower alkyl,
lower alkenyl, aryl, heteroaryl, carbonyl, thiocarbényl, ketone, aldehyde, amino,

acylamino, amido, amidino, cyano, nifro, hydroxyl, azido, sulfonyl, sulfoxide,
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wherein Y is present in a position, i preferably represents an integer from
1-2 in an adjacent M if i=0 would result in two occurrences of Y being
directly attached, or an 30 occurrence of Y being directly attached to N
or NR2. 22 27 March 2006 In certain enbodi ments, X is selected from
-C(=0-, -C(=95)-, and -S(02)-. In certain enbodinments, NR2 represents a
primary am ne or a secondary or tertiary am ne substitutedmisaicrPeo®r two
| ower al kyl groups, aryl groups, or aral kyl groups, respectively,
preferably a primary or secondary amne. 5 In certain enbodi nents, R
represents H or lower alkyl, e.g., Hor Me. In certain enbodinents, R and

R2 represent, independent Ily and as valency permts, fromO-5 substituents
on the ring to whi chuifae, pdfopate, selfameyl. selfoatrpidel phppherylnBasehonate, PERERINAS Ky | |

I | kenyl , beryh . ank i s d _anm | am no, -
over al kenyl, carbagyl, i Q@;’H‘Bgﬁéﬂy;, k{@mggﬁ?{e qh;qggm,l ant gpmv%%y am no

cyano, nitro, hydroxyl’* sul’'fonyl”; sulfoxido, ate, fonate,
sul fanoyl, sul f onank@id,)pCH.CHOpRIOdpver - (UG )-Sdkdhlpwer -alicppl) p&NkiingR., - . -
-(CH2) pOH, - (CH2 - (CH2 I | k . .
- E CHzg BSH, -( g:HZ) LE@%@ 2&%&31"‘%&%§ |'§°§§§Psglf’ %25‘}{1‘7"“‘!‘% g@ﬁ% )
-(CH2) pN(R) 2, - (GH2 X@?%N(R‘]!,EI(CHQMQB{JIGWW QN2 X O R er alkésT) YNR(CHNRRCIR) NR,

o

and protected forns he above. In certain enbodi nents, conpounds useful
in the present invemtdtasted fmps pithe 8ve epr esent ed by general fornula (V): Rz -

Cy  Formula VI wherei n, caSefabRNg Sivaitled braRidubdite@ 8y Mhdterods¥iyl, LERESALHH S a
substituted or unsubstituted aryl or heteroaryl ring, including

pol ycyclics; 23 27 weieehyhookbdive poligrelifepei®iit |y for each occurrence, is
absent or represents - N(jR)efmesehQ,‘ mdépgﬁdeﬁﬂy fop@ach occurrence, an integer from 0 to 10,

10 preferably from 2 to 7,
i represents, independently for each occurrence, an integer from 0 fo 5,
preferably from 0 fo 2; and
p and n, individually for each occurrence, represent integers from 0 to 10,
preferably from 0 to 5.
15 In certain embodiments, M represents, independently for each occurrence, a
substituted or unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -
CH{Me)-, -C(=0}-, stc.

In certain embodiments, Cy’ represents a substituted or unsubstituted bicyclic

or heierocyclic ring system, preferably both bicyclic and heteroaryl, such as

20 benzothiophene, benzofuran, benzopyirole, benzopyridine, etc. In certain
embodiments, Cy’ is directly attached to X. In certain embodiments, Cy’ is a
monocyclic aryl or heteroaryl ring substituted at least with a substituted or
unsubstituted aryl or heteroaryl ring, i.e., forming a biaryl system. In certain
embodiments, Cy’ includes two substituted or unsubstituted aryl or heteroaryl rings,

25 e.g, the same or different, directly connected by one or more bonds, e.g., to form a

biary! or bicyclic ring system.

In certain embodiments, Y is absent from all positions. In embodiments
wherein Y is present in a position, i preferably represents an integer from 1-2 in an
adjacent M; if i=0 would result in two occurrences of Y being directly attached, oran

30 occwrrence of Y being directly attached to N or NR,.
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Xis selected from-C(=0-, -C(=S5)-, -S(02)-, -S(O-, -C(=NCN)-, -

P(=O (OR)-, and a nethyl ene group optionally substituted with 1-2 groups
such as 5 lower alkyl, alkenyl, or alkynyl groups; Mrepresents,

i ndependently for each occurrence, a substituted or wunsubstituted

nmet hyl ene group, such as -CH2-, -CHF-, -CHOH, -CH(Me)-, -C(=O-, etc., or
two Mtaken together represent substituted or unsubstituted7etBene2006
ethyne; R represents, independently for each occurrence, H or substituted
or 10 unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl,

het er oaral kyl, allcynyl, alkenyl, or alkyl, or two R taken together may
forma 4- to 8-nenbered ring, e.g., with N, Cy represents substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, or cycloal kyl, including

pol ycyclic groups; R andcRRivepodgents, X is sdepd dident{X50)and=a3, and-¥Mg).
permts, fromO0-5 15 substituents on the ring to which it is attached,

sel ected from hal ogen, Ih\mtanabrhl;dd;mentsoh@f repiekemtsyd prinzary kminh ot es&am@aty or

car bonyl, thiocar bon ket on m,no | am no

am di no, cyano, ni tr%tmﬁ P%?(u fnt&%&zj‘f" ?nes?ﬂ okr’fwf"r an%&/r '%)pxiadﬁ gmugulo? gf’u’éﬁ

sul fonate, sul farmyIg;ouputeﬁmmmﬁfeprﬂgsphma:ylo;sep&ud&plammte phosphi nate, -
(CH2) pal I'cyl, -(CH2)pal kenyl, -(CH2)pal kynyl, -(CH2)paryl, -(CH2)paralkyl,
20 (CH2) pOH, - (CH2) pO- | owsertaz daybdimefiCRYFpyedehto fear levek eyl e.8.- I01QHR) NR, -
(CH2) pSH, -(CH2)pS-Iower al kyl, -(CH2)pS-1ower al kenyl, -S(CH2)nR, -

(CH2) pN(R) 2, - ( CH2) pNR- | 1B\iestaip prRipimen @Qarﬁmmmﬁém @ﬂ@éﬂ%ﬁpﬂy aRE CRIPHHR,
and prot ected for NMBerfits ! Bfn %D)Oé{ﬁstxulen{s%@rti%@‘?xﬂé% whi&ﬂ%oﬁnﬂ%%& YsefeQEd B&GD
occurrence, an integer fromoO to 5, preferably fromoO '2; and n and

p, individually for h&agn (lﬂi’@ﬂrai‘kéhclé“’efr @ib‘?“éls ettbonht Binspdom, ohqt@’et eldsﬂtyde

preferably fromO t @mao, hd}laﬁl%{ot @yaﬂ exﬂ?@@lyﬁi%ﬂ}ls sul%frl,e&ﬂﬁﬁﬁet §zlfa!en9lﬁi%ﬁd?@|ent |y
for each occurrence, a subst i t ut ed unsubstituted nethyl ene (E:;ro such

as -CH2-, -d-1P9 syl SUIfOWIM(QH))pakYJ C(Clb)pﬁikc@tlc(c%aﬁvn%
~(CHz)pO-lower alkyl, -(CHz)pO-lower alkenyl, -O(CHz)nR, -(CH,)pSH, —(CHz)pS"
tower alkyl, -(CHy)pS-lower alkenyl, -S(CHz)aR, -(CHz)pN(R)2, -(CH;)pNR-lower

alkyl, -(CHz)pNR-lower alkenyl, -NR{CHz)yR, and protected forms of the above.

In certain embodiments, compounds useful in the present invention may be

15  represented by general formula (VI):

\
| g
/
= I
DS A NN N MRS
Rz |
X
7
My
\\i
Cy'
Formula VI

wherein, as valence and stability permit,

Cy’ represents a substituted or unsubstituted aryl or heteroaryl ring, including
polycyclics;
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In certain enbodi nents, Cy' represents a substituted or unsubstituted
bicyclic or heteroaryl ring system preferably both bicyclic and

het eroaryl, e.g., benzothiophene, benzofuran, benzopyrrole, benzopyridyl,
etc. In certain enbodinents, Cy' is directly attached to X. In certain
enbodi ments, Cy' is a 5 nonocyclic aryl or heteroaryl ring substituted at

| east with a substituted or unsubstituted aryl or heteroapy MaIINZ006 €. ,
forming a biaryl system In certain enbodinents, Cy' includes two
substituted or unsubstituted aryl or heteroaryl rings, e.g., the sanme or
different, directly connected by one or nore bonds, e.g., to forma biaryl
or bicyclic ring system 10 In certain enbodinents, Y is abserll\} fraomall
positions. In enbodi ment% indghedeitly for epch qspumEsass: 1s AhseR! 95 GRFEFTTIVG p?"ef rabl y
represents an integey from1-2 in an adjacent M if i=0 would result in :
two occurrences of Y beinhg directly attached, or an, _aqccurrenc ‘S{C@J} bei ng
directly attached to N of NRZlectd & TPl S EE e mt (€2 x q(g)'séﬁe_ ' om
-(=0-, -=9)-, and 5(02)-. 1 c bl | N2 of P QEeRt s a -
primary amine or a Eg”c%ﬁg F’)‘?"%? m%%hglr@?ﬁ %&Wlﬁhﬂoﬁ%@?%ﬁﬁ&?mxgﬁg{%%ne or two
| ower al kyl groups, leweyhlkgradiepy, orelkymd giokps:  gr oups, respectively,
preferably a primary ampe. | rtal Eﬂﬁfd. , eseRitstitie®! o OWEr -
al kyl, e.g., Hor M. | nﬂcer?p{%fmﬁgeir?g%}%flnen s{opqu/%?e?)éﬁgggﬁf’s§a%ubsti tuted
or unsubstituted nomasBgitaedomebyiene gansughes eHor-CHEL sFeio FFEMnd:Cre. |

including at |east qpe s r.d gl J Shakhiyd @ndak b aalyhd;y of
sp 3 hybridi zed ator?gc."01%°§%%%%%%§%&?%ﬂ%ugﬁm&ﬂrﬁg di retctly at t ag?led to

N and/or to NR2. In certRimpesehiodinderrndentipyfor sagh geoupenoy. Hrohifebuiisd oy, I n
embodi ments whergin © béehﬁ%*gdaﬁ&%(ﬁée{&%@gg% 1oR9, g}aglﬁrgtﬂegémaﬁg&ggﬂﬁﬂm,tﬂcehﬁ,and
u

bears an am no substi sitron'o e ring relative to 25 N,
the N and ani ne subst aliylemtieo Retakerhlogaiios gy &ume daied-Bambdrd 8- Wik Ber t ai n

enbodi nents, R and R2 r@fEegﬁrg%}ltrﬁs,gsuio%ﬂaﬁjie&dﬁﬁwsﬁm%@qrﬁ,shé(@é@a hetBQ5l bsS,

fromO0-5 substituents on tf _ rmich it is attached, selected from
hal ogen, | ower al kylcyclbaiowbinciidiognglycycbegpensiyl , t hi ocar bonyl, ket one,
al dehyde, amino, acyl anknQuq G¥%afAfresel, lih@peddiliyOsl os Sutbdrydmits ukdnoxilo,
sul fate, sul fonate, 25 o
15  substituents on the ring to which it is attached, selected from halogen, lower alkyl,
lower alkenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde, amino,
acylamino, amido, amidino, cyano, nitro, hydroxyl, azido, sulfonyl, sulfoxido,
sulfate, sulfonate, sulfamoyl, sulfonamido, phosphoryl, phosphonate, phosphinate, -
(CHa)palkyl, -(CHy)palkenyl, -(CHz)palkynyl, ~(CHy)paryl, -(CHp)paralkyl, -
20 (CHy)pOH, -(CH;)pO-lower alkyl, -(CHz)pO-lower alkenyl, -O(CHapR, -
(CHy)pSH, -(CH,)pS-lower alkyl, -(CHj)pS-lower alkenyl, -S{(CHz)nR, -
(CH2)pN(R)2, -(CHz)pNR-lower alkyl, -(CHz)pNR-lower alkenyi, -NR(CHz)nR, and
protected forms of the above;
i represents, iﬁdependently for each occurrence, an integer from 0 to 5,
25  preferably from 0 to 2; and
n and p, individually for each occurrence, represent integers from 0 to 10,

preferably from O to 5.

In certain embodiments, M represents, independently for each occurrence, a
subsiituted or unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -
30  CH{(Me)-, -C(=0)-, etc.
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27 March 2006 sul famoyl, sul fonam do, -(CH2)pal kyl, -(CH2)pal kenyl,
-(CH2) pal kynyl, -(CH2)pOH, -(CH2)pOtower al kyl, -(CH2)pO | ower alkenyl,
-Q(CH2) nR, -(CH2)pSH, -(CH2)pS- |ower alkyl, -(CH2)pS-Iower alkenyl,
-S(CH2)nR, -(CH2)pN(R)2, -(CH2)pNR-1ower alkyl, -(CH2)pNR-Iower al kenyl,
-NR(CH2) nR, and protected fornms of the above. 5 In certain enbodi nents, a
subj ect conpound has the structure of Formula VII: Fornul asy¥lparol2o@8 n, as
val ence and stability permt, Cy represents a substituted or unsubstituted
het erocyclyl or cycloal kyl; 10 Cy' is a substituted or unsubstituted aryl
or heteroaryl ring, including polycyclics; Wis Oor S; R represents,

| ndependently for each occurrence, H or substituted or wunsubstituted aryl,

heterocyclyl, heteroaryl, aralkyl, heteroaral kyl, alkynyl, alkenyl, 15 or
al kyl, or two R taken tdgeftrtaewmlr&;imﬁm ﬁfw’arenresent@a Smﬁfémﬂremsqbﬁtﬁ@fﬂd@%ghc Wwith
N, R and R2 represgnt ﬂge ﬁ&g qﬁ RET Wit Seters
substituents on thegflﬁﬁ*t ch |t attach ecte ?ﬁgnt al o en

| ower al kyl, Iowerba#ﬂhwwtmea@wﬁnﬁ#@teb@@ﬂy@bbcah%@myhdﬂthﬂ@cdﬁb@@ﬁm

ket one, al dehyde, a@?nﬂéaamen?sCYﬂFatE‘ Bt BtARd @M Qortalny @ Ddinlhds! €y is 2
hydroxyl, azido, sulfonyl, sulfoxido,” 20 sulfate, sulfonate, sulfanoyl,

sul f onani do, phodph&vepscychshaseloproheteraarylp e sHisHgca  at- k@i?&@b&l%@ﬁ“mﬁd‘”

CH2) pal kenyl , o i® iyl syster
(G0} ho> Fover | al kyPeuBRti of bbb ilg ol HERER N srsenl b REE 06

(CH2) pSH, - (CH2) pS- P@V@Pm@FSk Yy mcll(daw;ﬁelstltyt%é or a}sw@ﬁ fed aryee@qgcfmi rings,
(CH2) pN(R) 2, - (CH2) pDRy. QRS or%fft‘ygnt duéc@ﬁ%ér&%d BVRE Oﬁ-}ngﬁ%{lﬂs é. é\l%% nR,

and protected fornms of the above; n and p, indi'vidually for each
occurrence, represehiai prbisyelicding F0 to 10, 5 preferably fromoO to 5.

10 In certain embodiments, Y is absent from all positions. In embodiments
wherein Y is present in a position, i preferably represents an integer from 1-2 in an
adjacent M; if i=0 would result in two occurrences of Y being directly attached, or an

occurrence of Y being directly attached to N or NRa.
In certain embodiments, X is selected from -C{=0)-, -C(=8}-, and -8(0,)-.

15 In certain embodiments, NR; represents a primary amine or a secondary or
terfiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

groups, respectively, preferably a primary amine.
In certain embodiments, R represents H or lower alkyl, e.g., H or Me.

In certain embodiments, Cy represents a substituted or unsubstituted non-

20  aromatic carbocyclic or heterocyclic ring, i.e., including at least one sp> hybridized
atom, and preferably a plurality of sp’ hybridized atoms. In certain embodiments, Cy

is directly attached to N and/or to NR;. In certain embodiments, Cy is a 5- to 7-
membered ring. In embodiments wherein Cy is a six-membered ring directly
attached to N and bears an amino substituent at the 4 position of the ring relative to

25 N, the N and amine substituents may be disposed trans on the ring.

In certain embodiments, R; and R, represent, independently and as valency
permits, from 0-5 substituents on the ring to which it is attached, selecied from
halogen, lower alkyl, lower alkenyl, carbonyl, thiocarbonyl, ketone, aldehyde,

amino, acylamine, cyano, nitro, hydroxyl, sulfonyl, sulfoxido, sulfate, sulfonate,
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In certain enbodi nents, Cy' represents a substituted or unsubstituted
bicyclic or heteroaryl ring system preferably both bicyclic and

het eroaryl, e.g., benzothiophene, benzofuran, benzopyrrole, benzopyridyl,
etc. In certain other enbodinents, Cy' represents an aryl or heteroaryl
ring substituted at least wwth a 10 substituted or unsubstituted aryl or
heteroaryl ring, i.e., to forma biaryl ring system In cemt3ilrch 2006
enbodi ments, NR2 represents a primary am ne or a secondary or ‘tertiary
am ne substituted with one or two | ower al kyl groups, aryl groups, or

aral kyl groups, respectively, preferably a primary or secondary amne. In

certain enbodi nents, Cy represents ubst i ed or.u stltut

sat ur at ed carbopyclF%ﬁ%wﬂﬁ%F@PB%Vcﬁ§%3W$ﬁ£f&#ﬁggwe bﬁ%%ggﬁ&g?aaﬁgﬁﬁ$§¥ity

of sp 3 hybridi zed-(éhgrr@..iov&epagr L@l GNRRE LINERL, SO(CRH)RS (BHpSHOHAgsber ed -
is a

ring. In enbodi nent's Wwher ei n si x-nmenbered ring directly attached
to N and bears an mvengdkdHiSHi)pSlomer dkenylhS(@HPRI G Rt HeHppNB v at i ve ,

to N, the N and ani ' t i d NepEing. 20
[ certain enbod merk, RIS DTN PRI kb a RoRtbr PaRLED, O

permts, fromO-5 substituents on the ring.to which it |s_atfac .
sel ected from hal ogen, P&HED %fPWl“}e“?SD@\é‘?Oj%F&DéWP?d iéaasrtl%ﬁ%c%u?et Elﬁgdéré“rllgonyl -
ket one, al dehyde, am no, acylam no, cyano, nitro, hydroxyl, sulfonyl,

sul foxi do, sulfate, sulfonate, sulf |, sul fonam do, -(CH2)pal kyl,

- (CH2) pal kenyl , -(CH2) pal kynyl, -( , 25 -(CH2) pO- | ower al kyl
-(CH2) pO- | ower al kenyl, -Q CH2) nR, )pSH, -(CH2) pS- | ower al kyl,

-(CH2) pS-I ower al kenyl, -S(CH2)nR -((dH2) pN(R) 2, -(CH2) pNR-| ower al kyl,

- (CH2) pNR- 1 ower al kenyl, -NR(CH2)nR__Jandmprotected forns of the above. In

certain enbodi nents, a subject co nd] has ¥4 structure of Formula VII1: 27
27 March 2006 w Fornmula VII1 wher }Q ence and stability permt, U
represents a substituted or unsubst &t arbe%r heteroaryl ring fused to
the 5 nitrogen-containing ring; cy
VIL
Formula VII

wherein, as valence and stability permit,

Cy represents a substituted or unsubstituted heterocyclyl or cycloaikyl;

10 Cy’ is a substituted or unsubstituted aryl or heteroaryl ring, including
polycyclics;

WisOorS;

R represents, independently for each occurrence, H or substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,

15  or alkyl, or two R taken together may form a 4- to 8-membered ring, e.g., with N;

R, and R; represent, independently and as valency permits, from 0-5
substitients on the ring to which it is attached, selected from halogen, lower alkyl,
lower alkenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde, amino,
acylamino, amido, amidino, cyano, nitro, hydroxyl, azido, sulfonyl, sulfoxido,

20  sulfate, sulfonate, sulfamoyl, sulfonamido, phosphoryl, phosphonate, phosphinate, -
(CHa)palkyl, -(CHa)palkenyl, ~(CHyp)palkynyl, ~(CHa)paryl, «(CHp)paralkyl,
(CH)pOH, -(CHp)pO-lower alkyl, -(CHp)pO-lower alkenyl, -O(CH )R, -
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V represents a | ower al kyl ene group, such as nethylene, 1,2-ethylene, 1,1-
et hyl ene, 1, 1-propylene, 1,2-propylene, 1,3-propylene, etc.; Wrepresents S
or 0, preferably 0; X represents C=O C=S, or SO2; 10 R3 represents
substituted or unsubstituted aryl, heteroaryl, |ower alkyl, |lower alkenyl,
| ower al kynyl, carbocyclyl, carbocyclylal kyl, heterocyclyl,

het erocycl yl al kyl , aral kyl, or heteroaral kyl; R4 represenby ig4Rst 2008 €d or
unsubstituted aral kyl or |ower alkyl, such as phenethyl, benzyl, or

am noal kyl, etc.; 15 R5 represents substituted or unsubstituted aryl,
heteroaryl, aralkyl, or heteroaral kyl, including polycyclic aromatic or

het eroaronatic groups. In certain enbodiments, U represents a phenyl ring

fused to the nitrogen- containing ring. In certain enbodinents, R3 is
sel ect ed from subst (GHpSH, or(Chlmpbrlayter t alkdd dESRpS-lox@r héﬂ‘@WbaPWHﬂH&V\BT

al kyl, | ower al keny et er.oar L. Car ts,
R4 is an unsubsti tut%%l\ggg (%’%ﬁq‘gr ouapi)lcy Edﬂ(é’lNR 10wajrvaver 1 ?8&923’%%({]
substituted with a &&amﬁhysgmmﬁ@&kgary amne. In certaln enbodlnents R5
is selected fromsu stltuted or tituted hen or. napht.h is a
di aryl al kyl group, such "a@dp, Hd 31‘ Fé’l‘chF?me%@’ rﬁ??éfn’s‘? ﬁ%fh?‘% Ut@tl(g 28
27 March 2006 Additb&ﬂﬁ%meanﬁgounds havi ng structures of Fornul ae | X-XI
may be wuseful in the c |t| and net hods o resent.inyentjon. In
certain embodi nents, ﬁggﬁ@ﬁdﬁl PHEENR éﬁ?ﬁ%%ﬁﬁ8ﬁﬁ%”ﬁ£@?ﬂﬁmﬁﬁmF¥ Y8t esent
i nvention, such as des&&kbgd ﬂﬂp%@ﬁaﬂHWRMﬂMﬁyQMMEGEQmﬁ@rmﬂnﬁﬂabﬁ@_O£g5
augnenti ng one or edgeho tivities tion.of
expression) of les m? WS%H%J%ET@ﬁ dﬁ?”1§%§’tﬂﬁﬂngﬁ e S than
about 10 nm or evembdd&ﬁ@tst Uanreﬁbsauﬁs ah afyﬂ Bt hdmoarﬁrrmglsnbsantndoht iasttveith @
hedgehog- depend sent inventi.on,, such, as

descri bed abov e au 8&3 (26‘ ug?@glglﬁeq%ﬂ I?e‘:f‘ergarﬁ Ting, i.e., to formn a biaryl ring System:

In certain embodiments, NR; represents a primary amine or a secondary or

tertiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

groups, respectively, preferably a primary or secondary amine.

In certain embodiments, Cy represents a substituted or unsubstituted

15  saturated carbocyclic or heterocyclic ring, i.e., composed of a plurality of sp’
hybridized atoms. In certain embodiments, Cy is a 5- to 7-membered ring. In
embodiments wherein Cy is a six-membered ring directly attached to N and bears an
amino substituent at the 4 position of the ring relative to N, the N and amine

substituents may be disposed frans on the ring.

20 In cedam embodiments, R, and R; rcpreéent, independently and as valency
penmits, from (-5 substituents on the ring to which it is attached, selected from
halogen, lower alkyl, lower alkenyl, carbonyl, thiocarbonyl, ketone, aldehyde,
amino, acylammo cyano, nitto, hydroxyl, sulfonyl, sulfoxido, sulfate, sulfonate,
sulfamoyl, sulfonam1do -(CHz)palkyl, (CHg)palkenyl, -(CH;)palkynyl, -(CHz)pOH,

25  «(CHp)pO-lower alkyl, -(CHp)pO-lower alkenyl, -O(CHz)pR, (CHz)pSH, -(CHy)pS-
lower alkyl, -(CHz)pS-lower alkenyl, -3{CHxjnR, -(CHz)pN(R})2, -(CH2)pNR-lower
alkyl, -(CHy)pNR-lower alkenyl, -NR(CH;)nR, and protected forms of the above.

In certain embodiments, a subject compound has a structure of Formula VI
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hedgehog activities (such as upregulation of gli expression) by at |east
one, two, or 10 even three orders of magni tude. Conpounds of the invention
may be used in in vivo nethods, e.g., for treating a disease or condition
in an aninmal or patient, and inin vitro methods, e.g., for culturing
cells (e.g., as a conmponent of the culture nedium, including stemor
progenitor cells, such as to pronote proliferation, survivayz Marsh 2006
differentiation of the cultured cells. 15 Brief Description of the Draw ngs
Figures 1-31 depict reactions useful for synthesizing conpounds according
to the present invention. Figures 32 and 33 illustrate representative
conpounds according to the present invention. 2P Figures 34a and 34b
depict results from hedgehog pat hway reporter agkays using conpounds of
the present invention. Figure 35 presents a&ssay-~kesults denonstrating :
upregul ation of Ptc and Gi by hedgehog¥agonksts §f the present invention
Figures 36 and 37 portray the increased broli eratijoh pf cerebellar neuron ..
25 precursors in the presence of s&ﬁﬁgef I ~ FrgQures 38A and B show
the effect of subject agonists on healing of a crushed sciatic nerve as
measured in a grip assay. 29 27 March 20@Ghmilgues 39A-D denonstrate the

ef fect of subject agonists on h%%{in ..of a. crushed sciatic nerve as
measured in a toe spPPEEY yaiEre ad SR BT hows the effect of subject

agoni sts in conmbination with a low dose of hedgehog protein on | ung,

scapul a, skin, and skul | Utdpesmt ashbstitaed|op pisnkstiied aryl or IRtegenrd ring fugeldp tes t he
ef fect of subject. a ists in. with and without added hedgehog protein on
pancr eas, kidneyf s%ﬁﬁ?éa%gﬁﬁggk%gtissue of devel oping nmice. Figure 42
exhibits the effect of aVsepjsetsa hyonplsylensrgreupesich re metiglens. 12-cthydsRporh .
nouse. Figure 43 pregents: e Abices pRbyensobREVLAYARI St on forelinmbs of a

newbor n

W represents S or O, preferably O;
X represents C=0, C=8, or SO;;

10 R represents substituted or unsubstituted aryl, heteroaryl, lower alkyl, lower
alkenyl, lower alkynyl, carbocyclyl, carbocyclylalkyl, heterocyclyl, heterocyclylalkyl,
aralkyl, or heteroaralkyl;

R. represents substituted or unsubstituted aralkyl or lower alkyl, such as

phenethyl, benzyl, or aminoalkyl, etc.;
i5 Rs represents substituted or unsubstituted aryl, heteroaryl, aralkyl, or
heteroaralikyl, including polycyclic aromatic or heteroaromatic groups.
In certain embodiments, U represents a phenyl ring fused to the nitrogen-
containing ring.
In certain embodiments, Rs is selected from substituted or unsubstituted aryl,
20  Theteroaryl, lower alkyl, lower alkenyl, aralkyl, and heteroaralkyl.

In certain embodiments, R4 is an unsubstituted lower alkyl group, or is a

lower alkyl group substituted with a secondary or tertiary amine.

In certain embodiments, Rs is selected from substituted or unsubstituted
phenyl or naphthyl, or is a diarylalkyl group, such as 2,2-diphenylethyl,
25  diphenylmethyl, ctc. ‘ '
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10 nouse at different concentrations. Figure 44 portrays the effects of a
subj ect agoni st on developing lung tissue. Figure 45 shows the effects of
a subj ect agoni st on devel oping kidney tissue. Figures 46A and B shows the
ef fects of subject agonists on nouse skin tissue in the presence and
absence of hedgehog protein. 15 Figures 47A and B conpare the activity of
subj ect agonists in nouse and human reporter cells. Figure74@dadeppode the
upregulation of Ai in HEPMcells treated with a nodified N-term na
fragnent of Sonic hedgehog or with a subject agonist. Figure 49 illustrates
the effects of conpounds of the invention on malonate 20 induced | esions.
Figures 50 and 51 present results of experinents testing a conpound of the
i nvention for prevention of damage in a MCAO nodel of stroke. Figures 52
and 53 show the effects A&ddiposity: MIABuhdsebavimgnitnmiutel @ Forowipo GXKIDfay fve

i nvention. 25 Figur . tr : retr.ea nt wwth a conpound
of the invention iﬁm%ﬁ§§§éﬁm%¥35%$§?ﬁé%ﬁ&%°ﬁ$§é§§%{mu H@V March 2006
Figure 55 exhibits the fegt: i | i LR : a

t herapeutic in a nodel g@‘%%%ﬁ?%%%%hgﬂh?;%gggayﬁggﬁ%gﬁggmgg%ﬁgéﬁﬂ?ﬁﬁ@gased
proliferation of neresint gaveitipn; pucly jag desgribedy abioyy. anayi e apfEGo éunipbuing of t he
invention. 5 Figur e%uél?enléﬁkg)éégr thbrb Wﬁ%él%‘g%ct%vﬁ% gaaed uB%Q!L&%Jo?rho@Hi Brioyeur al

cells in vivo after ora m nistration of a conpoun e 1 nventi on.

Fi gure 59 shows t he o&lefsdhan agput SO0 . hese am ahyui SRy, Msoihan shopthlGnoipeeten of

di abet i ¢ neur opat hy jesFirdh 26069 Iﬁix?.@Q&%aﬁrﬁ%ﬁl?odhﬂﬁts?fafi@@eh@de?&d@lﬁ%ﬁﬁﬁ&un@f the
invention in a nodel of 10 diabetic neuropathy. Figures 61 and 62 show

i mges of the sciat jueefit) A e pagsend inygations @weh as described above, augmenting one or more
hedgehog activities (such as upregulation of gli expression) by at least one, two, or

10 even three orders of magnitude. Compounds of the invention may be used in in vivo
methods, e.g., for treating a disease or condition in an animal or patient, and in in
vitro methods, e.g., for culturing cells (e.g., as a component of the culture medium),
including stem or progenitor cells, such as to promote proliferation, survival, and/or

differentiation of the cultured cells.

15  Brief Descriptior of the Drawinps

Figures 1-31 depict reactions useful for synthesizing compounds according to

the present invention.

Figures 32 and 33 illustrate representative compounds according to the

present invention.

20 Figures 34a and 34b depict results from hedgehog pathway reporter assa};s

using compounds of the present invention.

Figure 35 presents assay results demonstrating upregulation of Ptc and Gli by

hedgehog agonists of the present invention.

Figures 36 and 37 portray the increased proliferation of cerebellar neuron

25  precursors in the presence of subject agonists.

Figures 38A and B show the effect of subject agonists on healing of a

crushed sciatic nerve as measured in a grip assay.
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adm ni stration of an agonist of the invention in a nodel of diabetic

neur opat hy. Figures 63-65 illustrate upregul ation of various growh factors
after admnistration of an agoni st of the invention. 15 Best Mde for
Carr-vine Qut the Invention Detail ed Description of the Invention I
Overview The present invention relates to the discovery that signal
transducti on pathways regul ated by hedgehog, patched (ptcp7 @bichereier
snoot hened can be 20 nodul ated, at least in part, by small nol ecul es.
VWhile not wishing to be bound by any particular theory, the activation of a
pat ched- snoot hened pat hway through alteration of cell-surface associations
(such as conpl exes) may be the mechanism by which these agents act. The
hedgehog pat hway is bel iRiged 1% -Daemonptote e sfferteefisubied dzomisfs as serkingief an of

~patched and snoot hen ] Fitm RrLLei n conpl exes, 25 which
association is di srﬁ%&gﬁﬁﬁﬂtn%ge%ﬁ]\%?ﬁ% o% ﬁglgcfgehog?to pat ched.

Accordingly, the abilitpy,of 46 RERR ROSRLS of AbREdg¥ANE id AfntiRLGERAE anat hway
may be due to the ability  of such nolecules to interact with or bind to "

pat ched or smoot henddse of kedethas pisfeeon lgngsioaniia, s ankkplt issps f fevpiorigiithened
wi th patched, or at least to grorrote the ahility 31 27 March Zotgcf)i oéiﬁéhose
proteins to activate a Hosehbgerisst the efffry/ob subisehRACRISE &y Vil dPd PUROY PR -

transduction pat hWayedediieSrdi®flen Pihcrade! @Ry, sRinGind hém@didtua lof @velopinBmice.
snoot hened- dependent pathway, is to be distinguished from conpounds which

nodul ate the hedgehog paghway dayibii feciffeyt arC iswtddct Rgorishencthd/Morpiatthwéy,
e.g., by binding to or, 5 interacting with PKA adenyl ate cycl ase, cAWMP
phosphodi est er ase, @F¥TEBPYEi n hedgehog agoni st's di scl osed herein nodul ate

hedgehog activity in absence of. h e [ n 1 1sel : e
conpounds ninic the acti g‘ir‘flﬁof’reseﬁgé}bee?%%,ot%rgg tﬁ%?g%%hlgtnénrr%%(\a 33 (gfua%lgwgérlgnt or
i ncrease the actiovi mpugfat hicfdgelvogrentptiotsei n, e. g., by pronoti ng hedgehog

bi ndi ng to patched. These conpounds are 10 referred to herein as |
hedgehog- i ndependent agoFigwt $4 pardeyathe nffectsend 2 mibjrictaspiiat on gpskaping HBB HFSUef f ect

resulting from hedgehog treatnent. Certain other caonpounds of . )
Figure 45 shows the effects of a subject agonist on developing kidney tissue.

Figures 46A and B shows the effects of subject agonists on mouse skin tissue

in the presence and absence of hedgehog protein.

I5 Figures 47A and B compare the activity of subject agonists in mouse and

human reporter cells.

Figure 48 depicts the upregulation of G/i in HEPM cells treated with a
modified N-terminal fragment of Sonic hedgehog or with a subject agonist.

Figure 49 illustrates the effects of compounds of the invention on malonate-

20  induced lesions.

Figures 50 and 51 present results of experiments testing a compound of the

invention for prevention of damage in a MCAO model of stroke.

Figures 52 and 53 show the effects of post-MCAQ treatment with a

compound of the invention.

25 Figure 54 portrays the effect of pretreatment with a compound of the

invention in & model of Parkinson’s disease.
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the present invention enhance the activity of hedgehog protein, and require
the presence or addition of hedgehog protein to observe the phenotype or
effect resulting from hedgehog induction. Such hedgehog-dependent agoni sts
may be used in 15 therapeutic preparations or treatnents which include
hedgehog protein, or may be wused to increase the activity of hedgehog
protein naturally produced by the cells or tissue to be tpgaflathv@dds t he
agoni st. The hedgehog agoni sts di scl osed herein may induce dissociation of
a pat ched-snoot hened conpl ex or disrupt interactions between patched and
snoot hened, such as by binding to patched or to snoothened, 20 thereby
activating the hedgehog pathway. In certain enbodi nents, the conpositions
and nmet hods of the present invention enploy a conpound which acts on one or
more conponents of the eliguradelekhibitr therefftst ahusing a gompgugetof ¢sl nvenhipn eept ai n
embodi ment s, hedgengg, A4entS! Sodippilibd{igadtr esent | nduce

hedgehog- dependent transcriptional regulation, such as expression of the
glil or ptc 25 genes. SHeh. 00D 8RrdaRA phdfiPatbMPiterallent AGARARE: ikjB&ion
hedgehog- dependent pathway activation resulting from for exanple,

i ncreased | evel s of oheehgwheny oprhetreriion| t is, therefore, specifically
contenpl ated that these small nol ecul es which nodul ate aspects_of |
hedgehog, ptc, of snoot WasEH i Yhal® Hysirs deeerdrPraldepiang §f Afpel cellf i &P se be
capabl e of pronoti ngageed kdudhigtaionof:Rbmpduad bf thé By@ghcal consequences) in 30
cells having a functional ptc-sno pathway. In preferred enbodi nents, the
subj ect 32 27 March 2006riggep9 siosvs alicceffREtgd Hotic Nedgeligl (8Bh)asein gn a nwdtiecul ar
wei ght | ess than 2500 amu, nore preferably |ess than 1500 armu, and even
more preferably | es&PHEA¥ Ny, and are  capabl e of inducing or
augnenting at |east sone.of bi 0l 0gj.ca LV L .

proteins, preferably sgg%ﬁ"*r? %:(g elmfngrﬁp g‘? a}g?cﬁﬁt;?%é?dsﬁiﬁtﬁ%/lgﬁﬁg%g%? 91?%181 of
hedgehog 5 pat hvidy Wiebetichedgethgg agoni st may be quantifi'ed, for exanple, by
detecting the increase in ptc or gli-l transcription in the presence of

t he agonist relative to Egureofit raofl §2n shdve impese mdethpfsciatipriast neEpmesfighpl e,
an increase of at | \%grﬁgu%sﬁ%qgaﬁhn' Ba5d of hOHerBbn inGRHRtde1 2 Mab Qe nBYGRG! | €aST

50% may be indicati gehog pathway activation by a test conpound.
In certain enmbodi ments, #iRges28985 SliudGlel Uprbyudbn tdFevarious growth factors after

administration of an agonist of the invention.

15 Best Mode for Carrving Qut the Invention

Detailed Description of the Invention

L Overview
The present invention relates to the discovery that signal transduction
pathways regulated by hedgehog, patched (pic), gli and/or smoothened can be
20 modulated, at least in part, by smail molecules. While not wishing to be bound by
any particular theory, the activation of a potched-smoothened pathway fh:ough
alteration of cell-surface associations (such as compiexes) may be the mcchanisni by
which these agents act. The hedgehog pathway is believed to be negatively regulated
by association of patched and smoothened, such as in the form of protein complexes,
25  which association is disrupted by the binding of hedgehog to patched. Accordingly,
the ability of these agents to activate the hedgehog pathway may be due to the ability
of such molecuies to interact with or bind to patched or smoothened, to otherwise

disrupt the association of smoothened with patched, or at least to promote the ability
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10 subject conpounds is not inhibited by the hedgehog anti body 5E1, but is
inhibited by j ervine or an antagonist having the formula: . This quality
can be quantified, for exanple, by determ ning whether the antibody or

ant agoni st i nduces a decrease of nore than 50% nore than 20% nore than
10% or even nore than 5% of. the ptc or gii-1 15 upregul ation induced by
the agonist in the absence of the hedgehog antagonist, etcao7 W8rGEsddE N
enbodi ments, a conpound useful in the present invention, such as described
above, may have an EC50 for inducing or augnenting one or nore hedgehog
activities (such as upregulation ofptc or gli expression) of |ess than
about 1000 nM |ess than about 100 nM_ | ess than gbout lljo ‘RM or jeve | ess
than about 1 20 nM offfkesccispiFiAg tos BN & deddelng, Bice Y POl I PIeg 81
include, for exanpl gupdiR8on Ghthwdy. FBREMERSE RSO, O g CabBialation asfCe sBbaiRnAD 7384

and the Gl1-2 gene sequence of GenBank accessi.on AB007298. .See 0
Kinzler et al. Natudependsggpatiyvey, is3e pe dﬂ%@%@@%ﬁa@&}@‘?@éé@%\f&?@%@e b or
ptc expression can heg,tebeniivaes difoly fxadak e dWMMpalbuay oig, bihkindisy/®elor of
MRNA (transcription) or the |evel of “Ffr ot ei HA&E[ q%sl aﬁ,iigﬁ?nzsb . hus, the

met hods of the pPes®&neadtinguifh Pt ademletrracltsne ANTPITPPRONET ™8T ecul es whi ch
ant agoni ze ptc inhibition of hedgehog signalli .Suy e i ng
snoot hened or downstrea Wﬁ%ﬂ?&a fns}s&iésgis?f’e&%mpa% Hv@%h p‘l}éﬁﬁofgﬂa%{&l&%
regul ati on of repai headdsbhey off hetgehbH prateinpieseff,oe. grathe @ompouvadavntiec teraydvitfof
cells, tissues and organs. For instance, ,the subj t hod: h
t herapeutic and cosHeqeros: ST ihan PERY SAIGIAY °?$%°§1&%eeg§| %@?1%9?@%&%'
ti ssues, bone and cakdidid, age Byoprombiirgniedgandg bagagrty peslrd Jhesgreompounds are

spennat ogenesi s, requl ation of smooth nuscl egul.at i.0n e lQn | MR el ver,
urogenital organ® (&Xgred tBInléeﬁedréﬁ”?letsffﬁ%ogolﬁ‘fﬁeg%dgétg%ﬁl%raﬁgi_ngefrom the
prinmitive gut, regulphénonpe afeffoeneulipgireniredgbkngdtcatorent. Cetpin eth¢rsampPundidin and

hair growth, etc. l\/breoverilhw'gélg%Ill %kh\%‘{%?%? Wdﬁ’ h%g%}r%epﬁggj,%mugpﬂgel S

.-
L

which are provi ded TnP&EPY ,or’on'c n ol e ani mal
(in vivo). See, for presmap@ditGGE hpdgehdgmactéio Rsoby@vOB¢ NI88GRrear difanpesding7924

(Lhe specifications g, 120l BA.ALE SHPTRSMY-PEREROIBLES Bl behRkeRce
15  therapeutic preparations or treatments which include hedgehog protein, or may be
used to increase the activity of hedgehog protein naturally produced by the cells or
tissue to be treated with the agonist. The hedgehog agonists disclosed herein may
induce dissociation of a patched-smoothened complex or disrupt interactions
between paiched and smoothened, such as by binding to patched or to smoothened,
20  thereby activating the hedgehog pathway. In certain embodiments, the compositions

and methods of the present invention employ a compound which acts on one or more

components of the extracellular membrane of a target cell.

In certain embodiments, hedgehog agonists useful in the present induce
ﬁedgehbg—dependent transcriptional regulation, such as expression of the giil or ptc
25  genes. Such agonists can thus induce or increase the hedgehog-dependent pathway

activation resulting from, for example, increased levels of hedgehog protein.

It is, therefore, specifically contemplated that these small molecules which
modulate aspects of hedgehog, ptc, or smoothened signal transduction activity will
likewise be capable of promoting proliferation {or other biological consequences) in

30 cells having a functional ptc-smo pathway. In preferred embodiments, the subject
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I n one enbodi nent, the subject nethod can be to treat epithelial cells. In
general, an epithelial cell may be contacted with an anmount of a hedgehog
agoni st to induce epithelial tissue growh and/or formation. The subject
met hod can be carried out on epithelial cells which nmay be either
di spersed in culture or a part of an intact 20 tissue or organ. Moreover,
the nmethod can be perfornmed on cells which are provi ded i??QMéR#FZDdﬂ n

0

vitro), or on cells in a whole animal (in vivo). The hedgehog agoni sts of
the present invention may be used as part of reginens in the treatnent of
di sorders of, or surgical or cosnetic repair of, such epithelial tissues
as skin and skin organs; corneal, |ens and other ocular tissue; 25 nucosal
menbr anes; and periodontal epithelium The nmethods and conpositions

di scl osed herei n pr @gngs Foeranivanaleclss axine 2 grolosplanseqight dpss Ban 2500 ampapgpe of
damaged epithelial ;aRd.EQ%Eh 150058HE S S mérD HeRPBS leds REn THPIEE bndBE hod
can be used to control wviound healing processes, as for exanple nmay be
desirabl e i n connectirshle ofjinduciagpr sugnFENRE #trigast vimrgolePie tidegicsl agtiviiggef such
as from der mat ol 0gi galee gpﬁﬁei&,eﬁﬂeeﬂgxp%@kiﬁémgg@{a}g@tsceu&%mkiaﬁ ¥f tRANE AL,
repair for which hedgé%og agoni sts may 34 27 March 2006 be useful T nclude

severe bum and sKi nPrBYBhSY atdsehios SRoTHS gienbe guantfieds Suresample.cy, detegintenthy
ulcers, fissures, pPQfteaSUindR¥ ¥r SIEA ahBAMGE P he RN FehAhdNBE RALild loSa | N
anot her aspect of the present invention, _a he%ﬁehog agoni st can be used to
ef fect the growt h ofOHA} o theabsense obseanip Borjexatie ap Anssasfetftet dpst abto plleish

whereby hair 5 growshd, hiSleROIBN L 3Vtht 125t BROhAEE: RARLRE LedeRPRRPali®RA) . the
subj ect nethod can be used as part of a treatment reginmen for nalignant

medul | obl ast oma and 28R Y1 e cgmeeead fa csiivammbodinents.obe penaist Mt ofiBF s. 1N
anot her aspect, fghe &8 Sddpolutdy @ok AMLREOH HE RedpORE ARRRYY FEA Ibufdk @idaited | Ons
10 conprising, as an active ingredient, a hedgehog agonist, ptc antagoni st,
or smoot hened agoni &Y JeE{RaPr a%2 @%?Pﬁ%ﬁ“%&@%ﬁé%ufornulated in an anount
sufficient to pronote, vivo, proliferation or other biological
consequences. The subj reat ments usi ng hedgehog agoni sts, patched

ant agoni sts, or

0 . This quality can be quantified, for example, by
determining whether the antibody or antagonist induces a decrease of more than
50%, more than 20%, more than 10%, or even more than 5% of the prc or gfi-{

15 upregulation induced by the agonist in the absence of the fiedgehog antagonist, etc.
In certain embodiments, a compound useful in the present invention, such as
described above, may have an ECs for inducing or augmenting one or more
hedgehog activities (such as upregulation of pic or gli expression) of less than about
1000 nM, less than about 100 nM, less than about 10 nM, or even less than about 1

20 oM. The coding sequences for exemplary human Gif genes include, for example, the
Gli-1 gene sequence of GenBank accession X07384 and the G/i-2 gene sequence of
GenBank accession AB007298. See also Kinzler et al. Nafure 1988, 5‘32, 371. The
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snoot hened agoni sts can be effective for both human and ani mal subjects.
Ani mal 15 subjects to which the invention is applicable extend to both
donmestic animals and |ivestock, raised either as pets or for commerci al
pur poses. Exanpl es are dogs, cats, cattle, horses, sheep, hogs, and goats.
H. Definitions For convenience, certain terns enployed in the
specification, exanples, and 20 appended cl ains are col | e¢zadaksy 2006The
phrase "aberrant nodification or nmutation" of a gene refers to such
genetic lesions as, for exanple, deletions, substitution or addition of
nucleotides to a gene, as well as gross chronmpsomal rearrangenments of the
gene and/ or abnor nmal p?{l ation of thg (geﬁ |fkexvx,1an§\?é mm%as% rtge evqn of
a gene refers to abMPFlohs! PrRierrestongan by RRITined fST SRS PhE i ve
to those | evels in af ARNARIrans&@iption) athie lesélpt pratein (Comidiidn).ons, as vveII as
non-w | d-type splicing of nRNA transcribed fromthe gene. "Bum wounds"
refer to cases where |ar f i | ost -
from an individual due t%% e§% @% /oroqka‘lfflleﬁnjfreégﬁi %V%ﬁﬁi&gg%ﬂ?lé Ie\e/lggr)\é)ﬁ%g%gG The
"corium' or "derni s'moteetlesr whicl antagonizeye lmblmmo%kﬁdﬁe’lﬁéépfﬂﬁ%m&h@m as by

epi derm s, consisting;of, g,\n%%%d%f%%ﬁm%uﬂnganeﬁ%ﬁ%talg?gl bitR4e in AR
containing the nerves afd term na ans of sensatlon hai r roots,
and sebaceous and sweaktiongifaedis and/er fslﬂqflﬂéﬂtltufﬁfé%m@fcePﬁéwédm%erﬁfﬁuﬁh’i“éwsare
deeply enbedded in ngal S lBerbfRutid SadSokfest:he
mouth which is sim }agqf ggg[lep]i%tr lgftmlg? {htél Zuﬁsjjtjg \‘}f%ccl)l?)di g(agrrtg £;qumtl ssue, The
method of the presenpplicstigentangng fram rrealiiin of gpuralitswit AR 396 CAIGHE foxgpation

di sease. " Dernal Sk'aﬁ!dnlé a(ﬁeFeEuIatfo‘ﬁfo?beﬁﬂ%théﬂlgQéguﬁﬁoﬂ HemBkith IS 51k of
superficial |oss of sue, usually with | anmati on. Derrmal. skin ul cers
whi ch can be trel&te@nlsylwm,eurgegﬁnﬁfét%@as mth'édq@r)eé@n?th?fn%ﬁa’ﬁ.aaﬁms rfom, e
decubi tus ul cers, di ﬂﬁﬂvé%u | {ERNaBion YE ROHopofthi@ FhrtibH, GEFutatiah) Gf %l’clheihﬁaialr

ul cers. Decubitus wounds refer-to chronic ulcers that fesult from pressure
applied to areas of stdeh sk Moresreretoe spie Tshpiotra bePC’Ef?’P?éd PSEITIENIEH areg yj g

t ype are of ten cal | e RRMSPEARrOlin PInBFSHI B &OE G5 a WIBROMMA L@S biso)Ub&L S
result rom
example, PCT publications WO 95/18856 and WO 96/17924 (the specifications of

15  which are expressly incorporated by reference herein).

In one embodiment, the subject method can be to treat epithelial .cells. In
general, an epithelial cell may be contacted with an amount of a hedgehog agonist to
induce epithelial tissue growth and/or formation. The subject method can be carried
out on epithelial cells which may be either dispersed in culture or a part of an intact

20 tissue or organ. Moreover, the method can be performed on cells which are provided

in culture (in vifro), or on cells in a whole animal (in vivo).

The hedgehog agonists of the present invention may be used as part of
regimens in the treatment of disorders of, or surgical or cosmetic repair of, such
epithelial tissues as skin and skin orgams; corneal, lens and other ocular tissue;

25 mucosal membranes; and periodontal epithelium. The methods and compositions
disclosed herein provide for the treatment or prevention of a variety of damaged
epithelial and mucosal tissues. For instance, the subject method can be used to
control wound healing processes, as for example may be desirable in connection
with any surgery involving epithelial tissue, such as from dermatological or

30  periodontal surgeries. Exemplary surgical repair for which hedgehog agonists may
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the stagnation of blood or other fluids fromdefective veins. Arteri al
ulcers refer to 15 necrotic skin in the area around arteries having poor

bl ood flow. The term "ED50" neans the dose of a drug which produces 50% of
its maxi numresponse or effect. An "effective anmount” of, e.g., a hedgehog
agonist, with respect to the subject nethod of treatnment, refers to an
anount of the agonist in a preparation 20 which, when appbirddags 2608 of a
desi red dosage regi nen brings about, e.g., a change in the rate of cel
proliferation and/or the state of differentiation of a cell and/or rate of
survival of a cell according to clinically acceptable standards for the
disorder to be treated or the cosnetic purpose. The terns "epithelia",
"epithelial"” and "epitheliunt refer to the cellular 25 covering of

i nternal and extern&k ubdayinsudef geas b@mmmusgenwmuskiramﬁsan@mé sores,

ncl uding the gl ands. g 0 NGk, RLLUELIESS ASLIES, LASIELEAS 0 corneal

esophegeal , eplderna ir e ep| er exenpl ary

epithielial tissue inclydes: ergép%a%%ﬂlgéresep%ﬁlb&hwmm AO%Q%A [:]elﬂ%eusedto

pseudostratified epithelli um Inin actory re e nasal
cavity, and cont ai nicfeft ttht?@rfrvéhébb@fs gs fop pxamipts lséfﬁst@ﬂiéﬁﬂt% a@FG%W@FFbQOGB
smel I'; gl andul ar sepit 3Rl isWhknttlich refers to epithelium conposed of

secret | ng cells; squam)us epithelium which refers to epithelium conposed

of flattened plate-like jnGRithe prefid {ftoMnRR, tHa ShtjddMnERRl @h 5Out@isPhart bfa
transitional epithelium like that which is characteristically found

l'i ni ng hol | ow or gandredtpgit regiraendpypalignant pedylpblgstons cpdefher Frimary Chraiseane t o
contraction and di steRbdc@RermBtiGmers.t | SSUE Which represents a transition
between stratified squanobus and col umar epithelium The term
"epithelialization" refenndRer h@adt,lﬂmpr&yntEMn@h@MMeQﬁhaﬁmédnedlpﬁbaxatiomsue

over a denuded surface.. The term "epi.der refer to an a ation
of cells associ alt%ed RTRFHE1 3 1R ‘? ?ff% a%d’eg%'g‘fﬁ i dprfoanéaéﬁlﬁg’t 890r
excrete material s Nekodtkded @ni’&t@u&ﬂtﬁld&scﬁb&ﬂlm&fnyfolﬂiﬁlhlﬁtb(bh)laﬁ afeed Suffiliedt to
exanpl e, "sebaceousg& ands" are hol o t he coriumthat

secrete an oily sub&PARE"IHE & O%fﬁ3t%?r§}°i‘?g‘°§{lﬁggieq‘§°fl%‘?ﬁ'ds" refers
The subject treatments using hedgehog agonists, patched antagonists, or
smoothened agomnists can be effective for both human and animal subjects. Animal
15  subjects to which the invention is applicable extend to both domestic animais and
. livestock, raised either as pets or for commercial purposes. Examples are dogs, cats,

cattle, horses, sheep, hogs, and goats.

I Definitions
For convenience, certain terms employed in the specification, examples, and

20  appended claims are collected here.

The phrase "aberrant modification or mutation" of a gene refers to such

genetic lesions as, for example, deletions, substitution or addition of nucleotides to a

gene, as well as gross chromosomal rearrangements of the gene and/or abnormal
methylation of the gene. Likewise, mis-expression of a gene refers to aberrant levels

25 of transcription of the gene relative to those levels in a normal cell under similar

conditions, as well as non-wild-type splicing of mRINA. transcribed from the gene.

“Burn wounds” refer to cases where large surface areas of skin have been
, g

removed or lost from an individual due to heat and/or chemical agents.
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to glands that secrete sweat, situated in the coriumor subcutaneous

ti ssue, opening by a duct on the body surface. 15 The term "epi derm s"
refers to the outernost and nonvascul ar | ayer of the skin, derived from
the enmbryonic ectoderm varying in thickness from0.07-1.4 nm On the

pal mar and plantar surfaces it conprises, fromwthin outward, five |ayers:
basal |ayer conposed of colummar cells arranged perpendi cubgriisrch 2006
prickle-cell or spinous |ayer conposed of flattened polyhedral cells with
short processes or spines; 20 granul ar |ayer conposed of flattened granul ar
cells; clear layer conposed of several |ayers of clear, transparent cells
in which the nuclei are indistinct or absent; and hornfy ayer corrposed of
flattened, cornified nofhavciraat eyt Weinkis' refess fq'léheeb‘b"ﬂe‘? nits %’F‘ d=Reloglfier al

body surface, the clear Jayetd:s obsUalsh YebS B utar chatiekive @OAL, @B dining

i ncl ude tears, abr ad] I'ons,’ cuts, punctures or |acerations 25 in the
epithelial |ayer of theheveslendtermidal wegpnsexsemntion fihs haipwolemfatbareayeand sHer even

nto subcutaneous {alyad, REYAING e BXGLAANAL SOUBTP cHRRALRR ML terbiOM

surgi cal procedur es® rom acci al penetration of the skin. The

"growth state” of a cel LDk ff18fsSuet Pertrb @ FiRh@inOthe Rioathi \irmﬂﬁtslsﬁmaafto b;lsi&elmell
and/or the state of differentiation of the cel| An "al teredﬁgrowt

is a growth 37 27 Misseh fo0oemBle e tergr Hea methodeof tBY PHIFLENGIERRI Pate
proliferation, e.g. ueﬁngggdod&mh‘l%agé ng an increased or decreased rat e of
proliferation relative to a normal cell. The term"hair" refers to a

t hreadl i ke structure, espﬁﬁﬁaal;ﬁm/um@g &6 idiohz@tthe &yl cdhesethhly siperfioipt lassef

conposed of keratin and devel opi fram a,sunk .i.n_t m
produced only by matifféfSsugHy W a?fgﬂem*?%ﬁ? g“”@fSJ“PH‘épters ‘Voﬁlpcagggérﬁgﬁfa slhgl Al so,
“hair" may referyot 0nfehi8d 30t q@et:R iRfentidnCiciinii desubitds likiar,rdidbelid ilcéra "vep@fer s

to one of thetubular-lnvaglnatl ns of the & airs,
and from which the SRS yleerggarenalgices Rsey “3? ‘2"’"8‘%? elt(f{g e +1Pe95 il sgrs to

epithelial cells whifeh pataroppted da&rea.deﬁ*makkupﬁ;petthmled pertoﬂeoﬂtam unliflsmf | e,

e.g., stemcells, outer root sh th cells, matri : | bm ! OOt
sheath cells. Such &ufec #pgfigsa ﬂglbﬁé?res SPrars Sgoﬁegﬁm&?% '"’Jltﬁ%YS B s £

t ransf ormed/ i mor t althezgagngieh bEblood or other fluids from defective veins. Artenal slcers refer to

15 necrotic skin in the area around arteries having poor blood flow.
The term “EDsqy” means the dose of a dmg which produces 50% of its
maximum response or effect.

An "effective amount” of, e.g., a hedeehog agonist, with respect to the

subject method of treatment, refers to an amount of the agonist in a preparation

20 which, when applied as part of a desired dosage regimen brings about, e.g,, 2 change
in the rate of cell proliferation and/or the state of differentiation of a cell and/or rate

of survival of a cell according to clinically acceptable standards for the disorder to be

treated or the cosmetic purpose.

The terms "epithelia", “epithelial” and “epithelium" refer to the cellular

25 covering of internal and external body surfaces (cutaneous, mucous and secrous),
including the glands and other structures derived therefrom, e.g. corneal,
esophegeal, epidermal, and hair follicle epithelial cells. Other exemplary epithielial
tissue includes: olfactory epithelium, which is the pseudostratified epithelivm lining

the olfactory region of the nasal cavity, and containing the receptors for the sense of
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The term "hedgehog agonist” refers to an agent which potentiates or
recapitul ates the bioactivity of hedgehog, such as to activate
transcription of target genes. Preferred hedgehog agonists can be used to
m m c or enhance the activity or 15 effect of hedgehog protein in a

snoot hened- dependent manner. The term ~hedgehog agonist' as used herein
refers not only to any agent that may act by directly acti watpae:h 20005
normal function of the hedgehog protein, but also to any agent that
activates the hedgehog signalling pathway, and thus inhibits the function
of ptc. The term "hedgehog | oss-of-function” refers to an aberrant

nodi fication or 20 nmutation of a ptc gene, hedgehog gene, or snoot hened
gene, or a decrease (or loss) in the level of expression of such a gene,
which results in a pﬂﬂan(gtay@mmhiiﬂehum rvéschiBier So qﬁméliami édﬁg:o&d&éhelcrcﬂilg dellg

osa- of ot unct i on_ mageiritateRERARY bR auE: i e b rorEsrior PHER ¥ ene
product to regul at e célzeTHeearml epiticlien paregdsi refar rpftra@nogd mplsd;ehengﬂge @t thph & 12,
and 25 Gn3. The ter n?la hgflglec?lgygfonﬁds i %/h&%?é&rlé%? thdt Jr aéu,[%_]%ct t%e%%'fp g‘le%namc&l

refer to any simlar ce eno exhi bl ng r
proliferation) whi chhang&:duegoduﬂratt@namd d&tméwnabigonssanMrranrésmm héralpgdgehog

signal transduction E[wemwﬁgﬁfefln&&%g‘squwq 91&131} ted to, a nodification:

or nutation of hedgeho or exanple ‘wWth an abnormally | ow

| f d ) " i 7
proliferation rate due tqiQactl 151923&8{ &féf% tggggﬁ%q%“ S 'o@%ﬂﬁéhﬁ

March 2006 pat hway woul d have a edgehog | oss phenotype, even
i f hedgehog is - not tigsye eteeelddnpdadiserfaceel | . As used herein, "immortalized
cells" refers to cells which have been altered via chem cal and/or

reconbi nant means such tHaterthepidamplelagy efahie a&Bgﬂf?&aEi"ft o cgilsrrocsted mithugh

an indefinite numgbenneOdpiddingi %cpaﬁmm&e@% k&t or éxdteR Rakri@Phdihehiedlo tHessue”
refers to tissue inside the body which has characteristics simlar to the

epi dermal |ayer in m@agwwbot&aﬁﬁﬁ é*‘gf ?%%E‘Plﬁdéf"’taFFQ“ft glapdsgare dplogriig 2fapdsdit i ne.

The nethod of the phRSSRIm th@b/@&%ﬂeQﬂoiiﬁsuﬁ&ﬁfcb‘hndfﬁunpﬁﬂmhh NGveh\@andér@atds ng  Of
certain internal wounds, for exanple wounds resulting fromsurgery. 10 The

term "kerat osi s" ref®glands fhahsegieiersapais fiyared g the ﬁ’i“é}’é‘rodé‘r‘bcﬁtﬁ%t‘io&%ffsé‘r‘ﬁ REY By

by a duct on the body surface.

15 The term "epidermis” refers to the outermost and nonvascular layer of the
skin, derived from the embryonic ectoderm, varying in thickness from 0.07-1.4 mm.
On the palmar and plantar surfaces it coﬁxpriscs, from within outward, five layers:
basal layer composed of columnar cells arranged perpendicunlarly; prickle-—cell or
spinous layer composed of flattened polyhedral cells with short processes or spines;
20 granular layer composed of flattened granular cells; clear layer composed of several
layers of clear, transparent cells in which the nuclei are indistinct or absent; and
horny layer composed of flattened, cornified non-nucleated cells. In the epidermis of

the general body surface, the ciear layer is usually absent.

“Excisional wounds™ include tears, abrasions, cuts, punctures or lacerations
25  in the epithelial layer of the skin and may extend into the dermal layer and even into
subcutaneous fat and beyond. Excisional wounds can result from surgical procedures

or from accidental penetration of the skin.

The “growth state™ of a cell refers to the rate of proliferation of the cell
and/or the state of differentiation of the cell. An “altered growth state™ is a growth
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hyperpl asia of the horny |ayer of the epiderms. Exenplary keratotic

di sorders include keratosis follicularis, keratosis palmaris et plantaris,
kerat osi s pharyngea, Kkeratosis pilaris, and actinic keratosis. The term
"LD50" means the dose of a drug which is lethal in 50%of test 15
subjects. The term"nail" refers to the horny cutaneous plate on the dorsal
surface of the distal end of a finger or toe. The term "pataiaeh 2006

gai n-of -function"” refers to an aberrant nodification or nutation of a ptc
gene, or an increased |evel of expression of the gene, which results 20 in
a phenotype which resenbles contacting a cell with a hedgehog inhibitor,
e.g., aberrant deactivation of a hedgehog path é The gai n- of - functlon

may include an i ncragsdarpsterizab by pr proymatate RE pyofiterafioh ¢ %yr‘i)ﬂﬂlcTXIl’ch‘“ﬁé‘ﬁul ate

the level of expresgiQselir déiead®RRSrf pRIIfratiofFeldive (FaindmaeiGL13. A
"patient” or "subject” to be treated By t he subj ect nmethod can nean either

a 25 human or non- humnrli%rl&ﬂﬁ"haqu_hﬁeﬁ &F mtﬁrﬁdﬁﬁb’ sigictuteS espatiaifdiel slbmlahzed
enconpass conpounds whi ch, under g‘ﬁg‘i fgi"f i cal ,canditions,

él @{ted
into the therapeuti CBRFPALYPEREE ooy felomng EPRAdRPIR Srmon
met h?d fo\r/\/n ITB.EI ng a ﬁ&g@drﬂg@ugﬁ &? bﬁﬁiaﬂxdﬂlsiidﬁﬂ&ﬁitaﬂerﬁ&daﬂthhﬁgmhp aﬂﬂﬁmalf .
noi eti es which are hydrolyzed under si ol o ‘ ea e
desired nolecule. K% }P?Hr 2 |t?’rg'ﬁf“égmg?“ﬁé’ Blf‘cg(y?’f?gﬁ‘l ai &l \I/Cé treefes By "an
gnzynatic actiyity oeﬁwhhﬂhhmsamﬁﬁmﬂafﬂwéﬁdwmﬁdmmmmgnmnmugmndﬁmammhhﬁg and
appl | cati on. the ¢ exti @l FrBRUM ARt it e et S5 A it e

d} sease/ di sorder of d'E:ﬂﬂﬁ:] Sl 1ﬁ&lciid<mdr fayliclenwa.ntedd oel|1s| alner rozamshegh(olalls;fg MQ iXi on
of cutaneous tissue._ These condition e, typi ca racterized by

epi dermal cel |l M olcFse i i 2ot Shlc?fgf)%?%‘fcgcéc/gl‘?ayé’l %‘f’ererﬁ TRtiEn,

i nclude, for exanpl emnsforedlit@abriblzedetilshyosi s, psoriasis, at op| c der mat itis,

allergic contact dermatitis, epidennolytic
The term “hedgehog agonmist” refers to an agent which potentiates or

recapitulates the bioactivity of hedgehog, such as to activate transcription of target
genes. Preferred hedgehog agonists can be used to mimic or enhance the activity or
15  cffect of hedgehog protein in a smoothened-dependent manner. The term ‘hedgehog
agonist’ as used herein refers not only to any agent that may act by directly activating
the normal function of the hedgehog protein, but also to any agent that activates the

hedgehog signalling pathway, and thus inhibits the function of pic.

The term “hedgehog loss-of-function” refers to an aberrant modification or

20  mutation of a pfc gene, hedgehog gene, or smoothened gene, or a decrease (or loss)
in the level of expression of such a gene, which results in a phenotype which
resembles contacting a cell with a hedgehog inhibitor, e.g., aberrant inhibition of a
hedgehog pathway. The loss-of-function may include an increase in the ability of the

ptc gene product to regulate the level of expression of Ci genes, e.g., Glil, Gli2, and

25  Gli3. The term ‘hedgehog loss-of-function’ is also used herein to refer to any similar
celiular phenotype (e.g., exhibiting reduced proliferation) which occurs due to an
alteration anywhere in the hedgehog signal transduction pathway, including, but not
limited to, a modification or mutation of hedgehog itself. For example, a cell with an

abnormally low proliferation rate due to inactivation of the hedgehog signalling
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hyper keratosi s, and seborrheic dermatitis. For exanple, epidernodysplasia
is aform of faulty devel opnent of the epiderm s. Another exanple is
"epidernol ysis", which refers to a | oosened state of the epiderm s with
formati on of bl ebs and bullae either spontaneously or at the site of
trauma. 15 The term"skin" refers to the outer protective covering of the
body, consisting of the coriumand the epiderms, and is wryogaaiO2chd O

i ncl ude sweat and sebaceous glands, as well as hair follicle structures.
Throughout the present application, the adjective "cutaneous”" nmay be used,
and shoul d be understood to refer generally to attributes of the skin, as
appropriate to the context in which they are used. 20 The term "smal

nol ecul e” refers to a conpound having a nol ecul ar wei ght |ess than about
2500 anu, preferabl yathwgs woildhavalbo'bede@®0 dossnfifungive hphenetepe, pree filbiedbdiyg isess

t han about 1500 anu, referably | ess than about 1000 anmu, or
nost preferably Iesémfﬁg%&%qg%fc 50 anu. The term "snoot hened

| 0ss-0f - function® 1 ef er S ol G RSl btk RANe 1 Co Alodll wich bV bd Bl 8
sno gene, or a decreased |evel expressi on of e gene, which resufts in
a phenotype whi ch r ¢&ethsiisal a@@mra@qmwrgntan@es $ucwl{ahthac¢1!§drg@htbgablhtmtcbgqom
e.g., aberrant deagihyRlh it huiRH9EPAGoR] Li@Y: Wil e not wishing to be

bound by any particular theory, It 1s noted that ptc may not signal

directly into the cell, #utmilatgigElial e’ 8&krs Wo t s RTRRIAEEGRE hod PR RE has
nmenbr ane- bound pr ot e| n | ocated downstream of 40 27 March 2006 ptc in

hedgehog si gnal i ng CRERRYESEE sigilar to theggigsrmablaysr i thigskin. ?’F?“le%ﬁmludﬂq@ lwinge

shD is a segnent - polodlitiet HteGRBETHe BfIIEH thOfredeNCinGdlibie Gl usBBl R LimdnPihcevery
segnent i n Drosophila éAI cedo et al (1996) Cell 86: 221-232). Human

honol ogs of smo  hape*iy ?Feﬁﬂﬁﬁ‘ﬁnﬁl Eﬁ““dﬁsé‘g e"ﬁ“EPrle ‘@%’&ﬁﬁﬂeﬁl““@tﬁé’ﬁ’e““@fyal

ture an acce SI'TDOt ene
(1996) Na 3 £ 129- 13 d K 01. The d

" 0n
gene encodes an i'ntegral ﬁfﬁe al‘f?éa%ﬁr 6‘%}‘3? i Rﬁo a&'ﬁ%? l‘AiEP'idg“[? cigrized
heterotrimeric G pr my@rpiasmoup{hedmﬁ@dej&t @f She bpx@nmﬂﬁxénﬁ;aﬂﬁ rmﬁtmhamesofdelgl ons.
This protein shows hr%ml

hila, F |
nmenber of the w ngl 55 pg‘?% § (fula\%rs CBE Slﬁ lara"i‘gﬁr";?zfzﬁ%ﬂt@ﬂ% 'I)‘?E’ @ gSzf’lcodes

a receptor of the Hhemsioginpilars, I'dod/\ﬁ‘)ﬂlmblcerhthsus suggesti on was subsequently

The term “LDsp” means the dose of a drug which is lethal in 50% of test

15  subjects.

The term "nail" refers to the homy cutaneous plate on the dorsal surface of

the distal end of a finger or toe.

The term “patched gain-of-function” refers to an aberrant modification or
mutation of a pic gene, or an increased level of expression of the gene, which results
20 in a phenotype which resembles contacting a cell with a hedgehog inhibitor, e.g.,
aberrant deactivation of a hedgehog pathway. The gain-of-function may include an
increase of the ability of the pfc gene product to regulate the level of expression of

Ci genes, e.g., Glil, Gli2 and Gli. |

A "patient” or "subject" to be treated by the subject method can mean either a

25  human or non-human animal.

The term “prodrug” is intended to encompass compounds which, under
physiological conditions, are converted into the therapeutically active agents of the

present invention. A common method for making a prodrug is to include selected
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10 di sproved, as evidence for ptc being the Hh receptor was obtained. Cells
that express Sno fail to bind Hh, indicating that sno does not i nteract
directly with Hh (Nusse, (1996) Nature 384: 119-120). Rather, the binding
of Sonic hedgehog (SHH) to its receptor, PTCH, is thought to prevent

normal inhibition by PTCH of snoothened (SMD), a seven-span transnenbrane
protein. 15 The term "therapeutic index" refers to the thepgpagidrc2oaaiex of
a drug defined as LD5WBD50, The term "acylam no" is art-recogni zed and
refers to a noiety that can be represented by the general fornula: 0 -N
t" R11 RO 20 wherein RO is as defined above, and R 1 | represents a

hydr ogen, an al kyl, an al keny

re as
defined above. Her eln??‘a‘?srl‘éhlﬁl'é?%hy%i’lf’%?ﬁg‘f‘ ¢ PEFB’&O&@ (‘éqng}lgnst% r%’{eﬁ the diSired

strai ght-chain, bran@ngsle ghaings emteingyt] he ptiiup hbtdncersy By ac aiZpamticgiconty and

i ncl udes saturated and unsaturat ed al i phatic groups, such as an al kyl

group, an al kenyl gPbiproshFiMAln al kynyl group. 41 27 March 2006 The terns -
"al kenyl " and "al kynyl efer . to_ups urated i I us in -
| ength” and possi bl e subs%ﬁ?ﬁ?P% " 5mﬁﬁrﬁl dade%crl %ﬁ%%@%@s%@%wﬁ at N
contain at Ieast5onaﬁdauble or trlple bond respectlvely The terns

“al koxyl" or "al koxy" as used herein refers to an al kyl group, as 5

defined above, having anThwqng-n ﬂnam]%laaﬂoattham&lpr@h@?ﬂétwh@é'mr@s efeat fove

al'koxyl ~groups includg, e! QR der ogkﬁéo&}ﬁ mic ameg%ﬂa%émhpﬁ%uf@ﬁémt&}e

like. An "ether" is™1tWo rocarbons cova ent |n an oxyge

Accordingly, the substhndmaemsuc@ﬂ‘baw comilikigns %rhzmnqa@m#baf@t@hgt bfaleklgmalnce@t her

Is or resenbles an Nahe gggqﬁgg&gg By QaspRf Xafdkal kyl .

- 0- al kenyl, -0- aIky%hﬁﬂé¥ﬁnfgﬁégﬁeéﬁﬁamﬂergmé% Y e %re aescrl bed

above. The ter m al lghtiyosiss fregrinsis.oateme dp@@h@%laﬂﬁﬁws@ﬂ@?ta@@émaﬂs’l priderpeytic

groups, including

hyperkeratosis, and seborrheic dermatitis. For example, epidermodysplasia is a form
of faulty development of the epidermis. Another example is "epidermolysis", which
refers to a loosened state of the epidenmis with formation of blebs and bullae either

spontaneously or at the site of trauma,

15 The term "skin" refers to the outer protective covering of the body, consisting
of the corium and the epidermis, and is understood to include sweat and sebaceous
glands, as well as hair follicle structures. Throughout the present application, the
adjective "cutaneous" may be used, and should be understood to refer generally to

attributes of the skin, as appropriate to the context in which they are used.

20 The terma “small molecule” refers to a compound having a molecular weight
less than about 2500 amu, preferably less than about 2000 amu, even more
preferably less than about 1500 amu, still more preferably less than about 1000 amu,

or most preferably less than about 750 amu.

The term “smoothened loss-of-function™ refers to an aberrant modification or

25  mutation of a smo gene, or a decreased le\fel of expression of the gene, which results
in a phenotype which resembles contacting a cell with a hedgehog inhibitor, e.g.,
aberrant deactivation of a.hedgehog pathway. While not wishing to be bound by any
particular theory, it is noted that pfc may not signal directly into the cell, but rather

interact with smoothened, another membrane-bound protein located downstream of
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strai ght-chain al kyl groups, branched-chain al kyl groups, cycloal kyl
(alicyclic) groups, alkyl-substituted cycl oal kyl groups, and

cycl oal kyl -substituted al kyl groups. 1In preferred enbodinents, a straight
chain or branched chain al kyl has 30 or fewer 15 carbon atonms inits
backbone (e.g., C-C30 for straight chains, C3-C30 for branched chains),
and nore preferably 20 or fewer. Likew se, preferred cycl ogkpasscHhaggsfrom
3-10 carbon atonms in their ring structure, and nore preferably have 5, 6 or
7 carbons in the ring structure. Mreover, the term"al kyl™ (or "I ower ‘
al kyl ") as used throughout the 20 specification, exanples, and clains is
intended to include both "unsubstituted alkyls" and "substituted al kyl s",
the latter of which refers to alkyl noieties having substituents replacing
a hydrogen on one Orp:crﬁﬁrife@dgéﬁd’gb@@ﬂu(gf(lvlah@) byl Qwaﬁ)mure laa4:k1bone9) Bhie pene

substituents can include, for carb nyl
(such as a carboxyl & %?E%B%B‘g?r%gﬁ?ﬂe rqu:r@oﬁﬁ&f: corfﬁ”t 'Ejé’élo)f et
t hi ocarbonyl (such &6 Devsbpilo esltaib et al.,t(M9epCeit aﬁazlasz)amﬂﬂmohmﬁd‘mgse:)f,sman

al koxyl, 'a phosphor, a phosphonat e, sphi hat.e,. . an

ani no, an am do, an ¥gﬁpa}ﬁgm§§£§ﬁﬁ#ﬁg$3g£%§gw%%aﬁ(ﬁ?@ﬁ@%&ﬁﬁbgﬁﬁdgﬁﬂgd

sul fhydryl, an alskyldeiBak atceSsithflz84@01. The Sudotianat gne alcsdﬂsfaﬂriﬂygral membrane

sul f onam do, a sul f onyl. het er ocycl ar.a natlc r ‘
het er oar omati ¢ noi etpV?(e“f f'”’%cﬁ R cférhbtfe%%‘d“ﬁy (i(ér el E’?}fx} éeﬁep t'ffe 7grt 42
27 March 2006 t hat t@ﬁmﬁ@bemdﬂ@mﬂuﬂﬁ&uﬁﬂ@edmnnlmhmkgydrdmambamhmhﬂmnkdan
thenselves.be substkﬁgpn)analn %R& nga%g?gﬁgﬁa s%g%gggﬂqu Bﬁgk%gents

of a substituted al may 'i nc d8hs orms of
am no, azido, imno en@tresdme@m&]ﬁlﬂmrm sigal nigvettem thip hsphion ake subsmuently

phosphi nat e), sulfo | (inc u sulfate Ifo an do ﬁﬂH% I d
sul fonate), and SI|9Y &%hmfw awgf %bﬂngg? ef%mp P?%F%i?kcar éﬁ§%€
(i ncludi ng ket ones, Smbdahmdﬁ@IﬂcaME@nwhuﬂesqdadeESmemﬁmaﬂx}%hP&(NMand t he
i ke. Exenplary su X r I l.s.can be
further substitut eg )tﬁ—a%’JI 3?/%?%% e%; ?,Stﬁg @318' QF&O% }V%ﬁif)‘ggﬁﬁ  if
am noal kyl s, car bonyécepiguFE€T} wuttleagh|tk piesent nGEB] mh@tti,onz!omd’moflsimethe@@

Unl ess the nunber o&mﬁgiggaémgﬁnggﬂgég%éﬁ%ﬁiggﬁified, "l ower al kyl" as used

15 The term "therapeutic index" refers to the therapeutic index of a drug defined
as wsofEDsg.

The term “acylamino” is art-recognized and refers to a moiety that can be

represented by the general formula:

20 wherein Ry is as defined above, and R'| | represents a hydrogen, an alkyl, an alkenyl
or -(CH2)m-Rg, where m and Rg are as defined above.

Herein, the term "aliphatic group" refers to a straight-chain, branched-chain,
or c¢yclic aliphatic hydrocarbon group and includes saturated and unsaturated

aliphatic groups, such as an alkyl group, an alkenyl group, and an alkynyl group.
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herei n neans an al kyl group, as defined above, but having fromone to ten
carbons, nore preferably fromone to six carbon atons in its backbone
structure. Likewi se, "lower alkenyl" and "lower alkynyl" have simlar
chain |l engths. Throughout the application, preferred al kyl groups are

| ower al kyls. In preferred enbodi nents, a 15 substituent designated herein
as alkyl is a lower alkyl. The term"al kylthio" refers to &7 bidH 2008 UP,
as defined above, having a sulfur radical attached thereto. In preferred
enbodi nents, the "alkylthio" noiety is represented by one of -S-alkyl,
-S-al kenyl, -S-alkynyl, and -S-(CH2)m Rg, wherein in and Rg are defi ned

above. Representative al kylt hi 0..33{?0‘195 include nethylthio, 0. et hgl}ot hi o,
and the |ike. The terns Thniemes "sdksayl® 4 ndflomyl gelst 0 PRRABRAT, APPaifg BP™er to

both unsubstituted aﬁﬂ&owg3%&%@goﬁmeﬁﬁ&tinxﬁelgto,th@am @dsytibel aiove,an et
represented by the general fornula: /Rio or 25 v\,hFr ein Rg, RIO and R 10

each independent |y reptipadsst ope AgblesgBmie bopd FRectvelan  al kenyl, -(CH2) mRy, -
or Rg and R10 taken together Wltg tp,e Nlﬁt(}m to %/gi ch tthe)( 43 &4 Mar CQS 2006 -
are attached conplete a HStEFBCHErE AVIREYT FORFA P 8 ST OnE” P t8he P g
structure; R8 reprgsaRlShar, Bivitlg, ancoxgyeal raditdt wltachal thyeloo Bkjresaythtiveaalkoxyl i
het erocycl e or a polycyc| e; i

and, mis zero or an_integer, jn.theg r, g.of |
to 8. In preferred &rAYBHINARGR LehYy) Vﬁo&ﬁ’eprfi‘fy?ox e%‘#’utﬁi angat{?le - gmcg‘!rﬂ ohyl
e.d., R9, RO and theo BydidcOgomn chagilnbikeddy modxyfear Avcantirgly, e cbstituent 9t dn| |
nore preferred enbodi ts, the .term anjne. does n a ] des,
e.g., wherein one ofau%gﬁ'ﬁhﬁ“#oth?te%&%ﬁhg & Car oﬁ@% al? laf;f]ch \/’esril%k%mi"éragan L
preferred enbodi mentréresBedamdoneldy -Oaulid, cPtaliend] 10ralRmyD F-OdEHbh)ni-Reepkadent | y
represent a hydrogen, an al kyl, an al kenyl, or -(CH2)m R8. Thus, the term
"al kyl am ne" as Wsedn$Be & e aPo¥R ami ne group, as defined above, having

a 10 substituted or unsubstituted al kyl attached-thereto, i.e., at |east
one of RO and R10 is anThd theyd "aljeyls agfers to the radical of saturated aliphatic groups, including

straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl {alicyclic)
groups, alkyl-substituted cycloalkyl groups, and cycloalkyl-substituted alkyl groups.
in pfeferred embodiments, a straight chain or branched chain alkyl has 30 or fewer

15  carbon atoms in its backbone (e.g., C1-C3¢ for straight chains, C3-C3) for branched

chains), and more preferably 20 or fewer. Likewise, preferred cycloalkyls have from
3-10 carbon atoms in their ring structure, and more preferably have 5, 6 or 7 carbons

in the ring structure.

Moreover, the term “alkyl" (or "lower alkyl") as used throughout the

20  specification, examples, and claims is intended to include both "unsubstituted
alkyls" and “substituted alkyls", the latter of which refers to alkyl moieties having
substituents replacing a hydrogen on one or more carbons of the hydrocarbon
backbone. Such substituents can include, for example, a halogen, a hydroxyl, a
carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a

25  thiocarbonyt (such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a
phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an
amidine, an imine, a cyano, a nitro, an azido, a sulfhydryl, an alkylthio, a sulfate, a
sulfonate, a sulfamoyl, a suifonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an

aromatic or heteroaromatic moiety. It will be understood by those skilled in the art
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The term "am do" is art-recogni zed as an am no-substituted carbonyl and
includes a noiety that can be represented by the general formula: O ~ N
Rs R o 15 wherein R9, R10 are as defined above. Preferred enbodi nents of
the amde will not include imdes which may be unstable. The term

"aral kyl ", as used herein, refers to an al kyl group substituted with an
aryl group (e.g., an aromatic or heteroaromatic group). Thez#megrh 260" as
used herein includes 5-, 6-, and 7-nenbered single-ring 20 aromatic groups
that may include fromzero to four heteroatons, for exanple, benzene,
pyrrol e, furan, thiophene, im dazole, oxazole, thiazole, triazole,

pyrazol e, pyridine, pyrazine, pyridazine and pyrimdine, and the |ike.
Those aryl groups having heteroatons in the ring structure may al so be
referred to as "ar ylthdréeerodtiycdubstitutadron tiietigdreradwn ot ¢ag thetnsélyee baswbstatted; ri ng

can be substituted r j Ikl Ons e Ftauents
as descri bed above, af# 3&@%%3{%?% ﬁﬂ%ﬁ"%g‘é“g?‘%gg‘?‘%& ofé;&%s{lﬂﬂ%@& @éﬁéﬁl@g%
aral kyl, al kenyl, alskbstipted ang cingubbtidyted fdmpgl rodepino, atifexapino, amideo phasphord,
sul f hydryl, imno, i ' ﬁg%o i e |,
car boiyl y silyl, et h@r@?u &m%\fﬂ%? @ﬁ} ﬂ?gﬁ pshg%b? on ’%ﬁﬁf@%‘%ﬁ%gﬁﬁ%&%ﬁ@&my

al dehyde, ester, hetseifayt nd| sulfenatsivend silyb groupse aewdhasonlerd, elkeithiiest raslgonyls CF3,

“CN, or the like. T*lﬁxc*ﬁhgk;té‘ﬁd,' gldeRl Jﬁl%%hhqe%,sanﬁ ALY C¥EL | N L% Yigd s

having two or nore cyclic rings In iI'ch tvio or nore carfions are conmon to
two adj oi ni ng ri ngs Exelflalyl sufsinasde alkfls aed destritgd "Helowh alvelotlk@ds cah easturtene of
the rings is aromatic, .e.q.,.}he other clic ri can be cycl oal kyl s,
cycl oal kenyl s, cycl c?&li’sﬁw*?@l gftﬁ a?’ﬁ?i?ss aglﬁ’a)%%r alk‘@‘ty%r g@é@f‘?’l @Wﬁ@f’e?#‘%‘yﬁ
"carbocycl e", as usetbstimedialkyls)-€F¢-GN tand tha lild. omati ¢ or non-aromatic 10

ring in which each atomof the ring is carbon. The term "carbonyl" is

art-recogni zed apd i ncl udgiEssIWCRNTTF & daB®BnsAS ohidiyidd BpeclfRP 'BSAN LR By udehe
general formila: herein means an alkyl group, as defined above, but having from one to ten carbons,
more preferably from one to six carbon atoms in its backbone structure. Likewise,
"lower alkenyl” and "lower alkynyl" have similar chain lengths. Throughout the
application, preferred alkyl groups are lower alkyls. In preferred embodiments, a

15  substituent designated herein as alkyl is a lower alkyl.

The term "alkylthio" refers to an alkyl group, as defined above, having a
sulfur radical attached thereto. In preferred embodiments, the "alkylthio" moiety is
represented by one of -S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CHz},-Rg, wherein
m and Rg are defined above. Representative alkylthio groups include methylthio,

20  ethylthio, and the like.
The terms “amine” and “amino” are art-recognized and refer to both

unsubstituted and substituted amines, e.g., a moiety that can be represented by the

general formulia:

RI
R 10
R i+
N\R or If 10
9 R-g

25  wherein Rg, Rg and R’1( each independently represent a hydrogen, an alkyl, an
alkenyl, -(CH2)my-Rsg, or Ro and R taken together with the N atom to which they
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00 1X-Ru, or_X11 R1 ar wherein X is a bond or represents an oxygen or a
sulfur, and RI | represents a 15 hydrogen, an al kyl, an al kenyl, -(CH2)m Rg
or a pharmaceutically acceptable salt, R 11 represents a hydrogen, an

al kyl, an al kenyl or -(CH2)mRg, where mand R8 are as defined above.
Where X is an oxygen and RI 1 or R 11 is not hydrogen, the formnula
represents an "ester". Were X is an oxygen, and R 1 is asggq{ibheto@mVve,
the noiety is referred to herein as a carboxyl group, and particularly when
RI1 is a 20 hydrogen, the formula represents a "carboxylic acid". Were X
is an oxygen, and R | | is hydrogen, the formula represents a "formate".
In general, where the oxgggn atom of the above fornula is replaced b

oy
sul fur, the fornul aaeafsckadepmrlet a hetereygledayanmpm 4 § BRI PRGTEERETG Syl f ur

and R'1 or R 11 is AQtephYdi:QHaRI, abifoally Db BRHAKESRRBERAL Rl 4 bblyoer] £,
Where X is a sulfur and RI1 is hydrogen, the 25 fornula represents a

"t hi ocar boxyl i c aci chi¥ zéWheme inkgesin thegarigt of 1 taﬁdhlmrefqmedp@bo@fym%g@mnetoﬁe

fornula represents g "thi of . tHE RS ARtheAthen WREHE dendtSordh anbONd,
and Rl is not hydroggﬁfﬁgﬁggg Ofng%?"q ’rg%resents 2 etone}'l g?ng. 45

27 March 2006 WWher eipXdé. $n skl a@nchrefamne efibodimiests, hedérmg eminet does mbencempass nul a

represents an "al dehyde" group. er "heteroatoEg used Qprein nmeans
B By ST g

The _t
an atom of any el en®Rldchf-FePleryhons Ly BEPIRAP S G, T ed ‘het er oat ons -

are boron, nitrogenpre®¥¥@@ibodiniznid TaS4b @ § Sand sptichally Ripg) esoblnglepandentlyhe t er ns
"heterocyclyl"” or "heterocyclic group” refer to 3- to 10-nenmbered ring
structures, nore prebesab hydmeen, an Alyleapslend  (GHe)m-Reodes hedg™st r uct ur es
i ncl ude one to four ,heteroatons r X l.es.
Het er ocycl yl groupsﬂp%?Pﬁﬁgfm¥%¥£%é§ﬁ%§éggﬁﬁf P é%%%g?ﬁﬁgﬁﬁJ%ﬁﬁgf furan
pyran, isobenzofigr agybstliGted birnsdeyted ekl htarhed thrrsm dr-aathéastrene piikg &R 10 1s
i m dazol e, pyrazole, isothiazole, isoxazole, pyridine, pyrazine,
pyrim di ne, pyri dazeh#lig8®l i zi ne, isoindole, indole, indazole, purine,
qui nol i zi ne, isoquinoline, quinoline, phthal azine, naphthyridine,

The term "amido" is art-recognized as an amino-substituted carbonyl and

includes a moiety that can be represented by the general formula:

— RQ
RlU

15  wherein Rg, Ry are as defined above. Preferred embodiments of the amide will not

include imides which may be unstable.

The term "arallcyl", as used herein, refers to an alkyl group substituted with

an aryl group (e.g., an aromatic or heteroaromatic group).

The term "aryl" as used herein includes 5-, 6-, and 7-membered single-ring

20 aromatic groups that may include from zero to four heteroatoms, for example,
benzene, pyrrole, furan, thiophene, inﬁdaﬁole, oxazole, thiazole, triazole, pyrazole,
pyridine, pyrazine, pyridazine and pyrimidine, and the like. Those aryl groups having
heteroatoms in the ring structure may also be referred to as "aryl heterocycles” or
"heteroaromatics." The aromatic ring can be substituted at one or more ring positions

25  with such substituents as described above, for example, halogen, azide, alkyl,
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gui noxal i ne, qui nazoline, cinnoline, pteridine, carbazole, carboline,
phenant hri di ne, acridine, pyrimdine, phenanthroline, phenazine,

phenar sazi ne, phenothi azi ne, 15 furazan, phenoxazi ne, pyrrolidine, oxol ane,
t hi ol ane, oxazol e, piperidine, piperazine, norpholine, |actones, |actans
such as azeti di nones and pyrrolidinones, sultans, sultones, and the |ike.
The heterocyclic ring can be substituted at one or nore pogiMhRRS2008 h
such substituents as descri bed above, as for exanple, hal ogen, alkyl,

aral kyl, al kenyl, al kynyl, cycloal kyl, hydroxyl, am no, nitro, sulthydryl,
I mno, 20 am do, phosphate, phosphonate, phosphinate, carbonyl, carboxyl,
silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, ester a
heterocyclyl an aromatic or heteroaronatic nnletx -CN, or the

like. As used her e. atalieyh eallerl.pllomivt, cgeloaligrh riydroxdp al ok W%mtmlsw&@ﬁwl
dESI gnates - F, - ammgrmﬁ(ﬁo plll<)$}l)q epﬂo@ﬁh@hﬁi@?iﬁspﬁ{ﬁmé’ barb d@ﬁ@ﬁbaxﬁ"sﬂyﬁ Reet €rm

"hydr oxyl" neans -COH; term "sul neans - -

" phosphonani di t e" ca%WE@Pﬁ%%$@%éﬁﬁ@§mﬂﬂ1§%ﬁ%r 3m@6ﬂﬁﬁﬁdmmﬂﬁyﬁﬁ’%@F%H‘QOOG
R48 - QR-Z -O N(R9) RetroRRaf m&dttids; -&@R40cN Nor( BOIikE heRBN @i BsoaineludsiO are

as defined above, @ represents 0, S or N, and RA8 represents a | ower
al kyl or an aryl 5 Q@olyepliesensstefis h@ving the oAntophasivhorganm dittich”’ twoaer thee

represented in genechrLorIs %e%l‘n?ﬁ-on 2 Ko :ﬂjo'i% r'm%& (tl}g g?g)s lﬂeo'ﬁmed rings") wherein at

least one of the rings is aromatic, e.g., the other cyclic rings can be cycloalkyls,

cycloalkenyls, cycloatkynyls, aryls and/or heterocyclyls.

The term "carbocyele", as used herein, refers to an aromatic or non-aromatic

10  ring in which each atom of the ring is carbon.

The term "carbony!" is art-recognized and includes such moieties as can be

represented by the general formula:

0 0
—JJ—X—Rn . or_X_J.I_R .

wherein X is a bond or represents an oxygen or a sulfur, and R represents a

15 hydrogen, an alkyl, an atkenyl, -(CHp);,-Rg or a pharmaceutically acceptable salt,
R'11 represents a hydrogen, an alkyl, an alkenyl or -{CH2),y-Rg, where m and Rg
are as defined above. Where X is an oxygen and Ry or R') 1 is not hydrogen, the
formula represents an "ester". Where X is an oxygen, and Ry is as defined above,
the motety is referred to herein as a carboxyl group, and particularly when Ry isa

20  hydrogen, the formula represents a “carboxylic acid". Where X is an oxygen, and

R'1 1 is hydrogen, the formula represents a "formate”. In general, where the oxygen

atom of the above formula is replaced by sulfur, the formula represents a

"thiocarbony!" group. Where X is a sulfur and Ry or R’y is not hydrogen, the
formula represents a "thioester.” Where X is a sulfur and R 1 is hydrogen, the
25  formula represents a "thiocarboxylic acid." Where X is a sulfurand R {'is

hydrogen, the formula represents a "thioformate." On the other hand, where X is a

bond, and Ry is not hydrogen, the above formula represents a "ketone" group.
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0 u -Qi-0r6 or N(RO)RIO wherein RO and R10 are as defined above, and
represents 0, S or N. A "phosphoryl”™ can Q Il P- | OR46 wherein Q
represented S or 0, and R46 represents hydrogen, a |lower alkyl or an 10
aryl. When used to substitute, for exanple, an al kyl, the phosphoryl group
of the phosphorylal kyl can be represented by the general formula: Q Il
-QZ -0 or Q Il -QZ P-OR46 OR46 OR46 wherein Q represepyadazhorods and
each R46 i ndependently represents hydrogen, a |ower alkyl or an aryl, @
represents 0, Sor NN Wien Q is an S, the phosphoryl 15 noiety is a
"phosphorot hi oate". The terns "pol ycyclyl" or "polycycli group"” refer to
two or nore rings (e.g., cycloalkyls, cycloal kenyls, cycloallcynyls, aryls
?nd/ olr het er ocycl yl SYbereX igtiberd. uiris hydipeems fhgiabeye ferpplaE@EREETYyY  t he

or mul a:

"aldehyde"” group.
The term "heteroatom” as used herein means an atom of any element other
than carbon or hydrogen. Preferred heteroatoms are boron, nifrogen, oxygen,

5  phosphorus, sulfur and selenium.

The terms "heterocyclyl” or "heterocyclic group” refer to 3- to 10-membered
ring structures, more preferably 3- to 7-membered rings, whose ring structures
include one to four heteroatoms. Heterocycles can also be polycycles. Heterocyclyl
groups include, for example, thiophene, thianthrene, furan, pyran, iscbenzofuran,

10 chromene, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole,
isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole,
indazole, purine, quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine,
guinoxaline, quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine,
acridine, pyrimidine, phenanthroline, phenazine, phenarsazine, phenothiazine,

15 furazan, phenoxazine, pyrrolidine, oxolane, thiolane, oxazole, piperidine, piperazine,
morpholine, lactones, lactams such as azetidinones and pyrrolidinones, sultams,
sultones, and the like. The heterocyclic ring can 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,

20 amido, phosphate, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, suifonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or

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

As used herein, the term "nitro” means -NO>; the term "halogen"” designates -

F, -C), -Br or -I; the term "sulfhydry]" means -SH; the term "hydroxyl" means -OH;

25  and the term "sulfonyl” means -SO2-.

A “phosphonamidite” can be represented in general formula:
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47 27 March 2006 nore carbons are common to two adjoining rings, e.g., the
rings are "fused rings". R ngs that are joined through non-adjacent atons
are ternmed "bridged" rings. Each of the rings of the polycycle can be
substituted with such substituents as descri bed above, as for exanple,

hal ogen, al kyl, aral kyl, al kenyl, al kenyl, cycloal kyl, hydroxyl, 5 am no,
nitro, sulfhydryl, imno, am do, phosphate, phosphonate, phgniion2tns
carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, al dehyde,
ester, a heterocyclyl, an aromatic or heteroaromatic noiety, -CF3, -CN, or
the like. The phrase "protecting group” as used herein neans tenporary
substituents which protect a potentially reactive functional group from
undesi red chem cal 10 transfornmati ons. Exanples of such protecting groups
i nclude esters of carboxylic . acids, sig,lyl ethers ofR%IcohoIs, and acetal s
and ketal s of al dehydes and ketones, rdspectively. The field of protecting
group chem stry has been revi enwed (T?%éﬁETOHT}V&ﬁ Wit R PRa& M Protective
Goups in Oganic Synthesis, 2nd ed.; Wieyr, New Yori(r3891). 15 A

"sel enoal kyl" refers to an al kyl group having a substituted sel eno gr oup
attached thereto. Eﬁ%ﬂn%ﬁn&ﬁf&ﬁ@%ﬁﬁ&i%omﬂe BRYts 02 SHR Sty ed on the
al kyl are selected fromone of -Se-al kyl, -Se-afkenyl, - Se-al kynyl, and

- Se- (CH2) n- R8, m andeprdaditdyabwe atkef ar meadyaRovepresehts ySadNnerein, the term

"substituted"” is contenplated to include all 20 perm ssible substituents
of organi c conpounds. In,a .broad ect,.the perm ssipl.e ubstituents
i ncl ude acyclic and cycl‘i&cf,’lm %gﬁ%%%%‘?ﬁaeﬁ e?ﬁﬁ%ﬁ%ﬁ,“@é?ﬁ%%yclic and

heterocyclic, aromatic and nonaromatic gubstituents of organic conpounds.
II'lustrative substituents include, for_exanple, thosepdeggribed herein
above. The perm ssible substituents %h%xbe onenorQ%DEe and the sane or
different for appropriate 25 organi c coNpRimlgds. For pliffadBes of this

i nvention, the heteroatons such as nitrogen my have hydrogen substituents
and/ or any perm ssi htheremRysihd Rypat & dofinadrayevai apd Qg oeppoemds, Sdedtri bed herein
whi ch satisfy the val ences of the heteroatons. This invention is not -

intended to be Iimited ig.any,nepner, by, L. RELTEHALERS T tuent s

Q

I
_P—
I

ORyq

wherein 1 represented S or O, and Ryg represents hydrogen, a lower alkyl or an

10 aryl. When used to substitute, for example, an alkyl, the phosphoryl group of the
phosphorylalkyl can be represented by the general formuia:

Q; Q

I il
—Q;P—0— —Q;P—ORy,

| , or

ORy¢ ORye

wherein Q] represented S or O, and each R4¢g independently represents hydrogen, a
lower allcyl or an aryl, Q3 represents O, S or N. When Q is an S, the phosphoryl

15  moiety is a “phosphorothioate”.

The terms "polycyclyl” or "polycyclic group” refer to two or more rings (e.g.,

cycloalkyls, cycloalkenyls, cycloallcynyls, aryls and/or heterocyclyls) in which two or
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of organi c conmpounds. 48 27 March 2006 It will be understood that
“substitution” or "substituted with" includes the inplicit proviso that
such substitution is in accordance with permtted val ence of the
substituted atom and the substituent, and that the substitution results in
? sta?le tc_cmpound,h e.gb, whi ch does not spont aneously undergo

ransformation such as by 5 rearrangenent, cyclization, ebizmq ' etc.
The term "sul fanoyl" is art-recogni zed and inzludes a nDingqyﬁg%iagﬁsbe
represented by the general forrmula: 11 /RRo -S-NII \Ra Oin which RO and
R10 are as defined above. 10 The tern1"su|fate" Is art recogni zed and

I ncludes a noiety that can be re res t he en'r o 11
SO-S-ORA1 |1 0 i n™Rii RIPoRy e rew g‘ e AN rg£ rer‘{%on i do”

is art recogni zed amehgh Bal 46 §sined tm@tnpntaa;a;temcamdme tcmﬁcdr"épdgé’énm&dﬁdgy t he
general formula: in

ich RO and R 11 ar.e
"sul fonate" is art- Pg@f)é‘ﬁgsz%fdﬁea??&yc?’ %fa(?c]’gs?uasunol e ﬁp@‘:&me}{%% b&3E:Bed
represented by the ggeraakorfetdnipld, Biloges, aBFl, mncahalgﬁﬂbalkynyl, cycloalkyl, hydroxyl,

5  amino, nitro, sulfhydryl, imino, amido, phosphate, phosphonate, phosphinate,
carbonyl, carboxyl, 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

10 transformations. Examples of such protecting groups include_csters 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.GM. Protective Groups in Organic Synthesis, 2™ ed.; Wiley: New
York, 1991). ‘

| ] A "selenoalkyl" refers to an alkyl group having a substituted seleno group
attached thereto. Exemplary "selenoethers" which may be substituted on the alkyl are
selected from one of -Se-alkyl, -Se-alkenyl, -Se-alkynyl, and -Se-(CH2)y-Rg, m and

Rg being defined above.

As used herein, the term "substituted" is contemplated to include all

20  permissible substituents of organic compounds. In a broad aspect, the permissible
substituents include acyclic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and nonaromatic substituents of organic compounds.
Tlustrative substituents include, for example, those described herein above. The
permissible substituents can be one or more and the same or different for appropriate

25  organic compounds. For purposes of this invention, the heteroatoms such as nitrogen
may have hydrogen substituents and/or any permissible substituents of organic
compounds described herein which satisfy the valences of the heteroatoms. This
invention is not intended to be limited in any manner by the permissible substituents

of organic compounds.
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0 11 -S- OCR41 11 0 in which R4l is an electron pair, hydrogen, alkyl,
cycloal kyl, or aryl. The terns "sul foxido" or "sulfinyl", as used herein,
refers to a noiety that can be represented by the general formula: 0 11
-S-Rna 5 in which R44 is selected fromthe group consisting of hydrogen,
al kyl, al kenyl, alkynyl, cycloal kyl, heterocyclyl, aralkyl, or aryl.

Anal ogous substitutions can be made to al kenyl and al kynyl 2gnagirs 2006
produce, for exanple, am noal kenyls, am noal kenyl s, am doal kenyl s,

am doal kynyl s, 10 i m noal kenyl s, i m noal kynyls, thioal kenyls, thioalkynyls,
carbonyl -substituted al kenyls or alkynyls. As used herein, the definition
of each expression, e.g., alkyl, in, n, etc., when it occurs nore than
once in any structure, is intended to be independent of its definition

el sewhere in the sane stk ol by endets®od it {'wbstbution] $1f phbstituted With" ppedndes thand
nonaflyl are art're%ﬁltﬂﬁhﬁ?o%s itk 48 | el i +cmmg%a§aﬂﬁﬁgdfv91@yée,ofma

p-tol uenesul f onyl esul fonyl, an nonaf | uor obut anesul f on gr oups,
respectively. The t euhyituted jafogans the Gubplitaerd, andethay |thet qubstitefiog fﬁ%ﬁﬁ%lm astablar e

art-recogni zed and &Lﬁ:fun&,% gt r\ﬁﬁléh%@?ﬁﬁtsgﬁ%%ﬁk@%@érgo Rk fobmatidi such as by

t ol uenesul fonate ester, nethanesul fonate ester,
nonaf | uor obut anesul fesmancementcaelizating, dligvnetion ptal groups and nol ecul es t hat

contain said groups, respectivel The abbrevi ations M, Et Nf ,
Ts, Ms represent et hyl , Thettegn ﬂ%%WQX PSa“ﬁ??$¥ﬁ%ﬁ@%€?ﬁ§ﬁb%Hwﬁﬁﬂ?ﬁ‘mﬂb@

nonafluorobutanesulh&ag&mﬂm hRlguepeghiienyl and nethanesul fonyl,
respectively. A nore conpreﬁen3|ve list of the abbreviations

0 R
i 1

—S—N
[N
O Q

in which Rg and Ry are as defined above.

10 The term "sulfate" is art recognized and includes a moiety that can be

represented by the general formula:

in which R4 is as defined above.

The term "suilfonamido” is art recognized and includes 2 moiety that can be

15  represented by the general formula:

in which Rg and R'{ 1 are as defined above.

The term "sulfonate" is art-recognized and includes a moiety that can be

represented by the general formula:
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utilized by organic chem sts of ordinary skill in the art appears in the
first issue of 25 each volunme of the Journal of Organic Chem stry; this
list is typically presented in a 50 27 March 2006 table entitled Standard
Li st of Abbreviations. The abbreviations contained in said list, and all
abbreviations utilized by organic chem sts of ordinary skill in the art are
hereby incorporated by reference. Certain conpounds of theopngs@ht2006
invention may exist in particular geonmetric 5 or stereoisoneric forns. The
present invention contenplates all such conpounds, including cis- and
trans-isoners, R- and S-enantioners, diastereoners, (D)-isoners,
(L)-isoners, the racem c m xtures thereof, and other m xtures thereof, as
falling wthin the scope of the invention. A(flfdi tional asynmmetric carbon
atonms may be present in a substituent such-aﬁ—aﬁﬁ.;al kyl group. Al such
isomers, as well as mixtures 10 thereof, aregntended to be included in
this invention. If, for instance, a particular enantionmer of a conpound of
the present invention.is desired, ift. e p Y, mretric
synthesis, or by def} VA lsweﬁﬁﬁ%n%aﬁrp@éfo earhgllﬁ(?litg{c@, ere the resul ting
di astereonmeric mxture is separated and the auxiliary group cleaved to )
provi de the pure desiredrRnaniki"sutfoxido" & ‘safimdl, iav esed hethn, wiias & 4 eictyghatcul e
contains a basic functional grqu such -as m no, or an acidic functional
group, such as car bﬁwc,r@(ﬁ?‘ﬁg?dgjry@?fr\ggﬁr% b3 “F"s may be formed with an
appropriate optically active acid or base, fol}jowed by resolution of the
di astereonmers thus forned by fractional crysthlLization or chromatographic
means well knownsin the art, and subsequent récaotfery of the pure _
enantionmers. 20 Contenpl ated equival ents of the conpounds described above
i nclude conpounds \hivhith BidieseNictse frowrthemsspprrdnsisiag g‘{)fw‘?fo&qﬂdﬂmif@‘ﬁnﬂave t he
sane general properties there e. the, abiliity to activate hedgehog
signaling), wherei naB‘ﬁ@’L&VCl‘)%ﬁgﬂéﬁOW%%aV } 8%t 8ns of substituents are nmade
whi ch do not adversely affect the efficacy of the conpound. In general,
the conpounds of the presedgonmsubsititions vay be5nade tpraisayletdbylksinle SRERSHGds
illTustrated in generaldugee%ﬂﬂ,dg1 eS Jm%“’ﬁé amin® RS alkeflBsS Srhidbaelniie| ow,

, u eadily

or by nodifications Ffereo Ihg r aval I'abl e starting )
10 iminoalkenyls, iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted

alkenyls or alkynyls.

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.

15 The terms triflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to
trifluoromethanesuifonyl, p-toluenesuifonyl, methanesulfonyl, and
nonafluorobutanesulfonyl groups, respectively. The terms triflate, tosylate, mesylate,
and nonaflate are art-recognized and refer to trifluoromethanesulfonate ester, p-
toluenesulfonate ester, methanesulfonate ester, and nonafluorobutanesulfonate ester

20  functional groups and molecules that contain said groups, respectively.

The abbreviations Me, Et, Ph, Tf, Nf, Ts, Ms represent methyl, ethyl, phenyl,
trifluoromethanesulfonyl,  nonafluorcbutanesulfonyl,  p-toluenesulfonyl and
methanesulfonyl, respectively. A more comprehensive list of the abbreviations
utilized by organic chemists of ordinary skill in the art appears in the first issue of

25 each volume of the Journal of Organic Chemistry; this list is typically presented in a
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material s, reagents and conventional synthesis procedures. In these
reactions, it is also possible to nmake use of variants which are in

t hensel ves known, but are not nentioned here. 51 27 March 2006 For
purposes of this invention, the chem cal elements are identified in
accordance with the Periodic Table of the El enents, CAS version, Handbook
of Chem stry and Physics, 67th Ed., 1986-87, inside cover27MNisehimos
purposes of this invention, the term"hydrocarbon"” is contenplated to

i nclude all perm ssible 5 conmpounds having at | east one hydrogen and one
carbon atom In a broad aspect, the perm ssible hydrocarbons include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic,
aromatic and non-aromatic organic conpounds which can be substituted or
unsubstituted. I @pdaysiol adong nikgrabbrgriaticds Asntdasdcnisbidd i n
further detail belo be
carried out using avﬁ\?fa ?l}de%]f/abo[?ﬂ%f%?? é@%ﬁ%@rﬂ%ﬁc GHQTI§Q 91{ ogglh%% ?%ﬂ ﬂg&al% ap &
readily identified, Hesby asupqsited bylssfergiseh drug screening assays as descrlbed
herein. For exanple conpounds useful in the subject nethods include
conpounds represented bfcErremaunintithepaesent juventiop may exist i Ragticglar 2emEEE M| g

| wherein, as val engateAbdordd:dtblds! Yhe Eﬁéseﬂxtmveﬁﬁonadaﬂteﬁﬁateg ani@ﬂ-ﬁrbdﬁp&hﬁs
represent substit ut ed or unsubstitute or heteroaryl rin

i ndependent |y for edBHdnsif P’é‘n‘?@s'lsP@“éH%éﬂ?Sﬁ?mP%%‘ﬁF@OW %)) sgers 5. 20
, S?E)) - Se- ; o 5% c§|)7 MarEDisRRR0 thé ﬂa&nﬁ@m&ﬁr@sdmémﬁtﬁé@mxm&(tﬁ@c@ as R082) -,

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 mixfures

10 Vthereof, are intended to be included in this invention.

If, for instance, a particular enantiomer of a co'mpound of the present
invention is desired, it may be prepared by asymmetric syntheéis, or by derivation
with a chiral auxiliary, where the resulting diastercomeric mixiure is separated and
the auxiliary group cleaved to provide the pure desired enantiomers. Alternatively,

15 where the molecule contains a basic functional group, such as amino, or an acidic
functional group, such as carboxyl, diastereomeric salts may be formed with an
appropriate optically active acid or base, followed by resolution of the diastereomers
thus formed by fractional crystallization or chromatographic means well known in

the art, and subsequent recovery of the pure enantiomers.

20 Contemplated equivalents of the compounds described above include
compounds which otherwise correspond thereto, and which have the same general
properties thereof (e.g., the ability to activate hedgehog signaling), wherein one or
more simple variations of substiuents are made which do not adversely affect the
efficacy of the compound. In general, the compounds of the present invention may

25  be prepared by the methods illustrated in general reaction schemes as, for example,
described below, or by modifications thereof, using readily available starting
materials, reagents and conventional synthesis procedures. In these reactions, it is
also possible to make use of variants which are in themselves known, but are not

mentioned here.
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P(=O (OR)-, and a nethylene group optionally substituted with 1-2 groups
such as lower alkyl, alkenyl, or alkynyl groups; Mrepresents,

i ndependently for each occurrence, a substituted or 5 unsubstituted

nmet hyl ene group, such as -CH, -CHF-, -CHOH, -CH(Me)-, -C(=O)-, etc., or
two Mtaken together represent substituted or unsubstituted ethene or
ethyne; R represents, independently for each occurrence, HpmseRsiggeut ed
or unsubstituted aryl, heterocyclyl, heteroaryl, aral kyl, heteroaralkyl,

al kynyl, al kenyl, or alkyl, or two R taken together may forma 4- to
8-nmenbered ring, e.g., with N, 10 Cy and Cy' independenly represent
substituted or unsubstituted aryl, heterocyclyl, heteroaryl,

or
cycl oal kyl, including pdioyoymoses afrtbiajavention the phepncel slements jarg saiifisd dp) y
for each occurrence, an,|0taGEH, fPEMcOI‘Jb% é’ the PIeBfeRE 20MY vEARA) BarddBock.of15 I N .

certain enbodi nents, represents, iIndependent|ly for each occurrence a
substituted or unsu@b@mlsmedﬂml%yﬁ@h@dgﬂ%pw wiside causr. Adgapfor purpeses of thig iy

- CH(Me)-, -C((=0) mvgﬁtfcn fefrh t“g& Qi Bl HietplAdd & 6heh¥de dl1e pé&Rsable
phenyl ri ngs e.g., unsubstituted or substitut ecf with one or rmre groups

i ncl udi ng het er oat onempwnds hayn2 l@st ore hysigersand oRe gashangiom- Ihd

| east one of Ar and égmsﬁ%pﬁﬁ&em;&s&naﬁtﬁn {ychcralnagoycﬁdﬁ bEAREHA diide.{ﬁbﬁddhﬂiﬁnt s,
at | east one of Ar g represents a he

eroaryl ri.ng, ridyl,
thiazolyl, thienyl, chedeticopil heterpgycliq, AroReie A9 TORAGI G RAg e %@H@Sﬁ“h are
attached to Ar in acgp,;eegu@ggv{cgrorgﬂsgbsﬁ@{eatl onship. In certain enbodi nents, Y
is absent fromall positions. In enbodinments 25 wherein Y is present in a
position, i preferably repres nts an 'pte. from1l-2 in an adjacent M if
i =0 woul d result i nZBoREeyiPEpg ; 7% directly attached, or an
occurrence of Y fgeing dlAeaésbﬁbeatlhamﬂ&ed detail Welownitcie rebatemplatnd dat rﬂvnauéuectcy

is a substituted or unsybstitute et

enbodi ments, Oy |S“Eﬁ“}°§%"taf‘§'e&atr? C(We “ig(?vﬁng nted(;:ig'c"r %f’lﬁalgﬁ()lg‘%ﬁk/e B Be
enbodi nent s, cy' i S réwdBy skt flett orlexamplensubsst itug serdeniizcaselys & dscrived brrgar y|
ring,

For example, compounds useful in the subject methods include compounds

represented by general formula (f):

15 Formula I

wherein, as valence and stability permit,

Ar and Ar independently represent substituted or unsubstituted aryl or
heteroaryl rings; '
Y, independently for each occurrence, is absent or represents -N®)-, -0-, -S-

20, or-Se;
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preferably both bicyclic and heteroaryl, such as benzot hi ophene,

benzofuran, benzopyrrole, benzopyridine, etc. In certain enbodi nents, Cy
is a nonocyclic aryl or heteroaryl ring substituted at least with a
substituted or unsubstituted aryl or 5 heteroaryl ring, i.e., formng a

bi aryl system In certain enbodinents, Cy' includes two substituted or
unsubstituted aryl or heteroaryl rings, e.g., the sane or dyMscAR006
directly connected by one or nore bonds, e.g., to forma biaryl or bicyclic
ring system In certain enbodinents, Cy' represents a benzo(b)thien-2-yl,
preferably a 3- chloro-benzo(b)thien-2-yl, 3-fluoro-benzo(b)thien-2-yl, or
3-net hyl - benzo(b)thien 10 2-yl, e.g., wherein the benzo ring is substituted
with from 1-4 substituents selected from halogen, nitro, cyano, nethyl
(e.g., including hal ometRyls, seeh Bsn CAEH-, ar@d=S)CF3X02)@W$(@t hyd(=eNyg, -
|nclud|ng hal oet hyl , such as CH2CCl13, C2F5, etc prefera from hal ogen
and methyl (e.g. . i QR anapmm gro%mo@@ymwemm@%smuwmh@ena. n

such enbodi nents CY' low & RicGIS Adn$1, & 2Byl ggm% benzo(b)thlen 2-yl, 3-fluoro 15
benzo(b)thien-2-yl, or 3- met hy benzo ien-2-yl wherein the benzo ring

is substituted with flubk dﬂlafserttﬁemsr&a fly ofqr (‘ﬂé‘h""f"émﬂlﬁe 8. ShHdted fEnt on

the thienyl ring)s angwsRRtd QARIMY erodp, shdds ICHOSEIF-OHORSIAHMER, L) Of
the thienyl ring). In c%rtaln g%bogrn%ﬁts I?s sel ected f rorﬁ\dr-ﬁ:p Qf»

-C(=S)-, and - S(02) -etc Phtwod{ f%ﬁ%owbwpﬁ?@ﬁt%bmm@@m@g@ﬁwdﬁh@e qt sﬁms,qe

alkyl, e.g., Hor M. 20R|ﬂpﬁ§ehfsahdae;%mg& MeNksh SbukBE, CEEH SubBtituted or
substltuted or unsubstituted non- carbocyclic or_heterocyclic

ring, i.e., |nclud|h@mﬁﬂﬁW@h§VlBﬁ@“@ﬁwéhﬁ?BFWd@%@H~hﬁ?ﬁﬁﬁkﬂnﬂk$W%F¥Wﬁbly a

plurality of sp 3 hybgikfi #esb REREBogdiitr G)Ffoﬁhﬁltlﬂl‘m%&dﬁ%ﬂ%&ﬁn%@g , with®} udes an
amine within the atons of the ring or on a substituent of t

e ri € 9.
Oy is pyridyl, ifidazolytY B¢rtol V‘fiﬁpe‘ﬂﬁeblér Teatssent SUhshgief asn ““S;S‘PS;S‘&‘%Z
etc., and/or bears $5tedBycBNhBRrosD &1t dyb IHABA, -inchRing blydichc oipedinaeNt S, Q/ is a
5- to 7-menbered ring. In certaln enbodinents, Cy is directly attached to

N. In enbodiments wher ei lnfeevsqﬂ§ HdeRepdentbe S PR OFTRY B iRy i 8Red to N
and bears an am no $wigitl &@Abted. the 4 position of the ring relative to
N, the N and am ne substituents may be di sposed trans on the ring. 54 27
Mar ch 2006

15 In certain embodiments, M represents, independently for each occurrence, a
substituted or unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -
CH(Me)-, -C(=0}, etc.

In certain embodiments, Ar and Ar’ represent phenyl rings, e.g.,
unsubstituted or substituted with one or more groups including heteroatoms such as
20 O, N, and S, In certain embodiments, at least one of Ar and Ar’ represents a phenyl
ring. In certain embodiments, at least one of Ar and Ar’ represents a hetercaryl ring,
e.g., a pyndyl, thiazolyl, thienyl, pyrimidyl, etc. In certain embodiments, Y and Ar’
are attached to Ar in a meta and/or 1,3-relationship.
In certain embodiments, Y is absent from all positions. In embediments
25 wherein Y is present in a position, i preferably represents an mteger from 1-2 in an

adjacent M; if i=0 would result in two occurrences of Y being directly attached, or an

occurrence of Y being directly attached to N.

In certain embodiments, Cy’ is a substiited or unsubstituted aryl or
heteroaryl. In certain embodiments, Cy’ is directly attached to X. In certain
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In certain enbodi nents, substituents on Ar or Ar' are selected from

hal ogen, |ower alkyl, lower alkenyl, aryl, heteroaryl, carbonyl,

t hi ocarbonyl, ketone, al dehyde, am no, acylam no, cyano, nitro, hydroxyl,
azi do, sulfonyl, sulfoxido, sulfate, sulfonate, sulfanoyl, sulfonam do,
phosphoryl, phosphonate, phosphinate, 5 (CH2)pal kyl, -(CH2)pal kenyl,

- (CH2) pal kynyl, -(CH2) paryl, -(CH2)paral kyl, - (CH2)pOH, - pEZitare@d0neer

al kyl, -(CH2) pO | ower al kenyl, -Q(CH2)nR, - (CH2)pSH, -(CH2)pS-I|ower alkyl,
-(CH2) pS-I ower al kenyl, -S(CH2)nR, - (CH2)pN(R) 2, -(CH2)pNR-Iower alkyl,
-(CH2) pNR- | ower al kenyl, -NR(CH2)nR, and protected forns of the above,

wherein p and n, |nd|V|duaIIy for each occurrence, 10 represent integers

fromO to 10, pref ecmbidimentsoi@yd it & sehstifutpdcerr wnsihstiaies dUeEM OB hetetgprsh REs
useful in the prese RQE@S JRuthR
(11): Formula Il @IP ﬁ%ﬁg%\mog%m\% agﬁchgfea stﬁlg%ﬁglﬁz&%??n{aﬁé %ﬁ and Ar’

i ndependent | y r epr e bemppymlsshanzapyadineg pic. Jn Sertsin smbogimentar GY ing mopeveicaary |
rings; Y, independe C r sShdd OF ulsBRbRea or

-N(R)-,-0,-S or %Ph&m%ﬂﬂ]%%ﬁ%Pgﬁﬁgb&qe&?ﬁgh?gﬁgcted from- C& Q&ﬁ
-&F9)-, - S(02) -, 5- Sheyroaryl riyg=MGNpoing a FRarbyysieR) In, corigip) cabeRRpens, aiemglrléfﬁp

opt i onal | y subst i t Ut subbtledtedlordmBb@HRAS ﬁ?ﬁ:ﬁ‘h@t@mm&%’é A4 kné sa:&ld?%ﬁyejrent or

al kynyl groups; Mrepresents, independen for each occurrence,
substituted or 5 ulieastcpimasteibyeRng BerE @P@uﬁg Q) &g 7 biagylyor blcyc(ll‘ﬂlfmg

- CHOH-, - CH( M) - Q{«s:e@r) In ceRhif embt‘Ri'ilrncﬁ‘leOCiyI rﬁlﬁgs@ﬁ}s k M(Bﬁlﬁled’ 230 4 ﬁl&ﬁﬂibly a3-
substltuted or unsubstltuted et hene or sone

occurrences of M i n chprofbspzp{tthiengryl p%lﬂ‘!or‘?ﬂ’e“@(@%?“r%ﬂ §'E Pﬁ?ﬁtm B“m"(bﬁ“"‘“”

represents, independeitd g, iRfeiBE Benf b 088ttt wath mbsmshmmm@semaea
unsubstltuted aryl, heterocyclyl, heteroaryl, aralkyl, heter I

al kynyl , al kenyl, from halogen, nitfo, cyano, methyl (e.g., including Halomethyl, suc as ; dand

CF,), and ethyl (e.g., including haloethyl, such as CH,CCls, C;Fs, ete.), preferably

from halogen and methyl (e.g., including halomethyl, such as CHCI; and CF3). In

certain such embodiments Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-

15  benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-2-yl wherein the benzo ring is

substituted with fluoro at the 4-position (peri to the 3-substituent on the thienyl ring)

and, optionally, at the 7-position {‘peri’ to the § of the thienyl ring}.
In certain embodiments, X is selected from -C(=0)-, -C(=5)-, and -5(04}-.

In certain embodiments, R represents H or lower alkyl, e.g., H or Me.

20 In certain embodiments, Cy represents a substituted or unsubstituted non-
aromatic carbocyclic or heterocyclic ring, i.e., including at least one sp> hybridized
atom, and preferably a plurality of sp” hybridized atoms. In certain embodiments, Cy
includes an amine within the atoms of the ring or on a substituent of the ring, e.g.,
Cy is pyridyl, imidazolyl, pyrrolyl, piperidyl, pyrrolidyl, piperazyl, etc., and/or bears

25  an amino substituent. In certain embodiments, Cy is a 5- to 7-membered ring. In
certain embodiments, Cy is difectly attached to N. In embodiments wherein Cy is a
six-membered ring directly attachéd to N and bears an amino substituent at the 4
position of the ring relative to N, the N and amine substituents may be disposed

trans on the ring.
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or alkyl, or two R taken together may forma 4- to 8-nmenbered ring, e.g.,
with Ny Cy' represents a substituted or unsubstituted aryl, heterocyclyl,
het eroaryl, or cycloal kyl, including polycyclic groups; | represents,

i ndependently for each occurrence, an integer fromO to 10, 15 preferably
from2 to 7; and i represents, independently for each occurrence, an
integer fromO to 5, preferably fromO to 2, In certain epbagirepons M
represents, independently for each occurrence, a 20 substituted or
unsubstituted nethyl ene group, such as -CH2-, -CHF-, -CHOH, - CH(M)-,
-C(=0)-, etc. In certain enbodinents, Ar and Ar' represent phenyl rings,
e.g., unsubstituted or substituted with one or nore groups including

het eroatons such as 0, N, and S. In certain enbodi nents, at |east one of
Ar and Ar' represents a lphemap efdpdinicntg. substitugats pminoreirberd selestaddronphaldgem st
one of Ar and Ar' r t r.ogr

thiazolyl, thienyl, q%?/er‘?%%?lﬂ%r& et c)gi n %SF{E'{XP%”B" b gnoncé%?@ 1@9 Sldeh?d"”
attached to Ar in aametoa agyiehhioe, dvaGh, riatreat hyseesiil ;ﬁmd%s@ﬂbnwmselﬁoxmoeulﬁﬁe
certain embodi ment s, ¥.b& aRgaM fgu%a%&o paﬁgﬁuogmsphasphm@o%g@ﬂﬁ.ae

wherein Y is present in a position, | preferab gresents an I nteger from
1-2 in an adj acént (M{z)pdiksﬂ,—ei%lphlﬂew]est(CHz)p&ik}tho debupandncésiog erng

directly attached, oc e of Y bej tl %ja@q N or
NR2. 5 In certain e%ga{’]%ht'géﬁ &Wﬁ?"? aalksytJbs{daﬁ)Lﬁ't 18‘% aﬁcg%’bst "'t)‘élg aryl
or heteroaryl. In genfpsm e(mgq;snamrs all§)' -(CEL)pBAeedr| alkadi acBeCHA®, X- 1 n
certain enbodi nents, C@ ted or unsubstituted bi C¥Ia)| ic or

heteroaryl ring, pK@HéP%@DW'(SHE)NﬂWEFIMI Hrid R B-lowsaslpmyl, HRGER, and
benzot hi ophene, benzp?Jté&ea%rms%m@MfJ Wpre mq;%ampxl&mhmy fG@ldach bddmt&ibd, ai N
enbodi nents, Cy' is a nonocyclic ar heteroaryl ring substituted at
| east with a subdi trmalt@ﬁegmsﬁemsﬂtp i%?@&f@iwo%‘ﬂm Sheteroaryl ring, i.e.,
forming a biaryl system In certain enbodinments, Cy' includes two
substituted or unsubstituted aryl or heteroaryl rings, e.g., the sane or
di fferent,

re

In certain embodiments, compounds useful in the present tnvention may be

represented by general formula (1):

Formula IT

15  wherein, as valence and stability permit,

Ar and Ar independently represent substituted or unsubstituted aryl or
heteroaryl rings;

Y, independently for each occurrence, is absent or represents -N(R)-, -O-, -S-

, or -Se-;
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directly connected by one or nore bonds, e.g., to forma biaryl or bicyclic
ring system In certain enbodinents, Cy' represents a benzo(b)thien-2-yl,
preferably a 3 15 chl oro-benzo(b)thien-2-yl, 3-fluoro-benzo(b)thien-2-yl,

or 3-nethyl -benzo(b)thien- 2-yl, e.g., wherein the benzo ring is
substituted with from 1-4 substituents selected from halogen, nitro,

cyano, nethyl (e.g., including halonethyl, such as CHCl12 ap@d Md&ich)2008nd
ethyl (e.g., including hal oethyl, such as CH2CCl 3, C2F5, etc.), preferably
from hal ogen and nethyl (e.g., including halonethyl, such as CHCl2 and
CF3). In 20 certain such enbodi nents Cy' represents a

3-chl oro-benzo(b)thien-2-yl, 3-fluoro- benzo(b)thien-2 or

3- et hyl - benzo( b) t hi en- 2Xyis sdrsteti ooy (& *Ben%&ﬂ'fr)v 5O%- §E@§t ‘AW wit h
fluoro at the 4- pos'pt(%rbﬁp%a a et 3G é@@%ﬁbﬂaﬂﬂ@%ﬁtﬁﬁdhﬂﬁﬂh@eﬁpﬂmdﬂdﬁg)
and, optionally, at the 7-position ('peri' to the S of t he thlenyl ring)
In certain enmbodi rred@‘geraﬂ(ﬂr@k@&ﬁféﬂwlﬂ’f%ﬁ’ﬁ C(arr) -C(=S)-, and -S(02)-
25 In certain enbodinents, R represents H or .
certain enbodi ments, NR2M dFRFEsERt é“dﬁpeﬂﬁlﬁ“ﬂ%rg‘?r Walh 8‘?r¥33é e%o Féhrt'?e%ror

tertiary am ne Supstinkskieteoinbthylend@roap, siohas | CaIY -CHIFK yCHQHQ u(Max; y0(=g)-oups,

or aral kyl groups, respectivel prefera y_am ) ary

ani ne. 57 27 March 20%s tw@e“f‘lt‘)é'feﬁ f‘?‘?’é%‘?“gs‘%{ﬁtg%{l Ofﬂfg‘?lut%em%?ld r orqA'

are sel ected from hajRgeRvherelnosaie odlak eourdemves bt B ineviydorm atlyir pathef ercpdicy|

carbonyl, thiocarbonyl, ketone, aldehyde, am no, acylam no, cyano, nitro,

hydroxyl, azido, sul8WF, sul foxido, sulfate, sulfonate, sulfanoyl,

sul f onani do, phosphoryl, _phosphpna ) pal

_(CH2) pal kenyl , - (CHR) pa kVHVF P @wgenaipihtl %Bcjcuéen(:e_ﬁ Qxasﬂlltuted or on
-(CH2) pO- | ower alkylunsubbtEiz) pet, Ih@twecycarl lhetarphryl, aG{k@:{AyterRara 1( @k@)‘/bslhenﬂ

CH2) pS- | | kyl 2,
ECHZ% BNR— F\(I)vewreraal fﬁ ‘1 allkgl( ‘&%?ﬁ V\%ﬁeﬂrﬁﬁgémf 48& eglg,né Sr%mgé\ﬁ ected

form of the above, whergih, .Bi%ag Qubshed 4 skied 91, BAGeyOGC UEBRACor 10
represent integers from pre erably fromO to 5. In certain

enbodi nent s, corrpoumjfsledlsséflmfutimgPphevcmgg‘ﬁlﬁt i nvention nmay be represented
by general fornmula (M:

In-

j represents, independently for each occurence, an integer from 0 to 10,

15  preferably from 2 to 7; and

i represents, independently'for each occurrence, an integer from 0 to 5,

preferably from O to 2,

In certain embodiments, M represents, independently for each occurrence, a
20  substituted or unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -
CH(Me)-, -C(=0)-, etc.

In certain embodiments, Ar and Ar’ represent phenyl rings, e.g.
unsubstituted or substituted with one or more groups including heteroatoms such as

O, N, and S. In certain embodiments, at least one of Ar and Ar’ represents a phenyl

25  ring. In certain embodiments, at least one of Ar and Ar’ represents a heteroaryl ring,
¢.g., a pyridyl, thiazolyl, thienyl, pyrimidy, etc. In certain embodiments, Y and Ar’

are attached to Ar in a meta and/or 1,3-relationship.
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NAM\AYYNR z Y Y Cy' Formula Il 15 wherein, as valence and stability
permt, Ar and Ar' independently represent substituted or unsubstituted
aryl or heteroaryl rings; Y, independently for each occurrence, is absent
or represents -N(R)-, -0-, -S- or -Se-; 58 27 March 2006 X is selected from
-C(=0)-, -C(=95)-, -9(02)-, -S(O-, -C(=NCN)-, - P(=O (OR)-, and a net hyl ene
group optionally substituted with 1-2 groups such as | owep7ahsich.20@ekenyl ,
or al kynyl groups; Mrepresents, independently for each occurrence, a
substituted or 5 unsubstituted nethylene group, such as -CH2-, -CHF-,
-CHOH, -CH(Me)-, -C(=O -, etc., or two Mtaken together represent
substituted or unsubstituted ethene or ethyne; R represents, independently
for each occurrence, H or substituted or wunsubstituted aryl, heterocyclyl,
heteroaryl, aral kyl, hetlergtimabiyddimeatsk ynigl abseat remydll postrons |l pinbodsmentso R

t aken together may LR&Q}[ g lé'grljz%)egn% ?Ea[ﬁ%gggﬂ & frefekdd reﬁesgnts g&%ﬁlj\ﬁon}QZ G aftnd

Cy' independenly represent unsubstitute
het er ocycl yl , heter@h@yﬂtM@fri‘Q:V@lﬂ@)&FlRyh twq ereteten gf Y beipeditscilatigehedygsam and |

represents, indepen integer fromO to 5,
Q&Qﬁéng%é oo gc%?%%lﬂicﬁ&ﬂ&ﬁormz g

preferably fromO to enbodi nents, M represents,

i ndependent |y fog each q&%ﬁ:{ﬁmmﬁm@u L it ytmu&fedua}smﬁwﬁu%eﬂyl or
net hyl ene group, such as -CH2-, C(=Q -, etc. In

certain embodi ment shetsipardndn Agrtain éﬁ‘P‘é‘g@?ﬂ‘S &Verf?ldlfF?tHgétz’m@dgtO X. In certain
embodiments, Cy’ is a substituted or unsubstituted bicyclic or heteroaryl ring,

preferably both bicyclic and heteroaryl, such as benzothiophene, benzofuran,
benzopyrrole, benzopyridine, etc. In certain embodiments, Cy’ is a monocyclic aryl

10 or heteroaryl ring substituted at least with a substituted or unsubstituted aryl or
heteroaryl ring, i.e., forming a biaryl system. In certain embodiments, Cy” includes
two substituted or unsubstituted aryl or heteroaryl rings, e.g., the same or different,
directly connected by one or more bonds, e.g., to form a biaryl or bicychc ring
system. In certain embodiments, Cy’ represents a benzo(b)thien-2-yl, preferably a 3-

15 chloro-benzo(b)thien-2-yl, 3-fluoro-benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-
2-yl, e.g., wherein the benzo ring is substituted with from I-4 substituents selected
from halogen, nitro, cyano, methyl (e.g., including halomethyl, such as CHCI; and
CF3), and ethyl (e.g., including haloethyl, such as CH,CCls, C;Fs, etc.), preferably
from halogen and methyl (e.g., including halomethyl, such as CHCL and CF3). In

20 certain such embodiments Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-
benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-2-yl wherein the. benzo ring is
substituted with fluoro at the 4-position (peri to the 3-substituent on the thienyl ring)
and, optionally, at the 7-position (‘peri’ to the S of the thienyl ring).

In certain embodiments, X is selected from -C(=0)-, -C(=8)-, and -5(C4)-.
25 In certain embodiments, R represents H or lower alkyl, e.g., I or Me.

In certain embodiments, NR; represents a primary amine or a secondary or
tertiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

groups, respectively, preferably a primary amine or secondary amine.
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unsubstituted or substituted with one or nore groups including heteroatons
such as 20 0, N, and S. In certain enbodi nents, at |east one of Ar and Ar'
represents a phenyl ring. In certain enbodi nents, at |east one of Ar and
Ar' represents a heteroaryl ring, e.g., a pyridyl, thiazolyl, thienyl,
pyrimdyl, etc. In certain enbodinments, Y and Ar' are attached to Ar in a
meta and/or 1,3-relationship. In certain enbodiments, Y is2phgsiah Zopgm al |
positions. In enbodinents 25 wherein Y is present in a position, i
preferably represents an integer from1l-2 in an adjacent M if 1=0 would
result in two occurrences of Y being directly attached, or an occurrence
of Y being directly attached to N or certain enbodlrrets is a
substituted or unsubsti tIHP@‘@maqﬂsdeWmSﬁB'fséWé‘ﬁ?%M?IWCEFF%\WEWBH@‘J%
Cy' is directly at t% t?ﬂkﬁ Qower ahc&ﬁ%?ﬁ%@m%@l @Ml &ﬁ&ﬁrﬁmny@ketoh@ alaehyde
S

substituted or unsu Ituted bicyclic or heferoaryl rin h 2006

preferably both bi cyminpc agamisget @peoarijiro. @@Eﬂﬁyasaz’rﬁl@ni‘ﬂf"%ﬂoﬁﬂlgf’fém S“I%ate

benzofuran, benzopygfake, s.hﬁ%gpymfgﬁmd % spﬂoﬁdc@nasatdﬂatemshpmé& o

is a m)nocycllc aryl or heteroaryl ring substitute ﬁ a)l Iea?& zgr '\w

substituted or uAsufsidpalived @Hy)l)alb?“yl hgf:@?)b%‘ﬁwl r {(hg2pate - (Clizpap! g

bi aryl system 1In cg(g %ﬁh ng‘qg?p@ﬁg;,@, aqw |@@izj§¢@e§w§ ta“@nﬁub@mﬁyﬁ;gd or
€ro

unsubstituted aryl rings, €.g e sane or different, :
directly connected b8, or(Gﬁa)rps -looard sikyk . g(CHa}pS- léwmaﬁseml,ar‘ﬁ[CPanRbl cycl ic

ring system |In certain_enbodi q?p S N
preferably a 3- chl &%ﬁﬁé(ﬁizm{%?m'?f’“? ! @#ﬁ&@?&“ﬁ%ﬁ}g %%1%1&{% g’ ,
3-met hyl - benzo(b) t hi;gRzted s of 1R aboV) Hieleid § Rt lbq&ﬁﬂd&almgoﬂ actsuiaﬁﬁrenwt ed
with from1-4 substituents selected 10 from hal ogen, nitro, cyano, nethyl

(e.qg., includi ngCharreetiptesers fem 043 Qzﬂtéerﬂ blyfrpm , and ethyl (e.g.,
i ncl udi ng hal oet hyl, such as CH2CCl13, C2F5, etc.), preferably from hal ogen
and nmethyl (e.g., i ncI udi ng hal omethyl, such as CHCI2 and CF3). In certain

such enbodi nents Cy' p nts | or o- be Nz ). A f NG 0-
benzo(b)t hi en- 2- yI 3*]51 ‘? ’%/Fm@élﬂ’i%‘i]bﬂ "(fig‘%ﬂ‘ esgm){%vem%eré r'ing
is 15 substituted Wrépheséﬂtmycgex&talfdnﬁulé{mm| t| on (per| to the 3-substituent

on the thienyl ring) and, optionally, at the 7-position ('peri' to the S
of the thienyl ring). Ar

Ar
S~y

Mi Mi Cy Mi
~, \Y/ \Y/ \NRz

Formula T

15  wherein, as valence and stability permit,

Ar and Ar’ independently represent substituted or unsubstituted aryl or
heteroaryl rings;
Y, independently for each occurrence, is absent or represents -N(R)-, -O-, -S-

, or -Se-;
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In certain enbodinents, X is selected from-C(=0-, -C(=S)-, and -S(Q2) -

In certain enbodi nents, R represents Hor |lower alkyl, e.g., Hor M. In
certain enbodi nents, NR2 represents a primary anmine or a secondary or 20
tertiary am ne substituted with one or two | ower al kyl groups, aryl groups,
or aral kyl groups, respectively, preferably a primary am ne or a secondary
amne. In certain enbodinents, Cy represents a substituted2grMmarpuogs t ut ed
non- aromatic carbocyclic or heterocyclic ring, i.e., including at |east
one sp 3 hybridized atom and preferably a plurality of spa hybridized
atons. In certain enbodinents, C 25 is directly attached to N and/or to
NR2. In certain enbodinents, Cy is a 5- to 7- nenbered ring. In enbodi nents
wherein Cy is a six-nenbered ring directly attached to N and-bears an

am no substituent at thexd4ispeited ofonOf-C=09-, r-iCeB)M, eSald,)y est®-, K=ew)-N- and
am ne substituents nmay be disposed trans on the ring. 60 27 March 2006 In
certain enbodi nents P(‘sQ)B%ﬁ)rataﬂ‘gﬁ?@‘hﬁlﬁﬂeﬁﬂ*m@rom?ﬂa“}éﬁ‘@s@@e'éE’ftbd‘zfg‘éﬂ?ﬁ Reghdyen,

lower al kyl, |ower aldemi, anehyl or alk§dyep0afsy! . carbonyl, thiocarbonyl,
ket one, al dehyde am no, acyl am no, cyano, nitro, h droxyl azi do,

sul fonyl, sul foxido, sularereses f@ﬁ%@en%ff’raﬁagh ""%‘H’l"’f“%ﬁna"rnsélbmmt"'d or

phosphoryl , phospho ﬁlﬁgusstmﬁmﬁémmdﬂagﬁup, sieh 2D 8d:IKBL| cﬁcﬁﬂﬂa}mk K enp0)-,
- (CH2) pal kynyl -(CH2) pary - rall cyltépé‘ pO- | ower

al kyl , -(CH2) pO- | owéic- aWeﬁ‘g‘/?ﬂkeﬂ tae%’zﬁzf ent s GBSHIHS“RS@W;S@]P&%M& kyl
(CHZ) pS-1 ower al kenyl, rSt @Rlndépgfﬁ)lw\l(ﬁﬁ) €ach - dcdribh R | @Webstidbtiy lor
-(CH2) pNR- | ower al kenyl and praotected forms, of the above,

wherein n and p, i ndPRb3iLe ‘Wlf ‘fb“t‘ﬂ‘%&‘w Bt Yletallyl heigsoaralil.loRyl kidyer s
fromO to 10, prefewapky, ergk&ﬂo@meﬂ rﬂaﬂ@x&dﬁ# ﬂo &«ﬁhﬁﬁbr%mﬁgfiegpﬂmppunds
useful in the sub ect net hodg éncl conpound Sent ed in gegneral
formula (1V): Al%AI D Y in ependenly epresent subs 'mtc or unsubstitu aryl,
heterocyclyl, heteroaryl, or cycloallkyl, including polycyclic groups; and
i represents, independently for each occurrence, an integer from 0 to 5,

preferably from 0 to 2.

15 In certain embodiments, M represents, independently for each occurrence, a
substituted or unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -
CH@e)-, -C(=0}-, etc.

In certain embodiments, Ar and Ar’ represeni phenyl rings, e.g.,
unsubstituted or substituted with one or more groups including heteroatoms such as

20 O, N, and S. In certain embodiments, at least one of Ar and Ar’ represents a phenyl
ring. In certain embodiments, at least one of Ar and Ar’ represents a heteroaryl ring,

e.g., a pyridyl, thiazolyl, thienyl, pyrimidy}, etc. In certain embodiments, Y and Ar’

are attached to Ar in a meta and/or 1,3-relationship.

In certzin embodiments, Y is absent from all positions. In embodiments
25  wherein Y is present in a position, i preferably represents an integer from 1-2 in an
adjacent M; if i=0 would result in two occurrences of Y being directly attached, or an

occurrence of Y being direcily attached to N or NR,.

In certain embodiments, Cy’ is a substituted or unsubstituted aryl or
heteroaryl. In certain embodiments, Cy’ is directly attached to X. In certain

30 embodiments, Cy’ is a substituted or unsubstituted bicyclic or heteroaryl ring,
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M ANM-, YyY M~NR2 | Y Y Cy Fornula IV wherein, as valence and
stability permt, 15 Cy' represents a substituted or unsubstituted aryl or
heteroaryl ring, including polycyclics; Y, independently for each
occurrence, is absent or represents -N(R)-, -0-, -S- or -Se-; X is selected
from-C(=0)-, -C(=5)-, -S(02)-, -S(O-, -C(=NCN)-, 20 P(=O(OR)-, and a
nmet hyl ene group optionally substituted with 1-2 groups sucB7adardhc®@06

al kyl', al kenyl, or alkynyl groups; 61 27 March 2006 M represents,

I ndependent|ly for each occurrence, a substituted or unsubstituted

nmet hyl ene group, such as -CH2-, -CHF-, -CHOH, -CH(Me)-, -C(=0)- etc., or

two M taken together re resent. supsti ted or ubsti t et 0
ethyne; R represent B B’eb%tﬁd‘éﬁfcr % MG o%lgl?sjrre?legzéo : qjen rb%Bz%ﬂ%l’Jt ed
olr ) 5 :Jnsufait i t:,lt edb@fmqygoila,eﬁeaﬁ@w@wbm Iheémmambpldimeansadl}(yé axﬂomcwli@atnél kyl ,
al kynyl , al kenyl, or_a , .or _two t ke for

8-menbered ring, e.§ PeEPEH 78 ﬁi’Stﬁ‘ﬁ§ gﬁ’?tg 1|1tér’1$c}}érpen en{ih & aghg’ as

val ency permts, fr@eedarp mfgyb@tfbﬁm@i Biagyh sykstad. inlcmgam embdifirgénts, Cyl J@cludcs
attached, selected fromh

al o aI ke
heteroaryl, carbdnyf¥° i“ﬁ?‘ﬁ‘&?ﬁ‘g?fdﬂ%bm\?g‘f Brﬁt'yr hbﬁeﬁélﬁy\en E tﬁ%s eg)rg}cﬂe “AHi no,
am do, am di no, cya@Rectlfichkr@cteygl bﬁexyﬂ mo@Ztioflds, egu Itti tﬁcmyll 3 bispd foomcmhc ring

sul f at e, | f t | f I d
o O S AL RSP R
- (CH2) par al kyl , - (G]ﬂ&rbpﬁrto(b)t(hm)mO-ﬂmmbenanb(k)ﬁhqn-z-(ACHQﬁp@ﬁ)ﬁ)’b@m@ﬂk@hyI

SamnR (CH2) Pt ¢ GRS QUES 8L Kool SHAMNPI) PWocRlbiE Bdetea

10  from halogen, nitro, cyano, methyl {e.g., including halomethyl, such as CHCl, and
CF), and ethyl (e.g., including haloethyl, such as CH;CCls, CoFs, etc.), preferably
from halogen and methyl (e.g., including halomethyl, such as CHCl; and CF,). In
certain such embodiments Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-
benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-2-yl wherein the benzo ring is

15  substituted with fluoro at the 4-position (peri to the 3-substituent on the thienyl ring
and, optionally, at the 7-position (“peri’ to the S of the thienyl ring).

In certain embodiments, X is selected from -C(=0)-, ~-C(=S})-, and -S(0;)-.
In certain embodiments, R represents H or lower alkyl, e.g., H or Me.

In certain embodiments, NR; represents a primary amine or a secondary or
20  tertiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

groups, respectively, preferably a primary amine or a secondary amine.

In certain embodiments, Cy represents a substituted or unsubstituted non-
aromatic carbocyclic or heterocyclic ring, i.e., including at least one sp> hybridized
atom, and preferably a plurality of sp” hybridized atoms, In certain embodiments, Cy

25  is directly attached to N and/or to NR;. In certain embodimenis, Cy is a 5- to 7-
membered ring. In embodiments wherein Cy is a six-membered nng directly
attached to N and bears an amino substituent at the 4 position of the ring relative to

N, the N and amine substituents may be disposed frans on the ring.
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15 (CH2) pN(R) 2, -(CH2)pNR-Iower al kyl, -(CH2)pNR-1ower al kenyl, -NR(CH2)nR,
and protected forns of the above; Cy represents substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, or cycloal kyl, including

pol ycyclic groups; i represents, independently for each occurrence, an
integer fromO to 5, 20 preferably fromO to 2; and p and n, individually
for each occurrence, represent integers fromO to 10, prefogriarsh 20@8n 0 to
5. In certain enbodi nents, Mrepresents, independently for each occurrence,
a 25 substituted or unsubstituted nethyl ene group, such as -CH2-, -CHF-,
-CHOH, - CH(Me)-, -C(=O)-, etc. In certain enbodinents, Cy' represents a
substituted or unsubstituted bicyclic or heterocyclic ring system
preferably both bicyclic and heteroaryl, such as benzothi ophene,

benzof uran, benzopyrr ol eln deetanz epodintintyesubsifuents bmAcemrélialn s@eptadrivodtialngert, s,

Cy' is dlrectly att Q”ﬁ?P i Mar ch
2006 nonocyclic aryﬁg‘pe‘?gﬂlﬁ(glglgisgraéru% ’rﬁ%g{su t’i tu ghg?cﬁrgé’t@%ﬁ% %a%h%e’
substituted or unswbéto tagylainer grangr niffest bydyawyl | azidon guifanyle sulfgxitoprisniépten
biaryl system In cgpfeabd 391'?4?19:‘}1 rrﬁﬂfoﬁm@/ pﬁﬁﬁog@eih&%nﬁeabﬁammmg or

unsubstituted aryl or heteroar rongs, e.g. sane or different,
directly connect éd WGHopaksbr - walseys (Célz)ganc)wb f(SHﬁpWIB HlBwparelioh -

penvo(b) thi on- 20yl - ReRaisi b ERRRT B, Scrhhey bRELAESRYT Buctimnp, o

benzo(b)thien-2-yl, (oH,) Hret t’GszﬂSelBi’l@( b:)ktynl e(CHR)pBHowe gukenyaghelsgrm)ﬂnhe benzo

ring is substltuted W -4 substituents selected from halgg
nitro, cyan, net hyI (C{{ép@(R)zs r(ﬁHp)gHBﬂt)vqﬁaMné%)p -loenalkeYelR(GHaRR, a¢3) |
and ethyl (e.g., 'rd{élkeﬂ eoﬁa%bé’lwhel%h'ﬁb p, Ahifi¢Hfida iﬁy f&%F o@,ﬁﬁmée
preferably from haI gen an incl udi ng orreth such’as

CHC12 and CF3). It G@fﬁsmtm@g@ﬁm@rﬂmé@ mefaﬁr@hd}?ﬂmotoespresents a
3-chl oro- benzo(b)thl en-2-yl, 3-fluoro-benzo(b)thien-2-yl, or é‘
benzo(b) t hi en-2-yl wher elrrceptiia epbediments, Gempoynds e waéaibwpwethqdwc dat the

4-position compounds represented by general formula (TV):

M—Z

Formula IV

wherein, as valence and stability permit,

15 Cy’ represents a substituted or unsubstituted aryl or heteroaryl ring, including
polyeyelics;
Y, independently for each occurrence, is absent or represents -N(R}-, -O-, -5-
, Or -Se-;
X is selected from -C(=0)-, -C(=S)-, "5(02)-, -5(0)-, -C(=NCN}-, -
20  P(=0)XOR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or alkynyl groups;
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(peri to the 3-substituent on the thienyl ring) and, optionally, at the

7-position ("peri' 15 to the S of the thienyl ring). In certain
enbodi ments, Y is absent fromall positions. In enbodinents wherein Y is
present in a position, i preferably represents an integer from1-2 in an

adjacent M if i=0 would result in tw occurrences of Y being directly

attached, or an occurrence of Y being directly attached to7Nagh 2006

certain enbodinents, X is selected from-C(=0-, -C(=S)-, and -S(02)-. In

certain enbodi ments, R represents Hor |lower alkyl, e.g., Hor M. In

certain enbodinents, Cy represents a substituted or unsubstituted non-

aromati c carbocyclic or heterocycl| i ncl udi ng at one sp

hybridi zed atom and préf E"P‘&Bff“gvf %ﬂpﬁ‘fdﬁﬁgtyt for feacdy, ASCRIGRcE; ES%%%

certain embodi nent suns@en&&dlnsecrmehegbtys@hwmmd-ctm-l\tcmﬂ pﬂﬂhﬂh C(—O)-

enbodi ments, Cy is a 5- to 7-nenbered r ere| is a

si x- menbered ring dF‘Pe%‘t‘]"’?N%tta]fe&é‘?féﬁe‘tr@rﬁe%ﬁ@sgt@%agr Eioe Sg%ﬁano gnl%)g?‘h %ént at -

the 4 position of the rlmgegr&lgﬁtlmeeptmmehﬂy tf&eed&tamndummel{ @ulslﬁastlttltaiarmts nay ,

be di sposed trans on the rin rtai i R1

and R2 represent? |H’&F§'E§§%"€r??¥lyh°é°ﬁ?§y%tgaé§ pﬂtgﬁg T 1 i%ﬁ O

substituents on theofzﬂmofﬁvdmtaﬁéhtbgetheﬁmﬁalfbmdﬂ@do smmmg egawith¥l ogen,

| ower al kyl, | ower alke rbon t hi ocar hon e €5

ami no, acyl ani no, cyanorﬁlni“tdr 2 ’Fﬂ%‘?‘gx;‘/’} el nﬁ% ax? as {;}gl’pgﬁlg B r?a% 2,

sul fonate, 5 sul f ameystitugis Jnanamgjm wtric(th-B)apaihkq;IS¢Ith€(dCﬁ=421) pdtaace,riwel alkyl,

- (CH2) pal kynyl , - O | owe I nlﬁgdqyl

_O(CH2) nR, - (CH2) pswep%ﬂ?’i %Y%%%gﬁwlafﬁgtnyl K]{Efﬂét}"(lg@wr% o SRy

- S(CH2) nR, (CHZt)opN(mB)ﬁqmo (a@lﬂ?o), pithRi:th\r@nno ahtkylhydro(cfu—lzglmxlﬁulfmwér Suﬁb?rédmyl

-NR(CH2) 1R, and prot ed forns f the 1AboV QhFROLS,
]‘E‘:]ﬁ,ée {Q égSph&gb@{e ot oﬂatg

conmpounds useful in E”é?tts |oﬁmrra(§} nt ?eneral
formula (V): 64 27 WQ@H@QOG(CH@]@,W&:@I V-(CHajpalkynyl, -(CHz)paryl, -(CHz)para kyl, -

(CHy)pOH, -(CHz)pO-lower alkyl, -(CH;)pO-lower alkenyl, -O(CHz)pR, -

(CHp)pSH, -(CHz)pS-lower  alkyl, -{CHa)pS-lowerx alkenyl, -S{(CH:)pR., -
15 (CHz)pNR),, -(CHz)pNR-lower alkyl, -(CHa)pNR-lower alkenyl, -NR{CH;)pR, and

protected forms of the above;
Cy represents substituted or unsubstituted aryl, heterocyclyl, heteroaryl, or
cycloalkyl, including polycyclic groups;
i represents, independently for each occurrence, an integer from O to 35,
20  preferably from O to 2; and

p and n, individually for each occurrence, represent integers from 0 to 10,

preferably from 0to 5.

In certain embodiments, M represents, independently for each occurrence, a
25  substituted or unsubstituted methylene group, such as -CH;-, -CHF-, -CHOH-, -
CH(Me)-, -C(=0)-, etc. '

In certain embodiments, Cy’ represents a substituted or unsubstituted bicyclic
or heterocyclic ring system, preferably both bicyclic and heteroaryl, such as
benzothiophene, benzofuran, benzopyrrole, benzopyridine, etc. In certain

30 embodiments, Cy’ is directly attached to X. In certain embodiments, Cy’ is a
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wherein, as valence and stability permt, Cy' represents a substituted or
unsubstituted aryl or heteroaryl ring, including 5 polycyclics; Y,

i ndependently for each occurrence, is absent or represents -N(R-, -0-, -S-
or -Se-; Xis selected from-C(=0-, -C(=S)-, -S(02)-, -S(O-, -C(=NCN)-, -
P(=O (OR)-, and a nethylene group optionally substituted with 1-2 groups
such as 10 |l ower alkyl, ailcenyl, or allcynyl groups; M regriassM 006

i ndependently for each occurrence, a substituted or wunsubstituted

nmet hyl ene group, such as -CH2-, -CHF-, -CHOH, -CH(Me)-, -C(=O-, etc., or
two Mtaken together represent substituted or unsubstituted ethene or
ethyne; R represents, independently for -each occurrence, H or substituted
or 15 unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl,

het er oar al kyl , al kynyohqcyeiickmylo; hemroa:al In;ag substlnttsdoaﬂ?ldaakwnhta)gmmteued may

forma 4- to8rrenbere g n e

i ndependent |y and as" vg %%yﬁrﬁleop ftemarfd nﬁ% 01%5 B %Bgzz E’mg'?]gis‘? hcgrt?‘l?ng to
which it is attachedpbsighect € ifichaivs tral swbstiniied awesubsitksd qryldrbMDarﬂlrklesnyl
aryl, .het er Oaryl ' Cﬁ.lrgbﬂqn%larhe grhdlgqgnrtb rrétyt{y cﬁlﬁ%&%&]g )?eloql?\g%éjﬁdndfglgn?q ngIQa

acyl am no, am do, di'no, ¢tyano, ni roxy
sul f oxi do, sul féteblas,mmromaycéx,c sog fsxsteny| Insqsﬁﬁlonaandm;lenphd'sjphwpxgebents a

h h t h h 2
Py oa s Pty adhBynia 1) §%¥°%7éefch 4 e NBRIE I mich ZhE) DX KUY
al kyl , -(CH2) pO | owkenzefohtizemyR-yi, o@@d@xyhﬁnzo(b)mm%w«g wpm)ﬂpﬂaenmg :a| kyl ,
CH2) pS- | | k - |,
ECHZ% BNR— F\glewrer aaI Eg%by?mtd?&%{@%ﬁ I_Igfzsu Eﬁatpg%%gt%aﬁ %!r?gkn% NE%J 1(:3 %%B’ar@%@g; 5
Cy' represents a suksti moludiog drlometbylbsich ta&tcéiﬁlam}d CFhetnsr dby} db-g} including
heteroaryl, or gychaaldywel &%ﬂﬂ@dﬁgcﬁp'& Jﬁleg&abwﬁl&m}o%mraﬁ%@g&%%

i ndependent |y for eac ccurrence, an inte rom O . preferably
from2 to 7; including halomethyl, such as CHCI; and CFs). In certain such embeodiments Cy’

represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-benzo(b)thien-2-yl, or 3-methyl-

benzo(b)thien-2-yl wherein the benzo ring is substituted with fluoro at the 4-position

{(peri to the 3-substituent on the thienyl ring) and, optionally, at the 7-position (“peri’
I5  tothe S of the thienyl ring).

In certain embodiments, Y is absent from all positions. In embodiments
wherein Y is present in a position, i preferably represents an integer from 1-2 in an
adjacent M; if i=0 would result in two occurrences of Y being directly attached, or an

occutrence of Y being directly attached to N.
20 In certain embodiments, X is selected from -C(=0}-, -C(=S)-, and -5(05)-.
In certain embodiments, R represents H or lower alkyl, e.g., H or Me.

In certain embodiments, Cy represents a substituted or unsubstituted non-
aromatic carbocyclic or heterocyclic ring, i.e., including at least one sp” hybridized
atom, and preferably a plurality of sp3 hybridized atoms. In certain embodiments, Cy

25 s directly attached to N. In certain embodiments, Cy is a 5- to 7-membered ring. In
embodiments wherein Cy is a six-membered ring directly attached to N and bears an
amino substituent at the 4 position of the ring relative to N, the N and amine

substituents may be disposed trans on the ting.
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i represents, independently for each occurrence, an integer fromO to 5, 10
preferably fromO to 2; and p and n, individually for each occurrence,
represent integers fromO to 10, preferably fromO to 5. In certain

enbodi ments, Mrepresents, independently for each occurrence, a 15
substituted or unsubstituted nethyl ene group, such as -CH2-, -CHF-, -CHOH,
- CH(Me)-, -C(=0O)-, etc. In certain enbodi nents, Cy' represgmNiarch 2006
substituted or unsubstituted bicyclic or heterocyclic ring system
preferably both bicyclic and heteroaryl, such as benzothi ophene,

benzof uran, benzopyrrole, benzopyridine, eta In certain 20 enbodi nents, Cy
i's dlrectly attached to X In certain enbodi nents, Cy' is a nnnocycllc
aryl or heteroaryl ring Isgbtin ¢uitodihents, Ricapd RoipRresens, @éﬂ?ﬁ‘ldi“”ﬂ)’tf’élﬂ ag, palency

unSUb.Stl tuted f"”y' g gtf?arnpary bgtfu[égts du- tﬁe nn%&rmu'aﬂ itGis Ritahyd, se¥GdeMm | n :
certain enbodi nent &/ I'ncl’udes two substituted or unsubstituted aryl or

heteroaryl rings, &algsep, iover ik lowerdpikaoah sntomd leacePgavk offREE gdeyge one

or nore bonds, e. i I i Li1C sl @ﬁ SMﬂiﬁn@m Hoft
certain errbOdI rmnts’an'l g S’[&H;III% %?&ﬂp ﬁ{ré( hyﬁfoxﬁbgﬂi% i’ SulloXrdo L €,

epresSents a benzo i en-2- pr? ?}?Idﬁia
3- chl or o- benzo( byt hlth@yly*ulfO@nﬂ‘ﬂ%dp&)pﬁ@ﬂ’z HyYpalrewth--6- PP vl -(C
3-nethyl -b b)th ted
T Yo oa bt HERERPb e (GO R RO O U Bt

with from 1-4 substi m hal o tro cya

(e. ? ¥ i nclggdlh n? halfa\@f&tan F](CH%%?E&: ﬂg@%ﬁﬁﬁﬁzm&XCHﬁMR@t ngﬂz)(aERgower

i ncl udi ng al oet , such as | F5

hal ogen and net hyl @éfﬂg (CHQN@%P@WYEMC?{F})@mﬁﬁé’W%? ﬁ}a{lé/ bguch as
CHC12 and CF3). In certain such enbodi nents Cy' represents a

3-chl oro-benzo(b)tliien-2-yl, 3-fluoro-benzo(b)thien-2-yl, or 3:rreth3{)I-
benzo(b)t hi en-2-¥ wher elnrsentdie embaditpents; pRIAORnds yRlyl; l?HFé%“W‘t“h"e’Ftr“Bd‘?"‘éf %t the
4-position (peri tqe&a&t&-@lﬁ%ﬂ}‘&ﬁmg(?n the thienyl ring) and,

optionally, at the position ('peri to the S of the thienyl ring). In
certain enbodi ments, Y is absent fromall positions. In enbodi nents

wherein Y is present in a position, i preferably represents an integer from
1-2 in an



adjacent M if i=0 would result in tw occurrences of Y being directly
attached, or an occurrence of Y being directly attached to N or NR2. 10 In
certain enbodi nents, Xis selected from-C(=0-, -C(=S)-, and -S(02)-. In
certain enbodi nents, NR2 represents a primary anm ne or a secondary or
tertiary am ne substituted with one or two | ower al kyl groups, aryl groups,
or aral kyl groups, respectively, preferably a primary or 9q@sek 30081 ne.
In certain enbodi nents, R represents H or lower alkyl, e.g., Hor Me. 15 In
certain enbodi ments, R, and R2 represent, independently and as val ency
permts, fromO-5 substituents on the ring to which it is attached,

sel ected from hal ogen, |lower alkyl, |ower alkenyl, carbonyl, thiocarbonyl,
ket one, al dehyde, am no, acylam no, cyano, nitro, hydroxyl, sulfonyl,

sul foxi do, sulfate, sulfonate, sulfanoyl, sulfonam do, -(CH2)pal kyl,

- (CH2) pal kenyl , -(CH2)pal kynyl, -(CH2)pOH, 20 -(CH2)pO l.ower al kyl,

-(CH2) pO- | ower al kenyl, -Q CH2) nR, - (CHR) pSH, -(CH2)pS- | ower alkyl,

-(CH2) pS-I ower al kenyl, -S(CH2)nR, -( PN(R) 2, - (CH2) pNR-|I ower al kyl,

- (CH2) pNR- | ower al kenyl, -NR(CH2) nR, protected fornms of the above. 67
27 March 2006 In certain enbodi nents, ¢onpounds useful in the present

i nvention may be represented by gene formula (VI): R Y1~ M 11 NM~Y
1I~& -YM"NRZ X-Y M Y I CY, Forgulla VL wherein, as valence and '
stability permt, 5 Cy' represents ansst*ltu'Fe&“"@r unsubstituted aryl or
het eroaryl ring, including LN

Formula V

wherein, as valence and stability permit,

Cy’ represents a substituted or unsubstituted aryl or heteroaryl ring, including
5  polycyclics;
Y, independently for each occurrence, is absent or represents -N(R}-, -O-, -S-
, OF -Se-;
X is selected from -C{=0)-, -C(=S)-, -S(Oy)-, -$(0)-, -C(=NCN)-, -

P(=0)(OR)-, and a methylene group optionally substituted with 1-2 groups such as
10 lower alkyl, alkenyl, or alkynyl groups;

M represents, independently for each occurrence, a substituted or
unsubstituted methylene group, such as -CH;-, -CHF-, -CHOH-, -CH(Me)-, -C(=0)-,
etc., or two M taken together represent substituted or unsubstituted ethene or ethyne;

R represents, independently for each occurrence, H or substituted or

15  unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,
or alkyl, or two R taken together may form a 4- to 8-membered ring, e..g., with N;

R, and R, represent, independently and as valency permits, from 0-5
substituents on the ring to which it is attached, selected from halogen, lower alkyl,
lower alkenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde, amino,

20  acylamino, amido, amidino, cyano, nitro, hydroxyl, azido, sulfonyl, sulfoxido,
sulfate, sulfonate, sulfamoyl, sulfonamido, phosphoryl, phosphonate, phosphinate, -
(CHppalkyl, -(CHy)palkenyl, -(CHp)palkynyl, -(CHj)paryl, -(CHy)paralkyl, -
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pol ycyclics; Y, independently for each occurrence, is absent or represents
-N(R)-, -0-, -S- or -Se-; Xis selected from-C(am-, -C(=5)-, -S(2)-,
-S(O-, -C(=NCN)-, - 10 P(=O (OR)-, and a nethyl ene group optionally
substituted with 1-2 groups such as |ower alkyl, alkenyl, or alkynyl
groups; Mrepresents, independently for each occurrence, a substituted or
unsubsti tuted nethyl ene group, such as -CH2-, -CHF-, - CHOH27 M&idhNE)CS
-C(=0) -, etc., or two Mtaken together represent substituted or
unsubstituted ethene or ethyne; 15 R represents, independently for each
occurrence, H or substituted or wunsubstituted aryl, -heterocyclyl,

het eroaryl, aral kyl, heteroaral kyl, al kynyl, Kk I r alk r, two R
taken toget her may f&HapQl 4Gy -"ﬁ’éﬁ"bé}{lﬁ% rqc%)l’%g%b’ér eflﬁ' N;H(WSHR’
represents substit ufgg, ok UngyRskiibdtedusl Yy CElRkasR&GY Glikthyl, he(Esg Yl-, or
cycl oal kyl, incl udi &‘gﬁ%"oflflcyg#?% gr oups;l@68 (27 %ﬁr ch 2006 R, _and R2

represent, i ndepend¢CEHNERC-(EE:)NR-Ervsy alisdr (THIpNR-Iwer alkenyl, MiEHeIBettds on
| ower al kyl,

the ring to which it is %tach , .sel ected from hal ogen,

| ower al kenyl, aryl ?WF@*F% °6‘§?9‘ﬁ€e@3¥ebonyl , thiocarbonyl, ketone, aldehyde,
am no, acyl am ng, ani dogy adpredéntos subjtimne] ornintubstitutbd atylohepdrocyelyl, bderoayll drony| |
sul foxido, 5 sulfate, s I{on éa% ul farm(yul . sul fonam do, phosphoryl,
phosphonat e, phosphFfi# ,Y’F‘C@ ?‘%é‘iyﬁiﬂgfr PECHR) pal kenyl , - (CHR) pal kyna/l ,
-(CH2) paryl, - (CH2) par al jkigpresents( inhEbeipiehily fof @hih) grOutaneg ran dhtkger from O to 10,
-(CH2) pO- | ower al kenyl, - R, - (CH2)pSH, -(CH2)pS-Iower alkyl,
-(CH2) pS- 1 ower al keﬁéﬁf‘?&"!@%@"nﬁ - (CH2) pN(R) 2, - (CH2) pNR-1 ower al kyl ,

- (CH2) pNR- | ower al kenyl ,i repliRfeis? jndBhendently fdrOeagh ocaotnsd, #oageiofion Heabove;
i represents, indepen eq)y%ofmo?aan% occurrence, an integer fromO to 5,
preferably from0 t &% 2hE N and"p, individually for each occurrence
represent integers from aidn, lifdividpileferatt gecfirens, @epresers integers from 0 to 10,

preferably from 0 to 5.

In certain embodiments, M represents, independently for each occurrence, a
15  substituted or unsubstituted methylene group, such as -CHj-, -CHEF-, -CHOH-, -
CH(Me)-, -C(=0)-, etc.

In certain embodiments, Cy’ represents a substituted or unsubstituted bicyclic
or heterocyclic ring system, preferably both bicyclic and heteroaryl, such as
benzothiophene, benzofuraﬁ, benzopyrrole, benzopyridine, etc. In certain

20 embodiments, Cy’ is directly attached to X. In certain embodiments, Cy is a
| monocyclic aryl or heteroaryl ring substituted at least with a substituted or
unsubstituted aryl or heteroaryl ring, ie., forming a biaryl system. In cerfain
embodiments, Cy’ includes two substituted or unsubstituted aryl or heteroaryl rings,

. ¢.g., the same or different, directly connected by one or more bonds, e.g., to form a

25 biaryl or bicyclic ring system. In certain embodiments, Cy’ rcpresents a
benzo(b)thien-2-yl,  preferably a  3-chloro-benzo(b)thien-2-yl, 3-fluoro-
benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-2-yl, ¢.g., wherein the benzo rng is
substituted with from 1-4 substituents selected from halogen, nitro, cyano, methyl

(e.g., including halomethyl, such as CHCl; and CF3), and ethyl (e.g., tncluding

30 haloethyl, such as CH,CCls, C;Fs, etc.), preferably from halogen and methyl {e.g.,
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15 In certain enbodi nents, Mrepresents, independently for each occurrence,
a substituted or unsubstituted nethyl ene group, such as -CH2-, -CHF-,
-CHOH, - CH(Me)-, -C(O-, etc. In certain enbodi nents, Cy' represents a
substituted or unsubstituted bicyclic 20 or heteroaryl ring system
preferably both bicyclic and heteroaryl, e.g., benzothi ophene, benzofuran,
benzopyrrol e, benzopyridyl, etc. In certain enbodinents, &y'Mahdigosct!y
attached to X. In certain enbodinents, Cy' is a nonocyclic aryl or
heteroaryl ring substituted at |least with a substituted or unsubstituted
aryl or heteroaryl ring, i.e., formng a biaryl system In certain 25
enbodi nents, Cy' includes two substituted or unsubstituted aryl or
heteroaryl rings, e.g., the sane or different, directly connected by one
or nore bonds, e. g including hﬂmlahyl bsuelr 35| CBEL; laind CEY)i In geitzig seohsdmbliments €&t t ai n
enbodi nents, Cy' rese nzo th

3-chl oro- benzo(b)th yal3 OI?Iﬁnc‘)z? 15% Eﬁuﬁg{]fbeeﬁ%gg)ﬁ?eﬁl&o% &3methy1

3- et hyl - benzo(b)t hb@nlae(ﬁ)ﬂyén,2 8 VQLel;em\Alhﬁelreezomrlgh@ubﬂmw withhfiporesat @ 4spebigien t ut ed

27 Nerch 2006 (. g. P P s FEF i bt AT oPRE, oltbh e GXRRIIR A, ©°
ethyl (e.g. |ncI5udtortgeS'hfahedbnem'hng)such as CH2CC13, C2F5, etc.), preferably

from hal ogen and nethyl (e.g., including halonethyl, such as CHCl2 and
CF3). In certain such edbeeiararkodments, ¥eisrabssahfigmaall positions. In embodiments

3-chl oro-benzo(b) t hiyghzdvyik Fﬁg’enf IUGoRnBe N ERfRbly Bt Yh intdr RoniTBLNY bn 5

benzo(b)thien-2-yl erein benzo ring is substituted with fluoro at the
4-position (peri tedische Mifsabueild weuitin brp acpusrensss ehy beipg digpptysigehed, or an

optionally, at the ZzRogit bfonbe(ngQ@rEdt]y attgcﬁedttg'ﬁ opN@E. the thienyl ring). In
certain enbodinents, Y Is absent fromall positions. In enbodi nents

wherein Y is prggent in R pamichbelimerts, NiSfeftBPliym LEEOES AIES-,and ispppger from
1-2 in an 10 adjacent M if i=0 would result in two occurrences of Y being

directly attached, or any .QeaMNRAERNENR, Bfkesks diphifek iRl fachkemdhd oN or
NR2. In certain enbodl ments, X is sel ected from - (=0 - =S)-, and
-S(02) - tertiary amine substituted with one or two lower alkyl groups, aryl oups, or ara]lcyl

groups, respectively, preferably a primary or secondary amine.
In certain ernbodiments, R represents H or lower alkyl, e.g., H or Me.

15 In certain embodiments, R; and R, represent, independently and as valency
permits, from 0-5 substituents on the ring to which it is attached, selected from
halogen, lower alkyl, lower alkenyl, carbonyl, thiocarbonyl, ketone, aldehyde,
amino, acylamino, cyano, nitro, hydroxyl, sulfonyl, sulfoxido, suifate, sulfonate,
sulfamoyl, sulfonamido, -(CHz)palkyl, (CH)palkenyl, ~(CHz)palkynyl, -(CHz)pOH,

20 -(CHp)pO-lower alkyl, -(CHz)pO-lower alkenyl, -O(CHz)nR, (CHz)pSH, (CHp)pS-
lower atkyl, -(CHp)pS-lower alkenyl, -5(CHz)nR, -(CHz)pN(R)z, -(CHz)pNR-lower
alkyl, -(CHz)pNR-lower alkenyl, -NR{CHz)nR, and protected forms of the above.

67



In certain enbodi nents, NR2 represents a primary am ne or a secondary or
tertiary am ne substituted with one or two | ower al kyl groups, aryl groups,
or aral kyl 15 groups, respectively, preferably a primary amne. In certain
enbodi ments, R represents H or lower alkyl, e.g., Hor Me. In certain
enbodi nents, Cy represents a substituted or unsubstituted non- aromatic
carbocyclic or heterocyclic ring, i.e., including at |east29nash 206
hybridi zed atom and preferably a plurality of sp3 hybridized atons. In
certain enbodinents, Cy 20 is directly attached to N and/or to NR2. In
certain enbodiments, Cy is a 5- to 7- nenbered ring. In enbodi nents wherein
Cy is a six-nmenbered ring di.reg{blg. attached.to lantgebeggn .ggt%ﬂ‘im be
substituent at the 4 polf ¢8H “GPOTHESRFPFEARESYLT 'S PP RENOARE S ne
substituents may berefespesegzehéalemmik (Vide ring. In certain enbodi nents, R3
and R2 represent, independently and as valency 25 permts, fromO0-5
substituents on the ring to which it is attached, selected from hal ogen,
| ower al kyl, |ower al kenyl, car bﬁﬁy&l] t hi ocarbonyl, ketone, al dehyde,
am no, acylam no, cyano, nitro,|| hydio%yl, sulfonyl, sulfoxido, sulfate,
sul fonate, sulfanoyl, sulfona Z - (CH2) pal kyl , -(CH2)pal kenyl
-(CH2) pal kynyl, -(CH2)pOH, -(CH2)pOIower al kyl, -(CH2)pO | ower al kenyl,
-Q(CH2) nR, -(CH2)pSH, -(CH2)pS March 2006 | ower al kyl, -(CH2)pS-1ower °
al kenyl, -S(CH2)nR, -(CH2)pN(R)|2, CH2) pNR- | ower al kyl, -(CH2) pNR-| ower
al kenyl, -NR(CH2)nR, and protect Jshef t'he atibve- g certain
enbodi nents, a subj ect compound&@has the structure of Formuia 5 VIl: Fornula
VIl wherein, as valence and stability perrit, Cy represents a substituted
or unsubstituted heterocyclyl or cycloal kyl; <% is a substituted or
unsubstituted aryl or heteroaryl ring, incl udﬂ\ng 10 polycyclics; WsOorS;
R represents, independently for each occurrence| H or substituted or

Cy'

Formnula VI

wherein, as valence and stability permit,

5 Cy’ represents a substituted or unsubstituted aryl or heteroaryl ring, including
polycyclics; )

Y, independently for each occurrence, is absent or represents -NR)-, -O-, -5-
, Or -Se-!

X is selected from -C(=0), -C(=S)-, -S(05}-, -3(0)-, -C(=NCN)-, -

10 P(=O)OR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or alkynyl groups,

M represents, independently for each occurrence, a substituted or
unsubstituted methylene group, such as -CH,-, -CHF~, -CHOH-, -CH(Me)-, -C(=0)-,
etc., or two M taken together represent substituted or unsubstituted ethene or ethyne;

15 R represents, independently for each occurrence, H or substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,
or alkyl, or two R taken together may form a 4- to 8-membered ring, €.g., with N;

Cy represents substituted or unsubstituted aryl, heterocyclyl, heteroaryl, or

cycloalkyl, including polycyclic groups;
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unsubstituted aryl,
al kynyl , al kenyl

8-nmenbered ring, e.
val ency permts, fromO-5 substituents on the ring to which it is

attached, sel ected

heteroaryl, carbonyl,. thiocarbonyl, ketone, aldehyde, am pg,MarfyIGD8E NO,

het erocycl yl, heteroaryl, aral kyl, heteroaral kyl,
or alkyl, or two R taken together nmay forma 4- to

g., with Ny 15 Rl and R2 represent, independently and as

from hal ogen, |ower alkyl, |ower alkenyl, aryl,

am do, am di no, cyano, nitro, hydroxyl, azido, sulfonyl, sulfoxido,

sul fate, sulfonate,
phosphi nate, 20 (CH2)pal kyl, -(CH2)pal kenyl, -(CH2)pal kynyl, -(CH2)paryl,
(CH2) pO—| -(CH2) pO- I ower al kyl, -(CH2) pO | ower al kenyl,

-(CH2) par al kyl, -

sul fanoyl , sul fonam do, phosphoryl, phosphonate,

-Q(CH2) nR, - (CH2) pSH, CH2) pS- | ower al kyl, (CHZ) pS- 1 ower al kenyl ,
-S(CH2)nR, 71 27 March R0GB! FeHEypRUR)RcPanir)3sMRs| tiraey @by, fom 0-5

( CHZ) pNR— | ower al k%ﬂlyshtuenté\ﬁ( gl‘?‘%}lﬁ'% wl@a‘git 1@&@&%%\9@&%& hQI) L,hgw&

£
and p, individually for each occurrence, represent |ntegers romoO Qﬁ% 10

preferably from O tdower alkeny}, agh thgieiqanghisertionyh ribigcartopyl, kelpiree gldpityge, samino,
substituted or Unsub@*léﬂnﬁ& eshild, Cailihé cydfo, rﬁ}cﬁrlﬂf@fo}@l LAif) sHSilyE Mutfoxido

preferably both bicyc

benzopyrrol e,
represents an aryI

substituted or unsubstl

ic and heteroaryl

hﬁs@i Oa(oﬁz)pmkaﬂi Stt@ﬁs)gak%?nd q&n ok Wtzxg ﬁqag@#,a-

uted ary heteroaryl " ring

biaryl ring system (CHﬁp‘é@rtéﬂFHn);é}rbUm nedient.s | (C@)pOFIe‘pﬂes'@qﬁm, aO(CH)pR, -

benzo(b)thien-2-yl

b hi hi |
3-f 1 uoro- benzo(b)th#eﬁ%ﬁﬁia (ﬁhig%'cﬁhgﬁqben @%9%%% e§$y SEHR, yfer ei n

the benzo ring is sqba{wﬂ@g@cm&)ﬁMﬁ&@mhA@Wn lowedigengie aqag Ik a8

hal ogen, nitro, c

and CF3), 15 andi%t h”%tecfeéf‘gmso

ano, nethyl { %ﬁ i ncl udi ng 'hal onet hyl, such as CHC12
Q¥ ng hal oethyl , such as CH2COl 3, C2F5,

etc.), preferably from jhabeeen ﬁl@@i}eﬁﬂ%ﬁtﬁ!}ykor(egcllgoocuﬂréﬁ% ugli in@edatTBthYd, .
such as CHCl12 and CF3). In certain such enbodi nents Cy' represents a

3-chl or o- benzo(b)thmgﬁﬂéﬂ&ﬁm“9“¥4ﬁ%#o- benzo(b)t hi en-2-yl, or
3-met hyl - benzo(b) t hi en- 25 Y pgGRIAILY AR RBNZOurFchfDrdpRsent integers from 0 to 10,

15

20

30

preferably from G to 5.

In certain embodiments, M represents, independently for each occutrence, a
substituted or unsubstituted methylene group, such as -CHj-, -CHF-, -CHOH-, -
CH(Me)-, -C(=Q)-, etc.

In certain embodiments, Cy* represents a substituted or unsubstituted bicyclic
or heteroaryl rting system, preferably both bicyclic and heteroaryl, e.g.,
benzothiophene, benzofuran, benzopyrrole, benzopyridyl, etc. In certain
embodiments, Cy’ is directly attached to X. In certain embodiments, Cy’ is a
monocyclic aryl or heteroaryl ring substituted at least with a substituted or
unsubstituted aryl or heteroaryl ring, i.e., forming a biaryl system. In certain
embodiments, Cy" includes two substituted or unsubstituted aryl or heteroaryl rings,
e.g., the same or different, directly connected by one or more bonds, e.g., to form a
biaryl or bicyclic ring system. In certain embodiments, Cy’ represents a
benzo(b)thien-2-yl,  preferably a  3-chloro-benzo(b)thien-2-yl,  3-fluoro-
benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-2-y1, e.g., wherein the benzo ring is
substituted with from 1-4 substituents selected from halogen, nitro, cyano, methyl
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rf'zopﬁyluf% yifongte,sulfampyl é#lfoamg%tph@phorﬁnﬁ@enhﬁm phospiyinate, -



substituted with fluoro at the 4-position (peri to the 3-substituent on the
thienyl ring) 20 and, optionally, at the 7-position ('peri' to the S of
the thienyl ring). In certain enbodinents, NR2 represents a prinmary an ne
or a secondary or tertiary amne substituted with one or two | ower al kyl
groups, aryl groups, or aralkyl groups, respectively, preferably a primary
or secondary am ne. In certain enbodi ments, Cy represents a7yaghid0deed or
unsubstituted 25 saturated carbocyclic or heterocyclic ring, i.e. :

conposed of a plurality of sp 3 hybridized atons. In certain enbodi nents,
Cy is a b5- to 7-nenbered ring. In enbodinments wherein Cy is a six-nenbered
ring directly attached to N and bears an am no substituen

at the. 4.
position of the rindegelngfipg balgmgihyly H‘é‘hl\ésé?f&c}aﬁ’f“h@Ff’)sGIFPsFt%Yluéﬁt’ Jnghling,
di sposed trans on ”ﬁﬁloétj)ﬂlgsucggs @0, ehF;2008 phdlersifty Fah haRERPAINRIMS (. and -

R2 represent, independently and as val enc permts, fromO0-5 s bstif:u,ents
on the ring to whi chogudingdialpmethiyinsiph ag (HG & Fhey i Cm%ﬂ’éh,empﬁ‘ﬁﬂ?mﬁ kyl, -
lower al kenyl, carbQglsentd RisQERIANI ()t 0N £3-flabrd ©BI®)thic@ iy x 3ansthyan no,
cyano, nitro, hydroxyl, sulfonyl, sul foxido, sulfate, s Ié{ﬂona(glc?1 5 tion
sul fanoyl , sul forﬁambdﬁ,"(bﬁb'@ﬂ@)yg‘&i’%?’l‘ the benapising, 15 sRestipfed “1@ AR JiRgTio
-(CH2) pOH, - (CH2) p@rdriade Rdubituent o @rithief higyRhd, dpidayy, at théX-phijonR peri’
-(CH2) pSH, -(CH2)pS- | ower alkyl, -(CH2)pS-lIower alkenyl, -S(CH)1R,
-(CH2) pN(R) 2, - ( CH2)pRS[obthethienyi g} - (CH2) pNR- 1 ower al kenyl, - NR(CH2) nR

and protected fornms of the above. 10 In gertain enbodi nents, -
conpound has a struct ur eMoferEg FRYCGTHE ) ‘f:8€sr%tl %W/Iaﬂlposm or éﬁ?ﬁéygdgg‘%% ence

and stability perni tyhekdid R RELRLS a PoStitnst prefatably represemsarbinteper\ftoadl-2iy4n or
heteroaryl ring fused to the. 15 nitrogen-containin M [e Y/ a
| ower al kyl ene gtbupdizefil ‘Eé_oﬁ”é"t“ Fsé'ﬁg? tWp CSUTERRT céf?\ife{,;e"ig%f-ec%{%{hgﬁg?&?

1, 1- propyl ene, 1, 2- pcapph@REY biing dipgcapyttaeind to BocNR..W r epresents S or 0,
preferably 0; X represents C=O, C=S, or SQ2;

In certain embodiments, X is selected from -C(=0)-, -C(=S)-, and -5(0,)-.

In certain embodiments, NR, represeats a primary amine or a secondary or

tertiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

15  groups, respectively, preferably a primary amine.
In certain embodiments, R represents H or lower alkyl, e.g., H or Me.

In certain embodiments, Cy tepresents a substituted or unsubstituted non-
aromatic carbocyclic or heterocyclic ring, i.e., includjngrat least one sp’ hybridized
atom, and preferably a plurality of sp hybridized atoms. In certain embodiments, Cy

20 s directly attached to N and/or to NR;. In certain embodiments, Cy isa5-to7-
membered ring. In embodiments wherein Cy is a six-membered ring directly
attached to N and bears an amino substituent at the 4 position of the ring relative to

N, the N and amine substituents may be disposed irans on the ring.

Tn certain embodiments, R; and R, represent, independently and as valency

25  permits, from 0-5 substituents on the ring to which it is attached, selected from
halogen, lower alkyl, lower alkenyl, carbonyl, thiocarbonyl, ketone, aldehyde,
amino, acylamino, cyano, nitro, hydroxyl, sulfonyl, sutfoxido, sulfate, sulfonate,
sulfamoyl, sulfonamido, -(CHy)palkyl, -(CHz)palkenyl, -(CHy)palkynyl, -(CH2)pOH,
-(CHp)pO-lower alkyl, -(CHz)pO-lower alkenyl, -O(CH)nR, -(CHz)pSH, -(CHz)pS-
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20 R3 represents substituted or unsubstituted aryl, heteroaryl, |ower

al kyl, Iower alkenyl, |ower alkynyl, carbocyclyl, carbocyclylal kyl,

het erocycl yl, heterocyclylal kyl, aralkyl, or heteroaral kyl; R4 represents
substituted or unsubstituted aral kyl or |ower alkyl, such as phenethyl,
benzyl, or am noal kyl, etc.; 73 27 March 2006 R5 represents substituted or
unsubstituted aryl, heteroaryl, aralkyl, or heteroaral kyl 27inmaicad00s

pol ycyclic aromatic or heteroaromatic groups. In certain enbodi nents, U
represents a phenyl ring fused to the nitrogen- 5 containing ring. In
certain enbodinents, R3 is selected fromsubstituted or unsubstituted aryl,
heteroaryl, |ower alkyl, |lower al kenyl, aralkyl, and heteroaral kyl. In
certain enbodi nents, R4 is an unsubstituted | ower al kyl group, or is a

| ower al kyl group sidyst akyit €0Hyip3-lowar sleawh dHCH2)aR, {SHOPNRY:, dfHHpNRAGver n
certain enbodi nents, R5 cte fr tituted or unsubst ut ed
phenyl or napht hyl , & (QEQEQ%EPV? ?V?Hgﬁgﬁé,ﬁﬁﬂ ngﬁmigfmﬁwg%’ﬁ 1%t hyl |
di phenyl nethyl, etc. In certain enbodi nents, subject conmpounds include
conpounds represented 15 by general fornula (IX) z \v- \'j -cY Y-A %

-ML Y-M v-X /N Y O, For nul va d St
pgrnlt Ar represents a suﬁn??F%Vﬁ %ﬁ% fm? P%d &% aﬁ#%%?¥|
ring;

W

Cy'

Formula VII

wherein, as valence and stability permit,

Cy represents a substituted or unsubstituted heterocyclyl or cycloaliyl;
Cy’ is a substituted or unsubstituted aryl or heteroary! ring, including

10 polyeychcs;

WisQorS;

R represents, independently for each occurrence, H or substituted or
unsubstituted aryl, heterocyclyl, heteroaryl, aralkyl, heteroaralkyl, alkynyl, alkenyl,
or alkyl, or two R taken together may form a 4- to 8-membered ring, e.g., with N;

15 R; and R; represent, independently and as valency permits, from 0-5
substituents on the ring to which it is attached, selected from halogen, lower alkyl,
lower alkenyl, aryl, hetercaryl, carbonyl,. thiocarbonyl, ketone, aldehyde, amino,
acylamino, amido, amidino, cyano, nitro, hydroxyl, azido, sulfonyl, sulfoxido,
suifate, sulfonate, sulfamoyl, sulfonamido, phosphoryl, phosphonate, phosphinate, -

20 (CHp)palkyl, -(CHp)palkenyl, -(CH;)palkynyl, -(CHg)paryl,' ~-(CH)paralkyl, -
(CH2)pOH, ~(CHp)pO-lower alkyl, -(CHz)pO-lower alkenyl, -O{(CHz)nR, -
(CHp)pSH, -(CHp)pS-lower alkyl, (CHp)pS-lower alkenyl, -S(CH2)nR,
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20 Z is absent or represents a substituted or unsubstituted aryl,

carbocyclyl, heterocyclyl, or heteroaryl ring, or a |ower alkyl, nitro,
cyano, or hal ogen substituent; Y, independently for each occurrence, is
absent or represents -N(R)-, -0-, -S or -Se-, provided that if Zis not a
ring, then Y attached to Z is absent; 74 27 March 2006 X is selected from
-=0-, -A=9-, -5(02)-, -S(Q-, -C(=NCN)-, - P(=0)(OR)-27angkch 208"yl ene

group optionally substituted with 1-2 groups such as |ower alkyl, alkenyl,

or al kynyl groups; Mrepresents, independently for each occurrence, a

substituted or 5 unsubstituted nethylene group, such as -CH2-, -CHF-,
-CHOH, -CH(Me)-, -C(=O-, etc., or two Mtaken together represent

substituted or unsuiSEDENREd-(SHAERlover alkry et RTR-Isiepalkenyls NR(GHalsBradNt | v

for each occurrence, ?§§+é§%§d or unsubstituted aryl, heterocyclyl,

car bocycl yl , heterogfmF%d§¥% Cteroaral kyl, heterocyclylal kyl,

car bocycl yl al kyl, all cynryhr;d mld@ﬂwaﬂycﬁm ea¢hk<§ﬁburreeﬁe TEREPSERE ARYGESTS ﬁOI'DOttQ)Q‘ét her

may forma 4- to 8-ne e.g., with Ny Cy and Cy' independently
r epr esent substrtut@ng%hUﬂgégstrtuted aryl, heterocyclyl, heteroaryl, or

cycl oal kyl, incl uwding polycyclic groups i represents, independently for
each occurrence, an integer fromO to referabh% fromO to 2; and, 15 k
represents an integer frbﬁ?@mi@m@dmﬁﬁﬁﬂérEﬁﬁ?mﬁﬂﬁﬁ? tugeg opunspbstipaird bigyelic

embodi ments, M repr %;seg&éoad,;nqﬁ?egge&tIpreéeﬁlyea&h @ﬁ;c}arer Qﬁkpehet@oaryl e.g.
substituted or unsubstituted nethylene group, such a

- CHOH
- CH(Mg)-, -C(=0)-, bewzethiophenge b@ravﬁqm@nﬁeﬁpmeﬁles be‘i‘”?@ﬁﬂes"&nt’é‘ EF“P‘Br oty

occurrences 20 exc%%odlﬁeﬁtb% m\ﬁezéfoaqmggalbktltﬁtememnmhk I'n
certain enbodi nents, Ar and X |nde endent é Eresent substrtuted or
eleroary,

unsubstituted arlf GNEHEFéﬁéﬁﬁwﬁUW *Ags! o Fiag bet PeReyLigy! T ut ed

with one or nore grmu&emoerpﬁuo@r%btk YCy %Eddéiﬁsrlﬁbehﬂi(ﬁ)ﬂﬂ@tpﬂﬁprgﬁﬁblyaS*@ﬂﬂrN and
S. In certain enbodi nents, represents a_phe

enbodi nents, at Ieaéﬁm@ﬂémﬁmaﬁé Sdlupreheprofiipien3 3%e9er%g?@¥ﬂF?ﬁﬂb%§“&ﬁl
pyridyl, thiazolyl, ddi@R¥in th®Ynartiakyls sustih@lWlith fRAC1-4 substituents selected from

halogen, nitro, cyano, methy! (e.g., including halomethyl, such as CHCl; and CF3),
15 and ethyl (e.g., including haloethyl, such as CH,CCls, C;Fs, etc.), preferably from

halogen and methyl (e.g., including halomethyl, such as CHCI; and CF;). In certain

such embodiments Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-

benzo(b)thien-2-y1, or 3-methyl-benzo(b)thien-2-yl wherein the benzo ting is

substituted with fluoro at the 4-position (peri to the 3-substituent on the thienyl ring}
20  and, optionally, at the 7-position (‘peri” to the S of the thienyl ring).

In certain embodiments, NR; represents a primary amine or a secondary or
tertiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

groups, respectively, preferably a primary or secondary amine.

In certain embodiments, Cy represents a substituted or unsubstituted

25 saturated carbocyclic or heterocyclic ring, i.e., composed of a plurality of sp°
hybridized atoms. In certain embodiments, Cy is a 5- to 7-membered ring. In
embodiments wherein Cy is a six-membered ring directly attached to N and bears an
amino substituent at the 4 position of the ring relative to N, the N and amine

substituents may be disposed frans on the ring.
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In certain enbodi nents, the occurrences of Y attached to Ar are disposed in
a neta and/or 1,3-relationship. In certain enbodinents, Y is absent from
all positions. In certain enbodinents, the only present occurrence of Y is
attached to Mk. In enbodinents 30 wherein Y is present in a position, i or
k preferably represents 2 in an adjacent MIk if 75 27 March 2006 il k=0
woul d result in two occurrences of Y being directly attachgd Marcaddosot her
or an occurrence of Y being directly attached to N. In certain

enbodi nents, where two occurrences of Y are attached to M at |east one
such occurrence of Y is absent. In certain enbodinents, no nore than two
occurrences of Y are present. 5 In certain enbodinents, Cy' is a
substituted or unsubstituted aryl or heteroaryl. In certain enbodinents,
Q' is directly attachednertai eiigodimepis.fiypnd Rasenmsprtnipdependgntly;agd s valency
substituted or unsubsghiit uted o3l QpGiniehts Oh hetigd @awikh ki iD Yitachdl, 8f1&taablom bot h
bi cyclic and heteroaryl, such as benzothi ophene, benzof uran, benzogynole,

benzopyri di ne, et c. "PERettT Fl¥hotT ndkg cesponyt.sthiocsengl vieione dfsirdeio or
het elr oaryl hri ng sublalrninbya@dmio, bﬁ?&,tniw,tﬁydﬁxﬁ,ubiﬁilbh)tl,uhﬁﬂdxiaé, dunstelbsitfbiaty ed
ary or eteroaryl ring, i.e., formn ilaryl system In certain
rbodinent 5. oy 3 neHiHEE: stgitmatTouten b HLeRl il 0L
heteroaryl rings, e.@s),bh6we 2, QEHH),G AL Mkenyl, %(c%ﬂlhy-(eﬁgém&t_g%z -one
or nore bonds, e.g., toforma biaryl or bicyclic ring system In Certain
enbodi ments, Cy' repwsseliyls-(@HNghbwebalkdnile rB(QH YR, -(rHeld(Bh] YClh)gNR-Fpower '
chl or o- benzo(b) t hi en: 2- -fluorg-ben t.hi en; 2- vl r
3 et byl < bengol by t hHkds ougp gt SRR SRLEDKe e Rhns ot et ¢ ut e
with from1l-4 substituents selected from halogen, nitro, cyano, nethyl
(e.g., including hal onethyl, such as CHCI2 and CF3), and ethyl (e.g.,
i ncl udi ng hal oet.hyl , such_a 2 3. C2FS5  etc. ), ef bl ~om hal ogen
and methyl Ce g0t i RHER s R i brelmaqy Rl s st R SRty VI DT 0
certain such enbodi nents Cy' represents a 3-chl e o-benzo(b)thien-2-yl,
3-fluoro- benzo(b)thien-2-yl, or 3-nethyl-benzo(b)thien-2-yl wherein the
benzo ring is substituted with fluoro at %he sition (peri to the
3-substituent on the thienyl ring) and,Topti nal | the 7-position
("peri' to the S of the thienyl rigg).

Q\X,/ Ny

Formula VIII

wherein, as valence and stability permit,

U represents a substituted or unsubstituted aryl or heteroaryl ring fused to the

15  nitrogen-containing ring;

V represents a lower allcylene group, such as methylene, 1,2-ethylene, 1,1-
ethylene, 1,1-propylene, 1,2-propylene, 1,3-propylene, etc.;

W represents S or Q, preferably O;

X represents C=0, C=8, or S0y; _

20 R3 represents substituted or unsubstituted aryl, heteroaryl, lower alkyl, lower
alkenyl, lower allynyl, carbocyclyl, carbocyelylalkyl, heterocyclyl, heterocyctylalkyl,
aralkyl, or heteroaralkyl;

R4 represents substifuted or unsubstituted aralkyl or lower alkyl, such as

phenethyl, benzyl, or amincalkyl, etc.;
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In certain enbodinents, X is selected from-C(=0)-, -C(=S)-, and -S(02)-.
25 In certain enbodi nents, Cy represents a substituted or unsubstituted
non- aromatic carbocyclic or heterocyclic ring, i.e., including at |east
one sp3 hybridized atom and preferably a plurality of spa hybridized
atons. In certain enbodinents, C includes an amne within the atons of
the ring or on a substituent of the ring, e.g., Cy is pyrpeWarchodazol yl,
pyrrolyl, piperidyl, pyrrolidyl, piperazyl, etc., and/or bears 30 an am no
substituent. In certain enbodinments, Cy is a 5- to 7-nenbered ring. In 76
27 March 2006 certain enbodinents, Cy is directly attached to N. In

enbodi nents wherein Cy is a six-nenbered rin Irectly .attached N_and
bears an anino substit ueht "R{ESTe S Smﬂ‘c‘fgi‘fri gﬁgbﬁﬂ{“[ eV nhﬁe'fogfygt ?r\"}]ie(%t O'N,
the N and am ne subgbibi@R)SinEMdindyRydi$ip asedtic dr hetasaromaticipeoups.ng. 5 I n
certain enbodi ments, substituents on Ar or Z, where Z is an aryl or
heteroaryl ring, are selected from hal ogen, |ower al kyl, |ower alkenyl,

aryl, heteroaryl, carbanyl, .thipcarbon L R .
acyl am no, cyano, nitr Of)[pl Cﬁ?/ad? 3?(15? NG7 ?ofep#é%f’tggﬁﬁ/ﬁe@l gﬁ?%&% o‘lto, s&TO ?;lt e,
sul f onat e, sul f asoylkontsivihg awpam do, phosphoryl, phosphonate, phosphi nate,

- (CH2) pal kyl, -(CH2)pal kenyl, 10 (CH2), al kynyl, -(CH2)paryl, .
- (CH2) par al kyl , - ( CH2) r Onl,certaitChiopidehigiiaris seferipd from sybstifpied or ynsybhstituied pighy | |

_O(CH2) nR, - (CH2) PSH, . - - | ) or al kenyl
-SECHzg'r'] R, ( (CH)2) PH‘E%"WW@%‘%@? gﬁ\fe%’gﬁaﬂ(gl%@h(g%g%a%tlgmrenyal kenyl ,

. NR.( CHZ) " R and prot eCtﬁdce;tzQﬁ @ﬁlb&iﬂn&dﬂ@ @b@%msﬁ%ﬁﬂdﬂo@eﬂm@l Rroup, o7 is a
i ndividually for each occurrence, represent integers fromO to 10,

preferably from0 1&ver elky grqup sehstituigil it Argendarn et $rtia aPdney; rect |y at t ached
to Ar, or attached to Ar_ through a chain of one, ar t atons. | t.ain

embodi ments, Z- LM t akel ceripigetbariments g‘ﬁéﬁ?‘.’“@%"ﬁ“n&ﬁﬁ%‘?‘ft% i Sntgﬁﬁ[r?%nt s,
conmpounds useful i n hBg Rireafhthyl, Note i 120 diarakyb egroupe peuets exst 2d-diphemgéatiat.al

formula (X): z )
diphenylmethyl, ete.

In certain embodiments, subject compounds include compounds represented

15 by general formula (IX):

\Y——Mk y—o~Cy
Y——Ar Y——0M,
Y W Y—X
\
N—— Mk
W
\Y
Cy/
Formula IX

wherein, as valence and stability permit,

Ar represents a substituted or unsubstituted aryl or heteroaryl ring;
20 Z is absent or represents a substituted or unsubstituted aryl, carbocyclyl,
heterocyclyl, or heteroaryl ring, or a lower alkyl, nitro, cyano, or halogen substifuent;
Y, independently for each occurrence, is absent or represents -N(R)-, -0O-, -S-

, or -Se-, provided that if Z is not a ring, then Y attached to Z is absent;
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Y-M Y-&' Y-\ %-MY-MY-x /NM M NR2 Fornula X wherein, as val ence
and stability permt, 77 27 March 2006 Ar represents a substituted or
unsubstituted aryl or heteroaryl ring; Z is absent or represents a
substituted or unsubstituted aryl, carbocyclyl, heterocyclyl, or

heteroaryl ring, or a |lower alkyl, nitro, cyano, or hal ogen substituent;

Y, i ndependently for each occurrence, is absent or represepymadaRo0s - 0-,
-S- 5, or -Se-, provided that if Zis not aring, then Y attached to Z is
absent; X is selected from-C(=0O-, -C(=S5)-, -S(02)-, -S(O-, -C(=NCN)-, -
P(=0) (OR)-, and a nethylene group optionally substituted with 1-2 groups
such as lower alkyl, alkenyl, or alkynyl groups; R represents,

i ndependently for each occurrence, H or substituted or 10 unsubstituted
aryl, heterocyclyl, carb¥ciycieiebted Hater-660), , -Cérad. kplQ2)-hebéNo aCaiyN),, -

het erocycl yl al kyl, cl | R
taken together ﬁu cgﬁ:\&é 3% d ﬂnl%hen %}}%r% l?ﬁaﬂ%mg% !éted Wit zk%&ms %Chtagm
represents a substlﬂmeedkxiralkmémgﬂ(mmgrewsaryl heterocycl yI heteroaryl

or cycloalkyl, |ncluding ROLEGNS! b Ittt o Bl ro%afn%ﬁénta&susga@lséae%@ently

for each occurrence, a substitutéd o ubstituted methyl ene group, such
as -CH2-, -CHF-, 5- Oﬂ@ﬂbstlhﬂ@mwene gro@y, s@h as -Chet, CCHF-oCHORD, H(MRenCE8Yet her

represent substitute nﬁi wmum,fapem%efﬁ%ﬁ@pr@eﬁt%ﬁﬁufa&d%;mﬁtﬁummwg@&@opaﬁﬁfze or

al | occurrences of orm a part of a cyclic structure; EA
represents, mdependentlly fﬁmse!éachld%@dwtherﬁ@eeﬂchmcpmeég@rﬂf‘?fo?Hbﬂ“‘Et PO,

preferably from 2 U Quslibstituted aryl, heterocyclyl, carbocyclyl, heteroaryl, aralkyl, heteroaralkyl,
heterocyclylalkyl, carbocyclylalkyl, alkynyl, alkenyl, or alkyl, or two R taken

20

10 together may form a 4- to 8-membered ring, e.g., with N;
Cy and Cy’ independently represent substituted or unsubstituted aryl,
heterocyelyl, heteroaryl, or cycloalleyl, including polycyclic groups;
i represents, independently for each occurrence, an integer from O to 5,
preferably from 0 to 2; and
15 k represents an integer from 0 to 3, preferably from O to 2.

In certain embodiments, M represents, independently for each occurrence, a
substituied or unsubstituted methylene group, such as -CHi-, -CHF-, -CHOH-, -
CH(Me)-, -C(=0)-, etc. In certain embodiments, i represents O for all occurrences

20 except in the sequence N-M;-Y-Ar, where i represents 1.

In certain embodiments, Ar and X independently represent substituted or
unsubstituted aryl or heteroaryl rings, e.g., unsubstituted or substituted with one or
more groups optionally including heteroatoms such as O, N, and S. In certain
embodiments, Ar represents a phenyl ring. In certain embodiments, at least one of Ar

25  represents a heteroaryl ring, e.g., a pyridyl, thiazolyl, thienyl, pyrimidyl, furanyl, etc.
In certain embodiments, the occurrences of Y attached to At are disposed in a meta

and/or 1,3-relationship.

In certain embodiments, Y is absent from all positions. In certain
embodiments, the only present occurrence of Y is attached to My. In embodiments

30  whercin Y is present in a position, i or k preferably represents 2 in an adjacent M if
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i represents, independently for each occurrence, an integer fromO to 5,
preferably fromO to 2; and k represents an integer fromO to 3, preferably
fromO to 2. 25 In certain enbodiments, NR2 represents a primary amne or a
secondary or tertiary am ne substituted with one or two | ower alkyl

groups, aryl groups, or aralkyl groups, respectively, preferably a primary
or secondary amne. In certain enbodi ments, Mrepresents, ppigpeRdeng v for
each occurrence, a substituted or unsubstituted nethyl ene group, such as
-CH2-, -CHF-, -CHOH, 78 27 March 2006 CH(Me)-, -C(=0O -, etc. In certain
enbodi nents, i represents O for all occurrences except in the sequence

NM-Y-Ar, where i represents 1. In certain odi g s, At .and X

i ndependent |y repredbmt W%‘ﬁcbéef‘iht‘Htt‘@%loﬁwcnﬁ?f‘s%g;s?ef"tgtﬁrg‘gfyaap ?ﬁhe%% Bt WLy
rings, e.g., unsubsty bettiRehcOsf Buhisd ditetiyedtastied b Me cotain dnbodinenigrghepstwo
optionally including hetero ns su as. 0, N. and S. In _certai.

embodi nents, At rep%&%ﬁ??%ﬁﬁgﬁ%ﬁ%tﬂ}’ait}uea%é’fl? A1°n €D AT ?ﬁ%gtlg?bsﬂt'm

represents a het er @atajl entbodifient ng moresthpiytwvb dychirertcbs adl 20drgpresetthi eny|
pyrimdyl, furanyl, etc. In certain enbodinents, the occurrences of Y
attached to Ar are di spdsectrthin entwdinanandyois 2, Sbstingédior omsfitguted Gyl ror
certain enbodinents, Y is gbsent. from.all pesiLi I & t@N I certain
enbodi ments, the onP§BFEs tce'g%%usrrfl%glﬁglgh%f S %Ss&%??’éé_‘ﬁ“é% LRk .

enbodi nents  wher ei rmYodigery; €321t ai subsitywls pit imnbstiputedr bigyche of dietgtopsyl ring,
represents 2 in an adjacen B ok KE UL r 8SHlbothiBplch® RESsHiEENCES
of Y being directl ypzra’Jtf f%@hté’atm %&g%gghm%tlﬁg%%r an occu?re_lr)]ce ‘of Y being
directly attached t Gedopyrmlecemtepymidingbisdinrperis embgdispants; (15 i3 8 monesyFiceides of

Y are attached to M  af | %-?lsxtu% OOBsRIE atoﬁgt'rvfitﬁrhcﬁlbggtut%d bS uRRE&Rited 4 or

. . or hetero
certain enbodi ments, no nore an two occurrences o are present. In

certai n embodi ment s he@paryl sngai.suforing abiso! aystemn Sudsstain embediments; (Cyp fncludes
heteroaryl. In certgjn | BB ShstiRld alyP oG t § aChe darh Oorfiffdréht,
certain enbodi nment gwoa@%?tg&a su sttlt%éut d or unsugg%’tgi ed bi c'?cfg é,or
heteroaryl ring, 20 doeelyevaisbyd bpthe bi oyl hasdsygd- He tlerroa byl o hispcligsing

benzot hi ophene, benzs%téﬁ[%pcertain embodiments, Cy’ represents a benzo(b)thien-2-yl, preferably a 3-
15  chloro-benzo(b)thien-2-yl, 3-fluoro-benzo{b)thien-2-yl, or 3-methyl-benzo(b)thien-
2-yl, e.g., wherein the benzo ring is substituted with from 1-4 substituents selected
from halogen, nitro, cyano, methyl (e.g., including halomethyl, such as CHCly and
CF;), and ethyl (e.g., including haloethyl, such as CH,CCl, CoFs, etc.), 'preferably
from halogen and methyl (e.g., including halomethyl, such as CHCl, and CF;). In
20  certain such embodiments Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-
benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-2-yl wherein the benzo ring is
substituted with fluoro at the 4-position (peri to the 3-substituent on the thienyl ring)
and, optionally, at the 7-position (*peri” to the S of the thienyl ring).

In certain embodiments, X is selected from -C(=0)-, -C(=S)-, and -S(03)-.

25 In certain embodiments, Cy represents a substituted or unsubstituted non-
aromatic carbocyclic or heterocyclic ring, i.e., including at least one sp:'l hybridized
atom, and preferably a plurality of sp- hybridized atoms. In certain embodiments, Cy
includes an amine within the atoms of the ring or on a substituent of the ring, e.g.,
Cy is pyridyl, imidazolyl, pyrrolyl, piperidyl, pyrrolidyl, piperazyl, etc., and/or bears

30 an amino substituent. In certain embodiments, Cy is a 5- to 7-membered ring. In
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benzopyrrol e, benzopyridine, etc. In certain enbodinents, Cy' is a
nonocyclic aryl or heteroaryl ring substituted at |east with a substituted
or unsubstituted aryl or heteroaryl ring, i.e., formng a biaryl system
In certain enbodi nents, Cy' includes two substituted or unsubstituted aryl
or heteroaryl rings, e.g., the sane or different, 25 directly connected by
one or nore bonds, e.g., to forma biaryl or bicyclic ring273aicarao0sn
certain enbodi nents, Cy' represents a benzo(b)thien-2-yl, preferably a 3-
chl oro-benzo(b)thien-2-yl, 3-fluoro-benzo(b)thien-2-yl, or

3-net hyl - benzo(b)thien- 2-yl, e.g., wherein the benzo ring is substituted
with from1-4 substituents selected from halogen, nitro, cyano, nethyl
(e.g., including halonmethyl, such as CHCl12 and 30 CF3), and ethyl (e.g.,

i ncl udi ng hal oet hyl cergincdmbadimeis, CRli8dire@RFSiachet to IV, Ingmbbdmeiss yherein 7 isvar ch
2006 from hal ogen ang (elOXh b aflcty blchdidh Waldealdh Whno sibithefiSe RH2 and
CF3). In certain sucCh ) nts %,\/ represents a

3- chl or 0- benzo(b) t hipesitic2- cy"lthe i3ugf telatvecto N élhez i (abd tatwing Fulibtitnents oray be disposed

3- et hyl - benzo(b) t hiep- 2- nutl\r/g\/nerei n the benzo ring is substituted with
fluoro at the 4- p05|t|ont¥pe t to the 3-substituent on the thienyl ring) 5
and, optionally, st theIZogﬂaﬁuem%auﬁen&e@ﬁbsu&&@&eA%o?fz tfiferet Bii€ BY r'ong)

In certain enbodinents, X Is selected from-C(— % and -
In certain enmbodi meheteroarglybiag.i aresaleaedy ffomy baloger, W’érﬂBWZ ‘é’efaﬁlkﬁ?yylafﬂr
heteroaryl ring, ar %e%WE%nﬂrMMnﬂg%nelaMdeMd acylaRY, cyahd @yl

aryl, heteroaryl, carbonyl, thiocarbonyl, Ketone, al dehyde, ani no,
acyl anmi no, cyano, nitydrexyl1: @ldﬁ,yéﬂl@wg}l sulfayiflgycsulfaiey subfayate. suliaopeylej ybfonamiflos at e,

sul fonate, sul fanoyl,p,ssabrf lon@ms Fidnate, PN PIRRFRaN, nat fcHphrspi nat e,
- (CH2) pal kyl , (CH2)p ?kenyl SCHZ) pal kyn gg (CHZ) par al kyl ,
- (CH2) pOH, ~ - ( CHZY O kil ke FHa)pary cﬁ%*}&@aﬁ%(mé i8Ry {C ziv@(@?z) Al -

-(CH2) pSH, - (CH2) pSy d:l@;}%@ loarlerkédjcen 5 (@d%rmﬁ (COWRSH (’ﬁ% lmwerSm@HZIa}B) S-
-(CH2) pN(R) 2, - (CH2) pNR-1 ower _al , C‘;\_)1(1 @g PNR- | over M - NI‘?N%CHZ)
R and protected forlfr’t‘éerélf‘eltyheg QH@W% (b Edn (r‘FHa)mHRﬁ"“’erla
each occurrence, I epi@sENINROHAGET Mdf proftiel tf@mioof meeibe{:@bdeénmfmﬂi pt 0 .5.
In certain enbodinents, Zis directly attached %0 or ttafc dto OAr
individually for each occurrénce, represent mtegers m 0 to 10, preferably from

15 tos.

In certain embodiments, Z is directly attached to Ar, or attached to Ar
through a chain of one or two atoms. In certain embodiments, Z-Y-M, taken

together, is absent.

20 In certain embodiments, compounds useful in the present invention may be

represented by general formula (X):

z

Y——M, Y—Cy
Y—Ar Y0
N —) Y—-——X/

N/

/N———Mk

My

\

Nize

Formula X

wherein, as valence and stability permt,
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through a chain of one or two atons. In certain enbodi nents, Z-Y-M taken
20 together, is absent. In certain enbodi ments, conpounds useful in the
present invention nay be represented by general forrmula (Xl): 80 27 March
2006 z \ Y_ /Y-G9 Y-A %M Y-M Y-X/NM M\ Y Cy Y NR2 Formula Xl
wherein, as valence and stability permt, Ar represents a substituted or
unsubstituted aryl or heteroaryl ring; 5 Z is absent or repregdgrh2006

substituted or unsubstituted aryl, carbocyclyl, heterocyclyl, or
heteroaryl ring, or a lower alkyl, nitro, cyano, or halogen substituent;
Y, independently for each occurrence, is absent or represents -N(R-, -0-,

enr X e e LSSl Y BRI L0 215
10 P(=0) (OR)-, and a net iyl Sest GF ppeseidd b Gmatiuied Suluaiubitititad] amd, tchrbdeylylyr oups -
such as |ower alkyl, alkenyl, or alkynyl gro .. Mrepresents .
i ndependent |y for eh@ﬁ“%@%h@ﬂ@ﬁﬁ@ﬁdEW%B%%P%F@ﬂgﬁ“WP“Wﬂﬁkﬁ' OB PR tuent;
met hyl ene group, such asy -ifdeBendentitlreach-ocdikhee, is HskilVB) represeflls O(R)-, -O-, -S-
5, or-Se-, provided that if Z is not a ring, then Y aftached to Z is absent;
X is selected from -C(=O)-, -C(=S)-, -S(O2)-, -S(0)- -C(=NCN)-, -
P(=0)(OR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or alkynyl groups;
R represents, independently for each occumrence, H or substituted or

10  unsubstituted aryl, heterocyclyl, carbocyclyl, heteroaryl, aralkyl, heteroaralkyl,
heterocyclylalkyl, carbocyclylalkyl, alkynyl, alkenyl, or alkyl, or two R taken
together may form a 4- to 8-membered ring, e.g., with N;

Cy’ represents a substituted or unsubstituted aryl, heterocyclyl, heteroaryl, or
cycloalkyl, including polycyclic groups;

15 M represents, independently for each occuirence, a substituted or
unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -CH(Me)-, -C=0)-,
etc., or two M taken together represent substituted or unsubstituted ethene or ethyne,
wherein some or all occurrences of M in M; form all or part of a cyclic structure;

j represents, independently for each occurrence, an integer from 2 to 10,

20  preferably from 2 to 7,

i represents, independently for each occurrence, an integer from 0 to 3,
preferably from 0 to 2; and
k represents an integer from 0 to 3, preferably from O to 2.

25 In certain embodiments, NR; represents a primary amine or a secondary or
tertiary amine substituted with one or two lower alkyl groups, aryl groups, or aralkyl

groups, respectively, preferably a primary or secondary amine.

In certain embodiments, M represents, independently for each occurrence, a

substituted or unsubstituted methylene group, such as -CHp-, -CHF-, -CHOH-, -
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etc., or two Mtaken together represent substituted or unsubstituted ethene
or ethyne; 15 R represents, independently for each occurrence, H or
substituted or wunsubstituted aryl, heterocyclyl, carbocyclyl, heteroaryl,
aral kyl, heteroaral kyl, heterocyclylal kyl, carbocyclylal kyl, al kynyl,

al kenyl, or alkyl, or two R taken together may forma 4- to 8-nenbered

ring, e.g., with Ny Cy and Cy' independently represent substimyicUs
unsubstituted aryl, 20 heterocyclyl, heteroaryl, or cycloal kyl, including
pol ycyclic groups; i represents, independently for each occurrence, an
integer fromO to 5, preferably fromO to 2; and 81 27 March 2006 k
represents an integer fromO to 3, preferably fromO to 2. In certain
enbodi ments, NR2 represents a primary amne or a secondary or tertiary

am ne substituted wCHMeReCHONX, we. noweninahiydimgnts u pepresentsyP foyrall ipoayrremes

aral kyl 5 groups, ggc%ﬁqﬂhkéﬁhgmRfﬁiﬁ?‘%ﬁ“ﬁ%@% ry or secondary ami ne.

I'n certain embodi ments; resents, ependently for each occurrence, a
substituted or unsubsti tpteghiiehbydiRae:, MM X SeRadsy fhFesent Slrimiea GHOH .

- CH(Me)-, -Clam-, etc. In certain enbodi ments, Ar and I ndependent | y
represent substitut essubgtituieficaryl 9 heigroayluings gy pmnsubstitied ensglastippredyigge op g |

unSUbS i t ut ed O sSUlptd biukstohdby QA neRS ol QUPS: QDN A4 Yo B dl ng
het eroat oms such as 0, N, and S, rn certain enbodi nents, at |east one of
Ar and Z represent s cabgstiaens Af rapgpsentsi Rher 8ng 10 erBEbRHISNES, AY IPRERSYS Dne of

Ar and Z represents ya.BelSERAL Y] a b, tBaBlyl, tRed, Hhitiidy), fukddiage! Mlcertai
thienyl, pyrimdyl, ffugﬁyﬁ%?egcéﬁ%ﬁgcertagn eﬁgogkﬁgh¥s, tze occjﬁﬁghces

of 15 Y attached t &mpedimens. dhe eprgEREes H Yaptiagbed togidratisresed i apge mIREhSp. I n
certain enbodi ment s geiafiohshipabsent fromall positions. In certain

enbodi ments, the only present occurrence of Y is attached to M. In

enbodi ments  whepein Y is pr@ReBhbddindtsPOBiiki shdent i fr@i Al pofic@s.all yertain
represents 2 in an ad%acent Mtk if

/k:C)mong”result in t ccurrences
of 'Y being di rect | y “EPIAERE teSm RO PRBFTE ot 30° Ao UM EBRE ™ el ng
directly attached t @hbleinis pREdnGInN peiildadi dprFerabifiRpeschid in an adjacent My if

#/k=0 would result in two occurrences of Y being directly attached to each other, or

an occurrence of Y being directly attached to N. In certain embodiments, where two

15 occurrences of Y are attached to M, at least one such occwrrence of Y is absent. In

certain embodiments, no more than two occurrences of Y are present.

In certain -embodiments, Cy’ is a substituted or unsubstituted aryl or
heteroaryl. In certain embodiments, Cy* is directly attached to X. In certain
embodiments, Cy’ is a substituted or unsubstituted bicyclic or heteroaryl ring,

20 preferably both bicyclic and heteroaryl, such as benzothiophene, benzofuran,
benzopyrrole, benzopyridine, etc. In certain embodiments, Cy’ is a monocyclic aryl
or heteroaryl ring substituted at least with a substituted or unsubstituted aryl or
heteroaryl ring, i.e., forming a biaryl system. In certain embodiments, Cy’ includes
two substituted or unsubstituted aryl or heteroaryl rings, e.g., the same or different,

25  directly connected by one or more bonds, e.g., to form a biaryl or bicyclic ring
system. In certain embodiments, Cy’ represents a benzo(b)thien-2-yl, preferably a 3-
chloro-benzo(i))thiena-yl, 3-fluoro-benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-
2-yl, e.g., wherein the benzo ring is substituted with from 1-4 substituents selected
from halogen, nitro, cyano, methyl (e.g., including halomethyl, such as CHCl; and

30 CFs), and ethyl (e.g., including haloethyl, such as CH,CCh, C,Fs, etc.), preferably
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occurrences of Y are attached to M at |east one such occurrence of Y is
absent. In certain enbodinents, no nore than two occurrences of Y are
present. In certain enbodinments, Cy' is a substituted or unsubstituted aryl
or heteroaryl. In certain enbodinents, Cy' is directly attached to X. In
certain 25 enbodinments, Cy' is a substituted or unsubstituted bicyclic or
heteroaryl ring, preferably both bicyclic and heteroaryl, 9rqhagh 2006
benzot bi ophene, benzofuran, benzopyrrole, benzopyridine, etc. In certain
enbodi ments, Cy' is a nonocyclic aryl or heteroaryl ring substituted at

| east with a substituted or unsubstituted aryl or heteroaryl rlng,i.

formng a biaryl system In certain enho i ncl
substituted or unsuBemitplg@nngmathylfe. ﬂwe‘f'g‘r“g‘ggr'%?mie%bstzmheasg&?af @é\l‘ﬁﬁmor
?I f;er ent, b82 2|7 NB&%QJHZQ?@eﬂbddﬂﬁénksyC?%ﬂedéﬁted bghlcﬁaamﬁlrstggmb:ez-ly?mdmcme g.,
o forma biaryl or bicyclic ring in e nt s
represents a benzo(B?"tz‘{’lzléli"\"'“22 Pt #&V&SW@ 2&ﬁl ‘HPede‘Be 9ot B54 Iﬂngnlsz yl,
?hfl Eoro benzo(b)thlsl%@ttlrattedltnﬂa ﬂﬁon?ﬁtrt?emydsmbﬁﬁﬁﬁg&)mé msamatuaatyalh the?mgnyé mftg)erel n -
e benzo ring is substitute 0 ecte rom
hal ogen, nitro, éyai‘h‘%ﬁj ORHIPHYS atviﬂl??g}mm?‘h eﬂd“’ﬁ‘bﬂﬁ%’]ﬂbﬁg’f’ such as CHC12
and CF3), and ethyl i ncludin 5 e By 85~/ Chi2
etc.), preferably fromlﬁﬁ?"& %ﬁ“ﬁ%t 'Sf'&e(c ﬁom& )ud(lzéu;§52 ﬁr?’sr%E%hyl
such as CHCI2 and CF3). b ﬁm%gf%ﬁwm%emu@m% {Jﬁ%sor%'y\ivﬁe? 7655 SRt Sy1Por

3-chl oro-benzo(b)thi en- uor o- "benzo ien-2

3- met hyl - benzo( b) t hineere@yly kingihse eielecte diobe halogani hgyver salknd WStalnﬁeﬁlt'ledIYW th
fluoro at the 4-position (pari t (a3 athilh, @9, &idr$19)
and, optional ly, at lh%tﬁear;il gaebmyl @uotc%}gonéf Eé{&% él&cﬁ?& arfl otaﬁ)g s eg rllrng)
In certain enboduOrremyckgany/azrdepmé@eyit sul’é?msle,bgllfateuﬁ‘é@n@tﬁ, ﬂ’rﬁfﬂlbﬂi pelignapidpon-

aromatic carbocycllc Q ter ri g,k ng. @’ﬂl@@glone sp
3 hybridized atom anéh IF’ﬁef gﬁg%@n% pﬂ&p hat ¢ H&‘)Palﬂé}l it y

ura of sp bri di zed atom; In
certain enbodi ments (Cﬂg)pall@lyil,s (@Hﬁparxlﬁ (@Hﬁﬂfﬂé‘@’ietﬂcﬁﬂﬂi 1(¥1Hdé? -josyer, alky
enbodi nents, Cy is tﬁ erega}iﬁ(&gheg ég)nli g’t{}g égﬂy@;owgpa]ggbq@ﬁgﬁglts

wherein Cy is a six-ne rn ache ears an
ani no substituent atiowealkenyhoSiCHeoR {ﬁHZB i HeHbRele et -{¢HabRE-IRFrand

am ne substituents 'Zﬁg)énﬁe-bﬁi(%ﬁ%ﬁ%dm{dr Pt Hh& of Mk above, wherein n and p,

individually for each occurrence, represent integers from 0 to 10, preferably from 0

to 5.

In certain embodiments, Z is directly attached to Ar, or attached to Ar
through a chain of ome or two atoms. In certain embodiments, Z-Y-M, taken

20 together, is absent.

In certain embodiments, compounds useful in the present invention may be

represented by general formula (XI):
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In certain enbodi nents, X is selected from-C(=0-, -C(=S5)-, and -S(Q2)-.

20 In certain enbodi nents, substituents on Ar or Z, where Zis an aryl or

heteroaryl ring, are selected from hal ogen, |ower alkyl, |ower alkenyl,

aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde, am no,

acyl am no, cyano, nitro, hydroxyl, azido, sulfonyl, sulfoxido, sulfate,

sul fonate, sulfanoyl, sulfonam do, phosphoryl, phosphonat @7 plaaspbooet e,

- (CH2) Pal kyl, -(CH2)pal kenyl, 25 (CH2)pal kynyl, -(CH2)paryl,

-(CH2) paral kyl, -(CH2) pOH, -(CH2)pO | ower alkyl, - (CH2)pO | ower al kenyl,

-Q(CH2)nR, -(CH2)pSH, -(CH2)pS-Iower alkyl, -(CH2)pS- |ower alkenyl,

-S(CH2) "R, -(CH2)pN(R) 2, -(CH2)pNR-| ower al kyl, -(CH2)pNR-Iower al kenyl,

-NR(CH2), R, and protected forns of the above, wherein n and p,

i ndividually for each occurrencé\l represent integers fromO to 10,

preferably from0O 30 to 5. 83 27 rch 2006 In certai}f“e‘?rbodi ments, Zis

directly attached to Ar, or attachedvte: Ar through—aschain of one or two

atons. In certain enbodinents, Z-Y-M t n togetsher, is absent. 5 In

certain embodi ments, conpounds useful in theg esent invention may be

represented by general formula (XIl): z Y-M M-cY \11-M XY/ -M M/ Y

NR. Formula XIl wherein, as val ence and s"‘t\abi lity permt, 10 Ar represents -

a substituted or unsubstituted aryl or hete/'oaryl ring; '
Cy

\

hi

/

[t

R,
Formula XI

wherein, as valence and stability permit,

Ax represents a substituted or unsubstituted aryt or heteroaryl ring;

5 Z is absent or represents a substituted or unsubstituted aryl, carbocyclyl,
heterocyclyl, or heteroaryl ring, or a lower alkyl, nitro, cyano, or halogen substituent;

Y, independently for each occurrence, is absent or represents -N{R}-, -O-, -5-
, or -Se~, provided that 1f Z is not a ring, then Y aitached to Z is absent;

X is selected from -C{=0)-, -C(=5)-, -S(0;)}-, -5(0)-; -C(=NCN}-, -

10 P(=OXOR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or alkynyl groups;

M represents, independently for each occurrence, a substituted or
unsubstituted methylene group, such as -CH,-, -CHF-, -CHOH-, -CH(Me)-, -C(=0)-,
etc., or two M taken together represent substituted or unsubstituted ethene or ethyne;

5 R represents, independently for each occurrence, H or substituied or
unsubstituted aryl, heterocyclyl, carbocyclyl, heteroaryl, aralicyl, heteroaralkyi,
heterocyclylalkyl, carbocyciylalkyl, alkynyl, alkenyl, or alkyl, or two R taken
together may form a 4- to 8-membered ring; e.g, with N;

Cy and Cy' independently represent substituted or unsubstituted aryl,

20 heterocyclyl, heteroaryl, or cycloalkyl, including polycyclic groups;

1 represents, independently for each occurrence, an integer from 0 to 5,

preferably from O to 2; and
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Z is absent or represents a substituted or unsubstituted aryl, carbocyclyl,
het erocyclyl, or heteroaryl ring, or a |ower alkyl, nitro, cyano, or
hal ogen substituent; Y, independently for each occurrence, is absent or

represents -N(R)-, -0-, -S- or -Se-, provided that if Zis not a ring, then
Y attached to Z is absent; 15 X is selected from-C(=0 -, -C(=S)-, -S(02)-,
-S(O-, -C(=NCN)-, - P(=O (OR)-, and a nethyl ene group optixgnakich 2006

substituted with 1-2 groups such as |ower alkyl, alkenyl, or alkynyl
groups; Mrepresents, independently for each occurrence, a substituted or
unsubsti tuted nethyl ene group, such as -CH2-, -CLIP-, -CHOH, -CH(M)-,
-C(am-, 20 etc., or two Mtaken together represent substituted or
unsubstituted ethene or leiefyseats aRintdgadmpehvienpefprablyfriomadh Zoccur r ence,
represents H or substituted or unsubstituted aryl, heterocyclyl, '
carbocyclyl, heteroaryl, aral kyl, heteroaral kyl, heterocyclylalkyl,

car bocycl yl al kyl , al kynyin,ceadik enyddimants, BRK ydpres@its Pitindday erhing @06 s@yndaryderCy'
i ndependent |y represent substitute r ' I I Lyl , .
heteroaryl, or cycl SN FT0F LM |n‘§q%ﬁ%+éy%2§/{gqs$)%g%r u%rg‘gﬁhar?c? gﬁ’%ﬁ?@?ﬁ’ﬁts an
integer fromO0 to 1.gdupd, respeetitely, preferibiydipisnatysr ssiRBlaryapinssent s a pri nary B
am ne or a secondary or tertiary am ne substituted with one or two | ower
al kyl groups, respecti velnycertaiperobadiragytsy Marepresentsr ipdeppndently SAtERFY OCEHTTFES: 2npst

preferabl y a secondary At uhBuffd il RADETRRLS M, ePCRBENCRON, -
a Su

i ndependently for each occurrence, stituted or unsubstituted
met hyl ene group, sudH®e)---CHX);, eCHF-, -CHOH, - 10 CH(Me)-, -C(=0-, etc.
In certain enbodinents, Y is absent fromall posjtions. In certlal%in

b _tutqdnor

enbodi nents, where Y is bdfeseia rmbpdmggts, & iydependentiy dpRresgpt §¢
certain enbodi t Smsdb@frutdd a.l&lecﬁﬁfeteﬁﬁ@d ARG UE §.CGEbsBiuteMor albbidtbe dhith ondOyt,

k-0, optionally for both occurrences. |In certain enbod nts, for :
attached to Ar and MNpork-gioups SptioRaliyeinelydine betersairme At aSA4)’rT§]n(5‘ndZS" B olhin

i ndependent |y represgbainidRst it i@ BnOlof AMNSUDS! iebidtend @lplitnyDrinpelecaniny|

rings, e.g., unsubstituted or substituted with one qr . .
embodiments, at least one of Ar and Z represents a heteroaryl ring, e.g., a pyridyl,
thiazolyl, thienyl, pyrimidyl, furanyl, etc. In certain embodiments, the occurrences of

15 Y attached to Ar are disposed in a meta and/or 1,3-relationship.

In certain embodiments, Y is absent from all positions. In certain
embodiments, the only present occurrence of Y is attached to M. In embodiments
wherein Y is present in a position, i or k preferably represents 2 in an adjacent My if
i/k=0 would result in two occurrences of Y being directly attached to each other, or

20 an occurrence of Y being directly attached to N. In certain embodiments, where two
occurrences of Y are attached to M, at least one such occurrence of Y is absent. In

certain embodiments, no more than two occurrences of Y are present.

In certain embodiments, Cy’ is a substituted or unsubstituted aryl or

heteroaryl. In certain embodiments, Cy’ is directly attached to X. In certain

25 embodiments, Cy’ is a substituted or unsubstituted bicyclic or heteroaryl ring,
preferably both bicyclic and heteroaryl, such as benzothiophene, benzofuran,
benzopyrrole, benzopyridine, etc. In certain embodiments, Cy’ is a‘monocyclic aryl

or heteroaryl ring substituted at least with a substituted or unsubstituted aryl or
heteroaryl ring, i.e., forming a biaryl system. In certain embodiments, Cy’ includes

30 two substituted or unsubstituted aryl or heteroaryl rings, e.g., the same or different,
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nore groups optionally including heteroatons such as 0, N, and S. In
certain enbodi nents, at |east one of Ar and Z represents a phenyl ring. In
certain enbodinments, at |east one of Ax and Z represents a heteroaryl

ring, e.g., a pyridyl, 20 thiazolyl, thienyl, pyrimdyl, furanyl, etc. In
certain enbodi ments, the occurrences of M attached to Ar are disposed in
a meta and/or 1,3-relationship. In certain enbodi nents, Cy'27 i afch 2006
substituted or unsubstituted aryl or heteroaiyl. In certain enbodi nents,
Cy' is directly attached to X In certain enbodinents, Cy' is a
substituted or unsubstituted bicyclic or heteroaryl ring, 25 preferably
both bicyclic and heteroaryl, such as benzot hi ophene, benzofuran,
benzopyrrol e, benzopyridine, etc. In certain enbodinents, Cy' is a
nrDnocyclbi c aryl | or dlh&il?roﬁnﬁfeycbd B B@e sBstel ol d.ggtio lf@@si biah br membsm'gt ut ed
or unsubstituted aryl or etero tem
In certain enbodi merfts¥m™ éﬂﬁeﬂflﬂ@lnﬁ‘ajégemst&g ?ﬂﬁ?’f‘t‘s?&?"&gebgg'e‘h%é’t %[efatbﬁy}d aryl
or heteroaryl rings ﬁhl@ro@enzo(ﬂ)@1eﬁa¥m Dﬂucﬂtb Béreﬁ(e)imen-agal di BandiW-baanbeidied by
one or nore bonds, e.g., t bi ar 2006 -
system In certain gﬁ'gc?cﬁ" ?25 % e Es%?ﬁ”‘te vﬂk‘ré"ér( E)Cit%ﬁli"siﬁw'fs %?EC&Q
preferably a 3- ahl cmrom-tbe)lgaoﬁxhl)ot szae:nfrﬂeﬂ;yl (e.83- ﬁdluﬂirrgdratmmem(h)chhsm%apﬂ or .
3- et hyl - benzo(b)thi t he, be ubs ut ed
. (ﬁE}e;}ﬂ% Q(% e ,Qg%iudxrfgrerba% Elg uch as %%1?(;618’1%(: etc§ prefe era le//l

with from 1-4 substi gen an
(e.g., including halﬁmﬁieltahggén argluadihya ge. £ HEERdiag bal i3 ) spchamdCECh yhd CE)gn

i ncl ud| ng hal oet hyl CcC C2F5, etc refe ro al ogen
and nethyl (e.g., ﬁ%‘faﬁldfuﬁg “H3P n%rfgn Y PERITERS & B@f&fe @i%l% ’I3nﬁﬂogjertal n
such enbodi nents q/berrze(}h}tlasmmys @ &mmybbanzdgfb)ﬂnm(bylt hvhengthylbena} fing oS O-

benzo(b)t hi en- 2- of h)t I i ng
is substituted tﬁ&:’fsfltﬁt %ﬁu?rﬁeﬂﬁ 4 gmt?m g&n(%%gjf |3%Eﬁlﬁlg oé?lgu@g{}ﬁﬁ%nt on
the thienyl ring) 64, aptcbnalb/pauﬂwi’aﬂolsmpn @peri lratherS ploke thieoyl ripg)peri’ to the S
of the thienyl ring). In certain enbodiments, Cy represents a substituted
or unsubstituted non- arloratiiie exbedineys ICiYCrelyﬁseﬁétaesﬂ'@%}Wﬁdlﬁ ynpybgtituted gon-

including at |east %ﬁmﬁp@amgﬁw h&8oc gaﬁcomg, famnmﬁgemgktyon@sglmmeay of

sp 3 hybridized atons certain enb menber ed
ring. In certain entstdi er@fem‘d)]aplymhiyrcééﬂ Ibybrigized atprsp) I eeripjn embodiments, Cy

15 is a 5- to 7-membered ring. In certain embodiments, Cy is directly attached to N

and/or to NRz. In embodiments wherein Cy is a six-membered ring directly attached
to N and bears an amino substituent at the 4 position of the ring relative to N, the N

and amine substituents may be disposed frans on the ring.
In certain embodiments, X is selected from -C{=0)-, -C(=S)-, and -S(O}-.

20 In certain embodiments, substituents on Ar or Z, where Z is an aryl or
heteroaryl ring, are selected from halogen, lower alkyl, lower alkenyl, aryl,
heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde, amino, acylamino, cyano, nitro,
hydroxyl, azido, sulfonyl, sulfoxido, sulfate, sulfonate, sulfamoyl, sulfonamido,
phosphoryl, phosphonate, phosphinate, -(CHj)palkyl, -(CHa)palkenyl, -

25  (CHp)palkynyl, ~(CHj)paryl, -(CHy)paralkyl, -(CH;),0H, -(CH,),O-lower alkyl, -
(CHz),O-lower alkenyl, -O(CHz)nR, -(CH3),SH, ~(CH;),S-lower alkyl, -(CHy),S-
lower alkenyl, -S(CH,):R, -(CH3)pN(R),, -(CHz),NR-lower alkyl, -(CH,),NR-lower
alkenyl, -NR{CH;).R, and protected forms of the above, wherein n and p,
individually for each occurrence, represent integers from 0 to 10, preferably from 0

30  tos.
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15 and/or to NR2. In enbodinents wherein Cy is a six-nenbered ring directly
attached to N and bears an am no substituent at the 4 position of the ring
relative to N, the N and am no substituents may be di sposed trans on the

ring. In certain enbodinents, Xis selected from-C(=0-, -C(=S)-, and
-S(A2)-. In certain enbodi nents, substituents on Ar or Z, where Z is an
aryl or 20 heteroaryl ring, are selected from hal ogen, | owerpatdiy200d ower
al kenyl, aryl, heteroaryl, carbonyl, thiocarbonyl, ketone, al dehyde,

am no, acylam no, cyan, nitro, hydroxyl, sulfonyl, sulfoxido, sulfate,
sul fonate, sul fanmoyl, sul fonam do, - (CH2)pal kyI - (CH2) pal kenyl ,

- (CH2) pal kynyl , (CHZ) pOH, -(CH2) pO | ower al ky CH2) pO- | ower. al kenyl ,
-O(CH2) nR, - (CH2) pSH, - (IEH2YtHS-dupdimentp. k4 |is dE‘ECEIJ’-IE} GCQ;*P IA&V\%‘r at?F‘}?@ﬁwAf

AR - (O2) PNGRY G- 5 CAPOPIR: loPURE sy i cerlt @hipRndren-y-aa a1
-NR(CH2)" R, and prot ed rnms of the above, wherein n and p,

individually for eaddscbercigrebssice, represent integers fromO to 10,
preferably from0O to 5. 86 27 March 2006 In certain enbodinments, Zis
directly attached to Ar, or attached to Ar through a chain of one or two

atons. In certain enbodl ments, Z-Y-M taken 0 her is ab
certain embodi nents, thel<GHTRCROUTBAS, FUTROH Sﬁ'gef@h% eser% ﬁ‘%}%am QJ

their selectively fqurgsmemmgormahm This sel ectl VI ty can be for t he -
hedgehog pathway versus ot her pat hvvays or for selectivity between

particul ar hedgehog pathways, e.g. pre- 1, plc- 2 etc. 10 In certain
preferred enbodi nents, the subject agorMsts nodul a c-sno nedi ated
signal transduction with an ED50 of 1 -oi, | esg;—nore preferably of 1 pM
or less, and even nore preferably of | nM oL ss For hedgehog- dependent
agoni sts, the subject agonists increase th'(;/actl vity of hedgehog 10-fold,
100-fold, or even 1000-fold. 15 In particular enbodi ments, the small

mol ecul e is chosen for use because it is /C"

"\

NR;
Formula XTI

wherein, as valence and stability permit,

10 Ar represents a substituted or unsubstituted aryl or heteroaryl ring;

7. is absent or represents a su-bstituted or unsubstituted aryl, carbocyclyl,
heterocyclyl, or heteroary! ring, or a lower alkyl, nitro, cyano, or halogen substituent;

Y, independently for each occurrence, is absent or represents -N(R)-, -O-, -5-
, or -Se-, provided that if Z is not a ring, then Y attached to Z is absent;

15 X is selected from -C(=0}, -C(=S)-, -S(02)-, -S(O)-, -C(=NCN}-, -
P(=O)}OR)-, and a methylene group optionally substituted with 1-2 groups such as
lower alkyl, alkenyl, or allcynyl groups;

M @resents, independently for each occurrence, a substituted or
unsubstituted methylene group, such as -CH;-, -CHF-, -CHOH-, -CH(Me}-, -C(=0)-,

20 etc., or two M taken together represent substituted or unsubstituted ethene or ethyne;

R, independently for each occurrence, represents H or substituted or
unsubstituted aryl, heterocyclyl, carbocyclyl, heteroaryl, aralkyl, heteroaralkyl,
heterocyclylalkyl, carbocyclylalkyl, alkynyl, alkenyl, or alkyl;
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nore sel ective for one patched isoformover the next, e.g., 10-fold, and
nore preferably at |east 100- or even 1000-fold nore selective for one

pat ched pathway (ptc- 1, ptc-2) over another. In certain enbodi nents, a
conmpound which is an agoni st of the hedgehog 20 pathway is chosen to

sel ectively agoni ze hedgehog activity over protein kinases other than PKP.
such as PKC, e.g., the conpound nodul ates the activity of phavariR2desigehog
pat hway at | east an order of nagnitude nore strongly than it nodul ates the
activity of another protein kinase, preferably at |east two orders of

magni tude nore strongly, even nore preferably at |east three orders of

magni tude 25 nore strongly. Thus, for exanple, a preferred activator of the
hedgehog pathway may activate hedgehog activity with a K; at |east an
order of magnitude | owerCst Beth Cyi tiedepend¢ngly tapresepasybsifuisd K@sustifedr &b y at

| east tuo orders of ABARLYLHRbBIRE o RURD, IR RAYSIARNSs Ak | cast LT ee
£s,

orders of nmagnitude lower. In certain e odi men 'for PKA/ hedgehog
activation is |ess than kFeprefRats pyiafeesy pny ¢ bss t han I an 30 even nore
preferably less than 0.1 nM 87 27 March 2006 Synthesis of Subject

Compounds Conpounds of the present invention can be readily prepared by
standard” techni ues of 1® nbediepa iRy reRressnts 2 FEEFVAIHY V5 BRAAPY 65 set

forth in the Exermwtakfaﬁﬂnensubﬁmw WART or@XGTBVE loweer SHBI 5 bups, OB RYy be

prepared by 5 reactin conpound or pair of conpounds designated A wth a
conpound or pair of Pre @@W@é%%&@’éﬁ‘%‘%ﬁﬂpr&&%éﬁmﬂd@é@ﬁ%at ed C, as

set forth below A Z + Y/ VA AM A27Z/Y\R. + YAr Y1

RAYY-Nry A4Z/ Y\ Mk N\ R I‘-lﬁﬂf‘?r"l\ﬂ“}&’g‘%“?‘etf\ﬂ reRepants, W@F%Pgﬁqﬂlﬁr?‘qw@\"ﬁ?““me a

+RV X/ 'Y\ / YCY B2 H, NMub¥iitwfbdror unsubstituted methylene group, such as -CHj-, -CHF-, -CHOH-, -
' 10 CH(Me)-, -C(=0)-, etc.

In certain embodiments, Y is absent from all positions. In certain
embodiments, where Y is adjacent to My, either Y is absent or k=0. In certain
embodiments, for at least one occurrence of My attached to Cy, k=0, optionally for

both occurrences. In certain embodiments, for My, attached to Ar and N, k=1.

15 In certain embodiments, Ar and Z independently represent substituted or
unsubstituted aryl or heteroaryl rings, e.g., unsubstituted or substituted with onc or
more groups optionally including heteroatoms such as O, N, and S. In certain
embodiments, at least one of Ar and Z represents a pheny! ting. In certain
embodiments, at least one of Ar and Z represents a heteroaryl ring, e.g., a pyridyl,

20  thiazolyl, thienyl, pyrimidyl, furanyl, eic. In certain embodiments, the occunrences of

My attached to Ar are disposed in a meta and/or 1,3-relationship.

In certain embodiments, Cy’ is a substituted or unsubstituted aryl or
heteroaryl. In certain embodiments, Cy’ is directly attached to X. In certain
embodiments, Cy’ is a substituted or unsubstituted bicyclic or heteroaryl ring,

25  preferably both bicyclic and heteroary!, such as benzothiophene, benzofuran,
benzopyrrole, benzopyridine, etc. In certain embodiments, Cy’ is a monocyclic aryl
or heteroaryl ring substituted at least with a substituted or unsubstituted aryl or
heteroaryl ring, i.e., forming a biaryl system. In certain embodiments, Cy” includes
two substifuted or unsubstituted aryl or heteroaryl rings, e.g., the same or different,

30 directly comnected by one or more bonds, e.g., to form a biaryl or bicyclic ting
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B3 2NNM /MXW+R /M "Y\cY B4 HNM NX YNR + MY\eY B5 HZN~MK
Y\X~Y\ + cy B6HxM +Y (.y Y W~CY CM(R), CY --""-yN(R)2 10
Simlarly, a conmpound designated C above may be reacted with a conpound or
pai r of conpounds designated D and designated E: a conpound or pair of
conpounds 88 27 March 2006 DI Z + YY/I-- YNHz D2 ZIYYR + MRY/Ar-~Y/
M11 NH3 D3 27 M D4 Z D5 EI Y. NAY/ 11 Nk WN Y/ NHz M YM ~'
Yicy E2 M/ X V\M cY 27 fheich 2008

system. In certain embodiments, Cy’ represents a benzo(b)thien-2-yl, preferably a 3~
chloro-benzo(b)thien-2-yt, 3-fluoro-benzo(bjthien-2-yl, or 3-methyl-benzo(b)thien-
2-yl, e.g., wherein the benzo ring is substituted with from 1-4 substituents selected
from halogen, nitro, cyano, methyl (e.g., including halomethyl, such as CHCl; and
5  CF), and ethyl (e.g., including haloethyt, such as CH>CCls, C,Fs, etc.), preferably
from halogen and methyl (e.g., including halomethyl, such as CHCl; and CF3). In
certain such embodiments Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-
benzo(b)thien-2-yl, or 3-methyl-benzo(b)thien-2-yl wherein the benzo ring is
substituted with fluoro at the 4-position (peri to the 3-substituent on the thienyl ring)
10 and, optionally, at the 7-position (‘peri’ to the S of the thienyl ring).

In certain embodiments, Cy represents a substituted 61' unsubstitated non-
aromatic carbocyclic or heterocyclic ring, i.e., including at least one sp® hybridized
atomn, and preferably a plurality of sp’ hybridized atoms. In certain embodiments, Cy
is a 5- to 7-membered ring. In certain embodiments, Cy is directly attached to N

15 and/or to NR;. In embodiments wherein Cy is a six-membered ring directly attached
to N and bears an amino substituent at the 4 position of the ring relative to N, the N

and amino substituents may be disposed trans on the ring.
In certain embodiments, X is selected from -C(=0})-, -C(=8)-, and -5(0O2)-.

In certain embodiments, substituents on Ar or Z, where Z is an aryl or

20  heteroaryl ring, are selected from halogen, lower alkyl, lower alkenyl, aryl,
heteroaryl, carbonyl, thiocarbonyl, ketone, aldehyde, amino, acylamiho, cyano, nitro,
hydroxyl, sulfonyl, sulfoxido, sulfate, sulfonate, sulfamoyl, sulfonamido, -
(CHy)palkyl, -(CHp)palkenyl, -(CHp)palkynyl, -(CH,),OH, -(CHz)pO-lower alkyl, -
(CHa),O-lower alkenyl, -O{CHz)nR, -(CH,),SH, (CH;),S-lower alkyl, -(CH,),S-

25  lower alkenyl, -S(CH3),R, -(CH),N(R)2, (CHyp)NR-lower alkyl, -(CHz),NR-lower
alkenyl, -NR(CHj),R, and protected forms of the above, wherein n and p,
individually for each occurrence, represent integers from 0 to 10, preferably from O

to 5.
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E3 MK/ Yfix/I E4 MVWMXYNR + M ¢cY YR +d YM ESMYXE W, M +R
I'Y\.cY Alternatively, a conmpound or pair of conpounds designated A above and
a conpound or pair of conpounds designated E above may be reacted with a
5 conpound designated F: FI H2N. "Y~ M Cy F2 H\N- N(R)2 M F3 H2N~~Y~C
Conmbi nati ons of conpounds as indicated above are preferably reacted with
each other in series, e.g., tw conpounds are reacted togebhauardhn®gy oduct
is reacted with a third conpound, etc., and the conpounds can generally be
coupled in series in 10 any order, as will be understood by one of skill in
the art. In certain enbodi nents, functional groups on one or nore
conpounds nmay require protection during one or nore reactions, as is well
understood in the art, and any suitable protecting groups + Y/ Af~Y11l NH, 89
27 March 2006 can be enphgayedn fembodiherss, ZUispdisetly ﬁaEheﬁftosA(ri, lok aitazhédhe Art can

readily select suit bI £, Pratec oups f arti f nal
group and a particuf'ar e &attiof it o f%f”g or ation s‘felétgg eﬁﬁ’ﬁ tfie#?‘ﬁMngﬂ& ht any
time to nodify functqgsthallsgrs@ru.ps or noieties on the product of a reaction,
for exanple, to convert N(R 2 = NH2 to N(R)2 5 = NHR, e.g., by nucleophilic
substitution, reductive al kylation, or any other suitable nethod. In the

conpounds deS| gnated A-F above, the elenents M X, Y, Z, Cy, C',
In certain embodzments the subject agonists can be chosen on the basis of

their selectively for the hedgehog pathway. This selectivity can be for the hedgehog
pathway versus other pathways, or for selectivity between particular hedgehog
pathways, e.g., pfe-1, ptc-2, etc.

10 In certain preferred embodiments, the subject agonists modulate ptc-smo

mediated signal transduction with an EDgy of 1 mM or less, more preferably of 1

puM or less, and even more preferably of 1 nM or less. For hedgehog-dependent
agonists, the subject agonists increase the activity of hedgehog 10-fold, 100-fold, or
even 1000-fold.

15 In particular embodiments, the small molecule is chosen for use because it is
more selective for one patched isoform over the next, e.g., 10-fold, and more
preferably at least 100- or even 1000-fold more selective for one patched pathway
(ptc-1, ptc-2) over another.

In certain embodiments, a compound which is an agonist of the hedgehog
20  pathway is chosen to selectively agonize hedgehog activity over protein kinases
other than PKA, such as PKC, e.g., the compound modulates the activity of the
PKA/hedgehog pathway at least an order of magnitude more strongly than it
modulates the activity of another protein kinase, preferably at least two orders of
magnitude more strongly, even more preferably at least three orders of magnitude
25  more strongly. Thus, for example, a preferred activator of the hedgehog pathway
may activate hedgehog activity with a K; at least an order of magnitude lower than
its K; for activation of PKC, preferably at least two orders of magnitude lower, even
more preferably at least three orders of magnitude lower. In certain embodiments,
the K, for PK A/hedgehog activation is less than 10 nM, preferably less than 1 nM,

30  even more preferably less than 0.1 nM.
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Ar, i, k, R etc. are defined as above (as nay be broadened by the
description below), and R independently for each occurrence represents H,
a protecting group, or a 10 labile reactive group, such as a trial kylsilyl
(e.g., trimethylsilyl) group, and R* independently for each occurrence
represents 1) a |eaving group, such as a halogen (e.g., F, d, Br, or I),
al kyl thi o, cyano, al koxy, or any other group capabl e of beRFdvarchp2@Eid by
an am ne nucl eophil e when attached to X, 2) an activatable group, such as
OH, that can be activated by an activating agent, such as a carbodiim de
(e.g., 15 diisopropyl carbodiimde, dicyclohexyl carbodiim de,

1- (3-di net hyl am nopr,opyl.)-3;,ethyl carbodii m de, etc.), phosphorous-based
reagents (such as B@ﬁ%‘%"éy’ﬁﬁféﬁgmp"é‘f’%), oxal yl chloride, phosgene,

tri phosgene, or any si midoatpourdia@é rie, présentriewmtien fan e readibycprppeeed; vt anded) at e
havi ng an i ncreased susceptibility lative C rei p.R' =
OH, towards coupli nbeCW“{”ﬁgg OLEaIg e t(li)lgsm?,)e'g}( %C%%dﬁgetf a%gﬁmtégggttwg? gome .
represent an el ect r Gpdmigliticatign delpwc Epablamplst arssbietti soppoyndhmay baprapared $ich as -
an isocyanate, i.sothiocyanate r . Si I j: i : -
various subuni tsSdegeiaﬁ’rIf%fy’émamlﬁult—Ld égrapﬁl?tgg%én@%%g%‘%]étigﬁéuéﬁ? Cg?bgm&r %—{ﬁﬁ)c{ra of .
reactions well knowortmuiidsdssgnated Blkid 4 campotrdalesignated de presstiforth belevt he '
particular noieties to be coupled. For exanple, an am ne, such as one of
the NH2 25 groups indicat ed %N;m'éwuﬁ"um/t’@ A-F, can be coupled with an

al kyl group by reductive alkylation (e.g., the term nal occurrence of Mis
an al dehyde), by nugl eprrﬁT'\lRi C+ d‘T“‘s\m/dﬁ*em?ﬁ‘t of a leaving group (such as a
hal ogen, sul fonate, or other suitable substituent), by nucleophilic

openi ng of an epoxi de, 9?"‘& any Rbt\t)e«”\s itabl e reaction known to those of
skill in the art. Si%ilarly, " am nes can be coupled with 30 activated
carboxylic acid derivatives_orw hi gcarhoxyhi c acid derivatives, e.g., 90 27
March 2006 prepared #n 8itu %rona carboXylic acid or thiocarboxylic acid
and an activating agent qr pregpared as isolated conpounds such as

i socyanat es, carboxyMi czacidw€hMerides, etc., to provide ami des, ureas,

t hi oureas, thioamdes,,etc,, wWih chloroformate esters, sulfonyl

chl ori des, or other Béﬁ%ﬁmfoﬁpoﬁn\crs/t()kqﬁo frde ur et hanes, sul fonam des, 5
etc., or with other electrophilic reagents that forma covalent bond with
an am ne. NP g

HoN Y. R Y. Y.
83 \M( S~y +R'/ \M/ \oy

oM Y Y. Y.
\Mn/ \x/ S * m/ \cy

B4
65 HZN\M,‘/Y\X/Y\M./Y\R' * ooy
85 Hw\w/v\x/v\m N
jos ! Ma/ Y\Cv
- R
- /Y\c y//Y\M. /N(R),_
10 Similarly, a compound desighated C above may be reacted with a compound

or pair of compounds designated P and a compound or pair of compounds

designated E:

88



Aryl and/or heteroaryl rings can be readily coupled directly using Stille,
Suzuki, or other related reactions, such as palladi um nedi at ed
cross-coupling reactions. Aryl and/or heteroaryl rings can be readily
coupl ed through a heteroatom e.g., using reactions such as the U | man
reaction, any of various palladiumnedi ated 10 reacti ons devel oped by S
Buchwal d and ot hers, by nucleophilic aromatic substitutiopy7 Marcetdoos such
reactions. Simlarly, am nes, alcohols, thiols, and other such

het er oat om beari ng conpounds can be coupled to aryl and/or heteroaryl rings
usi ng pal | adi um nedi ated reacti ons devel oped by S. Buchwal d and ot hers,

nucl eophilic aromatic substitution, etc. Aryl and/or heteroaryl rings

| i nked by 15 substituted or unsubstituted hydrocarbon chains can be
prepared by Stille, oSuzuki, ““Hedk, FiedbisCrafts, and other reactions as
wi ||l be apparent to those of skill in the art. A survey of a nunber of
common synt hetic reaxtgﬂﬁEmpotgﬁtpaWFy/ﬁ§eLyl for preparing conpounds of
the present invention are descrLbed Ln greater detail below 20 and in
Figures 1-31. The vgri abl ewugr eupd~j-nchudethyi,n the subunits designated A-F
above can be varied to corregpond with any of the Formulae I-VIII and X-XI|
W t hout departing prnEPﬁéwgenegaL §Vnph%sh§ approaches outlined above.
Simlarly, conmpounds of the present invention can be prepared by coupling a
suitable noiety to g partial lw _assenbhed structure. For exanple, a conpound
of 25 Fornmula XI can bé préparetl by™any of the steps I-VI shown in the
schenme below. 91 27 N@LQH\QPOGRY\B/¥\Q}”ng] IY-CY [Y-LY rt~x /Y-cY y-X
\v-a\ El

¥. Y. ¥
Nk/ \x/ "\Ml/ \cy
Y. R+ h' Y.
g w7 e ST ey

Y- Y. Y.
E4 un/ \x/ e Y Mi/ \cr

¥ Y. Y. + gy
ES Mk/ \x/ \Mi/ \R' 4

.

Y. Y.
E6 Mk/ \x/\M, * R'/\Cy'

Alternatively, a compound or pair of compbunds designated A above and a
compound or pair of compounds designated E above may be reacted with a

5  compound designated F:
Fi HaN 3
z \Mi/ \Gy

FI HN N(R},

~Su”
F3 HsN Y. Y. NiR)
\m/ e y/ ~ Ma/

Combinations of compounds as indicated above are preferably reacted with
each other in series, e.g., two compounds are reacted together, the product is reacted
with a third compound, etc., and the compounds can generally be coupled in series in

10 any order, as will be understood by one of skill in the art. In certain embodiments,
functional groups on one or more compounds may require protection during one or

more reactions, as is well understood in the art, and any suitable protecting groups
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y v~r /\JJ Y /v-CYLY\ Mv Simlarly, a conpound of Formula X may be
prepared by any of the steps in the scheme below 92 27 March 2006 Y-M It
2\ xsi /Y-WY -cY [/ By analogy, a conmpound of Fornula XIl can be prepared

by any of the steps set forth in the schene bel ow. /V- Y-\ %-W- -
93 27 March 2006 i RY \M1c IDN M o oo WX

27 March 2006

can be employed for this purpose. One of skill in the art can readily select suitable
protecting groups for a particular functional group and a particular reaction.
Elaboration steps may be performed at any fime to modify functional groups or
moieties on the product of a reaction, for example, to convert N(R), = NH to N(R)2
5 = NHR, e.g., by nucleophilic substitution, reductive alkylation, or any other suitable

method.

In the compounds designated A-F above, the elements M, XY, Z Cy, Cy,

Ar,i, k, R, efc. are defined as above (as may be broadened by the description below),

and R’ independently for each occurrence represenis H, a protecting group, or 2

10 labile reactive group, such as a trialkylsilyl (e.g., trimethylsilyl) group, and R”
independently for each occurrence represents 1) a leaving groﬁp, such as a halogen

(e.g., F, Cl, Br, or 1), alkylthio, cyano, alkoxy, or any other group capable of being
replaced by an amine nucleophile when attached to X, 2) an activatable group, such

as OH, that can be activated by an activating agent, such as a carbodiimide (e.g.,

15 diisopropylcarbodiimide, dicyclohexylcarbodiimide, 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide, etc.), phosphorous-based reagents (such as BOP-Cl, PyBROP,

etc.), oxalyl chloride, phosgene, triphosgene, or any similar reagent, to result in a
reactive intermediate having an increased susceptibility, relative to the compound
wherein R*" = OH, towards coupling with an amine, or 3) X and R”* taken together

20  represent an electrophilic group capable of reacting with an amine, such as an

isocyanate, isothiocyanate, or other similar reactive moiety.

The various subupits designated A-F can be combined using any of a
plethora of reactions well known to those of skill in the art, depending on the
particular moieties to be coupled. For example, an amine, such as one of the NH;

25  groups indicated on the subunits A-F, can be coupled with an alkyl group by
reductive alkylation (e.g., the terminal occurrence of M is an aldehyde), by
nucleophilic displacement of a leaving group (such as a halogen, sulfonate, or other
suitable substituent), by nucleophilic opening of an epoxide, or by any other suitable
reaction known to those of skill in the art. Similarly, amines can be coupled with

30  activated carboxylic acid derivatives or thiocarboxylic acid derivatives, e.g.,
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MR VIl 11 Y-WwMx-a z g-M %Y In the schenes above, M Cy, Ar, X O,

Y, Z, R i, k, R, and R" correspond to their use above, and can be nore
narrowy defined as set forth in the 5 description of Fornulae X-XIl, or to
correspond to elenments of Fornmulae I-VIIIl, optionally as nodified by the
description acconpanying Forrmulae I-VIII. Reactions suitable for performng
Step | include palladiumnedi ated reactions devel oped by 57 NRsveRvedog and
ot hers, nucleophilic aromatic substitution, oxidative coupling, etc. 10
Reactions suitable for performng Step Il include nucl eophilic displacenent
of a leaving group on M reductive allcylation, reaction of the amne with
an el ectrophilic carboxylic/thiocarboxylic acid derivative (acid chloride,
i socyanate, isothiocyanate, or a carboxylic acid activated by BOP-O ,

PyBr OP, car bodi i m derep@td indidfrdif b cabdxyNedcidny thi@adentic esd ali aaactmamgmgmmnl y

used in the art of peptide 15 couplin or other ac
i ncl udi ng those set Ofg pged 4 ¢ g‘ﬁ’ttﬁocfon}pﬁ&@éf‘fc iaﬁlsf)’f’ya@ 632"7”%&‘?’%%%878 Hur es
1-31 and the acconpamytmlgovdmmqamrm thielrew, thdamided) eic e with alilcroMnasteestahsent |

a pal | adi um nedi at ed as_dev ed b a Qt h
Reactions suitable f 0&9 ft fg° le%lgipf?r?po}(mcp%/ plmﬁ’(lfﬁa e ?ngsaé’elfoc')lﬁmgfs Y-R

wi th an el ectroplsil Ietb cmnhmlt;elr elecrtroghmé weagehts thar foxrah coveleftbohd with scindne.
chloride, 5 isocyanate, isothiocyanate, chloroformate, sulfonyl chloride,
or an acid activated by ABORdQIr, heRyBrvORngs eanblisdicidily couplet dizgsdly leing Stille,

activating reagent (gneh Softs €rolafed TIRAbY, Y580 ad BarfaliGmBhdaid tc!o
as 't ort cri%t ai l

coupling)), or other sim reactlons, suc "hose set
in certain of Figur mctMSMmddfpﬂ@twmtbrmﬁm byreafily cpundad; thypugh aheteroatom

e.g., using reactions such as the Ullman reaction, any of various palladium-mediated
10 reactions developed by S. Buchwald and others, by nucleophilic aromatic
substitution, or other such reactions. Similarly, amines, alcohols, thiols, and other
such heteroatom-bearing compounds can be coupled to aryl and/or heteroaryl rings
using palladium-mediated reactions developed by S. Buchwald and others,
nucleophilic aromatic substitution, etc. Aryl and/or heteroaryl rings linked by
15  substituted or unsubstituted hydrocarbon chains can be prepared by Stille, Suzuki,
Heck, Friedel-Crafts, and other reactions as will be apparent to those of skill in the

art.

A survey of a number of common synthetic reactions potentially useful for

preparing compounds of the present invention are described in greater detail below

20  and in Figures 1-31. The variable groups included in the subunits designated A-F
above can be varied to correspond with any of the Formulae I-VIH and X-XIO

without departing from the general synthesis approaches outlined above.

Similarly, compounds of the present invention can be prepated by coupling a
suitable moiety to a partially assembled structure. For examptle, a compound of
25  Formula XI can be prepared by any of the steps I-V1 shown in the scheme below.
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bel ow. 10 Reactions suitable for perform ng Step V include nucl eophilic
di spl acenent of a |eaving group, reductive al kylation, reaction of the
amine with an electrophilic carboxylic/thiocarboxylic acid derivative
(acid chloride, isocyanate, isothiocyanate, or a carboxylic acid activated
by BOP-C, PyBrOP, carbodiimde, or another activating reagent (such as
are commonly used in the art of peptide coupling)), or 15 othgirchiandear
reactions, including those set forth in detail in certain of Figures 1-31
and the acconpanyi ng description bel ow Reactions suitable for perform ng
Step VI include nucleophilic displacenent of a |eaving group, reductive
al kyl ation, reaction of the amne with an electrophilic, .
car boxylic/thiocarboxylic acid derivative (acid chlogkdé, i sot hi ocyanat e,
i socyanate, 20 or a carbgxylic acid activated by B@E=d, PyBrOP
carbodiim de, or another "&ctivating xeagent (syctt as are conmonly used in
the art of peptide couplinpg)), ,efr ot her\-sj mi | ai\, reacti ons, incl uding those:
set forth in detail wn certajfm“of Figures ¥-81 /and t he acconpanyihg
description bel ow. Re&¢tiohs suitable for perfogfing St ep VI where Y is
coupled with a present“/23 occurrence of Mincltide nucl eophi e
di spl acement of a | eavi g grou reductive | kyl &t i on, reaction*of the /7
amne with an el ectrophilic ca?%g&ylic/thio arboxylic aci deri vatiye/
(acid chloride, isocyandte, isothirocyanate, jor a carboxylic acid act/i vated
by BOP-Ci, PyBrOP, carbygdiinmde, orianother {activating reagent (suc@vas are
. z . Y- . Yy N . .
comonly used in the art of peptide c8upling)), er/other simlar reactions,
including 30 those set forth in detail ih_gertai/h of Figures 1-31 apd the
acconpanyi ng descripfion 95 27 March 2006 behow. |n embodi ments wherg
occurrences of Mis absent, suitable coupltng reactions include

pal | adi um nedi at ed reactiQns devel oped by §$ Buchwal d and ot hers,
nucl eophilic aromatic substijtution, oxidatiye couplimng; etc. In embedi ments
where Mand Y are absent a Z_ifﬁLBgétts & aryl or hetegoaryl ™ ng,

ey

suitable 5 reactions incluqe Sti Suzuki * and ot her reactf{ons suitable
for formng biaryl systensh, z .
m/ \v-w-»\
+ \Nﬁq \Y—Ar
v —, y—F
—Cy \"—“M’u/
J— “l/
\
,&/Y . "> z /v
\ ¢ S
cy\ —i4, / 'y
¥ N Y—hh /
u./ * \v—-——M. y-—x/ u'\
N\ N/ Wy
L] H—4y

Similarly, a compound of Formula X may be prepared by any of the steps in

the scheme below.
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Met hods of the invention further include reacting a conpound of any of
Formulae I-VII wherein at | east one R of NR2 represents H under conditions
whi ch convert that conpound to a conpound of the same formrmula wherein the
10 correspondi ng occurrence of R represents a | ower al kyl group. For
exanple, reductive alkylations wth an al dehyde and a reduci ng agent,

nucl eophilic al kylations wth an al kyl halide such as Ml 27MahtH06
simlar reactions nmay be enployed. In certain enbodi nents, such reactions
may proceed through a silylated (e.g., R= SiM3) internediate. 15 One of

skill in the art will readily appreciate that conpounds of the present
i nvention are anenable to synthesis according to a wde array of protocols
well known in the art in addition to those described herein, all of which

are intended to fall within the scopg of the present ipVention. IV

Exenpl ary Applications of Mt hod and Gogpositions 20.Another aspecf_pf the
present invention relates to a sethod of “mpdul atiknd a differenpidted
state, survival, andor proly+ération of a C€4|ﬁ<by cont actj ng~t he cel
with a hedgehog agonis{ atcording to the subject™ nethod and—as the

ci rcunst ances nmay marmﬁﬁ?. For_i,nstance, it|is contenplated by—ghe r
invention that, in |ight, of thz\thdings 25 of an apparently broady [
i nvol venment of hedgehog, ptc, and*snoothened in the forpaf)jon of ordeted

spatial arrangenents of differentigted tissues in vertebrates, thewméubject
met hod coul d be used as part of a pyocess for generating and/or maintaining
an array of different vertebrate tisste.both in uijfro and in vivo. The

hedgehog agoni st et her inductive or hngi-wnductive wi th respect
proliferation or 96 March 2006 differentiation of a given tissue, can
be, as appropriate, an?“fﬁ the pre ationg descrjbed above. For exanple,

the present nethod is appf?&gbl ovcell cufture te
neuronal culture systens haye proved to be fundanenta
tools for the study of Qeuré@ devel opnentt, as well as the

iWques. In vitro
d i ndi spehsable 5
i dentd fication of

/“—C‘f Y—th
haa 7 Y—-Ar
e _— —or o
"\‘/ \r—m v—u./ \N*—M{
" \v—u. y—x "H/
\un, N \m—u’./ \Nﬂz

By analogy, a compound of Formula XII can be prepared by any of the steps

set forth in the scheme below.
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neur ot rophic factors such as nerve growth factor (NGF), ciliary trophic
factors (CNTF), and brain derived neurotrophic factor (BDNF). One use of
the present nethod may be in cultures of neuronal stemcells, such as in

t he use of such cultures for the generation of new neurons and glia. In
such enbodi nents of the subject 10 nethod, the cultured cells can be
contacted with a hedgehog agoni st of the present inventioB7inaRRdRN06t O
alter the rate of proliferation of neuronal stemcells in tE culture
and/or alter the rate of differentiation, or to maintain the integrity of a
culture of certain termnally differentiated neuronal cells. In an

exenpl ary enbodi nent, the subject nethod can be used to culture, for
exanpl e, sensory neurons or, 15 alternatively, notor neytofis. Such neuronal
cultures can be used as canvenlent assay—ﬂsysbens as AT |. as sources of

i npl antable cells for thgwapeutlc treatnenksﬂ.AcchH?ng to the preséht
invention, |arge nunbers of ngn-furnorigenic neur&l progenitor cells can
be perpetuated in V|%¢omand thelr rate of pro |fe&et|on and/ or +
differentiation can be affgcted by contact wih hedgehog agon|s¢s of the
present 20 invention. qgnerally \QﬁgéthOd is provided conprising Fhe step -
of isolating neural progenitor ceN s from an|aninmal, perpet ting't es e
cells invitro or in viyo, preferaBly in thejpresence of gfiowh factors,
and regul ating the diffeyentiation of zthese cells into particular neyral
phenotypes, e.g., neurons and glia, by egﬂtactlng wher cells with a ./
hedgehog agoni st. 25 Progenitor cells are dheug +{0 be under a tOﬂIChh

i nhi bitory influence whiéh maintains fhe pr6 itors in a suppressed state
until their differentiation®s requip€d. ver, recent techni ques have
been provided which permt tﬁ‘%e cells to prpliferate, and unlike neurons
which are termnally di ff erent i/t €dwand t hem&f or e n- dividing, they can
be produced in unlimted nunbeh\and are highly suitable for 97 27 March
2006 transplantation into hetepelogous and aut ol ogous\ hosts with

neur odegenerative di seases. By\"progenltor" it is nmeant an ol i gopotent or
mul ti potent stemcell which is "abl e to divide wi t hout |im.t,and, undegr ., .
specific conditions, can prodyeerdaughter o N, -y

w/ " i Bl

In the schemes above, M, Cy, Ar, X, Cy’, Y, Z, R, i, k, R’, and R”’
correspond to their use above, and can be more narrowly defined as set forth in the
5  description of Formulae X-XII, or to correspond to elements of Formulae -V,

optionally as modified by the description accompanying Formulae I-VIII

Reactions suitable for performing Step I include palladium-mediated
reactions developed by S. Buchwald and others, nucleophilic aromatic substitution,

oxidative coupling, efc.

10 Reactions suitable for performing Step H include nucleophilic displacement
of a leaving group on M, reductive a]kylation, reaction of the amine with an
electrophilic carboxylic/thiocarboxylic acid derivative (acid chloride, isocyanate,
isothiocyanate, or a carboxylic acid activated by BOP-CI, PyBrOP, carbodiimide, or
another activating reagent (such as are commonly used in the art of peptide

15  coupling)), or other similar reactions, including those set forth in detail in certain of
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5 cells which termnally differentiate such as into neurons and glia. These
cells can be wused for transplantation into a heterol ogous or autol ogous
host. By heterologous is neant a host other than the aninmal from which the
progenitor cells were originally derived. By autologous is neant the

i dentical host fromwhich the cells were originally derived. 10 Cells can
be obtai ned fromenbryonic, post-natal, juvenile or adult pZEWaich 2008sue
fromany aninmal. By any aninmal is nmeant any multicellular ani mal which
contains nervous tissue. Mrre particularly, is meant any fish, reptile,
bird, anphibian or mammal and the |ike. The nost preferable donors are
mammal s, especially mce and humans. 15 In the case of a heterol ogous
donor animal, the aninmal nay be euthanized, and the brain and specific
area of interest reFpues ILEImg the atcempdnging rdeceptioneheloBr, @i, nwhear ®hgndo¥ are
particul ar interest Jggﬁtv%gﬁg@%ﬁglet%dwﬁ vggde%h Bed%g%ﬂéﬁw%fd g l}hgrscan be

obt ai ned which will eenerae area of the

host's brain. These reg{ke%r} on:ls aﬁg?or ﬁgrgnl;:gDSt ;{l%qﬁ%’ udg%a}ftg)'ﬂ of SYRE €M

(CNS) including the 20 cereb corte um mdbrarn rai nstem
spi nal cord and ventwithcan a}ectthnhlhue:arbmafﬂ\cbraﬁu@ayl gifrivatiee }fiér&”pl’rem‘f&i chiepdzous

system (PNS) i nclsudi, J&anﬁﬂg 1&2{0%%4119% bRASYorfi ! onyg orrgﬁqlﬁh b &ivadPhe

particularly, these areas’in e regions int ganglia, preferably:
the striatum whi ch &6¥s¢lstRyBriP, tW@Oé@u@at ar amdhq@u%cawémg rergenta FRehLSS (%6t |

groups such as the %lﬁllalrallrgy 9&1:1'11{ BSr of B&tlaymuaﬂlgg[%ﬁmﬁw%muﬁm&m Qi heus

basalis 25 which is be degenerated In zhei nmer di sease
patients, or the subwsasst foah imdegpilan patein of Sigpee {31 @i thhaccempagyingidesgiphen
degenerated in Parkipsgn' s di sease patients. Human heterol ogous neur al
progenitor cells may be derived fromfetal tissue obtained fromelective

abortion, or from a postrhiaicab smtlaMVﬁ:l?'ple@or&[ng@@Bﬂ'\? nﬁru@é?qﬂlcﬂ:@]ﬂﬂ!o dispBdement
Aut ol ogous neural tissue can be obtained by biopsy frompatjents

under goi ng 98 27 MarrEh 20ps By eyt eyt ®. Wﬁ“ﬁ'ﬁ"ﬁ@ﬁ?’&ﬁnﬁ Ptk &g, glestopbilic o,
in particular duri nga8piyli@BsotarbSyYRQiY derRittre TRAIECHRE, li6dlakth Yisdllsdyigie,
temporal |obectom esor aéngarboxyhc acid activated by BOP-Cl, PyBrOP, carbodiimide, or another
activating reagent (such as are commonly used in the art of peptide coupling}), or
15  other similar reactions, including those set forth in detail in certain of Figures 1-31

and the accompanying description below.

Reactions suitable for performing Step VI include nucleophilic displacement
of a leaving group, reductive alkylation, reaction of the amine with an electrophilic
carboxylic/thiocarboxylic acid derivative (acid chloride, isothiocyanate, isocyanate,

20  or a carboxylic acid activated by BOP-Ci, PyBrOP, carbodiimide, or another
activating reagent {such as are commonly used in the art of peptide coupling)}, or
other similar reactions, including those set forth in detail in certain of Figures 1-31

and the accompanying description below.

Reactions suitable for performing Step VI where Y is coupled with a present

25  occurrence of M include nucleophilic displacement of a leaving group, reductive
alkylation, reaction of the amine with an electrophilic carboxylic/thiocarboxylic acid
derivative (acid chloride, isocyanate, isothiocyanate, or a carboxylic acid activated

by BOP-Ci, PyBrOP, carbodﬁmide, or another activating reagent (such as are
commonly used in the art of peptide coupling)), or other similar reactions, including

30  those set forth in detail in certain of Figures 1-31 and the accompanying description
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hi ppocanpal ectom es. Cells can be obtained fromdonor tissue by

di ssociation of individual cells 5 fromthe connecting extracellular
matrix of the tissue. Dissociation can be obtai ned using any known
procedure, including treatment with enzynes such as trypsin, collagenase
and the like, or by using physical nethods of dissociation such as with a
blunt instrunment or by mncing with a scal pel to a all ow ogygnareh 2?06
specific cell types froma tissue. Dissociation of fetal cells can be
carried out in tissue culture 10 nedium while a preferable nedium for

di ssoci ation of juvenile and adult cells is artificial cerebral spinal
fluid (aCSF). Regul ar aCSF contains 124 mMMNad, 5 nM KC, 1.3 mM MWC 2, 2
mM Cadl 2, 26 mV NaH@BBy. mnembodimems Dy ceawenenwl 2w 2beesh i cAYithe

sane i ngredients eX&g&ﬁBnJ %mh@?al?adﬁtn_ﬁemapﬁeaafoag ideR1pbd 3y 2. Bivhaand aGadl 2
at a concentration of 0.1 mM 15 Dissociated cells can _be pl ace}(‘i)ﬁénto any

known cul ture nedi ustheapuppephidie arogape SibsttppncRifatiye eRpPHnS. EiSclpul

DVEM RPM, F-12, apgd.l Iﬂ?athI?eare A6RR AN RGreSRPAE IRINbIShothid£ ridgEsuitgleli 1 ed
for cellular nmetabolismsuch as glutam ne and ot her am no_acjds, yjtamns, _
mneral s and use$ ul repetioneinglyde Stille Szukir 3Tl (FPAFUSI SHPR FTE™INE 41T may
al so contain antibi gij.s to prevent 20 contam nation with yeast, bacteria
and fungi such as penicillin, streptonycin, gentamicin and the like. In

sonme cases, the medi um NRhdEO RE MeNinSRELHMARMED Meddd feadting ROvPeyndedfuinp @f
chicken and the Iike. A particularl refer medi for cells |s,a

m xture of DVEM andFpmile Iﬁgﬁﬁ?eﬁ“bﬁﬁe“?to"r“e%u‘faf&hﬁirﬂ’éesgﬁghl g &o I(I:d:ltbog‘?a pish

physi ol ogi cal condi £iRES$ . thatheonpon® % of chfpouadl dfure smdh dorsmhbulvtertie bt ose

t o physi ol ogi cal pH, preferably betwee H 6- 8, re preferabl |ose to pH
7, even nore parfi c&‘?fﬁ‘ﬁﬂ"i)‘d‘%d’ﬁ%’”ﬁwe?‘?ﬁﬁ %Eﬁefegtssﬁgg‘]’% Zgléﬁ TUPt &I??‘g]é Xaé‘%p?eé
tenperature close t@diyshiRjiapheaith ieiqiydtad erediptgfgenbiuyledpbilineipa@ds C- 40
C, nore preferably between 32 C-38 C, d st .pr.ef erably het n C 37
C. 99 27 March 2006WﬁBIaP@kéfbl?f’hg%s"éP(ﬁ\ﬁ&Enorso $he U gRacignsyma) et é%‘(gé o
substrate, but prol éremaéhsainghts, such reactions may proceed through a silylated (e.g., R =

SiMes) intermediate.

15 One of skill in the art will readily appreciate that compounds of the present
invention are amenable to synthesis according to a wide array of protocols well
known in the art in addition to those described herein, all of which are intended to

fall within the scope of the present invention.

V. Exempiary Applications of Method and Compositions

20 Another aspect of the present invention relates to a method of modulating a
differentiated state, survival, and/or proliferation of a cell, by contacting the cell with
a hedgehog agonist according to the subject method and as the circumstances may

wairrant.

For instance, it is contemplated by the invention that, in light of the findings

25  of an apparently broad involvement of hedgehog, ptc, and smoothened in the
formation of ordered spatial arrangements of differentiated tissues in vertebrates, the
subject method could be used as part of a process for generating and/or maintaining

an array of different vertebrate tissue both in vitro and in vivo. The hedgehog

agonist, whether inductive or anti-inductive with respect proliferation or
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the progenitors is preferably done in suspension to generate | arge nunbers
of cells by formation of "neurospheres” (see, for exanple, Reynolds et al.
(1992) Science 255:1070-1709; and PCT Publications W93/01275, W94/ 09119,
W94/ 10292, 5 and W94/16718). In the case of propagating (or splitting)
suspension cells, flasks are shaken well and the neurospheres allowed to
settle on the bottomcorner of the flask. The spheres aresthgachzgsd erred
to a 50 m centrifuge tube and centrifuged at |ow speed. The nediumis
aspirated, the cells resuspended in a small anount of mediumwth growh
factor, and the cells nechanically dissociated and resuspended 10 in
separate aliquots of nedia. Cell suspensions in culture nediumare
suppl emented with any growh factor which allows for the proliferation of
progenitor cells andiffseettgch bha givgn tiemeptaaciceas appoaplohte, oy ubd picparaignel | s,
t hough as set out abov bd@)roeferably in culture flasks or roller bottles.

e

Cells typically pro Fferate within 3-4 days in a 37 C incubator, and 15

proli ferati on can be r el L.ak.da bRl mbh0PisAbhiRtt Ak aRELEL kPN Of

the cells and resuspension Ih fre Ium containing g Te In
the absence of substitrateurombrbltmrd pystemphivet prevefl|tode fefdampnsal fapd dndisaengable

continue to proki ff)lélgtl%ritﬂe SHEP SR TRV dpREn2 Bk SN &leRifRbtion of

undi fferentiated ce After ‘approxi mately 3-10 days in vitro, the
proliferating clustemustippiiz faspheck sy narve grevth Lactery @IGF).2cilrry dpghic &stpmor e
particularly every &}éfw}:ﬂ%ﬁ b 96Nl efidphicl HAR! (BPNGNOne hESHSREPSERN 1 N

medi um cont ai ni ng gro factor. After 6-7 days in vitro, individual cells
in the neurospher esmether B heapeitites of nogipng ipey cely, sugh asis dhegrs efifugfcultyes

neurospheres wi th agbkfintend AR dMRA peuBR Shd SRl Id Gk dbdaidhtd &6 the!kdjdeng t he
neur ospheres with a pipette. Single cells fromthe 25 dissociated

neur ospher es ar 0 suspibers & cpired golly pad heeaniasisdonith afedeeiige geist pf the pretent s |

and differentiation,ofyib{é 68L! © AHANWDSatE QP bfoQlerdtin 68 hddnBl Hdn RLRLL e (Or
resuspending) the cells in the presence of a hedgehog agonist. To further

iIlustrate other usedugpnderealte by @ico! difgyatinien spbiatan te intsety e agre hat

intracerebral graftjngnhiferRiBLILE@S BN ndeHibl de B 3 aPRBHHRG Rmbadiantxal

nervous 30 systemtherapies. For exanple, one approach to repairing

danmaged brain ti ssudbieqtpgrethod can be used to culture, for example, sensory neurons “or,
15  altematively, motor neurons. Such neuronal cultures can be used as convenient assay

systems as well as sources of implantable cells for therapeutic treatments.

According to the present invention, large numbers of non-tumorigenic neural
progenitor cells can be perpetuated in vitro and their ratc of proliferation and/or
differentiation can be affected by contact with sedgehog agonists of the present

20  invention. Generally, a method is provided comprising the steps of isolating neural
progenitor cells from an animal, perpetuating these cells in vifro or in vivo,
preferably in the presence of growth factors, and regulating the differentiation of
these cells into particular neural phenotypes, ¢.g., neurons and glia, by contacting the

cells with a hedgehog agonist.

25 Progenitor cells are thought to be under a tonic inhibitory influence which
maintains the progenitors in a suppressed state until their differentiation is required.
However, recent techniques have been provided which permit these cells to
proliferate, and unlike neurons which are terminally differentiated and therefore non-

dividing, they can be produced in unlimited number and are highly suitable for
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27 March 2006 involves the transplantation of cells fromfetal or neonatal

ani mal s i

nto the adult brain (Dunnett et al. (1987) J Exp Bi

123: 265-289; and Freund et al. (1985) J Neurosci 5:603-616).

froma variety of brain regions can be

ol
Fetal n

adult brain, and such grafts can alleviate 5 behavioral defects. For
nmovenent disorder induced by |esions of dopam nebgipgafhor@g | ons
to the basal ganglia can be prevented by grafts of enbryonic dopam nergic

exanpl e,

neur ons.

Conpl ex cognitive functions that are inpaired after

| esi ons

t he neocortex can also be partially restored by grafts of enbryonic
cells. The subject nethod can be ysed.to rggg%%%ﬁ t he growt h
[

corti cal

inthe 10 cul ture, &RuspliBiekdon; goy heiprologons fnd Flqlogous,

eur ons

successfully incorporated into the

of

state

| PUFSEACBAEC st em

cells, can be used fQeast£qul ate the rate of differentiation of the stem
emcells useful in the present invention are generally known. For
sever al neur al Bgr@sdeniee! i & haueanhdigspoiedentnnfliifetint semeelofhigthisch

potent and |jkely.represent. unconmitted neural c I nd
i oh oan sblaratids SAPSRCHby HEE IR SR B os SHE Rodk debgn ]
neurons, and |ikel y ceigpriedainimilytiffeteniihtqudyennt osuraslahd gliaT Heese eslle cagfbe

cells. St
exanpl e,

are nul ti
ot hers of

hedgehog

agoni sts enpl oyed i e present thad r
cell's can be to regdf;@r H‘?"Fé]%"&%ﬁf' ] ?glér}erggg?uﬁgr u'%@g O%y#‘ %Sleefy
to regul ate further niecsitd host dtiem tiah tieh@ingkd e onebrthaprogeaiter wils were ongrallyed
progenitor cell towards becon a termnal l.y differeat] reCel |

¢ h\é\%ﬁ?‘é‘"ge ﬁ?’ a%?c%gu is Shah e 1)(%&5;1 h%gtt ?%Ih 3&]1?&1 ﬂl@r&ﬂ{'@%he

For 20 exanpl e,

di fferent

used al one, or can QS?H%§%1
ar i

whi ch act

1%%94?0%559

progeni t

can pe used |1 n Vi O regul ate

A

or, or

i ation of oniginalbldefivedst cells into glial cells, schwann cells,
chromaffmcells, cholinergic synpathetic or parasynpathetic
wel | as peptidertfic and €ekloenieciined fromcohyoniTROstHBHY KL FAPS e

to nore p I Cu

neur ons,

as
#an be

| BALHP Bim¥Y § Rt QLIEORRhS Whitht Or S
ar y&@ﬂﬁaﬁgghgg%g¥?%23%236525 dﬁtfenentiatlon

fate of the neur onalcopringemycustissaeMore ferficaladys tseesat 49y fiffle TPHIS! it BADEH o
cell's cultured in the DleSeNGaROfikd e AWPhREIbIMBHIENE haRHAR! Shevially Bfice

anot her aspect of the present 1 nvention concerns the therapeutic
appl i cation of a hedgéhwgeragoni st to regul ate the growh state of neurons

neuronal cells in both the central nervous szétqn1a%g Hﬁe.
peri pher al 15 In the case of a heterologous donor animal, the animal may be euthanized,

and ot her

and the brain and specific area of interest removed using a sterile procedure. Brain

areas of particular interest include any area from which progenitor cells can he

obtained which will serve to restore function to a degenerated area of the host's

brain. These regions include areas of the central nervous system (CNS) including the

20 cerebral coriex, cerebellum, midbrain, brainstem, spinal cord and ventricular tissue,

and areas of the peripheral nervous system (PNS} including the carotid body and the

adrenal medulla. More particularly, these areas include regions in the basal ganglia,

preferably the striatum which consists of the caudate and putamen, or various cell

groups such as the globus pallidus, the subthalamic nucleus, the nucleus basalis

25  which is found to be degenerated in Alzheimer's disease patients, or the substantia

nigra pars compacta which is found to be degenerated in Parkinson's disease

patients,

Human heterologous neural progenitor cells may be derived from fetal tissue

obtained from elective abortion, or from a post-natal, juvenile or adult organ donor.

30  Autologous neural tissue can be obtained by biopsy, or from patients undergoing
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30 nervous system The ability of ptc, hedgehog, and snoothened to regul ate
neuronal 101 27 March 2006 differentiation during devel opnent of the
nervous system and al so presumably in the adult state indicates that, in
certain instances, the subject hedgehog agonists can be expected to
facilitate control of adult neurons with regard to mai ntenance, functional
performance, and aging of normal cells; repair and regener ayipargh 2O SeES
in 5 chemcally or mechanically |esioned cells; and treatnent of
degeneration in certain pathological conditions. In light of this
under st andi ng, the present invention specifically contenpl ates
applications of the subject nethod to the treatnent protocol of
(prevention and/or reduction of the severity of) neurol ogical conditions
deriving from (i) aewewrgewuivawbicle newpl ttvronm eenjonpdiriy medicule duengy epilspsy

system including 1Q,LLaumghd C 4t ur 1cﬁﬂﬁ¥"r Cétring N {hYoral 236dkiBhieb N dﬁ'lﬁy and

deficits (such as the“ischema resulting om stiroke together wt
|nfectlousllnflannaﬁﬁwym@ﬁﬁﬂ$WWWr-lnduced i njury; (||) aglng of the
nervous system i ncl udi ng_Al zhei ner's di sease; (iii) chro

neur odegenerat i ve d|seas@@bdﬁl?%@“ﬁ@ﬁﬂﬁﬁ%d§V%P%Wﬁbﬁﬁ%*@&#?&f&%@ﬁ@ﬁ%éﬂh

di sease, Hunti ngt Ofirof tENELERLInDEMQE PR M Srik B B aésucs Hib&afion cANsk dvadnehi ke,
as well as 15 splnocerebellar degenerati ons; and bbchronlc i mmunol ogi cal

di seases of the nefB%dWs R@mRBtedurs BEPHRG teaime éW FreY@eAs e 2s itBdi ng

nul tiple sclerosis. chiena@eailiteike,ionb} ﬂﬁxg%ﬂﬁfdafm&hdﬁaSﬁdl%EmBﬁ)ﬁllﬁhdl&@%tﬁa
di sease, intervention by |ncreaS|ng the _activity of hedgehog by a_subject

agoni st can i npr ove {HeDFFREFRLAS bY FFRqRELYithg scalppldp a allowy outmopdt of sBeptic st gi ¢
geurons aﬂd t hus Caﬂm@ﬁgﬁhdﬁmﬁ Dﬁhﬁmﬁ&f&&&hNaﬂmbﬁﬁ%nﬁﬂthht&me&h&kme

i sease. Thus, in one enbodj nent e su ct nmetho onpr.i se
admi ni stering t@ arr APy ‘l"a? f”l’efeﬁ’{hgom%‘% %élfsﬁqcﬁ%‘h"@ glr)"él%&% adulfcellyis i g
of devel opi ng Par Ki mﬁﬁmalsceredtas@aﬁeﬂmamcmﬂpmuagulzofacmr bae@ahoy nrdd GRCE 5 mM
effective for increasi t rate o op nergic neur ns in
the animal. The pregéﬁgg%ggﬁ% 3%%@#@ Mﬁggggﬂ‘EHHPGﬁgkk%wﬁﬁi I'n
vitro neuronal E;d éq% c%;{t?ﬁ’xsg@g SB(I)I}%VI?% 1en?§egceetoff>rbﬁﬁ(félﬁ tag a concengflt}on 093

i ndi spensabl e tools ura

identification of neim etdrcyoly £atark@atonsdfoh n@d. nerve growth factor (NGF),
ciliary trophic factors (CNTF), and brain derived

15 Dissociated cells can be placed into any known culture medium capable of
supporting cell growth, including MEM, DMEM, RPMI, F-12, and the like,
containing supplements which are required for cellular metabolism such as
glutamine and other amino acids, vitamins, minerals and useful proteins such as
transferrin  and the like. Medium may also contain antibiotics to prevent

20  contamination with yeast, bacteria and fungi such as penicillin, streptomycin,
gentamicin and the like. In some cases, the medium may contain serum derived from
bovine, equine, chicken and the like. A particularly preferable medium for cells is a

mixture of DMEM and F-12,

Conditions for culturing should be close to physiological conditions. The pH

25  of the culture media should be close to phyéiological pH, preferably between pH 6-8,

more preferably close to pH 7, even more particularly about pH 7.4. Cells should be

cultured at a temperature close to physiological temperature, preferably beiween 30

°C-40 °C, more preferably between 32 °C-38 °C, and most preferably between 35
°C-37 °C.
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neurotrophic factor (BDNF). Once a neuronal cell has becone termnally
differentiated it typically will not change to another termnally
differentiated cell 30 type. However, neuronal cells can neverthel ess
readily lose their differentiated state. 102 27 March 2006 This is comonly
observed when they are grown in culture fromadult tissue, and when they
forma blastema during regeneration. The present nethod previyasnheogseans
for ensuring an adequately restrictive environment in order to maintain
dopam nergic and GABAergic cells in differentiated states, and can be

enpl oyed, for 5 instance, in cell cultures designed to test the specific
activities of other trophic factors. In such e di t Lect
nmethod, a culture of di Er@RHPT FOEY LBFIEY ?{&HE‘% r%&%%ba%mgﬁgﬁdglﬁecrégﬁgfor
GABAer gi c cel I s canybgrogQiithdtd gefeitblyRiofe inestgednsig to agrerHtes farge puobate pf qeds
maintain the integrity of a culture of term nall | ent, |

neuronal cells by pte éﬁ%‘i"ﬁ@ﬂ‘?ﬂ!@s ey ?eel%ér? i ?’g%e%%e&sa}jg}%g)t Mr%fehod :
can be used in conjyNelé-RoVEAdPEYRIMiSatohd BIDIBAHLISe WODE/081 1% BQM1032 on of
neuronal precursors, e.Q. rogepnitor or stemcell s, I 3 i iC or
GABAer gi ¢ neur ons. Mn‘yoﬁ‘gmﬁ@ogﬁ tg%lfasﬁlf’ PR&FE! gggewg?g%gh%fa%gﬁ%g{wﬁ%&é
degener ation of di Sgt@ldRen RAPAdahd BBsileren ellvaxddd safleoncthe Sottomucomey obige

treatable with a therapeutic regi i chi Iugﬁ hedqeheg.ageni st.
For exanple, Al zhei fi#sk g‘%i’@@éé t{‘r%qﬁ"gss]fg%l a?ggovrﬁﬁt% e??tg‘lpt s in several
neurotransmtter sygpieqhed. 18 hetitnse atphated,phojdis tresugpended in pedel pEekt #hd

those that reside with the cortex. For.ins : kel N
patients with Al zhePfErmg ‘@i%%gacﬁﬁvméd %lgé;ghlﬁo egkéarnsfgﬁf ('?%B lg\%mgq%rﬁéﬁund
(75% loss of neur gnspearPAtadofimedage- mat ched controls. Al though

Al zheinmer's disease is by 20 far the nost comon form of denentia, several
ot her disorders can prodlzaﬂe;uspdusimmtmcalmS@@éiﬂ'almenlﬂE@@da‘P‘éa@é@%‘ﬁr@rf%?ﬁrve

di seases characterized by th . .0f.. | Dol ahd NAkbSrebhtiae
aé%ws Br %%ﬁ;%&]ltfﬁiehogg?gﬁ)ggﬁtof 1 Sd&ed] Pre6dp

central nervous syst pecl cortex.  However, sone
forms of dementia acepasis6eisangt asily, thodgiyesrst it jabavectreiorly th SHUFR S { he

white matter underlyhngo,Lhe calalialy sRlete «i#ho-4 beiEOINPLincabator, and
dysfunction 25 resuits PYORi the T'sol ation of cortjcal areas b&/ the1 d
degener ati on of 1&f f erodifirgionnah be reinitiated at any time after that by dissociation of the cells an

resuspension in fresh medium containing growth factors.

In the absence of substrate, cells lift off the floor of the flask and continue fo
proliferate in éuSpension forming a hollow sphere of undifferentiated cells. After
approximately 3-10 days in vitro, the pi'oliferating clusters (neurospheres) are fed

20  cvery 2-7 days, and more particularly every 2-4 days by gentle centrifugation and

resuspension in medium containing growth factor.

After 6-7 days in vitro, individual cells in the neurospheres can be separated
by physical dissociation of the neurospheres with a blunt instrument, more
particularly by triturating the neurospheres with a pipette. Single cells from the

25  dissociated neurospheres arc suspended in culture medium containing growth
factors, and differentiation of the cells can be control in culture by plating (or

resuspending) the cells in the presence of a hedgehog agonist.

To further illustrate other uses of the subject hedgehog agonists, it is noted
that intracerebral grafting has emerged as an additional approach to central nervous

30  system therapies. For example, one approach to repairing damaged brain tissues
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afferents. Huntington's disease involves the degeneration of intrastriatal
and cortical cholinergic neurons and GABAergi ¢ neurons. Pick's disease is
a severe neuronal degeneration in the neocortex of the frontal and
anterior tenporal |obes, sonetinmes acconpanied by death of neurons in the
striatum Treatnent of patients suffering 30 from such degenerative
conditions can include the application of hedgehog agoni st 27403rch/2d@8 ch
2006 in order to control, for exanple, differentiation and apoptotic events
which give rise to loss of neurons (e.g., to enhance survival of existing
neurons) as well as pronote differentiation and repopul ati on by progenitor
cells in the area affected. In addition to degenerative-induced denenti as,
a pharmaceutical preparation 5 of one or nore of the subject hedgehog
agoni sts can be appliriveldesothp ontdspiagthtoni off cellsefront et tarmatnaf amesels ode gerdnlat | ve
di sorders whi ch hav | t at | f DI, S,. i nts.
Par ki nson' s disease?“ﬁ%@héﬁgﬁ%ﬁ%?“%gfﬁé%é?€R§?¥%§??9’%ﬁ gggﬁﬁiéqu¥?ﬂgtures
and i s charact eri zedelyyscd A&l Gt iFetal ofurpisefromh gz ostiety aof alfrain peggihwsayen baphe
nucl ei, | ocus cerel . or. nucl Y Bal, ki i

typically associateggéfgﬁmgﬁkgggg%glﬁoeﬂgugﬁﬁa n|t%%ﬂéthg%h%?%%ﬁagﬁ%eto
acute vascul ar &cchdeyipral Alefgs.i Fedl edeglarmomaentodiende mdepedntopissiane of

di seases which ulti ey . 3 [ Y S ' al
nervous syst em and. AoRnieiEkfEhl G GOTRL Gafiil' Sh 30, forhl8 BoRRTE

i ncl ude chronic atr ephiversc derehingsgic zampns. riépiples dognitbyeafundlighethaisirg impaired

Gui |l ai n-Barre Synd'éf?éﬁesﬂ:agopéﬂé QEYcbrieR Rhh RS b bartla y@&%&@ggtﬁﬁs RSmBBbiic as

ot her diseases which can be nmanifest as progressive bul bar palsies or
spi nal nuscul ar at r eptisabsells THee gybied arthodeorin 62l used to mepials|the grawihhwate oy Bat nent

of disorders of jhhe  GereRehhddiiGhe &8SH! LapédhiDHBRLAN EN Q6lsAlaR bk AsedTBICN aS
those lesions in the cefebel l um whi ch produce disorders in the |inbs

i psilateral to therdgslgieths ratrefdiffoyentaimaef thysteieplir ati on of a hedgehog
agoni st can used to treat a 20 restricted form of cerebel] ar g@étical
degenerati on invol vi ng ten sl el in the pregent inyaation @e gengrallpkpoypelpr prampley as

i's comon in al cohokévgraPadulfBiest-colldhanél béeh lidkplificll bonge Gl A€ Riultipbed a8aIDj ect
nmethod is used to treat a otroBth | at eral scleraosis. qLﬁﬁls a name given
to a COITpl ex of di S&Fﬂéfegre?%étmco tted neural crest cells, and others ot which can generate

15  only one type of cell, such as sensory neurons, and likely represent committed
progenitor cells. The role of hedgehog agom'sts. employed in the present method to
culture such stem cells can be to regulate differentiation of the uncommitted
progenitor, or to regulate further restriction of the developmental fate of a committed
progenitor cell towards becoming a terminally differentiated neuronal cell. For

20  example, the present method can be used in vitro to regulate the differentiation of
neural crest cells into glial cells, schwann cells, chromaffin cells, cholinergic
sympathetic or parasympathetic neurons, as well as peptidergic and serotonergic
neurons. The hedgehog agonists can be used alone, or can be used in combination
with other neurotrophic factors which act to more particularly enhance a particular

25  differentiation fate of the neuronal progenitor cell.

In addition to the implantation of cells cultured in the presence of the subject
hedgehog agonists, yet another aspect of the present invention concerns the
therapeutic application of a hedgehog agonist to regulate the growth state of neurons
and other neuronal cells in both the central nervous system and the peripheral

30  nervous system. The ability of pic, hedgehog, and smoothened to regulate neuronal
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conprise upper and | ower notor neurons. Patients nmay present with
progressive 25 spinal nuscul ar atrophy, progressive bul bar pal sy, primary

| ateral sclerosis, or a conbination of these conditions. The major

pat hol ogi cal abnormality is characterized by a selective and progressive
degeneration of the | ower notor neurons in the spinal cord and the upper
not or neurons in the cerebral cortex. The therapeutic applk7aabich2ads a
hedgehog agoni st can be used al one, or in conjunction 104 27 March 2006

wi th other neurotrophic factors such as CNTF, BDNF or NGF to prevent and/or
reverse notor neuron degeneration in ALS patients. Hedgehog agonists of the
present invention can also be used in the treatnent of autonom ¢ di sorders
of the peripheral néffeentiatioydtrieggevelapadnt PFhs ReeougiFysEmFRd alssprspmably inihe e

enervation of smoot Qdu{w.% 2180 1eRd0C aREnddSSUBe bRieIhaE 0k apsistsatn bo
tissue). For instance, e subj ect’ nethod can be used to treat t@%@l&:ﬂ?rdl a
i

or atrial cardiac esprdwdth fichitatanentst} ofedpitapyrans vwithdgpgard tg MFUIRIPUE

condi tion of the nepyes, [ANGHVALING hdHas bdi:atps s Gb@nabtidhsrobeas tin
Furthernore, a pot ential role for certain of the hedgegtg‘%ﬁ%goni sts derives

10 fromthe rol e5of chvmitgihergmeshanicaliy lesipped fellse PR RRRITRSTL REEhE et
dendritic processes &ﬁql%ﬁ?pghnd%&lg.oms lighPOdfelsl ahdefsth@ifg,f @ presdgemoention
clu

agoni sts consequentFy I e gui dance for axonal &r 0j ec%i ons anﬁ%qtuget
ability to pronote echcfifienllzreontsmplates aaplisrinns afi e sHARE emefrod AL B REPOEE i ng
cells to their axoggxloto%l%(f‘ StionrARG/RF BHREbY of the SVERS ioh)i rRRGlogabAdtidy
hedgehog agoni st s y be ernpl oyed to support the 15 égrvi val

Ine nd. .
reproj ection of sevdéeivinstfippt &) amicghriticori CEORE TR W&?‘ﬁé}'s?eén’ gﬁ}&‘dmg
sensory neurons i3S Weli@ St BEm#dR dhj@NSvasdulr Riry hedideficits Guthhas tHedscpmiat i
conposi tions may be" useful in treatnents deggaﬁgp o.r scuqlm&%Lhﬁéggple,
various neurons fromfiesfren- soktic ogethrs v Beechipm Ng “Feproj ecti on
of these neurons afLgr. SyeHdHTRORRYSftell iS@RBESALNGherdaiselsut (iigrbromot
limted to, CNS traufma” 20 infarction, .infection fsuch S v'&g&ﬂ&@%&ggéon
with varicel | a- zost apwodegauerabsl diseadps OF eanervoy ST SN FAE TRy T Oxi
agents (such as ci spafdetbnl" 8RAE RinyetroPbic AR@FD Plekie, arkih eres liky, est weibtdsod
can also be usedISI n sgigor::grr;:gélllarn %egrelzgér;/tl%ns; and (iv) chronic immunological diseases of the

nervous system or affecting the nervous system, including multiple sclerosis. For
example, in the specific case of Parkinson's disease, intervention by increasing the
activity of hedgehog by a subject agonist can improve the in vivo survival of fetal
and adult dopaminergic neurons, and thus can provide a more effective treatment of
20  this disease. Thus, in one embodiment, the subject method comprises administering
{o an animal afflicted with Parkinson’s disease, or at risk of developing Parkinson’s

disease, an amount of a hedgehog agonist effective for increasing the rate of survival

of dopaminergic neurons in the animal.

The present method is applicable to cell culture techniques. In vitro neuronal

25  culture systems have proved to be fundamental and indispensable tools for the study
of neural development, as well as the identification of neurotrophic factors such as
nerve growth factor (NGF), ciliary trophic factors (CNTF), and brain derived
neurotrophic factor (BDNF). Once a neuronal cell has become terminally
differentiated it typically will not change to another terminally differentiated cell-

30 type. However, neuronal cells can nevertheless readily lose their differentiated state.
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prostheses for the repair of central and peripheral nerve damage. In
particular, where a crushed or severed axon is intubulated by use of a
prosthetic device, hedgehog 25 agoni sts can be added to the prosthetic
device to regulate the rate of growh and regeneration of the dendritic
processes. Exenpl ary nerve gui dance channels are described in U S. patents
5,092,871 and 4, 955,892. |n another enbodi nent, the subjeckh7mabhdramn be
used in the treatnment of neoplastic or hyperplastic transformations such
as may occur in the central nervous 30 system For instance, the hedgehog
agoni sts can be utilized to cause such 105 27 March 2006 transforned cells
to becone either post-mtotic or apoptotic. The present nethod may,
therefore, be used as part of a treatnent for, e.g., malignant gliomas,
meni ngi omas, nedul | ik sstoomasly obeemved edeothey Ara leravanp cultrg i agdhiasperpres. The
subj ect nethod has w.de L caplld t s, of 5
di sorders affecting%% emgggt é??%%&%¥m%§??%%%%%fﬂﬁgﬁggg?ﬁﬂﬁ%ﬁﬁg¥kgéké‘
peri pheral gangl i omess rfeuFoming sy pgeavatedy iestricenenyrgumpral ito Asler tnmamisttor
neurons. In general . D RSBl i i tep
of adm ni stering tod%ﬁ&gﬁﬁggﬁbg%ng%gEﬁTSQf a ﬁ%&géﬁggagagﬂﬁénggggg??ve to
alter the prolifé&r atisieseaindyedroulteres designes foalest dbe apeeifie agivitics @ArBET Petipher al
nerve cells. Such thegrapeutic conpositions 10 may be useful in treatnents
designed to rescue, for exanple, retinal ganglia, inner ear and acousti cal
nerves, and notor neur ong such RBddi@&kOiTthd Wilbje® thetiRal iculttre\WE HiffeRBtiat@bely NQ
reprojection of these neurons_after such_damage, Such di sease n?
ﬁﬁgﬁéwﬁﬁéuna,

condi tions i ncl ude, D5lting Aepamaergs F/PeFABACrECITal @R Pe pentarisd K
infection (such asadni@in dridr 86 baBhinMht hntv@ity 64 bdtuZOsT erkninal ratfehatiied

di sease such as diabetes, 15 nutritional gﬁfiCjencﬁﬁ agd to ig aqgnts (such
as cisplatin trd8t mBaropal cpilcbyjueyernng oss pf Etferprtigton; thesy 3ﬁ°‘5‘?§§5’ Eahpaged
twofold: (1) to eli{H Qafubctbhith apGe viich idducel it Gleffefenfiidn of AJurdr@l fréduksorse i t'S

synptonms. Peripheral neuropathy is a _.condition.involving nerve-ending
damage in the hand%gaﬁag?‘§PTéﬁEP?BH@?Qﬂ”ﬁ@ﬁﬁﬁﬁﬁxﬁgg E%EFEPP§ refers to a

di sorder that af fects i A0uRRLRNBLRANSE WeallP Rl ALl SRRN G812 25

one or a conbi nation of
populations of neuronal elements and may be treatable with a therapeutic regimen

15 which includes a hedgehog agonist. For example, Alzheimer's disease is associated
with deficits in several neurotransmitter systems, both those that project to the
neocortex and those that reside with the cortex. For instance, the nucleus basalis in
patients with Alzheimer's disease have been observed to have a profound (75%) loss
of neurons compared to age-matched controls. Although Alzheimer's disease is by

20 far the most common form of dementia, several other disorders can produqe
dementia. Several of these are degenerative diseases characterized by the death of
neurons in various parts of the central nervous system, especially the cerebral cortex.
However, some forms of dementia are associated with degeneration of the thalamus
or the white matter underlying the cerebral cortex. Here, the cognitive dysfunction

25  results from the isolation of cortical arcas by the degeneration of efferents and
afferents. Huntington's disease involves the degeneration of intrastriatal and cortical
cholinergic neurons and GABAergic neurons. Pick's disease is a severe neuronal
degeneration in the neocortex of the frontal and anterior temporal lobes, sometimes
accompanied by death of neurons in the striatum. Treatment of patients suffering

30  from such degenerative conditions can include the application of hedgehog agonists
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sensorinmotor, or autonom c neural dysfunction. The w de variety of

nor phol ogi es exhi bited by peri pheral neuropathies can each be uni quely
attributed to an equally w de variety of causes. For instance, peripheral
neur opat hi es can be genetically acquired, can result froma systemc

di sease, or can be induced by a toxic agent. 25 Sone toxic agents that
cause neurotoxicities are therapeutic drugs, antineopl asti @7 Masit 30086
contam nants in foods or nedicinals, and environnental and industrial
pollutants. In particular, chenotherapeutic agents known to cause sensory
and/or nmotor neuropathies include vincristine, an antineoplastic drug used
to treat hematol ogical, 30 malignanci es;. nd sarco ‘8F ity is
dose-rel ated, and eRFdsT PLoREl B apIRed c?ﬁe"?f)tf%' r(g%iog D?‘ﬁp %gh%%(a%?ve%%i lity
and peri pher al neur@pagshyneuﬁ:&pe&g ab Ieghancm stivyaldif sxigtingmewohd 9s welt astp@sdands

and feet, postural ot ensi on afladder. S| m | ar
probl ens have been ?fﬁgﬁ?ﬂ?ﬂ? \ﬁpf’?'nu 131)1(0 %egﬂ%r{lglb ati %fe% 113&1 .

1990, New Eng Jour GhigHh deﬂa&cﬁdo‘-ﬂt t
neurotoxicity can be 5 %d?/n at(?aé%n]ze} tlvﬁtélrd\%gg?gml gct or (Il\IGZ?QP(ml?%I S. .
C. et al, 1992, #Annaf csnecmf moNeQ,frthEI aug;yctMdgreagsa&ynlswﬂtnﬁwgﬂw@r?ép‘?{@a%tlb‘k? city .
i's sometimes reversible af mdgﬁ%naééﬂk g SR RO RBRN rehROKETY
can be a very slow rocess

di cal Toxi col 0§¥ 1: 421 427
O esen, et al., 199ih,volButa[g saff@teptSG PB@@E@EM)dISﬁFF\»erf@ SFERIE, n BTBEIY gffects

i nherited peripheral Ll zca?%%m &S and BC l:ﬂégic@ﬂzedﬂﬂf asthRatior OofUihe Q@G 6striatal

abet al i popr ot ei nem & angi er disease, Kra di sease, rret achromati.c
| eukodyst r ophy, Fabpgthwsaydra@bﬁastl@lei Ijjéquéﬁ¢fﬁ€1586{dtth‘*s“‘§39’h6\‘%%° XpS FHEPSS

all the inheritgd S with QaddRS Ho GRNMBRAIAY nﬁ@éusl Sften due to acute
Char eot - Mane- Toc}t%h }éﬁﬁp@s&% r‘got Mari eoTooth (cvmr se,. (al so

own
as peroneal mnuscul avascdar gpldgnt. dfso Hagledsi tasg PGW’HF' ag H%VGP f Pﬂ?ﬂ

(WISN)) is the nosj 1%191 %5&!3%'6&19&5 BilvikioR Ve IRY ﬁﬁ’lpﬁ@ﬁl ﬁlzlr\‘&ﬁﬁ dﬁtem hdd w8
characterized by vvea

atro primarily. of dt lgler on?n; sc es,
due to segnent al demaallquha@t mmr@ﬁcugéldlsﬂqﬁlﬁﬁ aﬁ"‘mﬁlé? {retudg hyone ageRnies g1 25
degenerat i on of axongs., gh@nﬁﬁfal QLR GEillkif-Bakd lspipdtRd andl @hionianperipheral
i nheritance is usual, associ at ed degenerative CNS di sorders HCIE' as
15 neuropathy as well as other diséases which can be manifest as progressive bulbar
palsies or spinal muscular atrophies. The present method is amenable to the
treatment of disorders of the cerebellum which result in hypotonia or ataxia, such as
those lesions in the cerebellum which produce disorders in the limbs ipsilateral to
the lesion. For instance, a preparation of a hedgehog agonist can used to treat a

90  restricted form of cerebellar cortical degeneration involving the anterior lobes

(vermis and leg areas) such as is common in alcoholic patients.

In an illustrative embodiment, the subject method is used to treat
amyotrophic lateral sclerosis. ALS is a name given to a complex of diserders that
comprise upper and lower motor neurons. Patients may present with progressive

25  spinal muscular atrophy, progressive bulbar palsy, primary lateral sclerosis, or a
combination of these conditions. The major pathological abnormality is
characterized by a selective and progressive degeneration of the lower motor neurons
in the spinal cord and the upper motor neurons in the cerebral cortex. The

therapeutic application of a hedgehog agonist can be used alone, or in conjunction
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Friedreich's ataxia, are comon. 20 In one aspect, the nethod of the
present invention can be used in the treatnent and nai ntenance of
hereditary neuropathies. This group of neuropathies is now beconi ng

i ncreasingly recogni zed due to the dramati c advances in nol ecul ar

genetics. The synptons of the various hereditary neuropathies are

wi de-ranging. A comon denom nator is usually the early onyaWafhh 2odel
nunbness and tingling in the 25 feet that slowy progresses to involve the
| egs and the hands and later the rest of the upper extremties. Mst of
the hereditary neuropathies do have a notor conponent consisting of distal
weakness in the |lower and upper extremties. Amgjority of patients with
heredi tary neuropat hi es have high arches in their feet or other bony
deformities. The symphmther aswotipphiy fafawbogh 98 EYPTESBPVWE ca MGt beepremgiioamidioy of

the 30 patients ar?ﬂﬁ%%%rﬂ?ﬂ’lghhggn&mﬁn%ﬁ%d '-ﬁ,ﬂsf_ter the onset of their

synptons. 107 27 Marc I'agnosi s ereditary neuropathy is

usual Iy suggested with tBera8k byonisRH8 e pREenP RVERBRLA afo DY TRI MBe n&BRGET al |y
when a positive famly hi s?ory is also present. Prior to the recent

genetic advances, tREadtueavfodiFudeang Be pppheralnesipus ptemawhich inslle gisorders

mar ked sl owi ng ofs t RgecRfE M LRVHRUE bi QRbofl MtcR%n® BndR kGl IR ARA 3P BindalANd @
nerve bi opsy. Typical findings on a nerve blOpSé i ncl ude the presence_ of
e

so- cal | ed oni on- bufipge)- Ferdpdanes. dep wbiegtdnathod fgn Qe Hipd |t Haatityplyeandip or atral

renyelinating of theardiRehylhiilensech Wi st FRmP 8igeiRERE LoRRRE ok eheatiiROICES,
two maj or hereditary neuropathies known as Charcot-Marie-Tooth di sease and

heredi tary neur opat HyreRypting thejsiriglsd mugqle ofgrede@Lsur e pal si es can be di agnosed

with a sinple blood test_that identifies O the differen{ nutatiaqgns
responsi bl e for these t o BARLE; %é’f’teﬁ@f?ﬂﬁ %"éffrﬂ%ﬂ# %2‘6%%%%' LPUSEJPINEY by

geneti c abnor maliiot | @mwhé edle 8 Redgdho g pfofdidstie defelpilegene madkitdanc @f gedagatiat i on.
For several of these net are avg}i{l abl e

" t he ge Lc defelgt iﬁsl kngvvn da%d t est
for diagnosis and pPEREIAIT EEURL BTG, PoAmtaRIep 4t frahar Ao Contaa
met hod can be used aslupagiidate fortak@abpejsttions addthe abilityeto proindtd differesitiolent of

Charcot - Mari e Tooth Djseas %MTG%L" 'I.'rmes .S a %r{gr.al oderm ésy AR Eal he
hereditary sensori nbt ‘?”Wérﬁef" 5 et B%ngtVBg | PR ai)p I°8 &Y,
comipositions comprising hedgehog agonists may be employed to support the
15  survival and reprojection of several types of ganglionic neurons sympathetic and
sensory neurons as well as motor newrons. In particular, such therapeutic
compositions may be useful in treatments designed to rescue, for example, various
neurons from lesion-induced death as well as guiding reprojection of these neurons
after such damage. Such diseases include, but are not limited to, CNS trauma
20  infarction, infection {such as viral infection with varicella-zoster), metabolic disease,

nutritional deficiency, toxic agents (such as cisplatin treatment).

As appropriate, the subject method can also be used in generating nerve

prostheses for the repair of central and peripheral nerve damage. In particular, where

a crushed or severed axon is intubulated by use of a prosthetic device, hedgehog

25 agonists can be added to the prosthetic device to regulate the rate of growth and

regeneration of the dendritic processes. Exemplary nerve guidance channels are
described in U.S. patents 5,092,871 and 4,955,892,

In another embodiment, the subject method can be used in the treatment of
neoplastic or hyperplastic transformations such as may occur in the central nervous

30 system. For instance, the hedgehog agonists can be utilized to cause such
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associ ated with denyelination or breakdown of the nyelin sheaths. Severa
different abnornmalities have been identified. CMI Type A is nost commonly
caused by duplication of a gene encoding a nmyelin protein called PWMP-22,
and CMI type IBis 20 caused by a nutation in a nyelin protein called the
Po gl ycoprotein. CMIX is a hereditary sensorinotor neuropathy which
primarily affects nen. It is caused by a nutation in a geng BEHPIGE a
protein called Connexin 32 on the X-chronobsone. |n another enbodinent, the
subj ect nethod can be used in the treatnent of famlial anyloidotic

neur opat hy and other rel ated hereditary neuropathies 25 Anyl oi doti ¢
neuropat hy usually presents wi sens

dysfunction. It is &atriEnedselly t%%)c&‘f‘? 5ither HO%"%P%‘E & ?‘?oBtﬁP(f ufg‘ 'Ffeesi?lng FRPSt i n,
resulting in deposidayOtheeford R Nedtaei partast anydamicds ifor, telpe xpﬁrgnqaheghahlas

nerves. The subject nethod can use n the treat nent edltary

porphyria, which c&¥MRENES Bﬁ'gﬁ%ﬁoyaﬁﬁeﬂgﬁpﬁ’ﬂmmﬂr&@ B%c[n%(}“ &1

anot her hereditary 30 ur which th used

for treatnment is heredi Pﬁ\’a Qr%f%"’%t?o‘f)éafg%&eﬁﬁgaﬁllﬁﬁgﬁh%q%%ﬁ?%ag?ﬁ?@}w d

(HSN I'l). The nethodiedas afopgsitei cgalatah bﬁe:emheelemerveai,nvehdmenpevahﬁ%l so

be used in the treatnent .and malnte e Ay i r
T A o T L s

exanpl e, hedgehog a§ s Can opat hi es.
Di abetes is the m)stthecnnmmmammma@we@asoﬁcluﬂeum@pmmﬁMmﬁmd%@Bm@yﬁptoms

i n approximtely 10% Of p togl e e}gog' qemo%ﬁﬁteﬁﬁctwle td TORtbr Q&S%llférgtﬁfe and/or
y or

neuropathy is predom nant sen pain and sensory loss in the
hands and feet. Butdifecméatin alswtof Tsatddepeaphvshoareells. iSyctotherppaitineqmposiiigs

mul Ll ex whi ch GRUSES b WEAKNE R uORG Rl WTOLEIBE Ve Qe TARSACKAL

pl exopat hy or a ness in t % e instant
met hod can al so be wmenidlaqmusthel rierves ndnptopheuransnfram lesion-mdwegd deptlupsopdk A es.

The main function of %}hﬂg&w 2SYSHEN Ludd aqlrepg%t adlle POGY a8ALASind

i nfectious organi sne" rom out si I n sone cases, however the
i mune system tur nSDmlymmnsmlu{léaéutth'}ot émtecbfau@e@wamr@q%hw@ ugR daEctionh e

I ne system (such as viral infection with varicella-zoster), metabolic disease such as diabetes,
15 nutritional deficiency, and toxic agents (such as cisplatin treatment). The goals of
treatment in each case can be twofold: (1) to eliminate the cause of the disease and

(2) to relieve its symptoms.

Peripheral neuropathy is a condition involving nerve-ending damage in the

hands and feet. Peripheral neuropathy generally refers to a disorder that affects the

20  peripheral nerves, most often manifested as one or a combination of motor, sensory,
sensorimotor, or autonomic neural dysfunction. The wide variety of morphologies
exhibited by peripheral neuropathies can each be uniquely attributed to an equally

wide variety of causes. For instance, peripheral neuropathies can be genetically
acquired, can resuit from a systemic disease, or can be induced by a toxic agent.

25  Some toxic agents that cause neurotuxicities are therapeutic drugs, antineoplastic
agents, contaminants in foods or medicinals, and environmental and industrial

pollutants.

In particular, chemotherapeutic agents known to cause sensory and/or motor
neuropathies include vincristine, an antineoplastic drug used to treat hematological

30 malignancies and sarcomas. The neurotoxicity is dose-related, and exhibits as
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15 consi sts of several types of white blood cells, including T-Iynphocytes,

which also regulate the i mune response; and B-|ynphocytes or plasm

cells, which secrete specialized proteins called "antibodi es" Soneti nes,

for unknown reasons, the imune system m stakenly attacks parts of the

body such as the peripheral nenes. This is "autoimune" Peripheral

Neur opat hy. There are several different types, 20 dependi n@7dWatdre2q@g t of

t he peripheral nerve which is attacked and the type of the imrmne

reaction. The follow ng are brief descriptions of the neuropathies which

are nediated by the i mmune system For instance, a hedgehog agoni st can be

used to treat Guillain-Barre syndrone (GBS), an acute neuropathy that

conmes on suddenly or rapidly. Quillain 25 Bane syndrone can progress to

paralysis and respi reti@d yntdstual !m)ﬁity\hﬁdf]ienﬁpflday@u@pathmwbdala(ﬁnﬁxed::;ta‘@@tlscieﬂ'he

neuropathy 118 coused MDERL IS (TR BRS, LS5 KONA WS BY Blhde LD O

vacci nation or traupmplempdatenztn decutnhmeryivith taochadvgplatio iMgears 3t Re 1990,

aut oi nmune reacti og, ' .55k <Ll it L:DG W o

recovery withi'n si x%%Eé%dﬁ%‘%&%(s)§%§f§?5)83@0%£1%518\3%%€d ?gﬁ)%{?]?‘gelﬁ’ Uit be

i nconpl ete. 109 27 Miavaked 2006n0chgrwihelrtop@i®) dépithis k. st gl 9% vnakly of and

which can be treat ngeHXIOE)b%I:7&@6}h9&%h8f(§httnﬁ nQJrS’tEﬁEEg/ isn%msilngyreéﬁﬁleuﬁ%r acute

notor neuropat hy, acute Sensory ™ neuropathy, an cut e aut onom c

neuropat hy, in whi chemobidrod tiesneamatoxivragerd, taeaverslean bgaivers slovheroeest Gieghas8nsory

Variant in which t ey G T e T D e P TRt e

unsteady gait. Still anofRMAGHHbESH iMhektEORAbIYal WhirGatis, NRkdiRe Refaas ed by

the subject nmethod is chronic inflammatory denyelinating pol yneuropathy

(G(J:! IDlp)_. a oP is 10t géﬁﬁ‘ﬁ% Q_Eggﬂigf;f&ﬁm@n iTengi (ifaiee Kmaaa éﬁ?aSﬁoEfff&{mftaH“ed
Flaln-pbarre SynaiQidaystopisy, 4 GBASE IRAR-SHRE SyrRolide knd/\bthels. (GPAIRHE

attacks, called rel aps_egr or in a stepw sfe or _steady fashion. As in GBS,

there appears to be Heed Rratopahiesthe pogt cpgrmpn by fris ShacayManigrfopy difpase and

T-1 ynphocytes. But since_there is no ?(8&'?)' Blc test for ClDP

, th
Charcot-Marie-Too isease (also known as peroneaF muscular

-

atrophy, or hereditary motor sensory neuropathy (HMSN)) is the most common
15  hereditary neurclogical disorder. It is characterized by weakness and atrophy,
primarily of the peroneal muscles, due to segmental demyelination of peripheral
nerves and associated degeneration of axons and anterior hom célls. Autosomal
dominant inheritance is usual, and associated degenerative CNS disorders, such as

Friedreich's ataxia, are common.

20 In one aspect, the method of the present invention can be used in the
treatment and maintenance of hereditary neuropathies. This group of neuropathies is
now becoming increasingly recognized due to the dramatic advances in molecular
genetics. The symptoms of the‘ various hereditary neuropathies are wide-ranging. A
common denominator is usually the early oﬁset of mild numbness and tingling in the

25  feet that stowly progresses to involve the legs and the hands and later the rest of the
upper extremities. Most of the hereditary neuropathies do have a motor component
consisting of distal weakness in the lower and upper extremities. A majority of
patients with hereditary neuropathics have high arches in their feet or other bony
deformities. The symptoms are very slowly progressive and the majority of the

30  patients are still walking two decades after the onset of their symptoms.

107



di agnosis is based on the clinical and | aboratory characteristics. Chronic
pol yneuropathies with anti bodies to peripheral nerves is still another 15
peri pheral neuropathy for which the subject nethods can be enployed to
treat or prevent. In sonme types of chronic neuropathies, antibodies to
specific conmponents of nerve have been identified. These include
denyel i nati ng neuropathy associated with antibodies to theymaldi2006
associ ated gl ycoprotein (MAG, notor neuropathy associated with antibodies
to the gangliosides GM or GD a, and sensory neuropathy 20 associated with
anti-sulfatide or GDlb ganglioside antibodies. The antibodies in these
cases bind to oligosaccharide or sugar | i ke nol ecul es, which are |inked to

proteins (glycopr ot ei ns)Thsrdidgngsischd a it neutopahins uepally Fiegesied ddth theeaplke
nerves. It is suspg &te?gf ﬁé&ﬁ%ath;'&%%p@;ﬂ& '&b&gfa@)swﬁﬁlya B&sitive SRAIS hiblofy & Qlso t he
me

neur opat hi es. The su ject can also be used as part of a therag?utlc
plan for treating 2BsmbRriopari eenlasadicpdraers\ine fiaarastts Tprorigt by typica

i nflammation of the ﬁhhﬂ%%dof%ﬁéals?om&f ofPBE hitheEdbudiSh VR Sies Neuleam&ybgfamn
al so be caused by vasculitis - an inflammtion of  the blood vessel

peripheral nervesS |@ngpp DRIV eiepsy hypical ipdingxk e 2 nefyORigPsY sl Hhepaesgee o f‘?e

peripheral nerves, angqR¥nBanE, %&léahﬁé & JecuRink €M hME@ 284 rdrhyeiRYin® ©f the
generalized, i ncl ude a skin rash i nvol ve ot ans. Seveyal

r heumat ol ogi cal di s&gesfibersyVidp “i‘%él?ﬁ‘af‘?}F’H SRt F‘?‘ia%“ | L S0 hareditT ¢ s |

nodosa, or Sjogren’ $eg¥Rtid MRowPdsThib&- M&xebvhuhmm%&%nﬁmmhaﬁlopmymh
general i zed vasculitis, which can also involve the er| SPR er. al er

Vasculitis can causélalﬁB‘IY%Eﬁﬁ?SP‘felpélsw"fﬁi‘ﬁ&ﬁé@ﬁ"?‘?ds‘“ﬂb"r ﬂlFeIStt Pfiﬁism ex,

dependi ng on thegdi S difddnk RltaBOH rSpIAEbIC N ttke fild@nditS] ons. In stl Il anot her
enbodi nent, the nethod of the present invention can be used 5 for

treatment of brachi al orH&rbum@saﬁﬁ@hthja& axd t':auSed B’)hgeﬁmacahncahlalpieemlsqh whi ch
i es under the arnpit, tains the ervesto
bl exi L1 1 s the T odEiFGR T PP O Ry B st B e BeheulBAGtis®

weakness and pai n i koonme andxestdxet ivatiabiesfor dikpgoosscand aﬂenqm:ilemmsqlmg whi ch occurs
in the pelvis, causes weakness and pain in the |legs. 10 Hedgehog agonists
may al so be suitabl e forAuss forth dbhes, the saltient method can be used as part of a therapeutic

15 regimen in the treatment of Charcot-Marie Tooth Disease (CMT). This is a general
term given to the hereditary sensorimotor neuropathies. CMT type 1 (CMT 1) is
associated with demyelination or breakdown of the myelin sheaths. Several different
abnormalities have been identified. CMT Type 1A is most commonly caused by
duplication of a gene encoding a myelin protein called PMP-22, and CMT type 1Bis

20  caused by a mutation in a myelin protein called the Po glycoprotein. CMTX is a
hereditary sensorimotor neuropafhy which primarily affects men. It is caused by a

mutation in a gene encoding a protein called Connexin 32 on the X-chromosome.

In another embodiment, the subject method can be used in the treatment of

familial amyloidotic neuropathy and other related hereditary neuropathies.

25  Amyloidotic neuropathy usually presents with pain, sensory loss and autonomic
dysfunction. It is caused by a mutation in a protein called Transthyretin, resulting in

deposition of the protein as amyleid in the peripheral nerves.

The subject method can be used in the treatment of hereditary porphyria,
which can have components of peripheral neuropathy. Still another hereditary
30  neuropathy for which the subject methods can be used for treatment is hereditary
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neur opat hi es associ ated with nonocl onal ganmmopat hi es. |1 n nonocl onal
gamopat hy, single clones of B-cells or plasnma cells in the bone marrow or
| ynphoi d organs expand to form benign or malignant tunors and secrete

anti bodi es. "Mnoclonal"” is because there are single clones of antibodies,
and "gammopat hy" 15 stands for gammagl obul i ns, which is another nane for
antibodies. In sone cases, the antibodies react with nerve7oagrhENI6; In
ot hers, fragnents of the antibodies form .anyloid deposits. Yet another
aspect of the present invention relates to the use of the subject nethod
in the treatnment of neuropathies associated with tunors or neopl asns. 20
Neur opat hy can be due to direct infiltration of nerves by tunor cells or to
indirect effect of the tunor. The latter is called paraneopl astic

neur opat hy. SeveralSWVﬂ%§“H§W@YTﬁgéﬂaﬁggg}ﬁB%HPmﬁHﬁm§ﬁ§H§ﬁ€@PCFH@l@ﬁﬁ?ect
met hods can be used ikvntBaNa@e aSENROGLYED ME e ORI A58 OGhiAleMElcMol NichiiRg
cancer. This neuropathy is . associated wwth antibodies to a protein
call ed Hu, which is“ﬁF&?ﬁWF'in t he sensory neurons of the 25 peri pheral

nerves. Likew se, the supject th an be .used to treat neuropathjes
associated with nultipl glpdﬁyg’fag%%f %%‘F%’F%I@OWEI ‘E?ﬁ‘ag? ¥ b@n}’“’t"ﬂﬁo%‘a Fchis
caused by anti body- siegopethisagDipbetes listhe mbdt Soruniort knewh onee thtct@pathy] R@rdduddr i s
made wup of a single clone.of plas cells, and t nti bodi es t he roduce
are identical or mORGLTOht 2P dﬂ%ﬁ%¥&§kboﬁPFWﬂhﬂﬂgﬁ%Pg I%ﬁ%‘ﬁ%%e&%p
sensorinotor 30 pol ypmeoratyadst rgdomibdntlyl egeme rvéthi pain @kl sensorydodsrin tHachaBrangpher al
nerves. |n other 113feeféu soﬁn%rhia%(e)tgzg aeann(Pogli nents. t he subj euclt nmet hong can be
used to treat neur opat hiedgeainEics PG AP ALl FORLIeP R T IRl By PhBTR M a,
chroni c | ynphocyt i c Weduksm ape armde aalds, o lymjsdsaurs.plekyetly @areybitophy shielaused

by anti body-secrgti - YR in the spleen, bone marrow or |ynph
nodes. These an“ﬁboggggvare %ﬁﬁg%ﬁ%ﬁal and 5 frequently react with

peripheral nerve componeff.S,sif Refsd pﬂ%ﬁ%sofﬂyluged% S da Rl P Er mhﬂe.gieehigéed ot her

enbodi nents, the hedgehog agonists of the present invention can used as
part of therapeuti cnprenemess! The orin fhectipn efghayemunefysiomtl tomraecihvibe hodyapaest s

where neuropathy i $@iGANTEAMRARGRIR tnidrdoR outside2lisAiht OResChowiGer HRAUARARDY
medi cati ons such as :
system turns against the body and causes autoimmune disease. The immune system

15  consists of several types of white blood cells, including T-lymphocytes, which also
regulaie the immune response; and B-lymphocytes or plasma cells, which secrete
specialized proteins called "antibodies” Sometimes, for unknown reasons, the
immune system mistakenly attacks parts of the body such as the peripheral nenes.
This is "autoimmune” Peripheral Neuropathy. There are several different types,

20  depending on the part of the peripheral nerve which is attacked and the type of the
immune reaction. The following are brief descriptions of the neuropathies which are

mediated by the immune system.

For instance, a hedgehog agonist can be used to treat Guillain-Barre

syndrome (GBS), an acute neuropathy that comes on suddenty or rapidly. Guillain-

25  Barre syndrome can progress to paralysis and respiratory failure within days or
weeks after onset. The neuropathy is caused when the immune system destroys the
myelin sheaths of the motor and sensory nerves. It is ofien preceded by infection,
vaccination or trauma, and that is thought to be what triggers the autoimmune
reaction. The disease is self-limiting, with spontaneous recovery within six to eight

30  weeks. But the recovery is often incomplete.
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vincristine and cisplatin. 10 The present invention also contenplates the
use of hedgehog agonists for the treatnent of neuropathies associated with
anyl oi dosis. Anyloid is a substance deposited in the peripheral nerves and
interferes with their operation: the disorder is anyloidosis. There are
two main types: primary amyloidosis, in which the deposits contain
fragments of nonoclonal antibodies (see nonocl onal ganmmopabhywiakeveios 15
and hereditary anyl oidosis in which the deposits contain a nutated protein
called Transthyretin. Primary anyloidosis is usually associated with
nonocl onal ganunopat hies or nyeloma. Still another aspect of the present

I nvention provides the subject t hies
caused by infections. Pé?@%ﬁ@?ﬁ&ﬁﬁﬁdg%ghP “meaha% thg%%ghpgdﬂﬁg&PBg
i nfection of the pekiepbeoakhengésesinvediion Sesudt halte qats ercpopitiph @t sensory :
neur opat hi es include the Al DS virus I ch I ssive
sensory neuropat hy, @?FBW%@@ES@F%EM%WFﬁ n%%ﬁﬁ% aﬁﬁ@%] yﬁbgﬁ%ﬁggégegﬁ ;
paral yti c neuropat hysinsHefepagorz eakeay anhitbhontiausees espeptizdy. BreoMplsr-Foldrrus -
whi ch causes a notor .neur.opath Rtk tinmes..
associ ated with ZSSWﬂg?ﬁPfgphlﬁgﬁgﬁﬁﬁt wh%ﬁé ?é 5+§$ egﬁﬁéﬁgkﬁﬁgﬁggause
neur opat hy i ncl ude lepumssydy gwhi ch causes a patchy sensory neuropathy, and
di pht heri a which can cause a rapidly progressive paralytic neuropathy

Ot her infectious di seaseSilt imther snguicedrieuropgnt which At may & tipated by theesybiect
which is caused by a ’Eﬁﬂg yl USE® Ry a
30 parasite. Both con§§%1§%%§%§ght mfkﬁygéﬁﬁﬁﬁﬁ?%?g ‘%gﬁr é?%ggllz 27

Mar ch 2006 Neur opat hicesht ¢abrsediroie andimpfetindsteat fopmmpihe@aiainHare padopsftdat e
di sorders for tfeay rrgaﬂg H)éregs elﬁgm{ﬁp}epgﬁ%a%ks %ﬁédcrbﬁﬂs@é Q8 i0f st¥pvidarns
Bl12, Bl (thlan1ne) B F OXIH%% E, for example, can pr.oduc &

pol yneur opat hi es Wi tstadjelatsonr A% indsB ftherﬂp@PF%h@rb&Ide%F% 'of fhsrraveliggreath by, pe

due to poor diet, or, ﬂgﬁ@g lahd 1}119911@8%@911& hiRe Bndbl by he BeBisik li@MitherDst emach

or gut. Mboreover, nega oses o tamin B6 can al so cause a peripheral
neuropat hy, and the dmm}seo&baﬁﬁétoﬁcﬂtﬁ chipipal pes lakosdtony ghapsictisiish. g

Chronic polyneuropathies with antibodies to peripheral nerves is still another

15  peripheral neuropathy for which the subject methods can be employed to treat or
prevent. In some types of chronic neuropathies, antibodies to siacciﬁc components of
nerve have been identified. These include demyelinating neuropathy associated with
antibodies to the myelin associated glycoprotein (MAG), motor neuropathy
associated with antibodies to the gangliosides GM1 or GDla, and sensory neuropathy

20  associated with anti-sulfatide or GDIb ganglioside antibodies. The aatibodies in
these cases bind to oligosaccharide or sugar like molecules, which are linked to
proteins (glycoproteins) or lipids (glycolipids or pangliosides) in the nerves. It is

suspected that these antibodies may be responsible for the neuropathies.

The subject method can also be used as part of a therapeutic plan for treating
25  neuropathies associated with vasculitis or inflammation of the blood vessels in
peripheral nerves. Neuropathy can also be caused by vasculitis - an inflammation of
the blood vessels in peripheral nerve. Ii produces small “strokes” along the course of
the peripheral nerves, and may be restricted to the nerves or it may be generalized,
include a skin rash, or involve other organs. Several rheumatological diseases like

30 rheumatoid arthritis, lupus, periarteritis nodosa, or Sjogrem's syndrome, are
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detoxification programin such cases. Yet another use of the subject nethod
isin the treatnment of neuropathies arising in kidney diseases. Chronic
renal failure can cause a predom nantly sensory 10 peripheral neuropathy
wi th degeneration of peripheral nerve axons. Another aspect of the present
invention provides a nethod for treating hypothyroid neuropathies.

Hypot hyroi dismis sonetimes associated wth a painful sensgrarch 2006

pol yneur opat hy wi th axonal degeneration. Mnoneuropathy or nononeuropat hy
mul ti pl ex can al so occur due to conpression of the peripheral 15 nerves by
swol I en tissues. The subject nmethod can al so be used in the treatnent of
neur opat hi es caused by alcohol and toxins. Certain toxins can cause

peri pheral neuropathy. Lead toxicity is associated with a notor

neur opat hy; arseni c associted with gercalisd vascgléissohivh canelse opalvhithe perdiehahles.um
can cause a sensory tono h al o nts
and insecticides caﬁag ggyéggsgh%Bl ﬁﬁﬁgg%a¥ﬂm§g§ %Oﬁg%ngL%9@%C ﬁﬁb%fox iC
to nerves and al coholepading en the digtritrafjon andssvesidy fthedesiomepat hy. The subj ect

met hod can be used, in certain enbodi ments, as part of a broader

det oxi fication program Insllgagthar embpsiiraea theppsthord b the presanbinyetipoess baped
conposi tions of the @r es&Rdnt of Brabtid SPhinMds£AN pRA1HY IRE blaBKiall &l RALMRAL of
neur opat hi es caused by drugs. Several drugs are known to_ cause neuropathy.
They incl ude, anpng WEfdhsampit feptpias the denprgto the &) and hepd; Braghiplodxitis is the

ni trofurantoin, whi GBsultSf #98EmhtidnRY BbORARBIA, Snd d}ﬁﬁﬂug&gaﬁe’alaﬁsé Ad paRinRc
arrhythm as, dlsulflranlln alcohollsn1 ddC and d in AlDS, and dapsone
which is used to treAP°NapRHYPPoAT2lAaE, Viifeocsp et Pibt epteseaiaes apded,

in certain 30 enbodiafBAisiegas part of a broader detoxification program
113 27 March 2006 The nethog of the present invention can also be used in

t he treatment of 10 neur opatdyes @@uﬁiedmb,y alsé cugNFuitalle G&fm{eeﬁﬁlt&ntredhﬂﬁﬁMfzed
neur opat hi es can result from conpression of nerves b%‘Ta xt er g{essqre or

overlying tendons arftf*SPHEE  FF5EEEs Wit MHREPIA n SHANESSe s ofiqes
carpal tunnel syndrquaemafdtioh stngEu:llchﬁs fof @®ells or plasma cells in the bone marrow or

lymphoid organs expand fo form benign or malignant tumors and secrete antibodies.
"Monoclonal” is because there are single clones of antibodies, and "gammopathy"
15  stands for garmmaglobulins, which is ancther name for antibodies. In some cases, the
antibodies react with nerve components; in others, fragments of the antibodies form

amyloid deposits,

Yet another aspect of the present invention relates to the use of the subject

method in the treatment of newropathies associated with tumors or neoplasms.

20  Neurcpathy can be due to direct infiltration of nerves by tumor cells or to indirect
effect of the tumor. The Iatter is called paraneoplastic neuropathy. Several types have

been described. For instance, the subject methods can be used to manage sensory
neuropathy associated with lung cancer. This neuropathy is  associated with
antibodies to a protein called Hu, which is present in ‘the sensory neurons of the

25  peripheral nerves. Likewise, the subject method can be used to treat neuropathies
associated with multiple myeloma. Multiple myeloma is a bony tumor which is
caused by anfibody-secreting plasma cells in the bone marrow. The tumor is made

up of a single clone of plasma cells, and the antibodies they produce are identical or
monoclonal. Some people with multiple myeloma develop sensorimotor

30  polyneuropathy with degeneration of axons in the peripheral nerves. In other
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5 conpression at the wist, and cervical or |unbar radicul opathies
(sciatica) which result fromconpression of nerve roots as they exit the
spine. her comopn areas of nerve conpression include the el bows,

arnpits, and the back of the knees. The subject nethod is also useful in
variety of idiopathic neuropathies. The term"idiopathic" is used whenever

t he cause of the neuropathy cannot be found. In 10 these ©a@sichi N6
neuropathy is classified according to its manifestations, i.e., sensory,
notor, or sensorinotor idiopathic polyneuropathy. The subject nethod has

wi de applicability to the treatnent or prophylaxis of disorders afflicting
muscl e tissue. In general, the nethod can be characterized.as i,nc‘liu 'hng a
step of administeri AYPedMent. theishect FEMFERTE U5 1§ URE AGERA S8 Er! 1!
effective to alter whgiepdiRhisl ahatdgebulshial echvhica limmateid Mkehie, tarsBuell The -
node of adm nistration and dosage reginens wll vary de di -1

nuscl e tissue(s) whwhopg Thesed t“f“é‘ﬁ?éﬁl.seql Wgoé?ﬁé%@?%&gpﬁ%ﬁ% Illglﬁ is
directed to a nuscl gptdnOpbhe nf2a6% Ofr, lyaiphl rolls. (These antibstiésnure amorvglopal sankie ‘
growh or differentiation in nma | s. Such stinulation 2 owh ..
is useful for tréeat ifrﬁ@}‘eﬁtbf‘i?ﬁﬁyftgg‘?nlj\aﬁ@ltqeﬁ’ﬁ,°°r7‘9?nffﬁ?stuf’t%:ﬂslhg‘§‘f}’@ el %g létl‘?ahﬂ'lf:'ruscl e .
atrophy and car di ac YREChtBeraidbodifiats,| the hadgirbg agonistarftis prewhsieaate endeei n
the nuscle tissue is damage i s abnormal. gr has atr.ophied. e fr abl e
using the inventi or‘f?edﬁ@f‘rg t!“e’?pc?Pme%tPrg‘ﬂ? br aﬁ&%eﬁéﬁ?ﬁﬁ?walfi%l%énece%t“&lg%hy,
wasting or cachexi aneurdpithyied donstguamecanetar iyaditpo der Gusd bpmieditatidnssuciipsage
and the | oss of nuscle . mass,. 25 such as hypertension, glucose intolerance
and di abetes, dysli pRgBHng2d P Lot oscl eroti ¢ cardi ovascul ar di sease. The

treatment of m'lsﬁlu' ar rryﬂpat hi q%la’%ﬁil%g alsg‘ﬁonm%?a%é%e oy %He%&lﬁbf %Ujﬂ'&s fr 812

enbodied in the i'nvention AWth denervation isuse, skeletal nuscles

under go rapi d atrophyatwhiatctf nduepathies @ssacigeoivish rnylbidopiaadmyloi 1§ ¥ aubsignsst ej n

content and contractil e strenqgth ' . it SeifbhetABR hAd order i

conponent of many Cbpi Rl TG Rpnellhdves 3t ﬁ%gﬂ’ ' %114 27 March 2006

clinical setting, conpbgiotisdhsreaontyoiimypesheimapedeidors fewde) By demostss can

be used  for inhibi ti g, MISGLE ASASRENA WABodiEs Geo mbRbIofE GhAABHAG bbR)! 0SS
c

of nuscle mass, su . . .
15 and hereditary amyloidosis in which the deposits contain a mutated protein called

Transthyretin. Primary amyloidosis is usually associated with monoclonal

gammopathies or myeloma.

"Still another aspect of the present invention provides the subject method as a

means for treating neuropathies caused by infections. Peripheral neurcpathies can be

20 caused by infection of the peripheral nerves. Viruses that cause peripheral
neuropathies include the AIDS vims, HIV-I, which causes slowly progressive
sensory neuropathy, Cytomegalovirus which causes a rapidly progressive paralytic
neuropathy, Herpes zoster which cause shingles, and poliovirus which causes a
motor neuropathy. Hepatitis B or C infections are sometimes associated with

25  vasculitic neuropathy.

Bacterial infections that cause neuropathy include leprosy, wl:;ich causes a
patchy sensory neuropathy, and diphtheria which can cause a rapidly progressive
paralytic neuropathy. Other infectious diseases that cause neuropathy include Lyme
disease, which is caused by a spirochete, and trypanosomiasis which is caused by a

30  parasite. Both commonly present with a multifocal neuropathy
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as part of a treatnment for such nuscle wasting disorders. In preferred
enbodi nents pharnaceuti cal conpositions according to the 5 invention are
adm nistered to patients suffering froma disorder, i.e., an abnornal

physi cal condition, a disease or pathophyS|oIog|caI condition associ ated
wi th abnor nal and/or aberrant regulation of nuscle tissue. The disorders
for which the conpositions of the invention are adm ni st epgdvarch 2006
preferably those which directly or indirectly produce a wasting (i.e.,

| oss) of nuscle mass, that is, a nuscle wasting 10 disorder. These include
muscul ar dystrophi es, cardiac cachexi a, enphysema, |eprosy, malnutrition,
osteomal acia, child acute | eukem a, AlIDS cachexia and cancer cachexia. The
nmuscul ar dystrophi es are genetic di seases which are characterized by
progressi ve weakness andNﬁeg@mesam&dmyeNnstbh@ﬂmwb@m@hmpmﬁnﬁwdemﬂdeﬁme of

neural 15 degener at Itrg%]mglltg)¥%ere &%&ﬁbﬁ?ﬂé&fen&l?é&fr&%xm GG pa %t 86

di spl ay an average ct|on in nuscle mass, and in nyot nic
dyst rophy, fractionﬁwﬁmu@wb@rEpﬁo@@hmksymnhebﬁQMBa§HMEéﬁﬂ@Wbﬂﬂ%ﬂ@mb@Of

decreased by an aveférgﬁ Yxotld. tﬁf&“& dYdne 4P pb cﬁ%i?é%”&l’ 15 ﬂ?% QRIHD hl
3 esl's (possi E'ﬂue

non-muscl e protein aire an response
to anabolic hornénegw@ﬂﬂ%ﬁ@@ﬂh@ﬁ@@%m%ﬁd@emévﬁwenﬂﬁﬁﬁP@FﬁfzmﬁﬁegﬁaEEPhﬁn has

been denonstrated i R,L0e JalsifetfSelipa gy%a%e Sbfet mifiSy SahbbeLikd 28BhNOM, Can

be used as part of a therapeutlc strategy for preventing, and in sone
i nstance reversi ng, detpelispionprestamdt AycaESndi ti ons associ ated with such

dystrophi es. Severe congestive heart failure (CHF) is characterized by a
"cardiac cachexia," i.eYet aotheisist af e seRisch i By treadpent Pﬁé‘“‘é%?ﬁ‘@eéc and

skel etal nuscl es, 25néi\ﬁgt lh kﬁﬁeﬁ&:@é&?@%kﬁr&% RAA YailR @R baude§ pRAGEnandiP Bentidy di ac
cachexia is caused by an increased rate of nyofibrillar protein breakdown.

The subject net Hdd Bﬁﬁ’ﬁé“ﬁ%@ priayvithflepsnergtionpf peripheraligtve £¥ARS-c ar di ac

cachexi a. Enphysema is onic o ructive InDnar dlse S defined by
an enl argenent of the &% q?béﬁﬁgiﬂsé?éwwﬁg'P “?b??f% ? E PRPSr y

bronchi ol es, 30 acchﬁmaﬂkﬁﬂn@Mnﬂmﬁﬁrmmmmmemeha@geﬁamhsmhsmabyeﬁhammw&lIs
dinical manifestatl OnoS of i]jineurOpZ\thI)\//a rW(':igl 2axcu:\al degeneration. Mononeuropathy or
mononeuropathy multiplex can also occur due to cofnpression of the peripheral

15  nerves by swollen tissues.

The subject method can also be used in the freatment of neurcpathies caused
by-alcohol and toxins. Certain toxins can cause peripheral neuropathy. Lead toxicity
is associated \Qith a motor neuwropathy; arsenic or mercury cause a Sensory
neuropathy, and thallium can cause a sensory and autonomic neuropathy. Several

20  organic solvents and insecticides can also cause polyneuropathy. Alcohol is directly
toxic to nerves and alcohol abuse is a major cause of neuropathy, The subject
method can be used, in certain embodiments, as part of a broader detoxification
program.

In still another embodiment, the methods and compositions of the present

25  invention can be used for the treatment of neuropathies caused by drugs. Several
drugs are known to cause neuropathy. They include, among others, vincristine and
cisplatin in cancer, nifrofurantoin, which is used in pyelonephritis, amiodarone in
cardiac arrhythmias, disulfiram in alcoholism, ddC and ddl in ATDS, and dapsone
which is used to treat leprosy. As above, the subject method can be used, in certain

30  embodiments, as part of a broader detoxification program,

113



reduced pul nonary functioning include coughi ng, wheezing, recurrent
respiratory infections, edema, and functional inpairnment and shortened

| i fespan. The efflux of tyrosine is increased by 47% in enphysenat ous
patients. Al so, whole body |eucine flux remains normal, whol e-body | eucine
oxidation is increased, and whol e-body 5 protein synthesis is decreased.
The result is a decrease in nuscle protein synthesis, accgmasiceddns a
decrease in whole body protein turnover and skeletal nmuscle nmass. This
decrease becones increasingly evident with di sease progressi on and

| ong-term deterioration. The subject hedgehog agonists may be used to

prevent and/or reverse, the muscle wasti n‘gm condi ti ﬁis b W, ft] such
di seases. 10 In di abet edhetefhiog 9§ theyreseyt ireention Sﬁ |ﬁag 8t %Smal |

nmuscl e of the handgeyrdphthied cduSeddbiirduthaCdd lcOmpressivar choahzedelﬁﬂbp‘eﬂthesm’an result
(neuropathy). This is nost evident apnd worsens wit

progressi on and sevEPR{CPIPTEFIONQIIICEET OYSTHBY PresH© 8%0 8%? (1“ ezra
therapeutic strat egysshQr The RAUBR ofthest @ et @Afpahmhiel t:)tnﬂtombe\pmahsgsuitsfrom

associated with a nuscul ar wasti n ch .0CCUr S bet rpal s ..
of the thumb and>i neREPIesHingdy the g@%‘ewa OF M¥RGh §°“I§’H%{{‘1’8% S‘é‘??"rzg)gé‘fg%ﬁl _

inter alia, severe pyackdn M@&Ir&sﬂgl of'ﬁhﬁesdahjae&frey mm@sﬂamamthh@mdanw otf r eat

nmuscl e- wasting effects of eomal ac utr|t nal di sorder
caused by a defici eﬁeyefefnpwseﬁwiy thee?h’ﬁwﬁé’mlgs e%f‘és?( re elé}lged to as

"rickets” in children, (alg-ﬁéu Oesc met xs aas%l useﬁﬂ 1&‘9%6?0{ thBpa??lgc tﬁlrm?dfhpy a

softeni ng of the bones mneral 1z excess
accumrul ati on of ost &ﬂhdl)hopmt: hl,s ube(dndwnwersthqz cawsrsef] the msnwthjgcaan@ bpudaeada s,

d | 80
?2823?23 prggnaﬁ ie e%?"ases’ ch}emi%?a r'?”félx austl&ﬁ}din%té gp‘%&%ﬁ%&é: %Ia%HnryD and

cal cium stores), andlowtoamnmnfh.otolrempammob'neuiﬁpethsubj ect nmethod can be used

as part of a therapeutic strategy for 25 treatnent of osteonal acia. |n
chil dhood acute | eukeni dlteheet msthpd brsetide appisebilityria e ert et PIRROARS of

results in skeletal ﬂk{%&L%fm@ﬁ iRigcre Fhdeli 18 S bR OmS RRMId (hRbe SRRRIERI A1 en

exhibit the nuscle wasting evén before diagnosis of the Ieugfegm a, W.th an
average 27% decr eagwhiding rusap] @ admisstera & an primal Ypamouet ald RSB 2B, 3704

increase in adi p@se g0l fSHRr SRR difle BP 2 NRhtef RABGE tible.I Fleahodesofbody
wei ght and |inb ci rcum! erence. ) ' .
administration and dosage regimens will vary depending on the muscle tissue(s)

which is to be treated.

In one aspect, the invention is directed to a muscle-trophic factor, and its use

in stimulating muscle growth or differentiation in mammals. Such stimulation of

20  muscle growth is useful for treating atrophy, or wasting, in particular, skeletal
muscle atrophy and cardiac muscle atrophy. In addition, certain diseases wherein the
muscle tissue is damaged, is abnormal or has atrophied, are treatable using the
invention, such as, for example, normal aging, disuse atrophy, wasting or cachexia,

and various secondary disorders associated with age and the loss of muscle mass,

25 such as hypertension, glucose intolerance and diabetes, dyslipidemia and
atherosclerotic cardiovascular discase. The treatment of muscular myopathies such

as muscular dystrophies is also embodied in the invention.

With denervation or disuse, skeletal muscles undergo rapid atrophy which
leads to a profound decrease in size, protein content and contractile strength. This

30  atrophy is an important component of many neuromuscular diseases in humans. Ina
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116 27 March 2006 Such patients may be anenable to treatnent with a
hedgehog agoni st according to the nethod of the present invention. Cancer
cachexia is a conpl ex syndrome which occurs with variable incidence in
patients with solid tunors and henmatol ogi cal malignancies. Clinically, 5
cancer cachexia is mani fested as weight | oss with massive depletion of both
adi pose tissue and | ean nuscle nmass, and is one cause of deahlrcHREIE
results fromcancer. Cancer cachexia patients have shorter survival tines,
and decreased response to chenotherapy. In addition to disorders which
produce nuscl e wasting, other circunstances and conditions appear to be

i nked in sonme fashion with a decrease in 10 nuscle mass. Such afflictions
i ncl ude nuscl e wasting due to chronic back pain, advanced age, |long-term
hospi talization due clipicilisttvires someposiligfs gemprissizcbhwybieciredgetiog aonists eaydicaradi d
therapy. The subj ecte/Telifiash fiaicRectifibnao FOF deci@hoirk hYBH AR Gk mass b €0V
for preventing, and In sonme | nstance reversing, e nusc e wasti ng

condi ti ons associ at edput ofia tsemant dersedmuscls Hagmp diserderhave shown that in
severe cases of chronic | ower back pain, there is arasglnal nmuscl e
wasting. Decreasing par a%*pPrﬁ@Fe%ﬁ@Eqdé“%&sPliaﬁﬂwﬁ‘ft‘l‘:@v‘f"&lpéél i #eaime 1 Msr oves

function. A course GhvehiidaddBiHinieted & ﬁﬁ&ﬁ@%uffeﬁﬂg Bl 118iSordd M o) sbitabAdrman Of
a therapeutic anount of a hedg ehog agoni st . s also believed that
23

general weakness i n R¥EFRhgendtiongde %S%ﬂ%@?@%{ﬁ%‘?lf’%‘ﬂ copdjtions apspelatsd Hithages,

an increasing proporibhdiialGhd/sK Mefthr lreglildad efmﬁscre&ia&@cm B¥orddrfo® Which IS Ue.
The result is a significant reduction in nuscle, power, but onh% a nmargi nal

reduction in fat-frS8MARLEDS offe B{FRjRFC HEEHHeLARPEEhYdhpse whigh directly oy

t r eat ment anfl pr evandidemsy ;ﬁ&duaé @guaaﬁng(w IpsE ¥ EMbdcROhASE Bt i, rhgnﬁmracumeung
wasting in el der patients. ies have al so shown that |n pat| nt s
suffering injuri pr SPSOERE o eée i dF | PRREEE ysa&meshﬁéﬁ]?ﬁcaﬁcb%fﬁp YERe
periods of time, thaéRosyandi@bgiohastebngadit)chilitaeiteleukdfis MBS waidxidxdd cidetrh an
average 31% decrease in nuscle mass. Studies have also shown that this can
be corrected with i it&f¥fve physiotherapy. However, it may be nore

ef fect i ve for many. pat egfs.| 0, o}l WOMBL: ASH: VASHIRL Bl by
progressive weakness and degeneration of muscle fibers without evidence of neural

15 degeneration. In Duchenne muscular dystrophy (DMD) patients display an average

of a 67% reduction in muscle mass, and in myotonic dystrophy, fractional muscle

protein synthesis has been shown to be decreased by an average of 28%, without any

corresponding decrease in non-muscle protein synthesis (possibly due to impaired

end-organ response to anabolic hormones or substrates). Accelerated protein

20  degradation has been demonstrated in the muscles of DMD patients. The subject

method can be used as part of a therapeutic strategy for preventing, and in some

instance reversing, the muscle wasting conditions associated with such dystrophies.

Severe congestive heart failure (CHF) is characterized by a “cardiac

cachexia," ie, a musc]e.protr:in wasting of both the cardiac and skeletal muscles,

25  with an average 19% body weight decrease. The cardiac cachexia is caused by an
increased rate of myofibrillar protein breakdown. The subject method can be used as

part of a treatment for cardiac cachexia,

Emphysema is a chronic obstructive pulmonary disease, defined by an
enlargement of the air spaces distal to the terminal non-respiratory bronchioles,

30 accompanied by destructive changes of the alveolar walls. Clinical manifestations of
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t he subject nethod 117 27 March 2006 In alcoholics there is wasting of the
anterior tibial muscle. This proximal nuscle damage i s caused by

neur ogeni ¢ danage, nanely, inpaired glycolytic and phosphoryl ase enzyne
activity. The danmage becones apparent and worsens the |onger the duration
of the al cohol abuse. Patients treated with corticosteroids 5 experience

| oss of nuscle nass. Such patients may al so be anmenabl e t otrg@atdrerdody

t he subj ect nmethod. The conpounds of the invention can be used to alleviate
the nuscle mass loss resulting fromthe foregoing conditions, as well as
others. Additionally, the hedgehog agonists of the present invention are
useful in veterinary and animal 10 husbandry applications to counter weight
| oss in animals, or iy prnbmrgfuostioning Fuptude jcpsghingc heeping, iepiment fesniraieny
also find use for in ' h lCl ency | |
Specifically, ani mallgfegn%%’%geréaégndgé&%u%%%gﬂ \%\}l:ttaaﬂa gﬁdﬁg%%gﬁ%w%qgﬁ%{tlg?fn
order to increase oweosihd issicedaged dly 4Atede Euphysesaptous pafientst Als¢, ydholededy feprine .

wei ght of such far ”ﬁﬂ%ﬂﬁh&%ﬁmf%1e-w§,9ﬁuci@h£§&i?§§i iﬁ&@zﬂiéd, and waakARe, 15

The mai ntenance of tissues and organs ex vivo is also highly desirablg.
Ti ssue repl acenent prbtein spyhesis isgebieased (Thb rdsathisch depreeshdn mpecle prelAin syTthepisman

di sease. There are JaN.GLl Uobl QBSbNEWhoRaf Bibith Rlindeh hisARSRbRRbsclBISCl €
muscC - .

cells, especially stemcells, into a recipient host where the
reci pient's cells armassi B depreagpabaseioes wercasmglyf § oyidla disaase drogreEden and

muscl e wasting di Seq§6, o0 eteriGilidh SThd sudfeeiPheaRliBk a9bhistOn beqrsmaioc,i&mm asts

may be useful to treat” Duchenne nuscul ar” dystrophy and other nuscle

degener ati on and wasandfyrewirsseths Bysclegestingcgpditions agspeaatedppith sorhydjesaten.091)

Muscl e & Nerve 14:197-212. In the case of nyoblasts, they_my be jnjected

at various sited0to trelt digkpiss melligs therrgs gissussrlised watae §{|B‘f‘%]c’i‘mﬁﬁ'i?t4’fél?f can

be used to regul ate fhe @hieisudh Al batifRklebraaitinedSpathys TUR id Hosy bidet  aS

well as to accelerate the grafting of jnplanted nuscle tissue tbo an _anj mal
folcst e ur s

f
host. In this regar driREsepy Wik pE s Shietss RTosest BN AEYRY hyoh

whi ch have been expanggudyadfanat Amabpantit frakghRegehagt aQhabess mellins.an
illustrative

Leprosy is associated with a muscular wasting which occurs between the
15  metacarpals of the thumb and index finger. Severe malnutrition is characterized by,
inter alia, severe muscle wasting. The subject method can be used to treat muscle-

wasting effects of leprosy.

Osteomalacia is a nutritional disorder caused by a deficiency of vitamin D
and calcium. It is referred to as "rickets” in children, and "osteomalacia” in adults. It
20  is marked by a softening of the bones (due to impaired mineratization, with excess
accumulation of osteoid), pain, tenderness, muscle wasting and weakness, anorexia,
and overall weight loss. It can result from malnutrition, repeated pregnancies and
lactation (exhausting or depleting vitamin D and calcium stores), and vitamin D
resistance. The subject method can be used as part of a therapeutic strategy for

25  treatment of osteomalacia.

In childheod acute lenkemia there is protein energy malnutrition which
results in skeletal muscle wasting. Studies have shown that some children exhibit the
muscle wasting even before diagnosis of the leukemia, with an average 27%
decrease in muscle mass. There is also a simultaneous 33%-37% increase in adipose

30 tissue, resulting in no net change in relative body weight and limb circumference.
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enbodi nent, such a nethod conprises obtaining a nuscle sanple, preferably
one including nyoblasts; optionally treating the cell sanple enzymcally
to separate the 30 cells; culturing, in the presence of a hedgehog

agoni st. 118 27 March 2006 Yet another aspect of the present invention
concerns the observation in the art that plc, hedgehog, and/or snoothened
are invol ved in norphogenic signals involved in other verpglatch 2006

or ganogeni ¢ pat hways in addition to neuronal differentiation as described
above, having apparent roles in other endodernmal 5 patterning, as well as
bot h nesodermal and endodernal differentiation processes. Thus, it is
contenpl ated by the invention that conpositions conprising hedgehog

agoni sts can also be utilized for both cell culture and therapeutic mnethods

i nvol ving gener at i 9fchaRfeniBhdl RNARERIOh ReRreROUIONRgétos pdhist hitodig to
enbodi ment, the present invention nmakes use of the discovery that 10 ptc,

hedgehog, and snoot HEMEHCLPHPSHBEPEREPY™ nvol ved in controlling the

devel opnent of sten1ce|&§ res qp§gbleafor kgrna &gn‘ﬁﬁd}ggzdiqg&t&vgmtract,
liver, lungs, and ot her 87gans Whi ch® f8Ffve Promthe primtive gut. Shh
serves as an i nducinciencs irgpribnt§ wiinsdlideuresrel elichiematoygichlenatizsadies. linikhllych i s
critical to gut _norphogenesis. Therefore,, for , Lsts

of the instant ngtthC%gﬁﬂTgaSgwgﬁgﬁﬁg%gMEg#mﬁg@ﬁﬁ%@%ﬁgq?ﬁgﬂﬁgﬁgP%%ﬁ%%t and
mai nt enance of an atigsiif argli ledn rinisvie masspiandcls oo@ raukraefadesth vthiqhl resulte freth ghncer.

functions of a nornpl liver..ln.. X 'nggf S
met hod can be used to°F reﬁagéeéfaep a%‘ﬁ%s prvg l”élﬂ#lge? éwqgglb%%%’ I f‘ ?céep%ﬁtr?%%tf%gﬁo of
di gestive tube stentieelothsrapyo Ihozdditie pat deydes @bich urekicevmustie ceastitge othgsed t o

popul ate extracel | ul.ar I i . . i :
bi oconpati bl e poIyné???g?%£%%@%?%%%ﬁM@#%Pgﬁgggﬁgi%Eﬁﬁgég?géggb%ggg GFI
artificial |ivdfs. museleamesshBych enffioiitingringtude whvedle peting due dnplostie bapkspaing
hedgehog agoni sts ¢ iyl 2 i i L ON t; ahiQn of
such artificial Iiv§$gT£§§g%é%F%§g]h%ﬁ%@%%%?g&%?ggwhgp¥dgﬁﬁ?g%?ﬂ%%£ﬁggulate
upt ake of intraperi taheakroidnibbrapit Jihe gubiech Bethad cant ¢ usagt dsapirt ofrvd theispepiic o

differentiation a”ds&%giltt%ﬁ%%&tﬁé, E'ﬂnleme @(gﬁéiflﬁs@agcel i‘e\{'ngéing, the muscle wasting

conditions associated with such cancers.

15 Studies have shown that in severe cases of chronic lower back pain, there is
paraspinal muscle wasting. Decreasing paraspinal muscle wasting alleviates pain and
improves function. A course of treatment for disorder can include administration of a

therapeutic amount of a kedgehog agonist.

1t is also believed that general weakness in old age is due to muscle wasting.

20  As the body ages, an increasing proportion of skeletal muscle is replaced by fibrous
tissue, The result is a significant reduction in muscle power, but only a marginal
reduction in fat-free mass. The subject method can be used as part of a treatment and

preventive strategies for preventing/reversing muscle wasting in elderly patients.

Studies have also shown that in patients suffering injuries or chronic

25  ilinesses, and hospitalized for long periods of time, there is long-lasting unilateral
muscle wasting, with an average 31% decrease in muscle mass. Studies have also
shown that this can be corrected with intensive physiotherapy. However, it may be

more effective for many patients to at least angment such therapies with treatment by

the subject method
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tissue. In yet another enbodi nent, the subject nmethod can be enpl oyed
therapeutically to regulate such organs after physical, chem cal or

pat hol ogical insult. For instance, therapeutic conpositions conprising
hedgehog agoni sts can be 30 utilized in liver repair subsequent to a
partial hepatectony. 119 27 March 2006 The generation of the pancreas and
smal | intestine fromthe enbryonic gut depends on intercebrularchs2aoml | i ng
bet ween t he endoderrmal and nesodermal cells of the gut. In particular, the
differentiation of intestinal nmesoderminto snmooth nmuscle has been
suggested to depend on signals from adjacent endodermal cells. One 5

candi date nedi ator of endodernally derived signals in the enbryonic hindgut
is Sonic hedgehog. See,Infaohdicsthstedis wagingopfithe anderio |iibial mosrle, T&rﬂm"lﬂpﬁl
7:801-4. The Shh gene.,i g Qgggﬁﬁﬁ gﬂyﬁ I Qder m

wi th the exception %?gﬂéﬂ%ﬁﬁgﬁﬁégfgfgmgﬁg endo e@%? mhf%ﬁﬂ?ﬁgggggﬁggpresses
high levels of the phopeodesreniysrstishn Thefdanaexbecemessappprent pind iptresns figct or
1/pancreatic and dugdenal QIBP R all%hol afuseS PEfls Mreate8 WA LA icRlerdRR | Y
pancreati c devel opnent. Xpe gvist et al., supra, have exam ned whether the
di fferential expresskusrienst loshtf tiuscle ass. Sueh pytisats may glso bypeenalymfortepiaepthy '
differentiation of Mﬂ%lﬁ&ﬁﬁ@ﬁ&ﬂing nmesoderminto specialized nesoderm
derivatives of the small intestine.and pancreas. To test this, they used
the promoter of the |pfl{RbelpSRiasof Qe BfkRibhice by u@URS aB&iatd he infistld) Braskd

devel opi ng pancreatic epithelium In Ipfl/Pdxl-Shh transgenic mce, the
pancreatic mesoder fesaasraltiag &am e fregemg: ndiicns) & Wby o ‘é‘?'s‘g‘?‘gf}i‘c‘&f‘uycglel s of
Caj al, characteri Sthgrendf adofits ioBtoRSlefts invaitlBerard Gatful i tverefiRiRe bRAbriMal
mesenchynme and spl een.” Al'so, pancreatic explants exposed to Shh underwent
a sinilar prograif ofhusbardsy spHeations;tp FoUnLeRYRIZRtIoH In a0fRs QT [OJEPMYte gﬁ??"ﬂ\‘/ﬁﬂe

evi denf:e t Eat f the d}iﬁsﬁagée?ﬂffe irbntRY Bfg?&lg& o0l 196 ;fo]rgﬂﬂm dad éfﬁci&&y?ﬁﬁiri]mﬂdleﬁhh
controls the fate of adjacent nesoderm at di. rent .regi.on t he t

tube. In the cont extPrQSlPCttoﬁegpﬁ‘i’lg%"Q?‘rtm‘inﬁ\lferﬂﬂychﬁrf?de fthF?edg‘gm% %{t"éag‘i“%glr“ef ore

that the subject heggehogicagebigiibkeianl Mescleshals ek 40 Micaate e weightdfatdh t he

roliferation and/or .
P farm animals as cows, pigs, sheep, chickens and salmon.

~

15 The maintenance of tissues and organs ex vive is also highly desirable. Tissne
replacement therapy is well established in the treatment of human disease. There are
many situations where one may wish to iransplant muscle cells, especially muscle
stem cells, into a recipient host where the recipiezit‘s cells are missing, damaged or
dysfunctional muscle cells in muscle wasting discase. For example, transplantation

20  of normal myoblasts may be useful to treat Duchenne museular dystrophy and other
muscle degeneration and wasting diseases. See, for example, Partridge (1991)
Muscle & Nerve 14:197-212. In the case of myoblasts, they may be injected at

various sites to treat muscie-wasting diseases.

The subject method can be used to regulate the growth of muscle cells and
25 tissue in vitro, as well as to accelerate the grafting of implanted muscle tissue to an
animal host. In this regard, the present invention also concerns myoblast cuitures
which have been expanded by treatment with a hedgehog agonist. In an illustrative
embodiment, such a method comprises obtaining a muscle sample, preferably one
including myoblasts; optionally treating the cell sample enzymically to separate the

30 cells; culturing, in the presence of a hedgehog agonist.
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differentiation of pancreatic tissue both in vivo and in vitro. 25 There
are a wde variety of pathological cell proliferative and differentiative
conditions for which the agonists of the present invention may provide
therapeutic benefits, with the general strategy being, for exanple, the
correction of aberrant insulin expression, or nodul ati on of
differentiation. Mre generally, however, the present inventigarH 2h@es to
a nmethod of inducing and/or maintaining a differentiated 30 state,
enhanci ng survival and/or affecting proliferation of pancreatic cells, by
120 27 March 2006 contacting the cells with the subject agonists. For
instance, it is contenplated by the invention that, in light of the
apparent involvenent of ptc, hedgehog, and snoothened in the fornmation of
ordered spati al arrangeﬁéﬂh&ﬁbﬂaﬂﬁﬂ@ﬁ@&ﬁhﬁmﬁmssmkscommheﬂsuﬁ$ﬂmﬂmmﬁth@d
coul d be used as par t q 0, t r i h
tissue both in vitrd anfctlp§l el %?mg’ %'%/O¥|Sﬁ'%?@§%g a?e ulwgdt ing% %%'gét ﬁg Sf%ﬁgtl on
of hedgehog can beua'mpbd)yedothqn Yﬁntbthateedlrganegﬂntcupsh\am nheddifrautd qewretdhods
09 gadener At QAR IR B! RHAREE abode OBl doROBEL Bh Yot Sl @hma
non- pancreatic tissue, suc as 1n con evel opnent an
mai nt enance of tiSsspstefmumms Well di bab niewaenmabend, endegstraad Wiffdrantigfion paerdsset her
organs whi ch derive 0 t Ve nt,
t he present nethod gg‘éls gHE E@é 1:1?3d '1%" e tglr%eﬁg#r&r?t &n@aﬁﬁ%ggg{ngé%{?ggﬁ%gg}o?
neopl asti ¢ di sor der ggawisfsean ﬁlﬁgbepélh@qdé"athﬂél qell sultvee and pherappuiigimgthiogs inMolgiag
characterized by ab &kgﬂ&lﬁﬁgl &%Ebﬂﬁu%&n&%?&iﬁ@t'c cells. For instance,
py a f

pancreatic cancers re mar normal proliferation of pancreatic cells
which can result in altepahi eRodithent, wﬁ:eaamsg%ﬁ&pﬁmce@ma&ﬂ thyd@éovarbehat
pancreas. For 15 instance, certain pancreatic hyperplasias, such

pancreatic carciifonas; Aedsehege sttt SMaerheprp aien aRnaTeRBhv ayoliigd Wo%%@ﬂﬁc?‘?on of

n-cel I's or decreasedejeihBbnt @8lslem @S resfRsibRFor AxhBIA of MRL cighevd 8t IRLS,
hedgehog, and snoot hened signaling may be indicated in disease

progression, the subjéttrdg@ {§ﬁ§mbﬁﬂdbéﬁﬂ§éﬁmtHméﬁﬁﬁﬁﬁégﬁe@@nﬁ?ﬁfPbﬁ“of

the tissue after apiguctivtunalt A&th a&yenﬁ&nmbaﬁyeﬁesodeanlm&atsl &[hcﬁlf :oh@dgehog
signaling properties at different pain be usef ul

trat eyt or reshapfIgPPEBETT FIRFadeAanr Hqeeiogasistypt i ol mdhodan

15  be employed for regulating the development and maintenance of an artificial liver

which can have multiple metabolic functions of a normal liver. In an exemplary
embodiment, the subject method can be used to regulate the proliferation and
differentiation of digestive tube stem cells to form hepatocyte cultures which can be
used to populate extracellular matrices, or which can be encapsulated in
20  biocompatible polymers, to form both implantable and extracorporeal artificial

livers.

In another embodiment, therapeutic compositions of hedgehog agomists can
be utilized in conjunction with transplantation of such artificial livers, as well as
embryonic liver structures, to regulate uptake of intraperitoneal implantation,

25  vascularization, and in vivo differentiation and maintenance of the engrafted liver

tissue.

In yet another embodiment, the subject method can be employed
therapeutically to regulate such organs after physical, chemical or pathological
insult. For instance, therapeutic compositions comprising hedgehog agonists can be

30  utilized in lver repair subsequent to a paftial hepatectomy.
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vivo and in vitro. In one enbodi nent, the present invention nmakes use of
the apparent involvenent of ptc, hedgehog, and snoot hened in regulating
the devel opnent of pancreatic tissue. In general, the subject nethod can
be enpl oyed 25 therapeutically to regul ate the pancreas after physical,
chem cal or pathological insult. In yet another enbodi nent, the subject
met hod can be applied to cell culture techniques, and in parfbfiH 2006 My
be enpl oyed to enhance the initial generation of prosthetic pancreatic

ti ssue devices. Manipulation of proliferation and differentiation of
pancreatic tissue, for exanple, by altering hedgehog activity, can provide
a nmeans 30 for nore carefully cont lin erlstl £S of a. cultured
tissue. In an 121 27 Mardfi8 O%Qéﬁﬁpap a% aﬁé% PUE R %e neEod
can be used to augneflndifondigtdlionr Ginallipg ba%eatthamdt&lmm snndsoﬂarmdqailsroef

p-islet cells, such _as sed jn the i i bed
in, for exanple, t h@eﬂé‘gﬁg@ Pﬁéﬁwé#’f?er t‘ét’onﬁzlmgérf akl(gneso ]S% %thdt?%%

Aebi scher et al. U fs Rak emggeftlm toSdcb&ﬁi, 62 Figndlh &ohi arljdders. enfhateamdl ohls. (Be :
4,391,909, and the Sefton U rl r..cells..
to the pancreat?c F%?EE%'%?E“’ fPOd? ¥§?§é %ggsugﬁbn P °§%§§%.Va?e al |
the islet-specific sgenraigéhognieehier Exarmlet hﬁgkqwﬁst Rl dﬁ%’é@.&_ﬁm_ déVet.dprent
proceeds, expression, of islet- Sp CIfIC e I mes
restricted to the p PR%?H“&?WS§ 8Ht gfqhﬁé?éﬁﬁg%ﬁgﬁhﬁggﬁ%ngsgﬁo
cells. The phenot ypaleoiaanmhutr ebmﬂ séndebdeml Iwmch hiowveade expresses] Bigholevels of] tej n
cul ture, as reappearanc [

observed. By utI|IZ§ (ﬁﬂgmgﬁﬁem @Hgﬁgﬁgﬁ&&ﬁgk%ﬁgg%g&g1@mﬁ§£¢€g@§ﬂt|g?lon
path or prolifawpat hmeedbmde); amf:ssbthel mgthlatgr Qfeﬁaﬂbaanp@gtm ¢evelopmanl rAnslaisotte
mani pul ation of the differ S 0 9@@& t LSSUg &@Nin B8
utilized in conjunc? o%jmntaw%%kﬁsﬁﬁaﬁﬁgﬁﬂo%eo é%?? F@F%f pancreaglso as
to pronote 15 inpl ambabiiogyt tesouirds theatiffaentiatonchfithe pirpending mesedemn iiej on
and mai nt enance of & he fzcgrm srgﬁgn Eiérﬁrgﬁ% of BE sl HARGR an'&%'aﬁd?éhk atd R& wf,
hedgehog function té PRFTECT™ T ssue Ferentiation can be utilized as a
nmeans of mai ntai ni nghegruadd thyipedmidtértof theBlifl/Pdsd | sepg togpelectivapo P¥orese PhR dp fsnt
124:53 report that Gonic:| ggg%fémg )}m{laﬁ.em H BRAHIGHTRSRBGHYARE, B&bdncreatic

proliferation in’vivo. pr esent
mesoderm developed into smooth muscle and interstitial cells of Cajal, characteristic

of the intestine, rather than into pancreatic mesenchyme and spleen. Also, pancreatic
explants exposed to Shh underwent 2 similar program of intestinal differentiation.
These results provide evidence that the differential cxpression of endodermally
20  derived Shh controls the fate of adjacent mesoderm at different regions of the gut

tube.

In the context of the present invention, it is contemplaied therefore that the
subject hedgehog agonists can be used to control or regulate the proliferation and/or

differentiation of pancreatic tissue both in vive and in vitro.

25 There are a wide variety of pathological cell proliferative and differentiative
conditions for which the agonists of the present invention may provide therapeutic
benefits, with the general strategy being, for example, the correction of aberrant
insulin expression, or modulation of differentiation. More generally, however, the
present invention relates to a method of inducing and/or maintaining a differentiated

30  state, enhancing survival and/or affecting proliferation of pancreatic cells, by
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20 met hod can be used to regul ate regeneration of lung tissue, e.g., in the
treatnent of enphysema. In still another enbodi nent of the present

i nvention, conpositions conprising hedgehog agonists can be used in the in
vitro generation of skeletal tissue, such as from skel etogenic stemcells,
as well as the in vivo treatnment of 25 skeletal tissue deficiencies. The
present invention particularly contenplates the use of heggeagha@iDS st s
to regulate the rate of chondrogenesis and/ or osteogenesis. By "skeletal
tissue deficiency”, it is nmeant a deficiency in bone or other skeletal
connective tissue at any site where it is desired to restore the bone or
connective tissue, no matter how the deficiency originated, e.g., whether
as a result of surgical 122 27 March 2006 intervention, renoval of tunor,

ul ceration, inplant confactnsthe ells with Be pebicct seanipth Foeingpnce.diely s9minplatsddy the
conditions. For instangg, thi1e"ekhods e biireR! GRENEmdnd RNk, 0Regdidg Dendised
as part of a reginmen for restoring cartilage function to a connective

ti ssue. Such net hodgragfhenedsn Wscfpimatiphof qrdgredespatinh preansemsatsyof pancreatif tigfePect s
or lesions in cartilagedt S5Hes MidHR ukel & P&t s&Sklnhiqhd todeeeReimlol ¥ainvaAr
such as that which resu.ljts inarthritis, as well as other mechanical

der angenents whi éh fasl tiswe batige dimgyand s yig Hop instece; medylation of the functign of

di spl acenent of t oMy EiHes ChSbd dnfpidied i RN SRR YRG BetapeiAd keMo®finvdiid Nt by
a tom liganent, msalignnment of joints, bone fracture, or by hereditary

di sease. The presengcnemionegd maintpaopfcpilsend possibly glsg & A0R-PanEREAtic S T
cartilage matrix, SWGH caroliig Ble@s¥el pmeiit and ARRBSLELTHENE foM I idstivdtravel | as
peri odontal surgery. The present nmethod nay also be applied to inproving a
previ ous reparati vesaiendwisaad othe oransitithaleriyedranbie PRIEE Y cal repair of a
meni scus, |iganment, or cartil age. Furtap_errmre, it may prevent the. onset or
exacer bati on of Hegener 4t i %Ry sEmhodiment, thes gregeqt | th@ﬂoﬁﬂﬁ&ea‘l‘ste M P qunma.
15 I'n one enbodi nenteddheni N BpapRfic iodvadpiagie, ditdieers Wiictisg paRdhod tharpri ses
treating the afflicted connective tiss ith a therapeuticall. fficient
anount of a hedgehBad“%‘&HﬁitE‘F? °bﬁ?°ﬁ“c’:ﬁu§’f \F,‘YIV“%‘H péﬂ%ﬂf“é #e‘?aﬂ‘if?ﬁ“véglrso&mi ndi an
hedgehog si gnal tr al@thsCGiahaeutic tacere st hatked By dadrival @poléfernymaifl pancestporbie | n

t he connective ti SS%%CE%

an result in alterations of insulin secretory capacity of the pancreas. For
15 instance, certain pancreatic hyperplasias, such as pancreatic carcinomas, can result in
hypoinsulinemia due to dysfunction of B-cells or decreased islét cell mass. To the
extent that aberrant ptc, hedgehog, aud smoothened signaling may be indicated in
disease progression, the subject agonists can be used to enhance regeneration of the

tissue after anti-tumor therapy.

20 Moreover, manipulation of kedgehog signaling properties at different points
may be useful as part of a strategy for reshaping/repairing pancreatic tissue both in
vivo and in vitro. In one embodiment, the present invention makes use of the
apparent involvement of prc, hedgehog, and smoothened in regulating the
development of pancreatic tissue. In general, the subject method can be employed

25  therapeutically to regulate the pancreas after physical, chemical or pathological
insult. In yet another embodiment, the subject method can be applied to cell culture
techniques, and in particular, may be employed to enhance the initial generation of
prosthetic pancreatic tissue devices. Manipulation of proliferation and differentiation
of pancreatic tissue, for example, by altering hedgehog activity, can provide a means

30 for more carefully controlling the characteristics of a cultured fissue. In an
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managi ng the rate of differentiation and/or proliferation of chondrocytes
enbedded 20 in the tissue. Such connective tissues as articular cartil age,
interarticular cartilage (nenisci), costal cartilage (connecting the true
ribs and the sternum, liganents, and tendons are particularly anenable to
treatnment in reconstructive and/or regenerative therapies using the

subj ect nethod. As used herein, regenerative therapies inclgdqardy 2dgrent
of degenerative states which have progressed to the point of which 25
impairnment of the tissue is obviously manifest, as well as preventive
treatnments of tissue where degeneration is inits earliest stages or

immnent. In an illust rﬁ%{%}%ﬁﬁ"@ﬁd es‘r}bj%ch ogu ect eJ*FJﬁg%&%FBdQ& *{%@d as

part of a therapeuf¥¥® rea I"age o
di arthroidal joint, pr%btﬁéhca&evaes ko, requircafkisle, ceﬂisl, aicbow may Hiepused inrthst, a

knckleofetherafnero of .a 30 tenmno

trgat nent caln be di F‘Elélfsg'd“‘i“ e’(‘ﬁeé‘ dﬁfﬂ‘;e&}ﬁ OIoT et nﬁéq%oger# %e?gt %SJSWQ;? e{}a% !

2006 the articul ar a391, 533p@e Aebisdhbret pDIUE Patent Nbo 606,627, fhe Lirh &kS. iPkenida at e, -

t he bj ect net had d.to e [ knee,
subl ht 4,%@1 (ﬁ %Stg%a?f{ontq § aflatent lq 9433&5 8§§ Iﬁ’aﬁ( gl‘og%tglegellgfto e

such as which m traumati ¢ n) sports
injury or excessi VepMﬁ&&t)c iolets Qfd moBipotétial, iad appmatl)smapte@te adlgtonistt-spepily  be

adnini stered as an Lol SEbl o dilQe (g o p%'?rghs MVeQB?anSBrogeédQ%gﬁ&&%n offlet-

art hroscopi ¢ needl e¥ e agent can be in
formof a hydrogel epecifit Pherﬁnoabsowehek easl, be:hmcd estdegtml tbtenhﬁamcnf@xli’rpﬁs@ﬂder

to permt a nore extende sLihweb&
treated tissue. Thedbafi’&egﬁlc Py |%ﬁc 5 %hgff}éngg'&?% T oo t%lue lEbse o1t he
subj ect net hod im hbtestafbleahdum&e,mawéapﬁeagmetafan&prbninmm iormagyrel Pryeldsseandei ¢
devi ce therapi es. Howeve 10. probl e Lise he
characteristics of 8351‘3?"3‘5 a%veUtglﬁg‘gfﬁg%P‘fﬁegf{' AT At % I}llgtg:&ggﬁ 1\%5'3%%3&# ?@rc{;nt

ti ssue: such as bet pagiferaité indmdcﬂlthecalisrcimsb)abgulat@rtl | age, |iganments, and
tendons, between the two ends of the same Ilgamnt or tendon, and bet ween
t he superficial and deequmatrtr@reoﬂlaltiMéatmhséfhe fipgatiaiphgate Ofaﬂaﬁfd?i’{:}‘éﬁﬁhi cagf

these L1 ssues my I llf6k B SLANE » 60 BABAIGTOE AR AT EORRL L EmodS and

failure occurs when | ti ssue, which has not di renti at ed uglder
those conditi ors, Inap;lk!sﬂttonevaa@!lﬂnwwn{ endafypieopdifiereatisjion auhpaitensegs of

i nstance, when neni %ﬁ&!aﬁed tissue. For instance, manipulation of hedgehog function to affect tissue

differentiation can be utilized as a means of maintaining graft viability.

Bellusci et al. {1997) Development 124:53 report that Sonic hedgehog
regulates lung mesenchymal cell proliferation in vivo. Accordingly, the present

20  method can be used to regulate regeneration of lung tissue, e.g., in the treatment of

emphysema.

In still another embodiment of the present invention, compositions
comprising hedgehog agonists can be used in the in vitro generation of skeletal
tissue, such as from skeletogenic stem cells, as well as the in vivo treatment of

25  skeletal tissue deficiencies. The present invention particularly conternplates the use
of hedgehog agonists to regulate the rate of chondrogenesis and/or osteogenesis. By
nskeletal tissue deficiency”, it is meant a deficiency in bone or other skeletal
connective tissue at any site where it is desired to restore the bone or connective

tissue, no matter how the deficiency originated, e.g., whether as a result of surgical
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cartilage is used to repair anterior cruciate |liganments, the tissue
undergoes a netaplasia to pure fibrous tissue. By regulating the rate of
chondrogenesi s, the subject nmethod can be used to particularly address
this problem by helping to 20 adaptively control the inplanted cells in
the new environnent and effectively resenble hypertrophic chondrocytes of
an earlier devel opnental stage of the tissue. |In simlar besWhm 2608

subj ect nethod can be applied to enhancing both the generation of
prosthetic cartilage devices and to their inplantation. The need for

i nproved treatnent has notivated research ainmed at creating new cartil age
that is 25 based on col | agen-gl ycosam nogl ycan tenpl ates (Stone et at.
(1990) din Othop Relat Red 252:129), isolated chondrocytes (G ande et al.
(1989) J Orthop Resumfer@@8gn, ramdtalfedkargenwalcattion) implah® FrayuBoercothdr rewmadic 44 9) |,
and chondrocytes at ! tural or synthetic polynmers (Walitani et
al . (1989) JBone Jt5%§&§97§§?9@% Vacanti et al. (1991) Plast Reconstr Surg

88: 753; von Schroeder ety 9 i r. . ) ot
al. (1993) J Bioned Nhté?pég?&%7&%%rﬁgg3@?%ém%%géﬁﬁﬁﬁgsgg%?u%ﬁgfp%%§F%7

Mar ch 2006 Pat ent Negingndar restage capdpge dimetipi &0 2 edBpiive Hgsue Sugh methedsgown i n

cul ture on biodegr adah i€ for BLRAGRITRR rdphi 61 dUrIR oY 1ROLQH Sarfied tsleehich @4 fBd
from pol ynmers such as pol yglycolic aC|d,§p$IK%act|c acl d, agarose gel, or
13 w

ot her pol yners whi cFsdegfrdsaemeiiey wea syph ag b respltsgn aplpaisotsyglisasgther he

pol ymer backbone i NiRcH.REA GeRntRmERE QHRA ay Be EiBed B fdutfaSo HeistRSWENEda t O
al | ow adequate nutrient and ?as exchange go the cells wuntil en?raftnent
)isl

occurs. The cel|s c@fPlirsmemiiof irmmenisruy e mepistertornyeisaion et joint Pop i and
density has devel opgghnfeRf misBBmaRht oF jdirfls, Bonel FABLARIG:®Y hert IR ARMAR I ARGt t he

matrices is that they can be cast or nolded into a desired shape on_ an
i ndi vi dual  basil8, EBptgmethed isaiseareifRrdermedelinasagilage matinfyrlpes ip pastic or
patient's own ear OfeciiRfERti(Dsreed), WaYelDfs poriIRbiGhrge! THe ResbA n@H¥B hal 68S can
be used which allow for manipulation at, the tjme of inplantation, as in a
joint. In one enbodP?@*mhg‘Ef" FpEOVEiEn BEYOTRetePRsLYe tpﬁﬁeq“ﬁﬁalf"afn‘fxémﬁl%ﬁ’g%"ﬁ‘f‘%ct ed

wth a hedgehog ageankicd redbif bMOm&RIchlifinfehid@esrtlize tFARhEMble Uk mAQp¥aCHeSS 1 N
order to manage the rate of djffFJentiation of chondrocytesagnd t he
formation of hypert ?ﬁﬁt}ﬂr gxacerbation of degenerative disease if applied early enough after trauma.

15 In one embodiment of the present invention, the subject method comprises
treating the afflicted connective tissue with a therapleutically sufficient amount of a
hedgehog agonist, particularly an agonist selective for Indian hedgehog signal
transduction, to regulate a cartilage repair response in the conmective tissue by
managing the rate of differentiation andfor proliferation of chondrocytes embedded

20 in the tissue. Such connective tissues as articular cartilage, interarticular cartilage
(menisci), costal cartilage (connecting the true ribs and the sternum), ligaments, and
tendons are particularly amenable to {reatment in reconstructive and/or regenerative
therapies using the subject method. As used herein, regenerative therapies include
treatment of degenerative states which have progressed to the point of which

25  impairment of the tissue is obviously manifest, as well as preventive treatments of

tissue where degeneration is in its earliest stages or imuminent,

In an illustrative embodiment, the subject method can be used as part of a
therapeutic intervention in the treatment of cartilage of a diarthroidal joint, such as a
knee, an ankle, an elbow, a hip, a wnst, a knuckle of either a finger or toe, or a

30 tempomandibular joint. The treatment can be directed to the meniscus of the joint, to
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15 chondrocytes in the culture. In another enbodi nent, the inplanted device
Is treated wth a hedgehog agonist in order to actively renodel the

i nplanted matrix and to nake it nore suitable for its intended function.
As set forth above with respect to tissue transplants, the artificial
transpl ants suffer fromthe sane deficiency of not being 20 derived in a
setting which is conparable to the actual mechanical envirermaatch 20oe\i ch
the matrix is inplanted. The ability to regulate the chondrocytes in the
matrix by the subject nmethod can allow the inplant to acquire
characteristics simlar to the tissue for which it is intended to repl ace.
I n yet another enbodi nent, the subject method is used to enhance at%a hment
25 of prosthetic deiiecasulagrilgee gk the dgig, of el I dyrhet Upgaifo e sumech B gfgd in
the inplantation of .2 ReklOE¥RL! dephestinasiosder bhekeksuthss Vii@akpente hé the
surroundi ng connective tissue stinulates formation of peri.odontal L%ganent

about the prosthesi tsuli of taumptic ipiypt §e&p 2SRHBIIMERTLXFRE K, BN can ;
be enpl oyed as part vRf s@ject £BhilHE Mal O aliliRistpdacdsaini ifjectioh iltonke: jos withgenesi s) -
at a site in the animal where such 30 skeletal tissue is deficient. |ndian .
hedgehog i s part Fculnsiensy, sss@osapisacsiie I jofs ssaces g ieaind 3&8ECR Y8 8 ¥ ophi ¢
chondrocytes that aggmukh hjideel of ol RERRaRWelASE BQILRE hisove frurddr pefeanic e, |
adm ni stration of a hedgehog agoni st of tthe resetﬂt invtg(pti on can be

enpl oyed as part ofMoF Xishds8an fﬁ“iqéﬁﬁ?“é?iqﬁ&?rﬁg" Hedegfl W8 1oss in a

subj ect. For exanpl e, reparations. c ri sing hedgeh oni be

enpl oyed, for exanpl e, ?%’et?ffﬁetnf 5’1""3“%3}n g‘ﬁlg‘%rc °8tﬁ%P1§ﬁcs glgsu%g?ff:lge[ %ﬁgtﬁﬁ&%ﬁe‘p
formation of a "nodele"fifl®rlf @adilaké eaisphntatidnnandeprosimtit hevice tizogicseHewoEr t he

present invention, a hedgeho oni st can bhe use . | at e, . d

sper mat ogenesi s.mThémﬁl?H‘geﬁﬁg’ E ot“gfaﬂ%e,’ DartT ctﬁ a%%/agtf%%?yh‘gygml%%eenms hown
to be involved in tBroditihgr eFitd Birven diffeaknotisspe:olupl ey bettwen agisdlar, mednise@dnance
of testicular germcel

s. .Dhh expression,.is injptiated.in o | i |y 10
i i 3 he 't 36 Bha: t?%@&ﬁﬁa&tor
precursors shortly é?‘f"éﬁc’thﬁ@méfgt g‘?f’atte? Sﬁs’é’fe&?ﬁ/ Ctestl csu({}ar det erm nin
gene) and persi st S tdnford, Rd thesiekss thentupetfinial autlildeep Mudsesf e etispicaIhe Zoval
infertile, owing to a co Ie{] bsence of MALUEE: SRES nXRlic-nakdRmiedf the
devel oping testis i ﬁ“ﬂﬂg?%g ﬁesaziﬁsél?ﬁ %gyr ol R il : . . Prpl
15  and failure occurs when implanted tissue, which has not differentiated under those
conditions, lacks the ability to appropriately respond. For instance, wheq meniscal
cartilage is used to repair anterior cruciate ligaments, the tissue undergoes a
metaplasia to pure fibrous tissue. By regulating the rate of chondrogenesis, the
subject method can be used to particularly address this problem, by helping to

20 adaptively control the implanied cells in the new environment and effectively

resemble hypertrophic chondrocytes of an earlier developmental stage of the tissue.

In similar fashion, the subject method can be applied to enhancing both the
generation of prosthetic cartilage devices and to their implantation. The need for
improved treatment has motivated research aimed at creating new cartilage that is

25  based on collagen-glycosaminoglycan templates (Stone et al. (1990) Clin Orthop
Relat Red 252:129), isolated chondrocytes (Grande et al. (1989) J Orthop Res 7:208;
and Takigawa et al. (1987) Bone Miner 2:449), and chondrocytes attached to natural
or synthetic polymers (Walitani et al. (1989) J Bone Jt Surg 71B:74; Vacanti et al.
(1991) Plast Reconstr Surg 88:753; von Schroeder et al. (1991) J Biomed Mater Res

30 25:329; Freed et al. (1993) J Biomed Mater Res 27:11; and the Vacanti et al. Us.
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backgrounds suggests that Dhh regul ates both early and | ate stages of
spermat ogenesis. Bitgood et al. (1996) Curr Biol 6:298. In a preferred
enbodi ment, 15 a hedgehog agoni st can be used as a fertility agent. In

sim lar fashion, hedgehog agonists of the subject nmethod are potentially
useful for nodul ating normal ovarian function. The subject nethod al so has
w de applicability to the treatnment or prophylaxis of disordgarchafdde cti ng
epithelial tissue, as well as in cosnetic uses. In 20 general, the nethod
can be characterized as including a step of admnistering to an aninmal an
anount of a hedgehog agonist effective to alter the gromh state of a
treated epithelial tissue. The node of adm nistration and dosage regi nens
will vary depending on the epithelial tissue(s) which is to be treated.

For exanpl e, topi caPateftoiend.@fliléHs Foui ¢Aample, proofiiesytesdeanther @owhdn chlbug e

ti Ssue I s epidernal b old Aible, %@%&%@bm ﬁ@hl@ig&%ﬁé scﬁfolmabﬁ'oﬁggﬁ'ﬁﬁﬁ sudh 281 hod

whi ch "pronotes the ing o sults 1n the woun heal i ng nore
quickly as a result P@‘ﬁfleq@bC wid geliadiic atifhpgargseelnn airer pRlymers whigh degrade pYRe

absence of the trealARAL fun ct%rnmwr& 05 MOMING LAY inth HhoBlor® mBERk hat
the nethod regulates the proliferation and/or growh of inter alia,

keratinocytes, of tffae magicesties dosignrd thaligvsadsfiate (uEisst ad gpy prebaner osihe ¢@end
contraction, Iess Cahb12@enrsER Wb, Ofe 1M 2af Métﬁtﬂreaqg@:rﬁﬁﬁlmmlaé‘quate cell

superficial surface area.” I'n certain instances, "promotion of wound

heal i ng"” can al so maalkime ket deagipthas Aevaiepaioas the eollide ke mrrbatadngnn adyantessvf ov ed

success rates, (€. e dhddfeet RKS fh@ﬁ@ﬁb@%ﬁkﬂrﬂol@a@ﬁ&% dbsitd idpdIseeh ih@GRLder
with the method of the present invention. Conpl i cations are a constant

risk with wounds t h&sishes thatfbe ﬁl*l!lIPF%‘?“%éE’F"éer&’rﬁ’a’lesrﬂéerr%“FPtéﬁé’ﬂ capREGE nost

wounds heal qui clgl Y Wi bhQlnpicy, SRHEBIM maBiBdiRal ¥P@Sd Ghich WM &6 nfa@DliShon at
heal i ng. Wbunds whi ch” cover Ialrtfge surface areas also remain open for

ext ended periods of theitis of jmplagilonabi8ditint of the present invention, the
subj ect method can be used to ccel rate 1 he 313 f wound Vi ng
epithelial tissues, 10 sOER® FeboEeg|¢ t'?fgsu?JF‘BrWe ?dh‘?’ @“P e COP%?‘F‘QHﬁ%fH on
or irritation. Cert akdyefdly debifist during certain stages of the culturing process in order to manage .
the rate of differentiation of chondrocytes and the formation of hypertrophic
15  chondrocytes in the culture.

In another embodiment, the implanted device is treated with a hedgehog
agonist in order to actively remodel the implanted matrix and to make it more’
suitable for its intended function. As set forth above with respect to tissue
transplants, the artificial transplants suffer from the same deficiency of not being

20  derived in a setting which is comparable to the actual mechanical environment in
which the mairix is implanted. The ability to reguiate the chondrocytes in the matrix
by the subject method can allow the implant to acquire characteristics similar to the

tissue for which it is intended to replace.

In yet another embodiment, the subject method is used to enhance attachment
25  of prosthetic devices. To illustrate, the subject method can be used in the
implantation of a periodontal prosthesis, wherein the freatment of the surrounding

connective tissue stimulates formation of periodontal ligament about the prosthesis.

In still further embodiments, the subject method can be employed as part of a
regimen for the generation of bone (osteogenesis) at a site in the animal where such |

30  skeletal tissue is deficient. fndian hedgehog is particularly associated with the
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hedgehog agoni sts of the present invention can also be applied

prophyl actically, such as in the formof a cosnetic preparation, to
enhance tissue regeneration processes, e.g., of the skin, hair and/or
fingernails. Despite significant progress in reconstructive surgica

techni ques, scarring 15 can be an inportant obstacle in regaining nornal
function and appearance of healed skin. This is particul apizyardhe2ogsen
pat hol ogi ¢ scarring such as keloids or hypertrophic scars of the hands or
face causes functional disability or physical deformty. In the severest
circunstances, such scarring nmay precipitate psychosoci al distress and a
life of econom c deprivation. Wund repair includes the stages

hermpost asi s, i nf | anmiyretrephip chsinfifopyiestthas are wtiraptele pLieTd l}ergosteq’cﬂgs'sp]?tgﬂ ‘Psltaélf’eat i ve
ctage "ol ves Ml ik abh 8. 9okl NSk AN sk b S

epithelial cells. Throu t he use the subj ect rret hod then%)ate of
proliferation of eplpalhef i ahethod | fprsrepiatipg ghe Eﬂteo%ﬁ boge 1958 i ASURIBEHPT CXIERYR :

controlled in order phe ar?tfbﬁ?!:o%{r_paglﬁg ﬁéag%ég%dﬂfststcﬁiﬁbwed , @@k duipldJidvonirie the .

formation of scar tis i al thickness burns are an
exanpl e of a wourid teyt}?ehonﬁliab%ﬂﬁ?ﬂflémm "é*’cf?’é‘?as‘m} %fraggmgﬂ nessihggions and

therefore requires prol onged periods of ti

life-threatening conpl i dapPoRethe fepodime trﬂfg’gtpftﬁﬁﬂﬁaﬁqof}sashegzgeh%ﬁoﬁf Pui ds
often arise. In addipti@ato Rpaht GRrhdlodenits. Tie Hfigetog posins,darticyiardy RBidyihaveng in

scarring and disfigurenent. In sone ses_ woupnd contrac |on

excessi ve col | agen 3eFndaipet {9 & FB%MF?Q“i?Frﬁﬁﬂﬁgﬂ&%bbl KQ#%Whgc es in
the vicinity of the nvm@ﬂncemaes&&ﬁarzgerwwenm mﬁoa&pemosimma@ ira Bettotie¢eHod of
t he present invention can be used to accel.er e of . heal i ng. af
bums and to prom$te PFFé‘éiP‘?rﬁdhcﬁ%ég%rs‘& agifyation 8@5{% H?SH det ain %Peg ar
cosnetic outcones afyérsis@%ﬁthmmdntsQﬁtaﬂuﬂcMa&ma:amdblsbarmﬂem@ oﬁﬁg@rﬁotyglmg

whi ch cover | arge areas are often treated.b Ki ut.o fts from
undamaged areas of tHEMFRIEAHT ?%o“%mﬁﬁté"“y 053? e%tvgl?l%'?g&s o8 e faé%ggwused
in conjunction mnthxﬁ&g&ugha&mﬁmﬂﬂ1hﬂpmmhey%Mmhe"mMQte@yphﬂtH@cgﬁaﬁi 4fy _
accel erating growth of both the.araft§d:5i LulMo'ds AR piHred cbbldintiRat i s

pr oximal to the gr 6ﬁiﬂ@'ﬂ'uuogenesm
15  a hedgehog agonist can be used as a fertility agent. In similar fashion, hedgehog

agonists of the subject method are potentiaily useful for modulating normal ovarian

function.

The subject method also has wide applicability to the treatment or

prophylaxis of disorders afflicting epithelial tissue, as well as in cosmetic uses. In

20 general, the method can be characterized as including a step of administering to an
animal an amount of a hedgehog agonist effective to alter the growth state of a
treated epithelial tissue. The mode of administration and dosage regimens will vary
depending on the epithelial tissue(s) which is to be treated. For example, topical
formulations will be preferred where the treated tissue is epidermal tissue, such as

25  dermal or mucosal tissues.

‘A method which "promotes the healing of a2 wound" results in the wound
healing more quickly as a result of the treatment than a similar wound heals in the
absence of the treatment. "Promotion of wound healing” can also mean that the
method regulates the proliferation and/or growth of, inter alia, keratinocytes, or that

30  the wound heals with less scarring, less wound contraction, less collagen deposition
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Dermal ul cers are yet another exanple of wounds that are anenable to 10
treatnent by the subject nmethod, e.g., to cause healing of the ulcer and/or
to prevent the ulcer frombecom ng a chronic wound. For exanple, one in
seven individuals wth diabetes devel op dermal ulcers on their
extremties, which are susceptible to infection. Individuals wth infected
di abetic ulcers often require hospitalization, intensive ggMNaRAZ006
expensive antibiotics, and, in sonme cases, anputation. Dernmal 15 ulcers,
such as those resulting fromvenous di sease (venous stasis ulcers),
excessive pressure (decubitus ulcers) and arterial ulcers also resist
healing. The prior art treatnents are generally limted to keeping the
wound protected, free of infection and, in sone cases, to restore blood

fl ow by vascul ar susdemnyre sigaficidi suwgfadeoartdidn qrigis endtangest Hpgmotidye of ffoliidct ed
area of skin can be treated a - Whj j S

agoni st whi ch pronn?%ém%ﬁ??ﬁ§¥f§§%?%%%oEmrﬂ%&g%tﬁﬁyggggy%ﬂggggﬁgg@?ggithe
rate of the heal i ngsuodessrhtes, &kd. rihathlcantes of Thie grpfiekwvn usaddegetherwithicthametheo be
effective as part Ohxﬁ:Hggﬁﬁggﬂshp regimen for treating oral and paraoral
ul cers, e.g., resul t nd’ romradiation and/ or chenotherapy. Such ul cers

commonl y devel opswi t hi n cdayge.adds 8fe ORMRE AR ARYVRAdsAR hALINGE fulyhdalRE BAPY -
These ul cers usually begin as small, painful irregularly shaped I esions

usual | y covered by mmdialopenatheyghposieroundsiheal prickly 3pbout dsatignty somedeys By

inflammatory tissuey,ls %Qﬁeéliﬂgt‘ﬁaﬁgsswhiklﬁ&lﬁerQ& ¢ £uERLTRAS alfRmbih Spéntor
proliferation of tissue around the periphery o? the I esion on an

i nfl anmat ory basi s. exmyded; pegedsrpd dimet lseone embediaent ghihe BFegar inygRtiopete pbiset

usual I'y denonstr at egeREddah bELRE koV/Rcd&itl e h¥aling 65WbintNBvAlting Bpith OIS tibes,
continuity of surface epithelium These |esions, because qf their size and

128 27 March 2008 | #6k apresuling e ey bugs inipomation of HEtaiey i@ fi®Bht i al

secondary infecti ong Ropt bddists bfHBE SrbdeMinthtidnQakl alsd Ut Applicd propRAQHESLy Sudter y
pai nful event and, if the ulcers proliferate throughout the alinentary

canal , diarrhea usu#lipyhegmpof yensmels Rrepagpfipn. tq enhancg HiSfue (SEFRRHIOR REXHTS:

According to the preggsesttne skivaRiriafdor fdgéh@t ment for such ulcers 5 which
i ncl udes application of a hedgehog agoni st can reduce the abnor mal

proliferation and diff emegfit alghidioard progtees af eanitadtiepiutdial tadhniquies|sparmige t o
reduce the 15  can be an important obstacle in regaining normal function and appearance of healed
skin. This is particularly true when pathologic scarring such as keloids or
hypertrophic scars of the hands or face causes functional disability or physical
deformity. In the severest circumstances, such scarring may precipitate psychosocial
distress and a life of economic deprivation. Wound repair includes the stages of
20  hemostasis, inflammation, proliferation, and remodeling. The proliferative stage
involves muitiplication of fibroblasts and endothelial and epithelial cells. Through
the use of the subject method, the rate of proliferation of epithelial cells in and
proximal to the wound can be controlled in order to accelerate closure of the wound

and/or minimize the formation of scar tissue.

25 Full and partial thickness burns are an example of a wound type which often
covers large surface areas and therefore requires prolonged periods of time to heal.
As a result, life-threatening complications such as infection and loss of bodily fluids
often arise. In addition, healing in burns is often disorderly, resulting in scarring and
disfigurement. In some cases wound contraction due to excessive collagen

30  deposition results in reduced mobility of muscles in the vicinity of the wound. The
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severity of subsequent inflammatory events. In another exenplary

enbodi nent, the subject nethod is provided for treating or preventing
gastrointestinal diseases. Briefly, a wide variety of diseases are 10
associated wth disruption of the gastrointestinal epitheliumor villi,

i ncl udi ng chenot herapy- and radi ati on-therapy-induced enteritis (i.e., gut
toxicity) and nucositis, peptic ulcer disease, gastroentepftMarcAr06
colitis, villus atrophic disorders, and the |ike. For exanple,

chenot herapeuti c agents and radi ation therapy used in bone nmarrow

transpl antati on and cancer therapy affect rapidly proliferating cells i-n 15
both the hematopoietic tissues and small intestine, |eading to severe and

of ten dose- |im tingorepeitiens qng gethod rhie Present eentipg Fan beseddd pepalerssdhsaie

barrier results in {epifEsof KRR GRbloRbe HRAInE| RRedsBOhRNekuE P Fiofe dedifdle
subj ect nethod can be used to pronote proliferation of gastrointestinal

epi t hel i um and t her EpYRetinefeRsEanddess FaPI PRt ARE 8°am0g, ' adi ati on and
chenot herapy agents. Effective tr q%nent of astroi%tegtun %Q d&se es
may be determined by sevEEHE SUF MBI LOVE AR ARG TS PSR FEHTY PG TR BHEEIGY her
tests well known si n tikee fiamtunddatigédi@ead bof te patichBOMody. ITHauUljers aiethdd cH2416 Bhow
t hat hedgehog proteins can .requl ate mtogenesi s and.phetorecept or
differentiation in tfi#& Wb??@ﬁﬁgPeW@%fghdy n POV 14, ?@gt%a?égior
fromthe pignented epjelchfihg giowih@f poth iatgeafied tkimald tior mgent’s skin tdbis proximal to
proliferation and photoreceptor differentiation.- Likew se, Jensen et al.
(1997) DevelopnenttT?ﬂ.‘63 denonstrated that treatnent of cultures of

perinatal nouse retinal_cel It 1, NQx NAln & RNEDt HRORY C
hedgehog protein resultsD?ﬁwJgﬁﬁ%ﬁ%r%gggﬁg%Q%ﬁ%ﬁ%?%pof?%%ngg% ce %E t hat
i ncor por at e br onddeoncatmiedtibyéhe shijedt oiethbd, e |to canemiiveling, of thedildenand(sy to prevent

photoreceptors, am ém&r%%hl'éec@{&g%rauoﬁ%& '&'Fopsialh@m, SO ST NeAGuadhat

Soni ¢ hedgehog pronotes the pro tion of retinal "precursor cells. Thus,
the 129 27 March 2006thsdidberes tievalep [orhat alperp en thedbxremitipre which Aragasrepigfe to

gegener at I ve di Seas %ﬁfe(gifon.r ﬁhfﬁﬂ%ls . ! mfected! giaﬁ&&utll]@érg DRQPIeHﬁiﬁp%Bﬂiizaiion,
ifferentiation. Wth age, the epiderms thins and the skin appendages
atrophy. Hair beconsstenssparyisesantpendtsarndbiaticss ansk i pamtscagc pBpBion. perpal
consequent sus Ceg i ml(Jei‘s:[ Qﬁcﬁ & tggs)é %§lﬁng from venous disease (venous stasis ulcers), excessive
‘ pressure (de'cubitus ulcers) and arterial ulcers also resist healing. The prior art

treatments are generally limited to keeping the wound protected, free of infection

and, in some cases, to restore blood flow by vascular surgery. According to the

present method, the afflicted area of skin can be treated by a therapy which includes

20 a hedgehog agonist which promotes epithelization of the wound, e.g., accelerates the

rate of the healing of the skin ulcers.

The present treatment can also be effective as part of a therapeutic regimen
for treating oral and paraoral ulcers, e.g., resulting from radiation and/or
chemotherapy. Such ulcers commonly develop within days after chemotberapy or

25  radiation therapy. These ulcers usually begin as small, painful irregularly shaped
lesions usually covered by a delicate gray necrotic membrane and surrounded by
inflammatory tissne. In many instances, lack of treatment resulis in proliferation of
tissuc around the periphery of the lesion on an inflammatory basis. For instance, the
epithelium bordering the ulcer usually demonsirates proliferative activity, resulting

30  in loss of continuity of surface epithelium. These lesions, because of their size and
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5 chapping, and fissuring. The derm s dimnishes with |oss of elastic and
col l agen fibers. Mreover, keratinocyte proliferation (which is indicative
of skin thickness and skin proliferative capacity) decreases with age. An
increase in keratinocyte proliferation is believed to counteract skin
aging, i.e., winkles, thickness, elasticity and repair. According to the
present invention, a proliferative formof a hedgehog 10 agpmsichcangbe
used either therapeutically or cosnetically to counteract, at least for a
time, the effects of aging on skin. Yet another aspect of the present
invention relates to the use of the subject nethod to pronote hair grow h.
Hair is basically conposed of keratin, a tough and insoluble protein; its
chief strength lies in its disul phide bond of cysteine. Each 15 i ndi vi dual
hair conprises a cyloismmdpnmllialsihtagrtty,aﬂﬂtbz rodptg pagntiali @comdm Hifevéioh. iRvutne
follicle, a flask- Jn ekS Ond% e SI n 'th bm ka N, Tge “\%\ﬂnl"ﬁf 1fqﬁg JI%ISI | cI e
contains a finger-11"k& °proj ect| on"termed rédj s Consi'sts
connective tissue fprolifeatei todoughantrthe gmpensry caml, dlhrh@ugwaumlscﬁhldbdtoﬁdl alfb'@sel S

supply the cel|s w Ll foubl SR hecorl HE bhoenl iyl RN, st

outwards fromthe skin surface e roo escri
the buried part 6f whieh hisdludes Bhpicitimsecfof AeHgrhep @ponsst pandwdicatthe tahworimali r

bul b, which rests u p%%nﬁoﬁ%pal#fér&t,a?f&' deSnd Ef?é@le)!"%hie hmeheﬁﬁ,i. tol Radf Qrg_uced

grow in the bulb o ey are extr It orm o i bers
as the cells prolifeveiteofsnbsequant ifinmatohyeevedtai r "growt h" refers to the

formati on and el ongation of the hair fiber by the dividing cells. 25 As is
well known in the art, henetagmayamplany rembpdimant; shegiubiegfemmethed ds povided feit ages:

anagen, catagen, angeahfr'é G}Qu?egcntlgg' Edsﬂ&nﬂ:&}ﬁﬁal aﬁgdsééeBrﬁgi@Sz?wi@@Oﬁﬂ disdaB8 are
epi dermal stemcells of dermal pa di vide rapidly. wughter cells

nove upward and®di W@F@@t‘i"’éﬁ dispugtignop r‘%s%ﬁ?ﬁ@l?ﬂl rep@lﬂlha?e?rs“@ﬁ ipqlydingai

itself. The transilj.pb@kastage. raﬁﬁﬁcﬁﬂﬁeﬁ‘apyh&iu@@r kehithY (ifehegs epgidliy) Ofhdof
mtosis of the stemcells i'n 30 the licle. The resting sta%e is known as

tel ogen, where the Wﬁ?"IS‘tlF>§’e?t§t“é‘iehé’ﬂea§ﬁ= ﬁ?ﬁF‘PPnTEB"‘ 3 e WUBpBEPER Giseer. p for

several weeks beforggdaf. greread a@m?levuhaaaﬁerqﬁml Rt shdDBAiNWni therapdi ELOBIES
t he tel ogen-phase shaft fromits follicle. Fromthis npdel it has hecone

bone marrow transplantation and cancer therapy afiect rapidly proliferating cells in

15  both the hematopoietic tissues and small intestine, leading to severe and often dose-

limiting toxicities. Damage to the small intestine mucosal barrier results in serious

complications of bleeding and sepsis. The subject method can be used to promoie

proliferation of gastrointestinal epithelium and thereby increase the tolerated doses

for radiation and chemotherapy agents. Effective treatment of gastrointestinal

20 diseases may be determined by several critenia, including an enteritis score, other

tests well known in the ant.

Levine et al. (1997) T Neurosci 17:6277 show that hedgehog proteins can

regulate mitogenesis and photoreceptor differentiation in the vertebrate retina, and

Ihh is a candidate factor from the pigmented epithelium to promote retinal progenitor

25  proliferation and photoreceptor differentiation. Likewise, Jensen et al. (1997)
Development 124:363 demonstrated that treatment of cultures of perinatal mousé
retinal cells with the amino-terminal fragment of Sonic hedgehog protein results in

an increase in the proportion of cells that incorporate bromodeoxuridine, in total cell
numbers, and in rod photoreceptors, amacrine cells and Muller glial cells, suggesting

30  that Sonic hedgehog promotes the proliferation of retinal precursor cells. Thus, the
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clear that the larger the pool of dividing stemcells that differentiate
into hair cells, the nore hair growh occurs. Accordingly, methods for

i ncreasing or reducing hair 5 growh can be carried out by potentiating or
inhibiting, respectively, the proliferation of these stemcells. Thus, in
certain enbodi nents, the subject nmethod can be enployed as a way of
pronoting the growmh of human hair, e.g., to correct bal dnggmarch@es a, or
ot her diseases characterized by hair loss. 10 The subject nmethod can al so
be used in treatnent of a wound to eye tissue. GCenerally, danmage to
corneal tissue, whether by disease, surgery or injury, may affect

epithelial and/or endothelial cells, depending on the.nature of t und.
Corneal epithelial ®&ieptdnciiod cimhe ‘ﬁﬁjn‘-nI{Eeftéetawg%fdig%eﬁf’?wgﬁsgfw%%tllcrfman ?e‘ﬁ?ng
the external surfagg QalehBocREPRAdERERONI de a protective barrier

agai nst the external 15 environnent. Corneal wound healing has been of
concern to both clinici avit @adhe dpiiemds thive asl thkint dppéndades girephy, Hardecomes
frequently confronted with corneal sty ophi e SBEkG 1 dHkkd €s
that resuit in persfMepgefd Sﬁ‘?f’ﬁeor”%&eﬁeg rﬁtieggﬁs?’t@ﬁhicﬁﬁgg%%%cn@ otﬁ en’ | eadi ng
to pernmanent endet hellaphg, lans Sissuiipe Ths elernfis pirndrishee mithilose of glagtic @K qoHegen

subj ect hedgehog agoni sts can be used in. ' ANELS VO oPEORi&n

epi thel i al i zati on Begrs, ‘Fﬁ’ﬂg??@%?%ﬁegﬁﬁégﬁafﬁﬁgﬁi_ %g further 111 ustrate,
speci fic disorders typikiraploliferssiso cipatioyl dwirtakes epitht hest iAal increask |in &GIERASYE N t he
eye, and for which the_subject.netho ovi:de ; beRafii&l flickndst, @BLIRPL |

i ncl ude persi stent BQﬁﬁgﬁméﬁﬁ?ﬁgﬁ%%fgﬁgggﬁpé?¥$%§J?Fent_eiogions

neur ot r ophi ¢ cor neabndiegsit Accokdingtbaopressnicinyantion, o polferative fort ol Aadedes neal
ul cers, 25 viral cornea ulcers n LK WnBiS@) 1o REQESHY 2ERast ¥Phcal |y
causing injury td tﬁ%omStecbaPtﬁ%ﬁeﬁgﬁectgkl{g‘?ﬁuggeggr (f%nc%hd[gl Paser procedur es

per formed on the octimarhexficftaciagingnyskir.ef racti ve surgi cal procedures such
as radial keratotony and astigmatic keratotony, _conjunctjval flaps,.

conj unctival transpl ant sYct epittee psee o dhotryesent iRy R TE A E’ctP%lb%er?_é.the fhrdover
superficial wounds gughy Fo?pr?rﬁ&t@ 58 growh 13k & 1a5iOaly QBmpdsed bAERRiL] Douglend. 30
can cause | ose of epithelial cells. According to the present |nventh§E, t he
corneal 131 27 Mar clnsel@ele protein; its chief strength lies in its disulphide bon of cystemne. Eac

15 individual hair comprises a cylindrical shaft and a root, and is contained in a follicle,

a flask-like depression in the skin. The bottom of the follicle ;:,ontains a finger-like
projection termed the papilla, which consists of connective tissue from which hair
grows, and through which blood vessels supply the cells with nourishment. The shaft
is the part that extends outwards from the skin surface, whilst the root has been
20  described as the buried part of the hair. The base of the root expands into the hair
bulb, which rests upon the papilla. Cells from which the hair is produced grow in the
bulb of the follicle; they are extruded in the form of fibers as the cells proliferate in
the follicte. Hair "growth" refers to the formation and elongation of the hair fiber by

the dividing cells.

25 As is well known in the art, the common hair cycle is divided into three
stages: anagen, catagen, and telogen. During the active phase (anagen), the
epidermal stem cells of the dermal papilla divide rapidly. Daughter cells move
upward and differentiate to form the concentric layers of the hair itself. The
transitional stage, catagen, is marked by the cessation of mitosis of the stem cells in

30 the follicle. The resting stage is known as telogen, where the hair is retained within
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epitheliumis contacted with an anount of a hedgehog agoni st effective to
cause proliferation of the corneal epithelial cells to appropriately heal
t he wound. I n another aspect of the invention, the subject nethod can be
used to induce differentiation and/or pronote proliferation of
epithelially derived tissue. Such forms 5 of these nolecules can provide a
basis for differentiation therapy for the treatment of hypsesphsshiohognd/ or
neopl astic conditions involving epithelial tissue. For exanple, such
preparations can be used for the treatnent of cutaneous diseases in which
there is abnormal proliferation or growh of cells of the skin. The
present nethod can be used for inproving the "take rate" of a skin graft.
10 G afts of epidermal tissue can, if the take rate of the graft is to
long, blister and sheatalp @GRS VEkd Biork | dsein @@ ndvn &bir ldBRIPORHIGRS ft Wi | |
"take", i.e. adhere %ﬁ(&he m?und and fgrn1a basenment nenbrane with the
under | yi ng gr anul at i Bh°%efsbe loequphase shayt domc s follicle; Fom dhis mpdel Jt has decomsi ect
met hod by induci ng pid@t inhethélatg@nthe bod1 REdividek ate ROy hadifiefiiatd Bith asy @is,

i ncreasing take rateﬁ conprijses contacting. the skin 15 autograft w th an
effective wound heal PHEOEMBEFOVE} OXH %‘%‘B‘élyaﬂ%?@fmd@gﬁaﬁnﬁ@ﬂmd?%“gtlﬁg

met hod of pronoting guun danteabiisdodBpdihtibtie ofRikdbRie GbspOaN e ol Rion
grow h and proliferation of keratinocytes, as described above. Skin

\ £ty : i
equi val ents have many USe¥™hSt®only as a replacenent for human or ani mal

skin for skin grafting, | sO0.as t est in for. determning,the effects
of 20 pharmaceuti cal sugﬂsaﬁggrgma%]d) Og%iseﬂ%’ﬁec%&}gﬁ I%e%oncm&er?ﬁigboyecg?sfafwagul ty
i n phar macol ogi cal , oflpemiotied tha g@wiiosfitminae hdie sizi, hgcorrsct thhldneds, fafopexid, bi @Beri n
determning the effj . Qf the products on skin. One advantage
of the skin equivalé%%%&%?%%gﬁggéﬁ%%ﬁﬁﬁ%n is their use as an indicator of
the effects prodyced by gpchysylRshalc thr j | t1Q. ' est
skin. 25 Thus, in one enbodin%nt g@ tﬁgegh f%%?ﬂﬁgﬁﬁ%@fﬁgﬁ&@§$ﬁg %B%gépart
of a protocol for skinfalgs dpmagago gpmead tigsue, weathed &yl discwsassuragryaeruiBn, mgy
wounds and burns. Tl}?fectlégﬁheﬂgl HER0 SR the R QPSS tihefrfilk &pﬁé%ﬁxrésb'@?e%o%&.' ng

c

techniques as split thickness autografts and epidernmal autografts

(cul tured aut ogeni c Gosteal spibtiph eslly agrthe agrt-lgmtinigpd enithplish el tlining b exisread

al 1 ogeni ¢ kerati nocyku@s) - ofl thet Higneh NBHARGRIO %nt&%cﬁlel PAAT Loainkth BreUSRernfd Of
t he subject nmethod to enhance the fornmation of skin eqU|v§?ents in culture
hel ps 15 environment. Comeal wound healing has been of concern to both clinicians and

researchers, Ophthalmologists are frequently confronted with comeal dystrophies
and problematic injuries that result in persistent and recurrent epithelial erosion,
often leading to permanent endothelial loss. The use of proliferative forms of the
subject hedgehog agonists can be used in these instances to promote epithelialization

20 of the affected comeal tissue.

To further illustrate, specific disorders typically associated with epithelial
cell damage in the eye, and for which the subject method can provide beneficial
treatment, include persistent corneal epithelial defects, recurrent erosions,
neurotrophic corneal ulcers, keratoconjunctivitis sicca, microbial commeal ulcers,

25 viral comea ulcers, and the like. Surgical procedures typically causing injury to the
epithelial cell Jayers include laser procedures performed on the ocular surface, any
refractive surgical procedures such as radial keratotorny and astigmatic keratotomy,
conjunctival flaps, conjﬁnctival transplants, epikeratoplasty, and corneal scraping.
Moreover, superficial wounds such as scrapes, surface erosion, inflammation, etc.

30 can cause lose of epithelial cells. According to the present invention, the comeal
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132 27 March 2006 to provide/maintain a ready supply of such grafts (e.g.,
in tissue banks) so that the patients mght be covered in a single
procedure with a material which allows permanent healing to occur. In this
regard, the present invention also concerns conposite living skin 5

equi val ents conprising an epidermal |ayer of cultured keratinocyte cells
whi ch have been expanded by treatnent with a hedgehog agongetM?r‘EH(?mbj ect

nmet hod can be wused as part of a process for the preparation conmposite -
l'iving skin equivalents. In an illustrative enbodi nent, such a nethod
conprises obtaining a skin sanple, treating the skin sarrpl e enzym cally to
separate the epiderms fromthe derms, 10 treating the E

enzymcally to rel eas'bﬂltuﬁ'elslée’f*t&ttqdn‘ﬁ‘éy%aré‘ew of a fedgehog; aggmstis 6?‘}‘(8 o ft&Sence

of a hedgehog agoni ?lfohfmtah& S RIcL6HBR kpilkBIRLIID BGBHOPridkdy heal tﬁ@ﬂtﬁﬂdence in
parallel, or separately, treating the dernmis enzymatically to rel ease the

fibroblast cells, cul tl!ﬁhznﬁlei bifect bhhobkasibs teatubjscturtriod cail- wehfol indne e, '

i nocul ating a porous Cr 0ss- nke col :
cul tured fibrobl ast ‘cf%‘lf’ﬂ“?m‘i B pﬁfgegafgn ?%B'rchgﬁ%&lim rl‘c'“%lq Sglee%urgg %’%ﬁ%e on .
its surface to akl wath&@nﬁrew&shmqﬁmﬁmIfalslbtanbi%&huanehtlarap:tf for tllgghwbntpﬁe .

col | agen sponge, and then_inqcul at it.'thc l.t ure I Lells,
and further incubat PYRgPlaste r?bB%‘iP!aé&s ﬁwﬂ “i“é%ﬁp‘t %hrfag exé Fﬁgﬁﬁpl

presence of a hedgekmgreaﬂam&anmeu@ameexeaﬂnen@f@umommem nettich thdrg

ot her enbodi nents, skin sheet cont ai ni Bg ﬂ h“?] |theI ial and 20
mesenchynal Iayers saanggaalipegd 3&?*‘8805550 f POt expanded with culture

medi a suppl enmented with & grol ‘E’a‘“agsec%% ge{mqat@gmsﬁfngxﬁn

skin sample anenabl e to CEIFTEUPEr € tectini ques c e used I n accordance
with the presentio i Grahatof epiderifibletissiei qan,sifiths! téle migyof ke @eft dgleripre. glister and

al l'ogenic. In anot ht%? asdgce%:a%lm%)fthé &1k SR ! nautcfg'?ﬁt @det%tl lrgataa% @afe be

used in 25 conjunc arious periodontal” procedures in which
control of epitheli aloundcal Iformrarbca*mfeamaambmme iwith ghecingarbying drapelpticadissiteal 2ke i ssue

I's desired. In one er{bsOdl 1n rcaseqe ggﬁgoaxb%gpﬂl'etﬁgé 5% emdugﬁg Lﬁ@ﬁer&ﬂbnemﬁ@ce

reepi thelialization Hrotin ura sthetic'teeth, e.g., to pronote
formati on of gumti Sksramlocytes The method of increasing take rates comprises contacting the skin

15  autograft with an effective wound healing amount of a hedgehog agonist described
in the method of promoting wound healing and in the method of promoting the

growth and proliferation of keratinocytes, as described above.

Skin equivalents have many uses not only as a replacement for human or

animal skin for skin grafting, but also as test skin for determining the effects of

20  pharmaceutical substances and cosmefics on skin. A major difficulty in
pharmacological, chemical and cosmetic testing is the difficulties in determining the !

efficacy and safety of the products on skin. One advantage of the skin equivalents of

the invention is their use as an indicator of the effects produced by such substances

through in vitro testing on test skin.

25 Thus, in one embodiment of the subject method can be used as part of a
protocol for skin grafting of, e.g., denuded areas, granulating wounds and burns. The
use of hedgehog agonists can enhance such grafting techniques as split thickness
autografts and epidermal autografis (cultured autogenic keratinocytes) and epidermal
allografis (cultured allogenic keratinocytes). In the instance of the allograft, the use

30  of the subject method to enhance the formation of skin equivalents in culture helps
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Hedgehog gene products are able to regulate maturation of T |ynphocytes.
30 Certain aspects of the invention are directed to hedgehog agoni sts and
their uses as 133 27 March 2006 i mrunonodul atory agents agai nst both
acquired and hereditary inmunol ogi cal disorders. For instance, such
conpositions can be used to increase the population of T- helper cells to
optimum | evels in the host, e.g., to stinulate the i Mmune sy¥&ehdo0s t he
animal . Such uses of the subject conpositions can be used in the treatnent
of bacterial or viral infections, as well as to help the body fight

agai nst cancer cells. Alternatively, these substances al so enabl e the host
to adjust to diseases arising from disarrangenent of self-recognition
processes in which there is excessive attack by host T-cells against

endogenous ti ssues. 'q POYHRIRaINAR EFRE SUPPBHY sucibfelst(c.s.o iptissyet hapkss sa thaiche be

used to reduce T-cebhicR@RtkR! heOfbvERd DAl sifdepStARS AR a SHATHO WhicRl as®l -
directed inflammtory (autoi mmune) di seases such rheumatoid arthritis and

nul tipl e sclerosisPEPaRRePIBiAPEH: As described herein, hedgehog proteins
inhibit maturation of T

| ynphocytes. Based upon its inhibitory effect, the
adnmi ni stration of hedge%dhqgé%?ﬁ'dsﬁﬁ Hr?e’fSn?ﬂ‘b‘g‘egfoeﬁonﬁeé‘i’se?‘ﬁnpéé‘wah‘t“i‘geﬂ‘t“}rent
for several types otquiviteunobmglstglan dhisemaans: of caiMeddMicRfinttiwasiiseshiaciave/at i on
of cellular immunit e.d. raft rejection aut oi. ne di sorders, and the
like. In general, t éeenr%%ﬁ%?ﬂiq’(%’?&? & w@ggﬁgdgﬂw‘ggﬁml%ﬂ%ﬁtg@wd can be
admi ni stering to ansetras partast atpeocesd lfdr egalephiyigihudeyiygsitd living dkinsquidileragiount  of
a hedgehog agoni st whi.ch .20 %ﬁuc S non-1 oxi c respqnse b he ce|l of
Cnhi bition of matur &t PR Sk R £ BB FOISSS PERE B SKIBRBS] | <
whi ch may be eit her trehtisgpéresskth samplEldnkyniieallgrio acgasie the @pidatnid AibiAche ddraBUe or
organ. Moreover, ,the nethod .can. be perforned o eIFE %pi P re provided
inculture (in vit r%a,m trﬁeg?{g%ngslegz)?nr‘]cagy[ S egﬁﬁ‘ﬁﬁ € ﬁ"ésv%’ﬁ‘.mnlgh@ the
i nvention al so rel apesnteooine tiddigel®g afordsonthe epilisrng tehaeindcoyies ihiiin@hflypeasd ar mance
of Tcells 25 by u gg [ tical preparations gf thﬁ i.nvention.
. > ] .
W t hout wishing to E%a%gﬁh Sﬁgﬂﬁﬁg%%ﬁ ﬁﬁ%gﬂgg “%%%@?#Wgﬂéaﬁﬁ%felt%%@”éffect
of celis, culturing the fibroblasts cells until sub-confluence, inoculating a porous, cross-
linked collagen sponge membrane with the cultured fibroblast cells, incubating the
15 inoculated collagen sponge on its surface to allow the growth of the fibrobiast ceils
throughout the collagen sponge, and then inoculating it with cultured keratinocyte
cells, and further incubating the composite skin equivalent complex in the presence

of a hedgehog agomst 10 promote the growth of the cells.

In other embodiments, skin sheets containing both epithelial and

20  mesenchymal layers can be isolated in culture and expanded with culture media
supplemented with a proliferative form of a hedgehog agonist. Any skin sample
amenable to cell culture techniques can be used in accordance with the present

invention. The skin samples may be autogenic or allogenic.

In another aspect of the invention, .the subject method can be used in

25  conjunction with various periodontal procedures in which control of epithelial cell
proliferation in and around periodontal tissue is desired. In one embodiment,
hedgehog agonists can be used to enhance reepithelialization around natural and

prosthetic teeth, e.g., to promote formation of gum tissue.

Hedgehog gene products are able to regulate maturation of T lymphocytes.

30  Certain aspects of the invention are directed to hedgehog agonists and their uses as
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hedgehog on T cell maturation nmay be due at least in part to the ability of
hedgehog proteins to antagonize (directly or indirectly) patched-nedi ated
regul ati on of gene expression and ot her physiol ogical effects nedi ated by
that protein. The patched 30 gene product, a cell surface protein, is
understood to signal through a pathway which 134 27 March 2006 causes
transcriptional repression of nenbers of the Wit and DppBMP7 divichizeseof

nor phogens, proteins which inpart positional information. In other tissue,
the introduction of hedgehog relieves (derepresses) this inhibition
conferred by patched, allow ng expression of particular gene progranms. 5

I n anot her aspect, the pre nt i nvention V|des r

preparations conpr [SPHETRELHENFEY SFT 5} & I%Ot% cfmghl{égeﬁag%m sluml? Yokt

in the subject nethegordi@my be conveniently for nmul at ed for adm ni stratl on
with a biologically acceptable nedium such as water, buffered sali ne,

pol yol (for exanpl e, gI yRoe instagce prugipsoimpgitiong kyads|used| th ngredseyiis Bpgyl

glycol and the like itable r.eof Wi Pstem of
concentration of th 15% Sl%moﬁmn mileg%{"esﬁ h&? 2 t@gﬁ;ﬁlgﬁm can be .
det er ni ned enpi r Bcakﬂewpumauckdus&gdme puhmemmestwwelcan henesgsh it e fradiment Al

chem sts. | hs used Rl Sl vibl ARQRLSA i Gr phip Bl GoBP it Rbaih elrislosnany
and all sol vents, i’é iGA Wedia and may be appropriate
for the desired r oumetemﬂtlveadhesnﬁtdlstam dsp aafble the hpshigradinsten fi5e2ss 2PHRHET AL i on.
The use of such medig, Lol ha HIRIHRCEMAGAbAARING BHOS SREESC biackBoUN | 1
the art. Except |nso|‘sar s any ~conventional nedia or ent i s inconpatible
with the activity ohostHechedgaktcgdosenponiissues. Iiﬂtssfihugséan}“‘ﬁa R BDILEORRERIADF cal
preparation of tj4e LAYENLIAR, [uGORLAN sk so B habES uaNyapeSs ancit hei T

formul ation inclusive 0 her protelns are described, for xa in the
book Remi ngton's Phdnnmdeuﬂmmlorﬁﬁwfem@@qmmeﬁ&%weﬁm%@d tﬁﬁg‘m‘ lhigg

Sci ences. Mack Publ |$§ DL BYes, Faston, Pa., USA 1985). These vehicles
i nclude injectable "deposit ftormulations” Phar maceuti cal formul ations of

the present invention cag Qgség.eaH&L,ﬁld,@dggy@tlﬁ&imﬂaihmbﬁﬁimbﬁbbhsz;npmcgtﬁs.
phar maceuti cal preparations of the hed eho a oni. sts sui,t

ble fo
veterinary uses, e. dsasedf Bpont e ityRitgpy R 8 h&%ﬁ)éo§t ?%mgtﬁ'l Sl s,

15 suggested herein as a treatment for several types of immunological disorders

involving unwanted activation of cellular immunity, e.g., graft rejection,

autoimmune disorders, and the like.

In general, the method of the present invention comprises administering to

animal, or to cultured lymphocytes in vitro, an amount of a hedgehog agonist which

20  produces a non-toxic response by the cell of inhibition of maturation. The subject
method can be carried out on cells which may be either dispersed in culture or a part i

of an intact tissue or organ. Moreover, the method can be performed on cells which

are provided in culture (in vitro), or on cells m a whole animal (in vivo). The

invention also relates to methods of controlling the functional performance of T cells

25 by use of the pharmaceutical preparations of the invention.

Without wishing to be bound by any particular theory, the inhibitory effect of
hedgehog on T cell maturation may be due at least in part to the ability of hedgehog
proteins to antagonize (directly or indirectly) patched-mediated regulation of gene
expression and other physiological effects mediated by that protein. The paiched

30  gene product, a cell surface protein, is understood to signal through a pathway which

134



25 e.g., dogs. Rechargeabl e or bi odegradabl e devices may al so provide

nmet hods of introduction. Various slow rel ease polyneric devices have been
devel oped and tested in vivo in recent years for the controlled delivery
of drugs, including proteinaceous biopharmaceuticals. A variety of

bi oconpati bl e pol yners (including 30 hydrogels), including both

bi odegr adabl e and non-degradabl e pol yners, can be used 13522 afeh@n08006 to
forman inplant for the sustained rel ease of a hedgehog agonist at a
particular target site. The preparations of the present invention may be
given orally, parenterally, topically, or rectally. They are of course
given by forns suitable for each 5 adm nistration route. For exanple, they
are adm nistered in tablets or capsule form by injection, inhalation, eye
| otion, ointment, suppesiangriptionabispressionad membersghthp FingAnd Dp/BMP families of

adni ni stration by | DhRGIbAY: profRfnd iR %pahr}mh@ﬁak Qforml208. GRl oY dsQki g Or

ointmment; and rectal by suppositories. Oal and topical adnministrations
are preferred. The pHrodudien ohxdesfesicheveniisicpirssey as iBbitiehepnioagdbywatied ed

parenteral ly" as 1Qisfgehek8idbrPRANIa ¥RESHRimsadn ni stration other than
enteral and topical admnistration, usually by injection, and includes,

without limtation, intrRueaRdSspect] thé prodPHSftehidn providet fiiith@ehtithl reparat:lons
intrathecal, intracapsular, intraorhital |ntracard|ac i nt rader mal

i ntraperitoneal, tr&REPTSHigHedaerosAgpRisiE B bidgehog agpaistsiteruai, the sbiegiametiof Ul ar

subcapsul ar, su bar aQﬁh@Qch:onﬁeﬂf&ﬁt@Sﬂahﬁ\ﬂdted BR darhiffsfradh Mt d BbREtAIR hceHible
i nfusion. 15 The phrases "system c adm nistration,” "adm ni stered

systemcally," "peWWﬂH@?éF:dﬁﬁ?ﬂ?@?%%?ﬂéﬂ“weﬁﬂ“ﬂé@ﬁfﬁ?@l e BRETYePPRfi@fal | v

as used herein nmean gybe, hquimbayamymte lggﬁoloimahd:mp@u&dnablérnugm&a tikdde The
materi al other t an dlrect into Egl central vou system .such %hat it

enters the patielift' PUPUL & cﬁ?ffi’tm’{ A edveg ‘ﬂﬁf‘@&"ﬁé)ﬁ B theShoseh Fediim 8538 6t her
| i ke processes, fordamaﬂmhanmﬁmhguhﬁmﬁ@gaa@ﬂﬁhﬂ@§®ﬂﬁhm@ﬂn>&Gm&h£3Emmms

conmpounds may be adnlnls red o hu ns and ot her anipals for a

any suitable route ﬁ?@t& y?%@ﬁ%’ HﬁEH?aFFGB“ﬂﬂgéPPf 5 @'@% for

exanpl e, a spray, raﬁbahhynmeUmamagmmaMhyxmﬂﬁbeﬂkﬂmaﬁémxthaﬂﬁ&aiﬁmenmlIy

and topically, administration of the pharmaceutical preparation. The use of such media for

15  pharmaceutically active substances is known in the art. Except insofar as any
conventional media or agent is incompatible with the activity of the hedgehog
agonist, its use in the pharmaceutical preparation of the invention is contemplated.
Suitable vehicles and their formulation inclusive of other proteins are described, for
example, in the book Remington's Pharmaceutical Sciences (Remington's

20 Pharmaceutical Seiences. Mack Publishing Company, Baston, Pa., USA 1985).

These vehicles include injectable "deposit formulations”.

Pharmaceutical formulations of the present invention can also include
veterinary compositions, c.g., pharmaceutical preparations of the hedgehog agonists
suitable for veterinary uses, e.g., for the treatment of livestock or domestic animals,

25  e.g.,dogs.

Rechargeable or biodegradable devices may also provide methods of
introduction. Various slow release polymeric devices have been developed and
tested in vivo in recent years for the controlled delivery of drugs, including
proteinaceous biopharmaceuticals. A variety of biocompatible polymers {including

30  hydrogels), including both biodegradable and non-degradable polymers, can be used
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as by powders, ointnents or drops, including buccally and sublingually.
Regardl ess of the route of adm nistration selected, the conpounds of the

25 present invention, which may be used in a suitable hydrated form and/or
the pharmaceutical conpositions of the present invention, are fornmul ated
into pharmaceutically acceptabl e dosage fornms such as descri bed bel ow or
by other conventional nethods known to those of skill in phenaich.20086 27
March 2006 Actual dosage |levels of the active ingredients in the
pharmaceuti cal conpositions of this invention may be varied so as to
obtain an anmount of the active ingredient which is effective to achieve
the desired therapeutic respgnse for a .particular {1 . £ hOn

and node of adnini st% @Wdﬂ,‘rgaﬂtﬁ?fu@e Blgfaﬁlgeg tr%%(alsecofaohe%%hf) ﬁgédﬁlés? ?é;%? &l%ag .
sel ect ed dosage | evelgendilel depend upon a variety of factors including the -
activity of the particular conpound of the present invention enployed, or
the ester, salt or am dehetphpameixing of the presunt @vettiondny i gtvemeiabn patepiarally, e of
adm ni stration, the_ rat of ex ' f ot pagtic Gobeichg
enpl oyed, the durat foc?hca‘@f‘ ?rhrewi%r'ﬁﬂgg&rngr?{,éggﬁsﬁggﬁ%hrw g‘?mggﬁrrg%wnds and/ or
materials used i1 codhinismationmoun. For axhmple.phaytarcadmin steredigaries efgepiuform,

enpl oyed, the age, sex., j conditdaon 18R LdhirodadelRdst Qhtch,

medi cal history of ?ﬁgu%ﬁﬁ#gﬂ%h%%%ng %?@%?ggsﬁgﬁ .?$fgagghtots wel I known
in the nedical art stc., Aphiyisition bninisetiopeinfisiom o inbptatingepifg! BrlaRwar gt | i n
the art can readily .o g6} SiAbAGiANGRPIEIGH PRt aAld s lpkagraamDuUnt of the

phar maceuti cal conposSition réequire exanpl e, the physician or

veterinarian coul d Starthq%ﬁéwOEm&ﬁaml&ﬂﬂﬂ@ﬂﬂé@zﬂﬁ"&hﬂnﬁwﬁﬁmhkﬂaamwpkoyed
in the pharmaceutical conposition at levels  |ower than that %gﬁired in

order to achi evellt hasedebiriadmedne rmpfes ¢ic admipigigation fiher Gihary faef cPRS¥e the

dosage until the degyfgtiiohetdiallySty2@fibeneshd idbinder) GRSy Bhitatian, Shirdvaidhe
daily dose of a conpound of the invention w

) / [ be that . anﬁyqﬁ.of t?e
conpound whi ch is theamgselss Bgasteatls dugathpelt PUBTBHIRTe IYTPTRUP, JRTA PR
effect. Such an eff gGliMBiad @88petitontal GRAGF bl s@RLBchs Bt EE, hacttmEr,

descri bed o ] ‘ o o
subcapsular, subarachnoid, intraspinal, and intrasternal injection and infusion.

15 The phrases “"systemic administration," "administered systemically,"
"peripheral administration" and "administered peripherally” as used herein mean the
administration of a compound, drug or other material other than directly into the
central nervous system, such that it enters the patient's system and, thus, is subject to

metabolism and other like processes, for example, subcutaneous administration.

20 These compounds may be administered to humans and other animals for
therapy by any suitable route of administration, including orally, nasally, as by, for
example, a spray, rectally, intravaginally, parenterally, intracisternally and topically,

as by powders, ointments or drops, including buccally and sublingually.

Regardless of the route of administration selected, the compounds of the

25  present invention, which may be used in a suitable hydrated form, and/or the
pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms such as described below or by other

conventional methods known to those of skill in the art.
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above. Generally, intravenous, intracerebroventricular, and subcutaneous
doses of the conpounds of this invention for a patient will range from
about 0.0001 to about 25 100 ng per kil ogram of body wei ght per day,
preferably fromabout 0.001 to about 10 ng per kil ogram even nore
preferably fromabout 0.01 to about I ng per kilogram If desired, the
effective daily dose of the active conpound nmay be adm ni sy ai8eh3®0EWO,
three, four, five, six or nore sub-doses adni nistered separately 30 at
appropriate intervals throughout the day, optionally, in unit dosage forns.
137 27 March 2006 The term "treatnent” is intended to enconpass al so
prophyl axi s, therapy, and cure. The patient receiving this treatnent is any
animal in need, including primtes, in particular humans, and ot her
mammal s such as equi nes, Adadlt dasagesisiveie of Sthe radtiveh éngpedienin dinpha| phaymagenticget s

n general . The comRdohe dfifis 04RO b ARdS A BRPLARRINE rRUGReCr 1N

adm xtures w th pharnaceutically acceptabl r sterile carriers and
can al so be admi ni stiegreséent jwhich onjelfedtive ¢ acliitvh the Hesired theranputic olsspahseaigeat s

such as penicillin, pgﬁemlp;aﬁ%%@gesmoﬁ%aQ,Qdespmﬁg‘mﬁa@%ﬁthgﬂagmﬁes-

Conj unctive therapy, thus sequential, 10 sinultaneous and separate
admi ni stration of5 t Heeraentve conpound in a way that the therapeutic
effects of the first administered one is not entirely disappeared when the
subsequent is admi ni st er Eef selgeimhdnsieg devek Wil dppead mpon < verignet fgwrﬁéwkufhng%w

possible for a conpqugtyoF itk RERNSLERbounAYEME bidSent Rviifion &Bpiaskd] &Husd @ed
alone, it is preferable to adm nister the conpound as a _pharnmaceut| cal

fornul ati on (conposisel Friyudetthacohdbryae gt algumptetion, edigedf Aiupistating efdent i on
nmay be fornul ated fo@rex@ewinnbs the afatiRBial BorAft¥ind BBYL thiBldlediale ti@hridiS6r the
human or veterinary nmedicine. In certain enbodi nents, the conFound

i ncl uded in the GharaBeurthe-iuas: wmepurds sulorapateialsused Pecombyaiiqn wWith thgay pe

ahpr ler ug, el- 9., Capakkb@ar0kdzogdiRbiig PRyl hethe! @x,aitighe tindRios QWIRPAIRehIthn A
sl ol ogl cal setting. .
PRy g a(‘r:]ld prior medical history of the patient being treated, and like factors well kmown in

the medical arts.

A physician or veterinarian having ordinary skill in the art can readily

15  determine and prescribe the effective amount of the pharmaceutical composition

required. For example, the physician or veterinarian could start doses of the

compounds of the invention employed in the pharmaceutical composition at levels
lower than that required in order to achieve the desired therapeutic effect and

gradually increase the dosage until the desired effect is achieved.

20 In general, a suitable daily dose of a compound of the invention will be that
amount of the compound which is the lowest dose effective to produce a therapeutic
effect. Such an effective dose will generally depend upon the factors described
above. Generally, intravenous, intracerebroventricular, and subcutaneous doses of
the compounds of this invention for a patient will range from about 0.0001 to about

25 100 mg per kilogram of body weight per day, preferably from about 0.001 to about
10 mg per kilogram, even more preferably from about 0.01 to about 1 mg per

kilogram.
If desired, the effective daify dose of the active compouﬁd may be

administered as two, three, four, five, six or more sub-doses administered separately

30  at appropriate intervals throughout the day, opticnally, in unit dosage forms.
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Thus, another aspect of the present invention provides pharmaceutically
accept abl e conpositions conprising a therapeutically effective anount of
one or nore of the conmpounds descri bed above, formul ated together with one
or nore pharmaceutically acceptable carriers (additives) and/or diluents.
As described in 25 detail below, the pharmaceutical conpositions of the
present invention may be specially fornulated for adm ni spyagaren apmesol i d
or liquid form including those adapted for the followi ng: (1) oral

adm ni stration, for exanple, drenches (aqueous or non-aqueous sol utions or
suspensi ons), tablets, boluses, powders, granules, pastes for application

to the tongue; (2) parenteral ,,tfge% 'eg{..ggirt%}]&eg%cng%pmy gg,gs’ﬁﬁp%;nd\/arch

2006 subcut aneous, intra ORI APST iRt ravenous | njectio for exanpl e,

a sterile solutioncee. suspension; (3) topical application, for exanple, as‘*
a cream ointnent or spray applied to the skin; or (4) intravagi naI_Ig/ or
intrarectal |y, for exanplhe,patient arccejidgs fYisy reameny nis oy f B! ifoliederciuflip
certain enbodi ments Lhe Sybl.eelaf AIRANNAS ofefRMmiEs SR Yoqsthes S edilee dhiag
suspended in steri | 8"Water. Tn certai n_enbodi ments, the pharnaceuti cal
preparation i s nén- pysheppnind poyltneand pgleaxgep®tl el evate the body tenperature

of a patient. The phrase "therapeutically effectjve ampunt” as ucﬁlgld herein -
means that amount of a ThenperAYad offhs Bronien cag be AMBEEEY PHRRSAPPTEING® a

conpound of the 10 Witﬁ?ﬁzﬂﬁmacjeﬁl’lé@lw dcbtabRRiafdlor steriff chieielsiaN@cdhalso pé abhinistaigd SOMe
desired therapeutic ef i

] ect in__at |east a sub-po u{}ati on ilgi];nscei;%ls in an
ani mal and t her eby b ersitioptipnird 3hes apigricgpial g‘ﬁ &h BELCOPS CHAP R Rnay i n
the treated cells, %ir@gl&&@iﬁ&[‘ﬁw ByBEpedds! Cdnmbkiiveakdrapy, dpintladelsequemiabiny
medi cal treatnent. The phrase "pharnmaceutically acceptable” .is errH]Iap%gd
or

herein to refer Wo sumltajseseang srpadteAIRInSRR gt et e SOPBLTYB ALY By

dosage fornms which @feemeiticlefiich dfite HaAPAinAieredQuad nobaikindl dijapphgrednthen the
suitable for use in contact with the tissues of human beings and ani nal s

Wit hout excessive t &%asequenfis §pimistesed on  al | ergic response, or ot her
probl em or conplication, commensurate with a reasonable benefit/risk ratio.
The phrase "phar mac@urPhgabdeyrica (2F11] carrier" as used herein neans a

While it is possible for a compound of the present invention to be

15  administered alone, it is preferable to administer the compound as a pharmaceutical
formulation (composition). The hedgehog agonists according to the invention may

be formulated for administration in any convenient way for use in human or
veterinary medicine. In certain embodiments, the compound included in the
pharmaceutical preparation may be active itself, or may be a prodrug, e.g., capable of

20  being converted to an active compound in a physiological seiting.

Thus, another aspect of the present invention provides pharmaceutically
acceptable compositions comprising a therapeutically effective amount of one or
more of the compounds described above, formulated together with one or more
pharmacentically acceptable carriers (additives) and/or diluents. As described in

25  detail below, the pharmaceutical compositions of the present invention may be
specially formulated for administration in solid or liquid form, including those
adapted for the following: (1} oral administration, for example, drenches (aqueous or
non-aqueous solutions or suspensions), tablets, boluses, powders, granules, pastes

for application to the tongue; (2) parenteral administration, for example, by
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20 pharnmaceutically acceptable material, conposition or vehicle, such as a
liquid or solid filler, diluent, excipient, solvent or encapsul ating
material, involved in carrying or transporting the subject agonists from
one organ, or portion of the body, to another organ, or portion of the
body. Each carrier nust be "acceptable” in the sense of being conpatible
with the other ingredients of the fornulation and not i njupzousrcR®00s t he
patient. Sone exanples of materials which can serve as pharmaceutically
acceptable carriers include: (1) sugars, such as |actose, glucose and
sucrose; (2) starches, such as comstarch and potato starch; (3)
cellulose, and its derivatives, such as sodi um carboxynethyl cell ul ose,
et hyl cellul ose and cellul ose acetate; (4) powdered tragacanth, (5) nalt;
(6) gelatin; (7) talseheup@pusxoiapivenias or sinedvenpys dujedtiarn 39 vutexampland sterile
supposi tory waxes; [ S ower
139 27 March 2006 Oi ?Qm@edsfg‘“ abiofh Oy f‘?‘é'*%*f“"?”‘%ofﬁ £8P, g%é%y %13%%5{&
(10) glycols, such aﬁﬂpmmbyién@esgpy@dﬂ)H@T@ﬁmﬂ@lmegﬂﬁ§%bhﬁa§xﬁm&%é¥ﬁn
sorbitol, manni to' %@Qup%aaﬁ; VSR SN GO cen&&%am@&h&ﬁssﬁhe ShiGR @&n&hﬁﬂé'

ol eate and et hyl rate; agar; (14) buffering agents, such
nagne5|un1hydroxﬁdeﬁaﬁéeﬁpmhi ﬁﬁWﬁVﬁﬁ@%ﬁM@dﬂ(%ﬁﬁeHﬂ@i %mﬁﬁﬁ@bm¥%%§53w
pyrogen-free water; fhfhcehRAf QRpbraSRl isNBon-fyhéblnill NOCHo& AA! MbaRN ihe( AU
ethyl al cohol; (20) phosphate buffer solutions; and (21) other non-toxic
conpati bl e substancé@mm@ﬁﬁﬁﬁyéﬁ“¢% pharnaceutlcal formul ati ons. As set out
above, certain enbodi nents of the present hedgehog agoni sts may contain a

basi c functional group, StcHUase "drepratically SIRSVE AmfEt éﬁlﬂseﬁrl?m“l me&s Belpanl e
10 of form ng phar mﬁx&hﬂtlo@@'doisﬁpaﬁlﬁeﬂﬁtaxhﬂleor&ﬁlnb&sﬁiﬁntdampﬁﬁﬁgm(é&uﬁduﬁ@bf ‘_the

acceptabl e acids. The tern1"phar ically acce | ts" i.n

respect, refers o PFEeH E‘I"‘%{’E‘WE’W g‘%“‘t"f)%‘ Br"%llﬁ‘l‘t; Qﬁﬂ?‘rﬁﬂﬁ‘e@e@‘aﬁ? ec%ﬂBl d
addition salts of caneaAadsh- @E_fputab@x cpfrceﬁemtan anthvaE Bitd BErebylhlegk@gShd bislogial be
prepared in situ during the fj | sol at rification of the .
Bonbounds. of the | nanergies o g pelb¥RnPrbe FrtAesud B s eaoBie ooy o
conmpound of the i nvepiliciile toAny medidal @awpdase formwi th a suitable organic or
inorganic acid, and isolating the salt thus fornmed. Representative salts
i ncl ude the hydrobronidﬁw1ﬂwﬁedm@hnmbdﬁﬁhsukﬁa@k“ibhsmk@@mbwa@hbgﬁhane
nitrate, acet at g,

V%*llog Q onipounds, materials, compositions, and/or dosage forms which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of
human beings and animals without excessive toxicity, irritation, allergic response, or

other problem or complication, commensurate with a reasonable benefit/risk ratio.

The phrase “phannaceuticall_y acceptable carrier" as used herein means a

20  pharmaceutically acceptable material, composition or vehicle, such as a liquid or
solid filler, diluent, excipient, solvent or encapsulating material, involved in camrying

or transporting the subject agonists from one organ, or portion of the body, to
another organ, or portion of the body. Each carrier must be "acceptable” in the sense

of being compatible with the other ingredients of the formulation and not injurious

25  to the patient. Some examples of materials which can serve as pharmaceutically
acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2)
starches, such as corn starch and potato starch; (3) cellulosé, and its derivatives, such

as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4)
powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa

30  butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower
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ol eate, palmtate, stearate, laurate, benzoate, |actate, phosphate,
tosylate, citrate, naleate, fumarate, succinate, tartrate, naplithylate,
nmesyl at e, gl ucoheptonate, 20 | actobionate, and |auryl sul phonate salts and
the like. (See, for exanple, Berge et at. (1977) "Pharmaceutical Salts", J
Pl harnz Sci. 66:1-19) The pharmaceutically acceptable salts of the subject
conpounds include the conventional nontoxic salts or quatemnaycHRoDei um
salts of the conpounds, e.g., fromnon-toxic organic or inorganic acids.
For exanpl e, such conventional nontoxic 25 salts include those derived from
i norgani ¢ acids such as hydrochloride, hydrobromc, sulfuric, sulfamc,
phosphoric, nitric, and the.like; .and the sal e r i

aci ds such as aceti 81‘,?’ 698151 CUnPEve ol AT A 3?dssgqy§l%gl%l{lt66£?g°§%f %{&Iai%l'?lﬁ)g%n%
malic, tartaric, cilysdlc(ilpsapridhisash g5aghyvern, sorbitell maanitohsndrreyopimees glycol; :
phenyl acetic, glutam.c, . benzoic | i - afbh L L6 lr,-lgg%g zoi c,
fumaric, tol uenesul ?f&ﬁf%?rs’ 53 aﬁgmgﬁlggﬁﬁéo%@é,l%{ﬁg% a%%’s(l}lg)%%%{i_éc, .oxlglgli c,

i sot hi oni c, and t hesidhke. maAGI2Y hivoxife 2008wuhmunt hdroxidesds) alghe dhpgdinds
of the present invention ont ai.n_.one . I i QhGiok ' .0ups
and, thus, are c paBF@gegfge?&a?ﬁr’%%ﬁ %@“ﬁ%ﬁ%ﬁ H(E Ilﬁﬁ%%a%?:lgla%’ggﬁteédggl%g&\qﬁ th
phar maceuti cal | y ac¢z)tpatiphatd asfis . solihenst erdn(21) héemeaneexis campajible ;ubdaseabl e

salts" in these instances,.r fe; the,f.ahati vely non-toxic, inorganic and
. ; al . .
5 organi c base addi texlnglﬁy%éﬂe’bs 0 E"%tfé):rrpourlllci's of the present invention. These

salts can |ikew se be pA@@@@ﬁquv@, Sbdit erlbcdGhest dR @nelpked@: nécpohoR bbARsARS
purification of the conpounds, or by separately reacting the purifi %fj
compound in its fresowshdbisrimetional Boup, SibaaHpEC BEAkYIamie AGe i capable
hydroxide, car bopat g¢ fmblh GREAGRAIEI lecdapRIALREMHIdEak it s amibabicis met al
cation, w th anmonia, or th a pharmaceutically 10 acceptabl e orglam
primary, secondary dhe teant"plrgacayticply, ecrapblesaliy 4t thisgesRpitariersdp beFReEne
earth salts include,the.ld Erlal%m 250 ikt aNQLASSLIMs GAbdigethdsAgReREem  and
al uminum salts and the [ike. Representative grganic_ ani ngs sef ull t.for dt he
formation of base aei$htidnoThess| $alds jca [bf gEeRateAy Frattindiring By fipplyjsplaken an

et hyl enedi ami ne,  etHARGLENbMNEe chRuRR O R NhvaftionDbiiSr BZiraiély sdacting heputifidde.

See, for exanple, Berge of 15 al., supra . . L .
( i 15 comgound of the Invention in itsp tg‘ee)base form with a suitable organic or inorganic

¥

acid, and isolating the salt thus formed. Representative salts include the
hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate,
oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate,
maleate, fumarate, succinate, tartrate, naphthylate, mesylate, glucoheptonate,
20  lactobionate, and laurylsulphonate salts and the like. (See, for example, Berge ot al.

(1977) "Pharmaceutical Salts", J. Pharm. Sci. 66:1-19)

The pharmaceutically acceptable salts of the subject compounds include the
conventional nontoxic salts or quatemary ammonium salts of the compounds, e.g.,
from non-toxic organié or inorganic acids. For example, such conveniional nontoxic

25  salts include those derived from 'morganiq acids such as hydrochloride, hydrobromic,
sulfuric, sulfamic, phosphoric, nitric, and the like; and the salts prepared from
organic acids such as acetic, propiomic, succinic, glycolic, stearic, lactic, malic,
tartaric, citric, ascorbic, palmitic, maleic, hydroxymaleic, phenylacetic, glutamic,
benzoic, salicyclic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic,

30  methanesulfonic, ethane disulfonic, oxalic, isothionic, and the like.
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Wetting agents, enulsifiers and |ubricants, such as sodiumlauryl sulfate
and nmagnesium stearate, as well as coloring agents, rel ease agents,
coating agents, sweetening, flavoring and perfum ng agents, preservatives
and antioxidants can also be present in the conpositions. 20 Exanpl es of
pharmaceutically acceptabl e antioxidants include: (1) water soluble

anti oxi dants, such as ascorbic acid, cysteine hydrochl ori de7 BagthB006

bi sul fate, sodium netabisulfite, sodiumsulfite and the like; (2)

oi | -sol ubl e antioxidants, such as ascorbyl palmtate, butylated

hydr oxyani sol e (BHA), butyl ated hydroxytoluene (BHT), |ecithin, propyl

gal | ate, al pha-tocopherol, and the like; and (3) netal 25 chelating agents,
such as citric acid, ethylenediam ne tetraacetic acid (EDTA), sorbitol,
tartaric acid, phosphori b ollsdr gasesathy compounidk ef thipyepant iwendinn mey cerian presrent

i nvention include thgse .Sui alfaf gfsupgraﬂ& thkﬂ'a%@capabfeod?'f&?rlm C}Jaﬁ%aegmagly

buccal and sublingual), rectal, vaginal and arentera ni strat’i on.
The fornul ations nawc‘é?@ﬁq%‘éﬁﬂltéﬁ'ﬂth?h@@acﬁw@é@hztcé@t I¢ bases-tThel s grbafraaspntizglyand

may be prepared by apyamtRALS iWedsh idsRARWD rdlls thRe Aidivaf n&ha,maﬁxrganwﬁmlﬂ
27 March 2006 anount 019 active ingredient which can be conmbined wth a

carrier material Yo ogrisdatraddien st of exmpagds pbihmpysent nvartipndEsehditherrupon

the host being treatiggyisd |B@ pr@a«rea %Y :@@M%Oﬁwcﬂmaﬂwfaﬁ@tpmﬁbau@%f arount
of active ingredient which can be conbined with a carrier material to

produce a single dosageovRe: §F W Fopargielyapagting, thy @uitfiedrampenng i dts &ee pgid form

conmpound whi ch produggs a 3l 3ReULEh & iRChydrdRRECaAbiMie B4 bicBbona@N8f a
hundred per cent, this anmount w '] ranege from about 1 per.  cent to about

ni nety- nine per centPhgmasgutiqallsaceepiabledneldl cation, wiheanpaa, f’fr‘iﬁ‘l‘ﬁ apfgpRaceitisdly cent

to about 70 per 1Eenkecpiahs lorgahieiplinaR Yechkdanp &b:@mbryl&laemgﬁl@@htaﬁ@ abougr 30
per cent. Methods of preparing these fornulatjons or Qsitions, |ncI ude

the step of 10 bri gy PHt & @%Qﬁ%w%lﬁmasoewﬁpa‘uﬁa'waf O, JAgRES N, and

invention with the GRfilef ssbfshd thidel Répskiiative Bigadé mﬁﬁésa;sam@mewmatmn

ingredients. In general, th for | ations are repared unj formy. and
intimately bringing of nPise o addifion o 6 t6n‘ ?“QBnﬁtBﬂ lomeli d{@ﬂglamﬁ?esmieﬁeﬂe*ﬁlﬂh on

wi th [iquid carri er Sthafflanhind) @leshabilathife Gipsakinel atiahs 116y, $5eeOfor BQPle, BAg: et
15  al., supra)

Wetting agents, emuisifiers and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives and antioxidants can also

be present in the compositions.

20 Examples of pharmaceutically acceptable antioxidants include: (1)} water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,
sodium metabisulfite, sodium sulfite and the liice; (2j oil-soluble antioxidants, such
as ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal

25  chelating agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA),
sorbitol, tartaric acid, phosphoric acid, and the like.

Formulations of the present invention include those suitable for orai, nasal,
topical (including buccal and sublingual), rectal, vaginal and/or parenteral
administration. The formulations may conveniently be presented in unit dosage form

30 and may be prepared by any methods well known in the art of pharmacy. The
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then, if necessary, shaping the product. 15 Formul ations of the invention
suitable for oral admnistration may be in the form of capsules, cachets,
pills, tablets, |ozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or a suspension
in an aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oi
liquid enulsion, or as an elixir or syrup, or as pastilleAMardp2@06 | nert
base, such as gelatin 20 and glycerin, or sucrose and acaci a) and/ or as
nmout h washes and the |like, each containing a predeterm ned anount of a
compound of the present invention as an active ingredient. A conpound of
the present invention may al so be adnlnlstered as ..a bol us, elect

ary. or
paste. In solid dosageumnt of etivsfingmaent nyith pnbe grmbined) Wiy A QST fgfenghte

(capsules, 25 tabl gfGyccR Jlﬂg}% ddéig%g&ﬁﬁwﬂlpmﬂ&i)gndn@@wmesxoanﬂmg neatbd, kie) |
the active ingredient is mxed wth dne or nore Ear maceutlcal

acceptabl e carri er s pardenis raesie b afmmisEationa TR FrounlPLatxs MgrediTBs }é/ﬁ &0 %nd/ or

any of the fol | ow ngomfiddd it 4 é‘di—;%er(h{at&%ﬁ@@ﬁﬂﬁ&,a Wd@Sge ﬁﬁiawﬂh@ﬁerallyaﬁt ose,
sucrose, glucose, mannitol, and/or silicic aci for

exanpl e, car boxyret Bt armqnmfd%cowpmdn“élvﬁ’spf%%ﬁt peb?ﬁ ‘%F‘n? “eb@?’ 18 $done,
30 sucrose and/ or aGaCmmdrel dir dALMBELABIS, wiB lrtﬁl@e &6m ghout @ ped qent(td)ibout ninety-

di sintegrating agents, 142 27 Mar ¢ 006 s as agar ar a
carbonate, potato omtERFicHE AL agiye B}gre%§PbPW eéab!i’c%il g%oé‘F ? gcr demgtlolag%ug?gger and

sodi um car bonat e; ( RutSstreRAbly BoalBon g0 pgeeit 3o absudd pascep@ar af fin; (6)
absorption accelerators, such as quaternary amoni um conpounds; (7) wetting

agents, such as, for ex amdheds cﬁfpieyinngltmhfmhmambngbwmmqum moktete serof ((8)

o oSoTben . SUEh 58 KBOLLD B0 SETLONLAS, S Yl | GRS corts

sodi um | auryl sul fato@tmnal'ﬂjzj onmortmcﬁreacﬁeh@ryeomedxamd Kﬂlgb)lﬂl‘@blthﬂ' fongulaipeataze | n

the case of capsul es, aPlets and Pl N6 BRAFAACRULE R cRARRRSIAONS
G URGERD T ety ia

may al so conpri se bLPﬁpngB sitions asimlar type
may al so be enpl OyECi)rﬁﬁltfulvleiltﬁlli‘lSNlﬂﬂlCBlﬂf ¢arriensdl Ohamﬁrﬂy diividpdgplil Gaggiersatr hethe a5 ul es

el oh helyer e e aLL9SR gars, as well as high nolecular
wei ght pol yet hyl ene tg"ln;@f}‘fcgssgﬁdq %%neg tFél%{léd“%y

15 Formulations of the invention suitable for oral administration may be in the 7
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually
sucrose and acacia or tragacanth), powders, granules, or as a solution or a suspension
in an aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid
emulsion, or as an ‘elixir or syrup, or as pastilles (using an inert base, such as gelatin

20  and glycerin, or sucrose and acacia) and/or as mouth washes and the like, each
containing a predetermined amount of a compound of the present invention as an

active ingredient. A compound of the present invention may also be administered as

a bolus, electuary or paste.

In solid dosage forms of the invention for oral administration (capsules,

25 tablets, pills, dragees, powders, granules and the like), the active ingredient is mixed
with one or more pharmaceutically acceptable carriers, such as sodium citrate or
dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as
starches, lactose, sucrose, glicose, mannitol, and/or silicic acid; (2) binders, such as,

for example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone,

30 sucrose and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents,
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A tabl et may be made by conpression or nolding, optionally with one or

nore accessory ingredients. Conpressed tablets may be prepared using binder
(for exanple, gelatin or hydroxypropyl nethyl cellulose), lubricant, inert
di luent, 15 preservative, disintegrant (for exanple, sodium starch

gl ycol ate or cross-linked sodium carboxynethyl cellul ose), surface-active
or dispersing agent. Ml ded tablets nay be nmade by nol di n@7 Magcs200&b! e
machi ne a m xture of the powdered conpound noistened with an inert |iquid
diluent. The tablets, and other solid dosage forns of the pharnaceuti cal
conpositions 20 of the present invention, such as dragees, capsules, pills
and granules, may optionally be scored or prepared with coatings and
shells, such as enteric coatings and other coatings well known in the

phar maceut i cal - f or mshchtas ngeragdr, caltingy catopate| potrio dreiafienarsiaradit dginis geidscertgn

provi de slow or conifplde gndrs%hﬁ sc%rbgﬁamt e BhalidRiabddY £HEthch JSfbgmnn(d;SI ng,

for exanple, hydr oxypropyl neth y | ul'ose I n varying proportions to
provi de the desired ab@rp@a@@c(ﬁhtﬁqm,éuc%%evatwnyﬁ@mowamr@e@gmdﬁq Td Sisting

and/or —m crospher egeenlNe¥oiay R Shple] k&l albdhol f4A @g@m@hﬁ@m&eﬂﬁ atghon
t hrough a bacteri a- Fet ai ni ng filter, or by i ncorgora ing sterilizing

agents in the form @bsodeess,seh aokaplip andchepionita tleyh $ikericAnty ARche el 6@ ®ed i n
sterile water, or Sqasra@trns‘gthesﬁwgturﬁe ssﬁoellg]ﬁmy@ne gy&wm&m&w&w dgfore

use. These COITpOSI t1ons may al so O& i onal contaln op aci f gl ng ag ents
and may be of a conpFosiues B"ﬂfet’ﬁﬂéﬂd(t] wIOFIw%%IM@%ﬁfe@ﬂll%ta *?tSNﬁfH&IHS 2006

ingredient(s) only, yQr ;REQERLRAE icahpbitiohd n?ayCﬁEcI @bﬁprpsersuffeﬁn@fag&&e Solid
gastrointestinal tract, optionally, in a_de manner . Exanpl es of

embeddi ng conposi ti %P%WPW%&WI%‘YP%%PJ%“WE F‘E}Eﬂ@yﬁgcﬁ? {ilhess insolk Mf@@g and

waxes. The activg i %Ql%t%ﬂba%ﬂhcs%ﬁxg%h@pex*&@wh@ as MAcEds® 8 BAR SUEaa, @8l weP lafigh f
appropriate, with one or nore of the above-described 5 excipients. Liquid

dosage forns for or &olesi waig palysiyienpglyeolend BaHktinds of the invention

i ncl ude pharmaceutically, acceptabl e | si ons,. m croeml si on ol utions,
suspensi ons, syrups and 2l %ifi P?y%Fﬁlaggg?’f‘?Wesfﬁnt"ﬁB’o v%“’f’%{ir‘él T t he

l'i qui d dosage f or ns nitay acc@BdrR ingrediaams.tCotipkasei trablcae0mmpbd prepasedchsing binder (frt |
such as, for example, gelatin or hydroxypropyimethyl cellulose), lubricant, inert diluent,
15  preservative, disintegrant (for example, sodium starch glycolate or cross-linked
sodium carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered

compound moistened with an inert liquid diluent.

The tablets, and other solid dosage forms of the pharmaceutical cbmpositions

20 of the present invention, such as dragees, capsules, piiis and granules, may
optionally be scored or prepared with coatings and shells, such as enteric coatings

and other coatings well known in the pharmaceutical-formulating art. They may also

be formulated so as to provide slow or controlled release of the active ingredient
therein using, for example, hydroxypropylmethyl cellulose in varying proportions to

25 provide the desired release profile, other polymer matrices, liposomes and/or
microspheres. They may be sterilized by, for example, filtration through a bacteria-
retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved in sterile water, or some other sterile injectable
medium immediately before use. These compositions may also optionally contain

30 opacifying agents and may be of a composition that they release the active
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10 exanpl e, water or other solvents, solubilizing agents and enul sifiers,
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl al cohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,

oils (in particular, cottonseed, groundnut, com germ olive, castor and
sesane oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and
fatty acid esters of sorbitan, and m xtures thereof. 15 Be®7d¢ard¢i2006

di luents, the oral conpositions can also include adjuvants such as wetting
agents, enul sifying and suspendi ng agents, sweetening, flavoring,

coloring, perfum ng and preservative agents. Suspensions, in addition to

the active conpounds, ont ai n_suspendin f X0

et hoxyl at ed isosteafv?£§¥@§ﬁgﬁﬁ?pﬁgr?@%@%#h%?@%g%g%ﬁg??gfg%%g& 20 gg?%itan
esters, mcrocryst alopticaellyC &l d d¢lapsiemanaéruamples afrbleddireseimesitiqne hish pande
agar-agar and tragacant.h nd, m. xt i :

phar maceut i cal conpgggf?%%éF%%“?ﬁ%Héﬁégﬁgﬁgn %if@%%ygf&gggaggggﬂgﬁgln .
admi ni stration may hecrpmespsuistetifaw, o apprpprowi vithyere ghimeks efaihe Beovprdesabedd by
m xi ng one or nor.e %%nlggpds of the invention with one or nore suitable 25
nonirritating excipiefts or carriers conprising, for exanple, cocoa butter,

pol yethyl ene glycol, a Sﬁﬂ@ﬂ%&éﬁ%ymﬂﬁﬁﬁQHnﬁ selitightiat 8¢ thdombiuads bs a0l i d
at room tenperature, bu rqurd at body tenperature and, therefore, wll
melt in the rectum dGaventiongiindidec phpmpceifieplly o pesRiehls hemBlEPRsy o THERRTRRAGS

agoni st. 144 27 Mar %&uéogg,ﬁsuﬁgﬁms,agyh@@%n@éumqnraaaﬁamo theNAIVE inpfedithi, @l ar e
suitable for vaginal admnistration al so include pessaries

. ! s ta ns,
creams, gels, past ediquifidasge formsspryeyntain Serdilupnts Gprmeny psef M fﬁg%g@% Bd¥riers

as are known in fhe Qril Q.Re ARREBNER, SolutASR0Rerio fiBerfuldifidd) uch@piegl O
transdermal adm ni stration of a con?ound of 5 this invention.i |
ol,

cl ude
powders, sprays, oi riekait isopronyh glsehol,csihyd garbomalsy plhHsacelyls) Beney Jlgpppl, Reney!
pat ches and inhalanqémmngmgﬁﬁ&Megggﬂpgyaﬂlaﬁygg%Lmﬁmegnqﬁﬂﬁ§m§uﬁm&$@d,

conditions with a pharmaceutical | y acceptabl e carrier, and th
preservati ves, buff@ﬁwwﬁmér“w%d5€%I@H?smﬁﬁfﬁﬁiﬁﬁ?mbgﬂﬁeéﬁ??ég}aﬁéiﬁgmnd

oi ntnents, pastes, CiSANSyRRAYIBR tycHBYndRIM Ridbstefsdf feldiah, a0l mixauranthaedfi ve
15 Besides inert diluents, the oral compositions can also include adjuvants such
as wetting agents, emulsifying and suspending agents, sweelening, flavoring,

coloring, perfuming and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending
agents as, for example, efhoxylated isostearyl alcohols, polyoxyethylene sorbitol and
20  sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite,

agar-agar and tragacanth, and mixtures thereof.

Formulations of the pharmaceutical compositions of the invention for rectal
or vaginal administration may be presented as a suppository, which may be prepared
by mixing one or more compounds of the invention with one or more suitable

25  ponimitating excipients or camiers comprising, for example, cocoa butter,
polyethylene glycol, a suppository wax or a salicylate, and which is solid at room
temperature, but liquid at body temperature and, therefore, will melt in the recturn or

vaginal cavity and release the active hedgehog agonist.
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10 conpound of this invention, excipients, such as ani mal and, vegetable
fats, oils, waxes, paraffins, starch, tragacanth, cellul ose derivatives,
pol yet hyl ene glycols, silicones, bentonites, silicic acid, talc and zinc
oxi de, or m xtures thereof. Powders and sprays can contain, in addition to
a conmpound of this invention, excipients such as lactose, talc, silicic
aci d, alum num hydroxide, calciumsilicates 15 and pol yam ¢ Marste2Q0®r

m xtures of these substances. Sprays can additionally contain custonary
propel I ants, such as chl orofl uorohydrocarbons and volatile unsubstituted
hydr ocar bons, such as butane and propane. Transdernmal patches have the
added advantage of providing controlled delivery of a conpound of the
present invention to the body. Such dosage forns can 20 be made_by .

di ssol vi ng or dispersingF?Wﬁ%ﬁ%ﬁg@ﬂgﬁ BIGORT LPenteR v @lﬁWbﬁ@EBWEﬁ?uﬁﬁmm
Absor pti on enhancer sd@aistradonQlsb endifie PeskRies, MENRAS Crehi€ obls pasted, fdahe ohgglgehog

agoni sts across the skin. The rate gf such flux can be gﬁntrolled by

ei ther providing a rEPRIa0RSCERGNRE FRGD RATHES 2R Ko WR IRt io kg RS mpound i n
a polymer matrix or gel. ht hal m ¢, fornul ati ons, .eye. oi nt nent s 0 S,
sol utions and the like, %‘%ge 'ggnsgf’rs%et@ 1%3{18%?115 Fhad nésltrﬁtbm\ﬂ??ﬁ?nﬁ‘%f’?vf\fei"ef;cope
of this inventiors. MPhsimneseutindade woripoSs ifraysneintodfents hpastes, noreants] Batiosuigtlabl e

for parenteral admp, i3l 80 SOTRIESE DGRk B Snt SIB 8L ALR Aol NE .
i nvention in conbination one of Trore pharnaceuti calfy acceptaple
steril e isotonic aquwesliswngmwith ngrhanuentisally ebaspielde samieli spewih emspresosipensi ons

or emul sions, or St%ﬁﬁ&?opﬁ-eﬁ&ﬁ &@?1%2 %g% n. 2006 which may be
] e solu

reconstituted into steri’le"Injecta ons or dispersions just prior

to use, which nay cont ai iAo S8Rk SreiGhP LSS mRASHEL] BBl ooRlues

which render the formulation isofonic with the bl oo the I ntende

reci pi ent or susifendpmpousd of i BRrensoRgexggiEpE.csuCl aFgame] anl yigetahle daip|ods,

aqueous an d nonaqueQhgeL %ﬁrﬁfﬁﬁ& Sstm, gﬂgmh,bgell_ul%m) h%ﬂve@s,npcﬁ)%ylene glycols,
pharmaceutical conpositions of the invention include water, ethanadl,

pol yol s (such as gl yHispnss berspndips; Filitie 2adid-jaornd 2j5e Pyide, Rymifieesdhsy®dl | and t he
like), and suitable m xtures thereof, vegetable oils, such as alive oil,
and injectabl e Powders and sprays can centain, m addition to a compound of this invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium stlicates
15 and polyamide powder, or mixtures of these substances. Sprays can additionally
~ contain customary propellants, such as chlorofluorohydrocarbons and volatile

unsubstituted hydrocarbons, such as butane and propane.

Transdermal patches have the added advantage of providing controlled

delivery of a compound of the present invention to the body. Such dosage forms can

20 be made by dissolving or dispersing the hedgehiog agonists in the proper medium.
Absorption enhancers can also be used to increase the flux of the hedgehog agonists
across the skin. The rate of such flux can be controlled by either providing a rate

controlling membrane or dispersing the compound in a polymer matrix or gel.

Ophthalmic formulations, eye cintments, powders, solutions and the like, are

25  also contemplated as being within the scopé of this invention.

Pharmaceutical compositions of this invention suitable for parenteral
administration comprise one or more compounds of the invention in combination
with one or more pharmaceutically acceptable sterile isotonic aquecus or

nonaqueous solutions, dispersions, suspensions or emulsions, or sterile powders
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organic esters, such as ethyl oleate. Proper fluidity can be maintained,
for exanple, 10 by the use of coating materials, such as lecithin, by the
mai nt enance of the required particle size in the case of dispersions, and
by the use of surfactants. These conpositions nmay also contain adjuvants
such as preservatives, wetting agents, emulsifying agents and di spersing
agents. Prevention of the action of mcroorganisns may be2gngar@2dos t he

i nclusion of various antibacterial and 15 antifungal agents, for exanple,
paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
?ﬁSl{aEIe_to |nﬁlude i sotoni c agents, such as sugars, sodium chloride, and
the like into the conpositions. In addition, .prolonged absorpt.ion of .t he
|njeftabkﬁ_pﬂaan?ce&ﬁﬂéEﬁyﬁéFﬁ?ﬁﬂ?“ﬁémﬁFﬁﬂﬁﬁ@gﬁggﬁP%ﬁgmfﬁ mP%%WﬁéF%ﬁ“%T
agents i ch del ay (plsOokRbi ARy sdaclh asioalants bufersrontsibass abmteandichedndéri n. .
20 I n sone cases, in order Io.projong%%gs q%f t.of a dru% i t isg esirable
to slow the absor pthedRmpHatoh&ogpgy log! 86&‘5#885‘%“1 BPPIRL PSR RES
injection. This nmaypideniagsemp! i shed by the use of a |iquid suspension of ’
crystalline or anorphous material having poor water solubility. The rate
;)1;] ?Bfgr pt};i;)ndce)g st ge dr ug(atﬂpmfl ﬂfd@pmsdsaqu;pgsnmict somagumup foarders swhicht imem bghi ch, -

, end upon cr al. size a -y St I : '
Alternatively, delayt m&%%ﬂ?BFi%ﬁn% ﬂ%ﬂ%a?gﬁ?§§%§|§4g%ﬁ?ﬁ%g?g?gﬁmegfﬁa form
|I ?\j ggtcgglpgl 3 gggt b%/ dihas) polyo (mcll;%]:gueﬂ_di, popyloee gyl polyetplensi glyspsing (the,

_ orns are e m .Gk 0anc e di I of
the subject conpoun e?ﬂmﬁ?%%%E?g%gﬁﬁ%ﬁ%%g§%%%§3@Etﬂgggl B bl
Fﬁleyl a;:t i de- ]PO![ Kgl ymﬁ%apideftetsﬁa@wl cihyboleate. Phper futidity eh belmaigtaingd,fo xawple. and

nature o particul ar po r..3 I d f ol ease
can be control | ed, %%gﬁﬁF%E(8t“@%%%?“?ﬂ%mggﬂﬁg%ghb%%%%m@?%%ggpggggﬁg&%
pol ymers i ncl ude polpyfiok thomsheans)of disperpolsyand hvthd npdd syrfac@atsot i nj ect abl e

formul ations are al so prepared by entrapping the drug in |iposones or
nmi croenul si ons whi ch ar eTizsnsampdsitionsyimay Hsd gontain adiwvanig, gieht He PESRIBIRdS of

the present inventiqn.ar %ﬁ&%ﬂéﬂdlﬁ%@%@eﬁnd QispriAlBEAY Prevaltdn of @ fudoRes and

ani mal s, they can be given per se'or as a pharnaceutical_conpo%itipn
containing, for exampFeorsgismst Bagde 5YFYHbPYL U SrBiFigh|gf, various antibacterial and

15 antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the

like. It may also be desirable io include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition, prolonged absorption of the
injectable phanmaceutical form may be brought about by the inclusion of agents

which delay absorption such as aluminum monostearate and gelatin.

20 In some cases, in order to prolong the effect éf a drug, it is desirable fo slow
the absorption of the drug from subcutaneous or intramuscular injection. This may
be accomplished by the use of a liquid suspension of crystalline or amorphous
material having poor water solubility. The rate of absorption of the drug then
depends upon its rate of dissolﬁtion which, in turn, may depend upon crystal size and

25  crystalline form. Aliematively, delayed absorption of a parenterally administered

drug form is accomplished by dissolving or suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsulated matrices of
the subject compounds in biodegradable polymers such as polylactide-polyglycolide.
Depending on the ratio of drug to polymer, and the nature of thé particular polymer

30 employed, the rate of drug release can be controlled. Examples of other
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0.5 to 90% of active ingredient in conbination with a pharmaceutically
acceptable carrier. The addition of the active conpound of the invention
to aninmal feed is 10 preferably acconplished by preparing an appropriate
feed prem x containing the active conpound in an effective anmount and
incorporating the premx into the conplete ration. Alternatively, an

i nternmedi ate concentrate or feed suppl enent contai ni ng the27agaroke2006

i ngredi ent can be blended into the feed. The way in which such feed

prem xes 15 and conplete rations can be prepared and admi nistered are
described in reference books (such as "Applied Animal Nutrition", WH.
Freedman and CO., San Francisco, U S. A, 1969 or "Livestock Feeds and
Feedi ng" 0 and B books, Corvallis, Oe., US A, 1977). VI. Synthetic
Schenes and | denti f i laedegradeblof paiymeye isdpdni potyéorthOesErre @d bpayentiydridedi tepy, and
congeners t hereof [ e oypl i ng
t echnol ogi es of Suzu%@ﬂgg R%jﬁ?kggéé?ﬁgI%%ﬁggb%%ggkgmggﬁﬁ%Pﬁég?@%@?%6%5 are
carried out under rehﬁ@ﬂv@N?BWﬁWﬁa@bﬂﬁpﬁﬁbﬁ@méﬁbﬁﬁﬁkerate a w de range of
"spectator” functlonallt a. Conbi natorial Libraries 25 The conpounds of
the present invention, T Bt FPmpountin o4 r the sPresenty IVERIRR sare halpringeRsd rasous

representative C|ﬁ3§ﬂﬁnmﬁmﬁMM§HéUﬂﬁ&hsmma&ﬁnﬁﬁemébbﬁ1%9 @Qﬂbb@a&péﬂﬁda
chem stry and other parallel synthesis schenes (se WO

P
94/08051). The res ul Rhagmgcquicsl cqmppgjdon opfaizing der %P“Fléloalttéc?gééﬁﬁ'@[?@%femtéy g., a
variegated library of 1o00mpernds. naRies antambinieMein £atnRReatieRebRPI dI Y
i n high throughput 147 27 rch 2006 assays in order to identify potenti al
hedgehog agoni st | edd€bnpounds, as well as to refine the specificity,
toxicity, and/or cytotoxjc-kjneti rofile of a d.c ound
i nstance, ptc, hedgehog,&§?mgﬁﬁﬁfﬁéﬁeﬁmﬁ?8%@FmW1Pgaﬁ§gﬁv mbﬁh“ﬁ@”d%%bwto

screen a |ibraryo ofprifiebls uizpeglishedbp papeding fad raprbygre fead/pfbgmaadm@ﬁm g

activity toward ptc alfive compgunral 3 ans ekt}/\!et%no%not\/\{aan{idlﬁco%tzglng W DL premnc 1mfo Blened

complete ration.

Alternatively, an intermediate concentrate or feed supplement containing the
active ingredient can be blended into the feed. The way in which such feed premixes
15  and complete rations can be prepared and administered are described in reference
books (such as "Applied Animal Nutrition", W.H. Freedman and CO., San
Francisco, U.S.A., 1969 or "Livestock Feeds and Feeding” O and B books, Corvallis,

Ore., US.A., 1977).

VI Synthetic Schemes and Identification of Active Agonists

20 The subject inhibitors, and congeners thereof, can be prepared readily by
employing the cross-coupling technologies of Suzuki, Stille, and the like. These
coupling reactions are carried out under relatively mild conditions and tolerate a

wide range of “spectator” functionality.

a. Combinatorial Libraries

25 The compounds of the present invention, particularly libraries of variants
having various representative classes of substituents, are amenable to combinatorial
chemistry and other parallel synthesis schemes (see, for example, PCT WO
94/08051). The result is that large libraries of related compounds, e.g., a variegated
library of compounds represented above, can be screened rapidly in high throughput
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Simply for illustration, a conbinatorial library for the purposes of the
present invention is a mxture of chemcally related conpounds whi ch nmay
be screened together for a desired property. The preparation of many

rel ated conpounds in a single reaction greatly reduces and sinplifies the
nunber of screening processes 10 which need to be carried out. Screening
for the appropriate physical properties can be done by comyauarsh2006

nmet hods. Diversity in the library can be created at a variety of different
| evel s. For instance, the substrate aryl groups used in the conbinatorial
reactions can be diverse in terns of the core aryl noiety, e.g., a
variegation in terns of the ring structure,, 15 and/or, can be varied with
respect to the ot herssayta piderfa identify potgutial gadgehas 2gqaishivrdpowoRpds aé\%?ﬁla%@l ein

the art for generat ifighe @RNBEMRO  thatity, kiddr @jtbRSic Kinchit Protile@f gadid @ompduac.ul es
such as the subject hedgehog agoni sts. See e Bl onde] | e et at.

for. exanple,

(1995) Trends Anal . Fenepnce.s¢asBedzehog. %mee&‘g?cuv%n%%’f gangheeed 19 peree g
5,362, 899: the Ell mynipldrySr tRAuSEd: clmpbBBdsTdidhost Reviry dnlaporidt adlvity BEvaRGle or
publication WD 94/08051; the ArQule U S. Patents 5,736,412 and 5,712, 171,
Chen et al. (1994) JARDStAofigitnigyaids hedprhag oLgmooliergds) JACS 115: 252: PCT
publ i cations W92/ 10092, W) 09668. and 91/Q7Q87; and the al .
PCT publication W93/ 202%??8’%/%6@‘8?{8‘?03& “y"%é“ aéog?lﬂ%f?/y %f g'leipgrlpggrélgé{s}% nrgst%?lte
order of about 100 ih@ntn0oQ, @Rfreosf thomealth whregomepsund whivk Baybpeesteened
hedgehog agoni sts can be .25 synthesized. and scree f or rtic r.
activity or propert Y5 @ﬁaéé%ﬁélpgﬂpﬁ Ye(rzwi%l?)&re gaten oge'%nﬁrrgﬁtgggé %oglﬁ i'dat e
hedgehog agoni sts dingRrns@iar sreatirethees ymit sueplifice dheubunibier ph epreen®g Ipervesses

adapted to the techniques , descri.bed in the Still et i jon WO
04108051, e g, ot MR e Bt S Sty Bloofte pia sl
phot ol yzabl e group, bedbéietqaddvyntioodatcthddsat one of 30 the positions of the
candi dat e agoni sts or a substituent of a synthetic internediate. 148 27
March 2006 Accordi ng to PhersiSt inl the dbragyt cantbe ciaied g2 vemirty pf $iffateyt lpgls. For

synt hesi zed on a set, W i Se diverse
identifying the par thSg%]fgrﬁl%g?n\?g?’ug%%%q%eﬁgf&gg%ﬂgn%%g&%%gﬁé??brary can
then be "pl ated" wi tih tdmos gbfio gor asp oristy &8¢ ¢l vagegatigyein terms of the ring structire,

15  and/or can be varied with respect to the other substituents.

A variety of techniques are available in the art for generating combinatorial
libraries of small organic molecules such as the subject hedgehog agonists. See, for
example, Blondelle et al. (1995) Trends Anal. Chem 14:83; the Affymax U.S.
Patents 5,359,115 and 5,362,899: the Ellman U.S. Patent 5,288,514: the Still et al.

20 PCT publication WO 94/08051; the ArQule U.S. Patents 5,736,412 and 5,712,171;
Chen et al. (1994) JACS 116:2661: Kerr et al. (1993) JACS 115:252; PCT
publications W092/10092, W093/09668 and WO91/07087; and the Lerner et al.
PCT publication W093/20242). Accordingly, a variety of libraries on the order of
about 100 to 1,000,000 or more diversomers of the subject edgehog agonists can be

25  synthesized and screened for particular activity or property.

In an exemplary embodiment, a library of candidate hedgehog agonists
diversomers can be synthesized utilizing a scheme adapted to the techniques
described in the Still et al. PCT publication WO 94/08051, e.g., being linked to a
polymer bead by a hydrolyzable or photolyzable group, optionally located at one of

30  the positions of the candidate agonists or a substituent of a synthetic intermediate.
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di versonmers can be rel eased fromthe bead, e.g., by hydrolysis. 5 The
structures of the conpounds useful in the present invention |end

t hensel ves readily to efficient synthesis. The nature of the structures of
t he subject conpounds, as generally set forth above, allows the rapid
conbi natori al assenbly of such conpounds. For exanple, as in the schene
set forth below, an activated aryl group, such as an aryl 2griigFck 2008

brom de, attached to a bead or other solid support 10. can be linked to
anot her aryl group by performng a Stille or Suzuki coupling with an aryl
stannane or an aryl boronic acid. If the second aryl group is
functionalized with an al dehyde, an am ne substituent can be added through
a reductive amnation. Alternatively, the second aryl group could be
functionalized with &cdoslingittthedititiep al. teshintdueabe Hbrbuyiif tyathesizetl @8 ylsatt of beals,
hal i de, capabl e of beij i.spl.aced by, an.am.ne. . O . .the . 15 secon

group may be functi oeﬁaal{nlgezagclf' c\%d PR AR &zgm %Iéiergrf%%mg%né%ﬂ% dgfa mﬂ%ﬁé’?g%aﬂ%‘d'
reducti ve am nati on et headnlitaary nen therg be “@lakNHvithOhbdzeiqgasspibive @iupTheng
techni ques include tgr. [ - I ] ion reactions. The
resul t ant secondary&gﬁih%kggﬁ%ﬁﬂ%%ﬂﬂggaﬁ%?%gﬁﬂ%ﬁﬁggﬁékgéized by an

acyl ation, alkylagion, ofpe afyhld B9 O HRREIEt Serdt LR AR%nP R BRiof 1AM de

whi ch can then be cleaved fromthe 20 resin or support. These reactions
general |y are quite thenglvangadiyjeeiieien syiasiesBieukiure of fppitiugured of the subject

combi natorial sol i d- RRASEAS UDERAESHPseBHAR TiFve, aﬁb‘»(rsttﬁ‘?{aﬂx‘larcﬁmbih{i&iam&mﬂﬁ&ge

of substrates and coupling partners suitable and avallable for these
reactions permts tHHeh pompiondasios sxAnpleo s ingheyechera seb fosth belopy any acbixatesk aryl

conpounds for testinguipNsRR a@¥SarASiflf€br §rofhidb) MEIhEd B-a Jed oC&kd: 3bA RFRRTES,
and for certain substitutions on the various 25 substituents of the subject

compounds, one of? skqappe linked iganethar agd grrunbydegerming aSile preguki peyplingaiti ang
certain functional OrAWRSHNE b indryd YhbADb&d BF B %&ﬂd@gylgfoﬁﬂﬁ-méﬁmlliieﬁ%tﬂi ques

are well known in the art and are easily applied to conbinatorial
synt hesi s schenes. 1#oldehydgy pr gming Gubstifyent gan bgraddedofirough e rpduotivg anpipasiony

Alternatively, the second aryl group could be functionalized with a leaving group,
such as a triflate, tosylate, or halide, capable of being displaced by an amine. Or, the
15 second aryl group may be functionalized with an amine group capable of undergoing
reductive amination with an amine, e.g., CyKNH,. Other possible coupling
techniques include transition metal-mediated amine arylation reactions. The resultant
secondary amine can then be further functionalized by an acylation, alkylation, or
arylation to generate a tertiary amine or amide which can then be cleaved from the
20 resin or support. These reactions generally are quite mild and have been successfully
applied in combinatorial solid-phase synthesis schemes. Furthermore, the wide range
of substrates and coupling partners suitable and available for these reactions permits
the rapid assembly of large, diverse libraries of compounds for testing in assays as
set forth herein. For certain schemes, and for certain subsfitutions on the various
25 substituents of the subject compounds, one of skill in the art will recognize the need
for masking certain functional groups with a suitable protecting group. Such
techniques are well known in the art and are easily applied to combinatorial

synthesis schemes.
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\,/CHO Cy-K-NH2 NaBH4 ~Af H2 L: /Q wylate or R=aryl or alkyl alkylate Ar
\' L/C\ N~KCy H Many variations on the above and rel ated pat hways perm t
the synthesis of wdely diverse libraries of conpounds which may be tested
as agoni sts of hedgehog function. 5 b. Screening Assays There are a
variety of assays available for determning the ability of a conpound to
antagoni ze ptc function or agoni ze snoot hened or hedgehog bgnghichioograny
of which can be disposed in high-throughput formats. In nmany drug-screening
prograns which test libraries of conmpounds and natural extracts, high

t hroughput 10 assays are desirable in order to maxi m ze the nunber of

conpounds surveyed in a given period of tinme. Thus, libraries of synthetic
and natural products can be ol ed %ﬁtﬁ@g}g’r cunds whi ch are hedgehog
agonists. In addition to cel ee assays,—+&st sonpounds can al so be .

tested in cell- based assays. |npena& errd&i nent, cell Nwﬁﬁgh are responsive
to the addition of 15 hedgehog protein can be contacted WH™S t est agent
of interest, with the assay scoring for, e.g., pronotign of proliferation
of the cell in the presence of the test agent. A nunb rC%N@ene product s

have been inplicated in patched-nedi ated signal . trans hia dn, including

pat ched, transcription fs of the cubitus interruptus (ci)
‘bead

_—Ar Ha
AF Ar
C, et Hz
— \ Koy acylate or Ar N ¢
N B L N KCy
/ atkylate N
=acyl or alkyl o H

Many variations on the above and related pathways permit the synthesis of
widely diverse libraries of compounds which may be tested as agonists of hedgehog

function.

5  b. Screening Assays
There are a variety of assays available for determining the ability of a
compound to antagonize pfc function or agonize smoothened or hedgehog function,
many of which can be disposed in high-throughput formats. In many drug-screening
programs which test libraries of compounds and natural extracts, high throughput
10  assays are desirable in order to maximize the number of compounds surveyed in a
given period of time. Thus, libraries of synthetic and natural products can be

sampled for other compounds which are hedgehog agonists.

In addition to cell-free assays, test compounds can also be tested in cell-

based assays. In one embodiment, cell which are responsive to the addition of

15  hedgehog protein can be contacted with a test agent of interest, with the assay
scoring for, e.g., promotion of proliferation of the cell in the presence of the test

ageni.

A number of gene products have been implicated in patched-mediated signal
transduction, including patched, transcription factors of the cubitus interruptus {ci)
20  family, the serine/threonine kinase fused (fu) and the gene products of costal-2,

smoothened and suppressor of fused.
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20 fam |y, the serine/threoni ne kinase fused (fu) and the gene products of
costal -2, snoothened and suppressor offused. 150 27 March 2006 The

i nduction of cells by hedgehog proteins sets in notion a cascade involving
the activation and inhibition of downstreameffectors, the ultinmate
consequence of which is, in sonme instances, a detectable change in the
transcription or translation of a gene. Potential transcrpptiarhl 2008 get s
of hedgehog-nediated 5 signaling are the patched gene (Hi dal go and | ngham
1990 Devel opnent 110, 291- 301; Marigo et al., 1996 ) and the vertebrate
honol ogs of the drosophila cubitus interruptus gene, the i genes (Hui et
al. (1994) Dev Biol 162:402-413). Patched gene expression has been shown
to be induced in cells of the linb bud and the neural plate that are
responsive to Shh. (Mangbheeindugtion (of 3olf) bypkaigelys: WolgHs Fels : in NAMHGE rasidea] .

(1996) Devel opnent Yy i {Hibiti I BE FoFRGRAE bB] VR ultimat
transcription facto%é%ﬁééiﬁﬁ%%?ﬁ%n?}%gégh%&m binging domai ns (Cre%f§agt at .

(1990) Genes & Dev odnsedB@eDOBYiCh i ¥apioy ingtancey, a det chyge tphe ragspggtion
10:634-642) .~ TranseipLhefl, O of Bhe GdteNEarb@f AP BirkdtPOf hEeAoR-nRiated
upregul ated in response to hedgehog in Iinmb buds, while transcription of
the G i3 gene is Sdowisndigalaes theipdiched Bene ddideas andt Ipgheed AN Revelaement { Wh2var i go
et al. (1996) Devel @@mgng%zg 2121896 3-%13(13)116 ver%ra%ﬁ&ﬁﬂ&g@@f&ﬂeaﬁ%ﬁﬂiﬁtéuﬁﬂ@! '

regul atory sequences fromsuch target genes, &Hg., fr0ﬂ18%§tched or A
genes, that are respoasiphis@efeothe Gliczepss-Hyi ot ab WOt EReu-Biol W04 Webdc efenes

in response to hedgghQo,SiGRahhd yash shadidlo®R Blaaded Vilets b1 tRKiMOHRAWEN LD hadt er s
to a reporter gene, one can derive a transcription based assd¥ which is
it ylango et

a
sensitive to the 20 Pl thitiage refonsive peehs (Mariga &t al (APH9HENAS P73

hedgehog- medi at ef} si,gnglobiNHevAlSinARYR2:1EXP189S| DIt afli t fRed GRQIAE Eput@RBe,

t hus, provides a val uabl e screening tool for the devel opnent. of CEnE unds
that act ‘as agoni st daBTripfioadetsyhavivg GiF fager Kb %@@Hm§§§g§?nﬁftﬂhlgc

i nvention nmeasure thgn,engd stadggoofidshekindlRoveadesony et aseigdeo.ed4-eepnt s,

Cbodi mentof L he. adeuoToT ehF Uk Saee BanEepo 56 PiSrELy RED% Re
reagent cell in or degddefoORNestab s awiiRtitGichstivnSifgRat!l gpens downregulated in
activation of t hIeS response to hedgehog induction (Marigo et al. (1996) Development 122:1225-1233).
By selecting transcriptional regulatory sequences from such target genes, e.g., from
patched or Gli genes, that are responsible for the up- or dewn-regulation of these
genes in Tesponse to hedgehog signalling, and operatively linking such promoters to
a reporter gene, one can derive a transcription based assay which is sensitive to the
20  ability of a specific test compound to modify hedgehog-mediated signailing
pathways. Expression of the reporier gene, thus, provides a valuable screening tool

for the development of compounds that act as agonists of hedgehog.

Reporter gene based assays of this invention measure the énd stage of the
above-described cascade of events, e.g., transcriptional modulation. Accordingly, in

25  practicing one embodiment of the assay, a reporter gene construct is inserted into the
reagent cell in order to genefate a detection signal dependent on activation of the
hedgehog pathway, or stimulation by Sh# itself. The amount of transcription from

the reporter gene may be measured using any method known to those of skill in the

art 1o be suitable. For example, mRNA expression from the reporter gene may be

30  detected using RNAse protection or RNA-based PCR, or the protein product of the
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hedgehog pat hway, or stinulation by Shh itself. The anount of transcription
from the reporter gene may be neasured using any nethod known to those of
skill inthe art to be suitable. For exanple, nRNA expression fromthe
reporter gene may be 30 detected using RNAse protection or RNA-based PCR
or the protein product of the 151 27 March 2006 reporter gene may be
identified by a characteristic stain or an intrinsic biol ogrdahrcha@dgevity.
The amount of expression fromthe reporter gene is then conpared to the
anount of expression in either the same cell in the absence of the test
conpound or it may be conpared with the anmount of transcription in a
substantially identical cell 5 that |acks the target receptor praotein._ Any
statistically or othwepetes&ensingyi bei idenfified bihe FasrsBrply 4R oh Al tRENs(Gbiclogical

transcription indi caj@sint Rad arhdit beskbreSRBIRIM the RPDribrLefO RBhenRHPHE to the
ant agoni zed the normal ptc signal (or agonized the hedgehog or snoot hened

signal), e.g., the t#BeuCSSRRIERIIgn inseitheris wmeicel] infhesphasnse oLle Hisempound or

Exenpl i fication 10 {Thfy biaiphic@ Wi e RRINGT GERETHAb I He6akiRR ideitcaltll | be
nore readily understood by reference to the follow ng,exanpl es. whjch are

included nerely for haulaskssthe @gctirpocpfer pratsiy s stptisitally (pr AhREwisE sigpifjoant

enbodi nents of the pheSRRIn the¥edint MsanscAftibnddidicalt® that 1t @BAREpbErdIhhdlintsothé1e
invention. In the experinental section below, the terg&é¥2¥grotein' is used

to designate 15 octJrAnGHARtaRpnized|thenompal pic signt (9pagenized ag Prymaghered g

fragment of human sogieihedgehed caiRlfi 82 paetiahedgdhasagddistl 98, Shh-N).
Specifically, Shh-N has been covalently linked in vitro via its am no

term nal cysteine to_an (?i%t Jonmal eimde group. This nodified form 1ike
ot hers descri bed rec%ﬁ%y—f—é'e'pi nsky et al., J. Biol. Chem 1998, 273,

14037-45) exhi bi 8 hi gherThe peeitiinc npotbeing ygendraly tidveriteds tewohedimye r@dily
unmodi fied f ragment iideRGod {)3,‘?‘ Letf (%eenlcl Eobtﬂg glo%ﬁl ae¥§m|§i£s \D?ig'gglqugﬂl?deg Rikely £39-
Conpound Screeni ng TO Heasure the hedgehog agoni st activity of conpounds,
we used (1 OTl/ 2(s| 2pyrpses df §llustmatiom piderign aipecthed gehodjmres pfohsprowntGhventiong

reporter-construct. _l.n_eac. R.(M. | Plate; 96-well plate),
10" 000- 20. 000 cel | 5 L “%f‘g%‘iléﬂcrfd6%1M‘1?&QHV£&{°“'

In the experimental section below, the term “Hh protein’ is used to designate
15  octyl-Shh-N, a lipophilic form of a bacterially derived fragment of human sonic
hedgehog protein {(amino acids 24-198, Shh-N). Specifically, Shh-N has been
covalently linked in vitro via its amino terminal cysteine to an octyl maleimide
group. This modified form, like others described recently (Pepinsky et al., J. Biol.
Chem. 1998, 273, 14037-45) exhibits higher specific potency than the comesponding

unmodified fragment in severa)] cell-based assays of hedgehog signalling.

Compound Screening
To measure the hedgehog agonist activity of compounds, we used

[10T1/2(s12)} cells containing the hedgehog-responsive Gii-Luc reporter-construct.
In each MTP (MicroTiter Plate; 96-well plate), 10,000-20,000 cells were plated per
well, in full media (10% FBS). After an‘ut 24-48 hr, plates were switched to low-
serum media (= 0.5% FBS). Subsequently, a test compound was added at 1-5 pM in
the presence or absence of octyl-hedgehog (see below). After another 24 hr, the

media from the MTPs was discarded and replaced with luciferase assay-mix,
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25 well, in full nmedia (10% FBS). After about 24-48 In, plates were
switched to low serumnedia (= 0.5% FBS). Subsequently, a test conpound
was added at 1-5 [LMin the presence or absence of octyl-hedgehog (see
below). After another 24 In, the nedia fromthe MPs was di scarded and
replaced with luciferase assay-m x, 152 27 March 2006 contai ni ng

| ysis-buffer with |uciferase substrate. The pl ates were i ngphaaeth 2006RT f or
about 15-30 min and read in a lum noneter. Screen A Plates were incubated
for 48 hr before switching to | owserum Conpounds 5 were screened at 1-2
Min the presence of Bb protein (0.01 gg/m; EC30 = about 30% of

max-i nduced activity). Screen B Plates were incubated for 24 hr before
switching to | owserum Conpounds were screened at 5 pM wi thout addi ng Hh
protein. 10 Cbnpoundmﬂﬁumgsmm$mmf®nhﬁﬁﬁ&tﬁ@MwE@ﬁIhhﬂmmumméﬁmME&ﬁaemrﬁe used
t he [1Cﬂ1/2(SNLLuc)]bc§ §§Ocont %5 1n SV40- 1 uci ferase expression
cassette that allowd Orist i evel  of luciferase- activity in
the cells. This assay alkgﬁﬁ one to assess .the specificity of the conmpounds
selected in the Gi-Luc E§§HV‘ i.e., whether the conpounds specifically
stinulate the 15 hedgeho@atsa yeancubatgd fertdg ahefom|syitching tp dgyosanam.-(aponndsct s
in general. Cell I I ndI wer e
performed as in the é# “Tlic ggggyi&¥ﬁﬁéﬁﬁ$§é3%§glr&%n%ﬁﬂpggﬁgé?% mé%agdded ‘
because the reporterObofskr-indeced sctivigisti tuti vel y active already. 20 From
Screen A, we identified hits identified in Figures 32 and 33. The 1, 4-

di am nocycl ohexane subunfaeea® t he conpounds of Fi gure 32 which |nclude this
moi ety have the two am n@,sUDSE bR SorBu HPOSEH shvllchéhglth MWRsdnEh. AonPARIAL P,
e.g., both substituents equatorial on the cyclohexane subunit. These hits
were confirmed in Sereererd aphdl gkt aldpadihipretfi.gur es 34a and 34b

essentially involved dosing the 25 two conpounds in both assays (di-Luc &
SV- Luc) . 10 Compound Counter-screen {(SV-Luc)

For the counter-screen we used the [10T1/2(SV-Luc)] cells containing a
SV40-luciferase expression cassette that allows for a constitutive level of luciferase-
activity in the cells. This assay allows one to assess the specificity of the compounds
selected in the Gli-Luc assay, i.e., whether the compounds specifically stimulate the

15 hedgehog signalling pathway only, or reporter-constructs in general. Cell plating and
cultivation as well as compound handling were performed as in the Gh-Luc assay. In
this assay, no Hh protein was added because the reporter-construct is constitutively

active already.

20 From Screen A, we identified hits identiﬁéd in Figures 32 and 33. The 1,4-
diaminocyclohexane subunit of the compounds of Figure 32 which include this
moiety have the two amino substituents disposed in a trans-relationship, €.g., both
substituents equatorial on the cyclohexane subunit. These hits were confirmed in
Screen B. The data shown in Figures 34a and 34b essentially involved dosing the

25  two compounds in both assays (Gli-Luc & SV-Luc}.

The data from the Gli-Luc assay is converted to percent activity where full
activity with Hh protein is set at 100% (Figure 35; Table 1). The data shows that the
two compounds can significantly stimulate activity from the Gli-lnc reporter

construct (i.e., activate hedgehog signalling) even in the absence of Hh protein;
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The data fromthe Gi-Luc assay is converted to percent activity where full
activity with Hh protein is set at 100% (Figure 35; Table 1). The data
shows that the two conmpounds can significantly stinmulate activity fromthe
di-luc reporter construct (i.e., activate hedgehog signalling) even in
t he absence of Rh protein; 153 27 March 2006 concentration range 0.1-15 M
EC50 = 2 pM EC, ",x = 50-70% of max-induced activity w th2@AMarobt2006) .
Furt hernore, the conmpounds show a nore striking induction in the presence:
of hedgehog (EC50 = 0.2-0.3 p.M EC,,, = 70-90% of nmax induced activity
with Hh protein), indicating a synergy between the conpounds and 5 Hh
protein, consistent with the conpounds servin oni J0 the hedgehog
pat hway. Table 1 CoNPRSERGEMSHEE %) @ﬁ&%@%“‘?";ﬁﬁg“%ﬁ %20/8 i &
C<1C <10 D<O0. 1D <10 &5 5v1ﬁlghﬁﬁat@15fjlalrt%1heﬁ 'ﬂileocdﬂﬁiohhdsl&oiv>é.ﬁi10r$]str&ﬁ@\] <1l .
K<1K' <10 L<0.05L'<0. 05 1M <10 N<1IN < <1l P<1P' <
induction in the presence of hedgeho ](ECSO (F 285 |.LNE; ECrax = 70-90% of max
induced activity with Hh protein), indicating a synergy between the compounds and

5  Hh protein, consistent with the compounds serving as agonists for the hedgehog

pathway.

Table 1
Compound | EC50 (upM) | Compound EC50 (nM)

A A <10
B <10 B’ <10
C <1 C <10
D <().1 D’ <10
E <10 E’ <10
F <10 F’ <10
G <16 G ~ <10
H <1 " >10
I >10 r <1
J <1 ¥ <1
K <1 K’ <10
L <0.05 L <0.05
M <] M’ <10
N <1 N’ <l
O <] o _ <}
P <1 P’ <]
Q <l Q <1
R <1 R’ <0.05
S <1 S <0.1
T <10 7 T <0.5
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X<1Q <1 R<1R <0.05 S<1S <0.1 T<10T' <0.5 154 27 March 2006 U<10U <1 V<OV <1
W10W <10 X<10X' <10 Y<10Y' <10 Z<10Z' <10 A"<10B"<10 C'<10D'<10 E"<10F"<0.1
G'<0.1H'<0.1 1"<0.5J"<0.5 K'<0.5L"<1 M'<IN'<l O'<1P'<10 Q'<1R'<l1l S"<10T7"<10
U'<0. 005V"<0. 005 W <0. 005X"<0. 005 Yl <0. 05Z2"<0.05 A"'<0.05B "<0.05

C',<0.05D "<0.05 E"' <0.05F""' <0.05 G'"' <5H'"' <0. 05 <0.057"<0.5

27 March 2006

8] <10 o <1
\% <0 \'S <1
W <10 W’ <10
X <10 X <10
Y <10 Y’ <10
Z <10 z <10
A <10 B <10
c <10 D <10
E” <10 F <0.1
G <0.1 H” <0.1
i <0.5 R <0.5
K™ <0.5 L <1
M <1 N <1
o <1 p* <10
Q <1 R <1
s <10 ™ <10
U <(0.005 v <(.005
w <0.005 X <0.005
Y <0.05 z’ <0.05
AT <0.05 B <0.05
c <0.05 D <0.065
B <0.05 | S <0.05
G <5 H <0.05
T <0.05 Eiie <0.5
K <5 L <5
M <0.5 N <5
o <1 pr <5
Q™ <1 R’ <1
s <1 A <1
g <1
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K,."<5L"<5 M'"<0.5N""<5 O'"'<1P"'"<5 Q'"'<1R'"'<1 S'11<1T"'<1 U'<l 155 27 March
2006 The data fromthe SV-Luc assay (Figure 35) indicate that the two
conpounds do not affect the luciferase activity over the range of
concentrations (up to 15 M tested, suggesting that the conpounds do not
stinmulate activity froma reporter 5 construct per se, but are probably
specific to the hedgehog pathway. Al so, the unaffected acprwWanh2idest s
that the conpounds are not intrinsically toxic to the cells. Hh Agonise
Quantitative RT-PCR neasurenent of di upregulation 10 The conpounds of
Figures 32 and 33 were tested for their ability to activate transcription
of two well-studied targets of the Hedgehog pathway: the transcription
factor Ai-1, and the putative Hedgehog receptor conmponent Ptc-1. As
depicted in Figure 35, e dapuimn thh&V-Luaessay E@mednddiessmibetritertypicerppayfidsg M
i nduction of both target S, appr oxi 09 5

conpound B and 40% f%’r'%f ﬁ@ecﬁe rlfﬂlrcnlgr Src)éﬁ%%%%ct%nrégo%%c‘kng}ng?%?ﬁbg@p g?#e)d
with the optinmal conessl saigesting dfat Bla coppainds do nftsstizoplstenestizityy Ephor repeftens

foll ows: Mirine H 1011/2 cel |l . r %] o cells
per well in a 24(1%? weﬁoqu-%wa?e A Sle’nE%\cl)ﬁne}r)ﬁrgﬁ%%ﬂng)gflgént?%"%é%%%%ﬁ%?2}1&2% ehr, '
medi um was 20 r enpvedifated aceptysmegtstaitiieh thestompountls em nohintingieplOtoB F HE)
contai ning dilutions eﬁ% conpound or Hh protein. After 16-18 hr, total RNA
was prepared using 171 Zol (Life Technologies, inc.). One-mcrogram '
aliquots of total RNA were used to prepare random hexamer-prinmed eDNA with
M MIV Reverse transcriptase (Life Technol ogi es,

Hh Aconist: Quantitative RT-PCR measurement of gli upregulation

10 The compounds of Figures 32 and 33 were tested for their ability to activate
transcription of two well-studied targets of the Hedgehog pathway: the transcription
factor Gli-1, and the putative Hedgehog receptor component Prc-1. As depicted in
Figure 35, we found that, at a compound concentration of 8 uM, induction of both
targets was approximately 60% for the p-cyanophenyl compound B and 40% for the

15  m-nitrophenyl compound A of that obtained with the optimal concentration of Hh

protein.
Assays were performed as follows:

Murine C3H 10T1/2 cells were seeded at approximately 200,000 cells per

well in a 24-well plate in complete medium (10% FBS). After 24 hr, medium was

20  removed and replaced with "starvation" medium (0.5% FBS) containing dilutions of
compound or Hh protein. After 16-18 hr, total RNA was prepared using TriZol (Life

Technologies, inc.}.

One-microgram aliquots of total RNA were used to prepare random
hexamer-primed ¢cDNA with M-MTV Reverse transcriptase (Life Technologies,
25 Inec)).

To measure the relative levels of Gli-1 and Ptc-1 transcripts, TagMan assays
(PE Biosystems) were performed with an ABI Prism 7700 Sequence Detection

System. As an internal control, GAPDH transcript levels were simultaneously
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25 ,Inc.). To neasure the relative levels of Gi-1 and Ptc-1 transcripts,
TagMan assays (PE Biosystens) were performed with an ABI Prism 7700
Sequence Detection System As an internal control, GAPDH transcript |evels
were simultaneously 156 27 March 2006 neasured in each reaction. Data were
anal yzed usi ng Sequence Detector vl.6.3 (Perkin El nmer). I|nduction of
cerebel |l ar neuron precursor proliferation by Hedgehog si gnaimarch2006
agonists. In order to test the efficacy of Hedgehog signaling agonists, the
ability of the agonists to stinulate the proliferation of cerebellar
neuron precursors was determ ned. Cerebellar .granul e neuron precursors are
known to respond to Hh protein by proliferating. To test the agonists,
cerebel |l ar neurons were dissected out 10 of postnatal (one week) rat

brains, and pl aced imtrpt imneacly reastiqe. Sate; Hire anafyzed LpaH BeIUARE NP LeciiE rd Sgdded
once, on the first deykRfemsd.ture (0 DIV). Cells were left in culture

until 2 DIV, when 3Hthym di ne was added for 5 hours; the anount of
incorporation by the cells of this 3Hthym dine provides a neasure of the
| evel of proliferation of the cells. Cells were then |ysed, and the

i ncorporation of 3HIhdytirdifeeehiia nkrotiptaist pelif-rafihe yvifgidhby @aetng r ol was
Hh protein, at 12% q{nll final concentration. Hh protein alone caused
approximately a BPEY:ncr ease in 3Ht hym dhne incorporation, consistent
with the known ability oincﬁﬁdntdwstﬁtelmﬁﬁxh@tce‘hfadgewg‘ségrﬁﬁﬂgmgmdits thehubiiey datlel s.
Non- Hh- pr ot ei n-sti nuj e i nclu C ed with control
vehi cl ep (DVBO), had a\gg&ls%j | gwtllm%l’latfi e fpgolﬂe(;?ttoger atclrg% r paeuzon, prec*trﬁors was o
the H12 20 agonlstsckmnﬁngumbn@ﬂmrm&mMWewmnng$RmmmsAnah®wB wwensmimumm to
significantly stimul rati h n f Hr
protein treatnent, g&t?n b?@fotll? a%g ]Et%ﬁr e % C{ £ egarl\ﬂeamﬁse@er-gglf%ﬁtg% enyl
conpound B causet? 101f2'0§t!@|t6tﬂ (omdtﬁslt)lr@trbrmfxs a@l—pladwmtdpmary nelbeyborea Tieatment

Fi gure 37 shows that r

oo porat i on i n t neeARe e bty Blgk bn el AU o bl TAGHIES b i KR b,

16-, 17-, or 13-f ol cininiDBL iwben SH-typaltte wee bdded &f 5 Bbiurs; Wm@ﬂm@ftﬂn@mrpt@matlon
into the

by the cells of this 3H-thymidine provides a measure of the level of proliferation of
the cells. Cells were then lysed, and the incorporation of 3H-thymidine was
15  determined. The positive control was Hh protein, at 1.0 pg/ml final concentration.
Hh protein alone caused approximately a 20-fold increase in 3H-thymidine
incorporation, consistent with the known ability of Shh to stimulate proliferation of
these cells. Non-Hh-protein-stimulated cells, including cells treated with control
vehicle (DMSO), had very low levels of proliferation. However, the two of the Hh
20  agonists in Figure 32 that wete tested, A and B, were found to significantly stimulate
3H-thymidine incorporation in the absence of Hh protein treatment, as depicted in
Figure 36. At 5.0 pM, the p-cyanophenyl compound B caused 10.2-fold induction of
3H-thymidine incorporation. Figure 37 shows that agonist I also strongly stimulated
3H-thymidine incorporation in the absence of Shh. At 1.0, 0.3, or 0.1 uM, D caused
25 16-, 17-, or 13-fold induction, respectively, of 3H thymidine incorporation into the
cells. These observations demonstrate that the hedgehog agonists can stimulate

known hedgehog biological responses in target cells.

157



cells. These observations denonstrate that the hedgehog agonists can
stinulate known hedgehog bi ol ogi cal responses in target cells. 157 27
March 2006 Nerve Crush Assay CD-1 nmale mce were anesthetized with Avertin,
240 ng/ kg I P. The area on the ventral side of the nouse |eg around the
knee was shaved and cl eaned with 70% ethanol to renove the hair foll owed
by swabbing with Betadi ne. The skin over the 5 thigh was temtgdréeiozong h
forceps and small scissors were used to make a Y<-inch cut in the skin.
Fat was noved away to expose the fenoral nerve, artery, and vein. Wth the
tips of the curved #7 forceps pointing down, the nmuscle was spread apart
just below the fempial -alhakyivein to reveal the sciatic nerve deep in the
muscle. Wiile wusin pait of forceps to hold the nuscle apart, a second
pair was used to 10 car efiMli|nyald infop wigfs aneptheprsd yith Aogiig. 9Ll n Thegprespm | ft -

up the nuscle fiber Fne ERE siiOLGRPRoNE I 2RRENEE IRR a5 HIAS QA clebr¥RSvith F0%
separate the nerve fromthe nuscle. The nerve was held elevated fromthe

nuscl e with the cur wéend gy sapee te gt fedoweanhystaping wish Betading, J86 ORI 81 t he

nerve to keep the nghMewiNedidiCpiidtbReffand BRaNGRTH Bré used ThRRRMSIALE Wer e .
held in place for 10 Seconds. I'n this manner, both sciatic nerves. 15 were

crushed appr oxi mat eliythe skie Fakwssver vehavayie exposeribe BHaRbIrEe) artery, and iy 1%

wer e uncl i pped. and e Ve el #Da6ikepd PRl aLES hitecidvasmalrladppekie ti p
(P2) was wused to apply a snmall anmount o

r i stol ogi cal _tissye marki dye
to the crushed areabeloy thafegprahprteey/ Yp RAevepldhysc{ayc apye deep H’é%her’i‘&S%‘F'o"ﬂgleCar e
was taken not to cliypnt RRe phit Bf Eceph R hOMSEd BrusclN@pag] b RScone rpair lvek tuskditopl ace
t hroughout the entire experinent. 50 Contr ol surger){ was _done t%@??g oup of
f I i

mce. This invol\ed cricfily §§ yphie mepeeCarg yasaken toppet Hily Wo e mwee i t
fall back into pl aC%eAéBE BREtopBitM aBd &15ded 3 TS toSdchRat€ @B nertk §OmMRe wmavcleeTheni t h

t he hi stol ogical dye. ug treatnment began on the da f sur For . Shh
protein, a fusion prgtewas hedd cleyrted diom tit‘%ﬁ’ﬂ‘?fgg . %C%Q%gé?&ﬂg‘ﬁg%h?rﬁos&ss.
Provi si onal Appl i catyjeciMebed déwn 60/EGAR2 R kdef 6RMPOE @t Mel mikeliebithdhemostats.
reference) adm nistered at a dose . ution

of 1 ng/kg in a s f. PBS, a
subcut aneous i nj ect i '6f MRASS; %ﬁhql%mtpllf’égﬁi‘ a‘gfeéml‘)’f‘ p ﬁ S BHER" g?th f Cﬁ%%c nerves
15  were crushed approximately 1+ cm above the knee (and branches). The hemostats
were unclipped and the nerve fell back into the muscle. A small pipette tip (P2) was
used to apply a small amount of histological tissue marking dye to the crushed area.

A surgical clip was used to close the incision. Care was taken not to clip the skin to

the muscle. The clips were left in place throughout the entire experiment.

20 Contro} surgery was done to a group of mice. This involved lifiing the nerve
up with the forceps and letting it fall back into place without any crush. This site can

also be marked with the histological dye.

Drug treatment began on the day of surgery. For Sk protein, a fusion protein

of Shh and immunoglobin (as described in U.S. Provisional Application No.

25  60/164025, incorporated herein by reference) administered at a dose of 1 mg/kgin a
solution of PBS, a subcutaneous injection was given in the middle of the back of the
animal with a 28 gauge, % cc insulin syringe and repeated every othet day until day
12-13. (Recovery was complete by then.) For agonist administration, a solution of

the agonist in 43% DMSO/PBS (Figures 38A and 39B), or in 10% DMSO/water
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animal with a 28 gauge, V2 cc insulin syringe and repeated every other day
until day 12-13. (Recovery was conplete by then.) For agoni st

adm nistration, a solution of the agonist in 43% DVSQ PBS (Fi gures 38A and
39B), or in 10% DVsQ' wat er 158 27 March 2006 (Figures 38B and 39D), was
delivered by a mnipunp (1 L/hour). Behavioral tests were initiated on day
4 post-surgery and continued until day 12 or 13. Behavi or al27Tiat¢n@006 G i p
Assay A nouse was placed on an 8"x8" netal wire grid (like a test-tube
rack) wwth 5 1 cmopenings, and the grid was slowy inverted 10 tines with
a constant steady notion. The nunber of tines the nouse failed to grip
wthits left and right hind |inbs was recorded. The nouse was kept away
fromthe edges of t rid b posi ti.oni t he, mouse on th rid as
neoossary. PF the el BB aRER et s By ot wEhesb St B d i
was consi dered a f aiveteriitiatéion day € p&t-ORgenpsnd cepigaddatil day 146 t3he nouse was
wal king, and failed to grip the grid. Failures of the left and right |eg
were pool ed with other abvhamdrs! Fesromn- Ghiatdssagxper i nental group (6

animal s/ group x 2 foot grip scores/animak., .12 grip . res/aroup.on.any
given tine point). Resul‘%'s’g’fls‘c?rwa% %?ﬁ st abga{{rgemﬁtggw'&p%"dfqﬁ%e ?—'?eé%Pbee %‘gxltg

Ani mal s treated W t i cnetypegings, ahdothe ggemas sbwly iveged 16 Omeewol ercommmnt fteady own

by 15 day 9 post-su i i . t j L Ng,.agoni st
D di asolved |n a veRiey anbplssopfie FEES, i3 b Wb M 1a sl
Behavi oral Testing limbpewpreaded/His mene nwes kv espy o tire @dgesi afghd edgdhy at
Day 4 post-surgery . e her . d | d by
the proximal part o%ﬁ%@@éﬁﬁ%ggg%ﬁﬁgg%o | g%EZ%_ oﬁ?%yﬁ‘ﬁ)é{%%rggt op
of the cage with it srofimdomtthrbughrities goid ibwesl dongpdered talfailish Aornn@otidnoves agpedtedciait or
was used to paint t%nﬁﬂu&%a&%ﬁdnﬁ%ﬂfaﬂ?&&%ﬁétﬂ%fgﬁ&he nouse. The nouse was
ean s paper,

allowed to wal k across a ¢ eet 0 to | eave at | east two cl ean

prints for each hind |imfuedlsi fg1ch aEaHlnﬁﬁtgle%wLﬂe%Sol%%itﬂ%%\éﬁmﬁrﬁﬁ?ﬂ&ﬂ e
wi dest toe prints on each foot and the distance between them was neasur ed.

As the ani mal s recogEicagental hgoups (¢ jagimalsEoup e rZe £298 dBTip oScASE ARimalnEa b éPrent s.

scores/group on any given time point). Results for agonist I are depicted in Figure

38A. Animals treated with vehicle alone generally began to recover on their own by
15 day 9 post-surgery. Figure 38B depicts results obtained using agonist I} dissolved in

a vehicle of 10% DMSO/water in the treatment protocol.

Behavioral Testing - Toespread Measurements

Toespread measuring began at Day 4 post-surgery and was measured every

other day. The mouse was held by the proximal part of the tail and penmitted to hold

20 onto the wire top of the cage with its front limbs. A small paintbrush or cotton
applicator was used to paint the hind toes and footpads of the mouse. The mouse was
allowed to walk across a clean sheet of paper, to leave at least two clean prints for

each hind limb. Using a ruler, a line was drawn through the widest toe prints on each

foot and the distance between them was measured. As the animals recovered, the

25  distance increased to normal measurements.

The left and right leg scores were averaged and pooled with the other animals
from that experimental group {6 animals/group x 2 foot grip scores/animal = 12 toe

spread scores/group on any given time point). Results using agonist D are dcpicted
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The left and right | eg scores were averaged and pooled with the other
animals fromthat experinental group (6 animls/group x 2 foot grip
scores/animal = 12 toe spread scores/group on any given tinme point).
Resul ts using agoni st D are depicted 159 27 March 2006 in Figures 39A and
B. Figure 39D depicts the effects of agonist D dissolved in a vehicle of
10% DMSO'water in this protocol. Reporter Mce Assays 5 M @F Matdh 2008

p- gal act osi dase transgene (ptc-lacZ m ce) under the regulatory control of
t he patched | ocus express the (3-gal actosidase protein in the sanme cells
where the endogenous nouse patched gene is expressed. The 0-gal actosi dase
protein can thus beinlﬁg%ges%ﬁAaamﬁ 2] %%H'Bybe&QfCEQHe Okecks R afaridt PP &kLBRePin 4 he
endogenous patched gene atched gene is a known conponent of the
hedgehog si gnal | i ng Yaickswajo4 B ¥ iyfhisegiecat ed when the hedgehog pat hway -
is activated. Hence, in the ptc-lacZ mce P-gal actosidase protein is
overexpressed in mce in which the hedgehog pathway has been activated,
resulting in nore intense blue staining (due to higher Ilevels of the
(3-gal act osi dase enz =2 sues are stained for enzymatic activity ,
with the X-gal substratemiddwitl @ﬁlgal@&osiﬂaeeetramegeae iniadadﬁdemhﬁnef GidIregdutagay ment

d t ted th t I nbi nat f
onbounds for our YS! S4B AL oot P T PIBIUR) 4T PE- bR Tkt B - snn
di pal m t oyl at ed Sowpege thedgeé”eﬁg)s mo%&]ﬁathhﬁbéen&ﬂhﬂ;ﬁesﬂ@ll Ky f-gjlecsider DXtday

:233 g: BZ: gﬂﬂ Il n.g; t g; (Ifaﬁit ;3 g%d %%2/;\ a%fuy leegén%lr %fl 918 €Xpr SSi/OIII gk %% teilcﬁ)@éln)o(d ayatched

gene. The patched gene is a known component of the hedgehog signalling pathway
10 and is upregulated when the hedgehog pathway is activated. Hence, in the ptc-lacZ
mice P-galactosidase protein is overexpressed in mice in which the hedgehog
pathway has been activated, resulting in more intense blue staining (due to higher
levels of the B-galactosidase enzyme) when tissues are stained for enzymatic activity

with the X-gal substrate.

15
Pte-dacZ mice were divided into four treatment groups and were treated with
the following compounds or combinations of compounds for four days, beginning on
the first day after birth (dipal-Shh = dipalmitoylated Sonic hedgehog):
20 1) dipal-Skh 10 mg/kgfinjection 2X/day
2) dipal-Shh 1 mg/lg/injection 2X/day
vehicle 10-15 yl/injection 4Xday
3)  dipal-Skh 1 mg/kgfinjection 2X/day
agonist B 15 mg/kg/injection 4X/day
25 4) 1o treatment
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agoni st B15 ny/ kg/injectiondX/ day 254)no treatnent 160 27 March 2006 The
vehicle for the agonist was 10 Va DMSO in PBS (pH 7.2). The agonist was
injected froma 4.67 mM stock dissolved in the vehicle solution. 18 hours
following the last injections, the mce were sacrificed and the follow ng
ti ssues were collected: skull, kidney, lung, scapula, skin and heart. Al 5
ti ssues were fixed in 0.2% gl utaral dehyde, 5 nM EDTA (pH 8.4) mat6n ohbsbd 2,
100 mM Na2HPO4 for 30 minutes before staining in | ng/nil X-gal, 12.5 nM
pot assi um ferrocyani de, 12.5 nM potassium ferricyanide, 2 mm MyCl2, 0.01%
deoxychol ate, 0.02% NP-40, and 100 mM Na2HPO4 for 30 hours. Tissues were
judged for relative intensity and photographed. 10 Al tissues from
treatment group 3 (agonist + | ow dose dipal - Shh) showed significant
upregul ation of 0-gal act db¢ dede (oaﬂ}e\a'gaﬁmhiaiem"/uu;‘;MBDrie PBA (g 3 2). ithe @gonist

stai ning) conpared tO tilli_l}gc%edt{'om %%’;Rnlﬁltstoc isg)liv%gpn t%e §6Y1 nasolug?}-g !\,)O\évr gose

di pal - Shh), as seen’ ure ues® 17'6m

depicted on the right sidg thl f@ﬁtﬁbﬁ%{h st 1J%ome§ucemv£‘é Q:H:%]ﬁceﬂl 2ot YV @n

exanple of tissue fromeach o our 'Creatfrent group
upregul ati on obser ve@lli’vﬁngﬁléﬁuﬁ werguaalleatedyi skalt, kidpey, Hens, S‘@E‘Fia: skin anddwartreidt

group I (high dosg dﬁsQleLs \m%h:mxed ]}h@E‘# %‘ﬁﬁ‘iralﬁéhy& 93haGias! des g)l’ OU%)SE@W R&Cig,

treatment group 2 was simlar to thatseen in treatnent

treatment). Agonist BOwal HrERP: §0fc3&p'aml@s Otforsptaiging it 1 mog/mh &-dab dgehuhi
pathway in vivo in %J?e@sxﬁﬁ%?ﬁ;d@f 125 LW &%ﬁuﬁfferﬁbmheg it %(g Rypibd sel T

is insufficient to roduce” det ect abl e upregul at 1on Ptc-1acZ
m ce were divided i n‘i“@x)tcbﬂiatf,r%@t"/né’ﬁ’t‘wg pesh Y N NewdiP©:4 fory Ehb@lljs liissies tvreee

fol I ow ng conpounds {8t ta8ivE R¥Rsity RRIpIBMAPh@N the first day after
birth: 25 1) vehicl € & 15 A/ /injection 4X/ day 2) agonist D 4

mg/ kg/ i njection 4/ day Al tissues from treatment group 3 {agonist + low dose dipal-Shh) showed
significant upregulation of B-galactosidase (as visualized by more intense blue

staining) compared fo those from treatment group 2 (vehicle + low dose dipal-Shh),

as seen in Figure 40, wherein tissues from group 3 are depicted on the right side of

each frame. The images in Figure 41 show an example of tissue from each of the

15 four treatment groups. The upregulation observed in group 3 was similar to that seen

in treatment group 1 Chigh dose dipal-Shh). The level of B-galactosidase staining in

treatment group 2 was similar to that seen in treatment group 4 (no treatment).

Agonist B was clearly capable of upregulating the hedgehog pathway
in vivo in the presence of a low dose of dipal-shh which by itself is insufficient to

20  produce detectable upregulation.

Figure 42: Ptc—lacZ mice were divided into two treatment groups and were
treated with-the following compounds for three days, beginning on the first day afier
birth: ‘

25
I3} vehicle 8-15 pl/injection 4X/day

) agonist D 4 mg/kg/injection 4X/day
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161 27 March 2006 The vehicle for the agonist was 10 % DMSO i n PBS (pH
7.2). The agonist was injected froma 1.0 nM stock dissolved in the

vehi cl e solution. Eighteen hours following the last injections, the mce
were sacrificed and the forelinbs were collected and processed as

descri bed above. The forelinbs fromthe 5 agonist-treated m ce showed
strong upregul ation in the nerves, blood vessels, cartil age; paipsh 2006
connective tissue. Agonist D was clearly capable of upregulating the
hedgehog pathway in vivo in the absence of dipal-Shh. The upregul ation
seen at this dose of agonist Dis greater than that seen with injections

of dipal-Shh at 10 ng/kg/injection, 2X/ day. 10 I t hi rient,.
Ptc-1acZ mice were di vi d&% TeRicls 5 tb‘éaﬁof”é‘%lg?fe]r]‘?tAm&“hﬁ%@’%ﬁe&&fgﬂﬁb
with the foll ow ng GRERMHIRASoMAr.J AM siddRMiSsolvee Gl ieweRBleablutie first day

after birth: 151)vehicl e9-20 gl/injection4X day 2)agonist DO.9
mg/ kg/ i nj ecti ondX/ day 3) BigmeéinSiouldQolBwing/ thglest ivjjetibtispthd Mic anerelpardoad aid R0, 1

ng/ kg/ i nj ecti on4X/ d 5)octyl -shhl [ kgl injecti.on2X/ da . icle
for the agoni st wasa%ﬁl‘%%ﬂ%ﬁ‘ﬁﬁgﬁg@g%ﬁﬁg ‘?‘%S. © ng%aagg‘ﬁef Bsf?g%\g\%%%f ﬁjglhe]é@ed
from stocks of 0.53, agonlstangled 3 shvived ssalgyadegniatiothén Wehneves, dbsiod it vieemls,

Ei ght een hours foll ow Pﬂg thi %e%‘vét%u%cu ons, the mce were sacrificed and
the forelinbs were FIEeTE AU " Drocessed as described above. Results of

this 25 experinment are I [ j ] hehehfodhival 6 gant rol
is not shown. The foreli %g‘gmﬂ)?hastcﬁéé@a%ggnb?esot - Fl}eg'g%%‘g m ce&a%%ﬁn s.kowed
strong upregul ati on in the pbsencenédipaSph. Tho uptesnbtioredesn atdlas dasp afpgonigidbls greater

connective tissue ( GRATRE: ?e%n :[th En?e%tinyn% Qk &\il)ael‘-S;!p 418 ngh@ ifg Qctigg,%day.

10
In a third experiment, Ptc-lacZ mice were divided into five treatment groups
and were treated with the following compounds for four days, beginning on the first
day after birth:
15 D vehicle 0-20 plinjection 4X;-’day
2) agonist P 0.9 mg/kg/injection 4X/day
3) agonist D 0.3 mg/kg/injection 4X/day
4) agonist D 0.1 mg/kg/injection 4X/day
5) octyl-shh 10 mg/kgfinjection 2X/day
20

The vehicle for the agonist was 10 % DMSO in PBS (pH 7.2). The agonist
was injected from stocks of 0.3, 0.1 and 0.03 mM dissolved in the vehicle solution.

Eighteen hours following the last injections, the mice were sacrificed and the

forelimbs were collected and processed as described above. Results of this

25  experiment are depicted in Figure 43, in which the vehicle controt is not shown, The
forelimbs from the agonist-treated mice again showed strong upregulation in the

nerves, blood vessels, cartilage, and connective tissue (compared to the vehicle
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group). The 0.9 ng/kg group showed the highest |evels of upregulation in
this experinment. Both the 0.9 ng/kg and the 0.3 ng/ kg dose groups showed
greater upregulation than the 10 ng/kg Hh protein group. The 0.1 ng/ kg
group showed very weak upregulation that was clearly | ess than that seen
in the Hh protein group. 5 Agonist D was clearly capable of upregulating
t he hedgehog pathway in vivo in a dose-responsive manner. 2¥hdatyhy 20048 at i on
seen at the 0.9 and 0.3 ng/ kg doses of agonist Dis greater than that seen
with injections of Hh protein at 10 ng/lcg/injection, 2X/ day. 10 Lung
branchi ng assay E12.5 old ptc-1 (d11) |lacZ lungs were harvested and
transgenic enbryos identified by |lacZ detection using tails. Explants were
assenbled on 1 m polycarbonate filters (Costar) placed on top of plastic
grids (histology enb@H-nlie Chawdergrowndoppd thedhighast develsdelr epragnlatips in thisssue
culture plates fill egpaintcht. iB4mOmEXB ABfice had %M.%@m@%&@@ib%&“@%@@?@ﬂe

48 hrs, f xed in

additives optimzed for the culture o nnuse_lung:s);&1 for
K o}

lacz fixative, rinsetregpioathan ey Omegky Birprotom spaup 3hpe €1 ommsks growp shpweddieni ct ed

in Figure 44. In they&REirEdRlatiDRNG] wad BlchlAesk Bt ihatls8dn MR RRSH Bldugan be
observed in the nmesenchyne i mredi ately adjacent to distal branching tips,

a pattern reflective of apdogBRYSIcHA GRS EXPeASSN he hid BRI TRMvagd Mot h 5
pM of agonist B leads to significantly increased reporter gene expression
and expansi on of tH@ag%ﬁfgggpﬁﬁ“H@Fﬁfﬁma?mﬁﬁ%mPF%%éb@ﬁ@?aPﬁH?é%ﬁmw%*%f
hedgehog pat hway upfegutiatDoR. grddt® thivghiarsdn RamahjecdeNsr tHE prdtsinlak S 00f
treatment with 5 g%ﬁ%&@éikh 2&@ ein. 25 Kidney branching assay E13.5 old
ptc-1 (di1) lacz | ufgSEBFdok $ted and transgenic enbryos identified by

| acZ detection using tails. Explants were assenbled on I m polycarbonate
filters (Costar) placed on top of plastic grids (histology enbeddi ng

chanber) and pIaﬁpdlhg%§%@ﬁg?&ga;2-melI tissue culture plates filled with
expran

ki dney 163 27 March cul ture nedi um (DVEM based, additives
optim zed for the culturlBl2gf olduusé (d11) lacZ lungs were harvested and transgenic embryos

identified by lacZ detection using tails. Expiants were assembled on 1 pm
polycarbonate filters (Costar) placed on top of plastic grids (histology embedding
chamber) and placed in standard 12-well tissue culture plates filled with lung explant

15 culture medium (DMEM based, additives optimized for the culture of mouse lungs)
for 48 hrs, fixed in lacZ fixative, rinsed and stained for lacZ O/N at 37 °C.

Results are depicted in Figure 44. In the control panel on the left, LacZ
expression can be observed in the mesenchyme immediately adjacent to distal
branching tips, a pattern reflective of endogenous patched expression. Treatment

20 with 5 uM of agonist B leads to significantly increased reporter gene expression and
expansion of the expression domain of the transgene, indicative of hedgehog
pathway upregulation. The rightmost panel shows the results of treatment with 5

ug/mL of Hh protein.

25 Kidney branching assay
E13.5 old ptc-1 (di1)} lacZ lungs were harvested and transgenic embryos

identified by lacZ detection using tails. Explants were assembled on 1 pm
polycarbonate filters {Costar) placed on top of plastic grids (histology embedding
chamber) and placed in standard 12-well tissue culture plates filled with kidney
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l ungs) for 48 hrs, fixed in lacZ fixative, rinsed and stained for lacZ O N
at 37C. Results are depicted in Figure 45. In the control panel on the

| eft, LacZ expression can be observed in the nesenchyne i mredi ately

adj acent to 5 proximal nost ureteric epithelium a pattern reflective of
endogenous patched expression. Treatnment with 5 isM of agonist B leads to
significantly increased reporter gene expression and expany MarcH 260
expression domain of the transgene, indicative of hedgehog pat hway

upregul ation. Note that the signal remains |localized to the nesenchyne and
does not expand into the nore distally located ureteric and 10 tubul ar

epi thelia, indicating {hc W1 R0 bl SOIBRAREY i E&dptim ¥@%§Ecﬁﬁ§99ﬂg&£9 to
hedgehog signaling in e endogenous situation respon nd e agoni st

while cell types whiuggs) ms&mthkyixc&mnrmz fiagivie.wasa atlﬂwtsmgbfphlwa’goé}f@m%ffect ed -
by agoni st treatnent. The rightnost panel shows the results of treatnment
with 5 Itg/nL of Hh prot &eswits 26 Bkicisd B Flearst 40 Skithe dorterh pepel-maldy Ie81 2962 pups
was excised with a 27 PRk Qmp%cabsmm%et&kms&amemlaeﬁhgfga&w tir ed
for 6 days in control "media, or nedia including either agonist or D or
Hh protein, or medi atprimklmdbtnurcisag (epilielisgoni Rettem afelective oftDéPg?ﬂo‘IFh@IChed
explants were then s S
for agonist B. Tr eatér’r(g}ne%g?% V}‘Illéab%e ggi(;nfgl?ﬂg%{gggﬁgl&éégﬁﬁgﬁ;msta%ﬁfﬁéathan
culturing with a | owepwtseswt exdhesppo e sxpansion ef tha gepressien dpmpip ofihe irapges st
and a | ow dose of i Gaing
substantially hi gherag(élg'{stgg gf I—%éﬂgé'l\g%ﬁa?ﬁwe n%i%gﬁddgﬁl?%geu%%}m ?eor ag’éﬁizgc% D
are presented in Fi ¢artks nepchase 'ﬁétqoﬁ noy expand-inipethe ware| distgtydoated vietenc apd B

conpare the actiyjt Yi,QfiarSdpithed! &AL WA 1RNHesErchiinal Hol dnling 68! | S
(TMB8 cells with a thu_ L"ﬁ?‘!’r epg’rlFer c%nstrugt aess egg?’l gﬁ’e(sggeﬁe) a%d in

hunan reporter cel | shedpaingpisealing Fohe én‘b’&?naﬁsa‘flt“ﬁ%’é‘éﬁ‘i?ﬁm theegopyst: vehdlecell wi t h

a Gi-Luc construct )t ég'“%%%%sﬂﬁy W@Nﬁctﬁatgﬂﬁ"srﬁalhh@} hr\é@nal?@&e@-%g\éﬁkt&re@tfneﬁm
164 27 March 2006 ex essed fromthe hedg eho ene Ai-1in hunman

Y
cell's treated with the iepamwsigres! Stl%ﬁ’sﬁ}edﬁsé'itsﬁf efgg“éfh /ey Ofﬂ@r%fﬁ’ﬁ vation

of the reporter cell line and the

15  Skin Explanis
Skin from ptc-lacZ E17.5 pups was excised with a 2 mm skin punch.

Those skin punches were then cultured for 6 days in control media, or media |
including either agonist B or D or Hh protein, or media including both an agonist
and Hh protein. The explants were then stained with X-Gal stain. Figure 46A shows
20 results for agonist B. Treatment with the agonist alone shows greater staining than
culturing with a low dose of Hh protein alone, and treatment with agonist and a low
dose of Hh protein shows staining similar to that of a substantially higher dose of Hh

protein. Analogous results for agonist D are presented in Figure 46B.

25  Aciivity in Human Cells

Figures 47A and B compare the activity of subject compounds O and R in
mouse reporter cells (TM3 cells with a Gli-Luc reporter construct, as described
above) and in human reporter cells (human embryonic palatal mesenchyme (HEPM)
cells with a Gli-Luc construct). Figure 48 shows a quantitative PCR analysis of RNA
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el evated Gi-1 nessage in response to the conpounds denonstrate that this
agoni st functions in human cells. 5 In vivo neurological activity The
activation of the hedgehog (Hh) pathway has been shown to produce
beneficial effects in animl nodels of neurodegenerative di sease, including
Par ki nson' s di sease (PD). The subject small nolecul e agonists of the Hh

pat hway 10 exhi bit favorabl e pharmacoki netic properties and7efiaett2008 v
activate the Hh pathway in adult rodent brain follow ng oral

adm ni stration, as denonstrated by a striatal induction of Gi-1
expression. Activation of the Hh pathway via these agonists exerts
protective and/or regenerative effects in in vivo nodels of Huntington's

di sease (Malonate |esion), stroke (nouse middle cerebral artery occl usion,
MCAO) and 15 Par ki nsOHS friemthe hfcfgﬁlgpgetarget gene (Gli-1 in human cells treatéd with the
1-met hyl - 4- phenyl - 1, Zh3ieOrih Sloteii) %A 24MiEd O TR acdRE) of thel RESRY CAMRRUAEHCAN

i nduce proliferation of neural precursors cells in the two brain,  regions
wher e neurogenesi s | EVRIEHHA-/tIBesEA8R {1 HWENEHP BiG GPBRAUNGS demonstipfs that Bissssetstcul ar
zone (SVZ) of the | af:Rdidhs N 8idnicellseSs and t he subgranul ar region of the

hi ppocanpal dentate gyros. 20 Part 1: Hh AQonist is Neuroprotective in the
Rat Mal onate Mode§ of Huntington's Di sease Previous studies denonstrated
that direct brain admvivostiwslbgi@badtibitShh protein was neuroprotecitve in an

ani mal nodel of Huntingtqnp' s .disea H t onate . 25 .1 esion del .
Mal onate is a mtoc hongr :Bgfi SPEIOR 02%8(}8@33‘&% @'ﬁ\) ggthwyoéﬁobﬁ?f‘r f"&l‘“‘éﬁ@’f"g‘) ©
met abol i sm ar e t hougheheficial piffayts dn r oimgali moddhe op afelnolapeneraive Niwisadegameat i ve
di seases such as H When | on .S inject intg the. rat. striatum a
e on T or e e i ety TReand . 1k e S o e Bt B e BN o
whet her the Eh ay®nietibimibmable pladugekibdue psipardesahd efftetivet ootateahd il ptiehy
striatal |esion. 165,24 Myeh 2008 3900 bt AN MhRheLed o4 S8LhY
into the brain vent rP&Es™ 6 mal'e J D yas

induction of Gli-1 expression. Activation of the Hh pathway via these agonists exerts

protective and/or regenerative effects in in vivo models of Huntington’s disease
(Malonate lesion), stroke (mouse middle cerebral artery occlusion, MCAQ) and

15  Parkinson’s disease (mouse 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, MPTP).
These compounds can induce proliferation of neural precursors cells in the two brain
regions where neurogenesis is known to continue throughout life, the subventricular
zone (SVZ) of the lateral ventricles and the subgranular region of the hippocampal
dentate gyrus.

20
Part 1. FHh Agonist is Neuroprofective in the Rat Malonate Model of

Huntington'’s Disease

Previous studies demonstrated that direct brain administration of Shh protein

was neuroprotecitve in an animal model of Huntington’s disease (HD), the malonate

25  lesion model. Malonate is a mitochondrial toxin and defects in mitochondrial energy
metabolism are thought to play a role in the pathology of neurodegenerative diseases

such as HD. When malonate is injected into the rat striatum a lesion forms in this

brain region. The experiments described below tested whether the Hh agonist would

reduce the size of the malonate induced striatal lesion.
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rats via a cannula attached to an osnotic Al zet punp. The punps were filled
with either vehicle (5% 2-hydroxypropyl -B-cycl odextrin, 4.35% Mannitol,
0.2% DVBO) or Rh agonist (U' ranging froml - 600 mM and the punp
rel eased conpound into 5 the ventricles at constant rate of 1 pl/hr for 6
days. After 6 days of pretreatnment wth conpound, nal onate was injected
directly into the brain striatumand the Al zet punp was remeth F09& days
| ater rats were euthanized and the brains were sliced into 2 mmslabs. The
slices were placed in a 2% solution (TTC) that stains living tissue red
and the striatal infarct white. The size of the infarct (%infarct) was 10
nmeasur eed usi ng i mage an SIS soft t |
one-way ANOVA fol | oned %hlya mr owarslﬁg{en%beges%?d “%ﬁa '?@st M\?%?gﬁ%@eé’@ieﬁalpl%
experl ment shown i n s gur@aﬂxﬁlja stiatisd weseospotit Alrat muhpailhdpwipstvesre fillediwitl e (n
8) or U' at 200 pM e ONVd,
d| rect brain adm ni setltgléz;tvl_%glgﬁ}g %g"qﬂw E’QB— le)g?x};gl gg?}%@?\%ﬁ%@l %\%&g%k %%)0 pM
reduced 15 the size ayﬂrihtagenmrﬂv’braagleg frord lic 660 mhnanctmepﬁ(@remsedsorn@und into

p=0. 0159) as compar ve |cI te
that the Hh agonlgt ﬁe Veﬁtrﬁle%a S%n{rfl%g’}?ﬂm@%r% T Snat e&%?el? etg% %% lgha
addition, this resuldompmmmmhmre e infdoted glormitig tintoathe riain griattneand the Alzet
neuroprotective effects of the r Qusly
20 denonstrated to reua’ﬁé”easémwe({( lgdg)}ss%t&%%g’&%ehﬁ '%g%nggj@bp%ﬁﬁ%\ﬂc Par t
27 Hh Agonist is Neumon!rmines@bs \Ibe iskires rere virgelein MA@ stbidhal (TEE) @@?M@s livigg t hi s
ani mal nodel, a small sut r FRNLER% Qb fedhf §hy and
t hreaded di rectly i ntot] cclll #hgu tgrn;i/fgrgt Jg({'“eem o?gm g brain. tf%e sutture is
25 pl aced such t hat metambé:eook&glnhmdnﬂ}/&m/\mﬂwg@glhd tthedam Vet enalyred by ane-wit ery
(oo, gecius o). WGy A Sologs B iR AULAE BE RUARMl o L he for ebrarn.

After a set period sut 's renpved and bl ood

fllow to the forebrain isy ygs B n( 51%%&%@9@%9 F'lfbewfex%fm&l?e@{e& vaiogiage of
bl ood flow to the forebraln resu in behavioral synptons and brain

pat hol ogy that ni ni cvebkiese %thi’ntW(lsﬁsbR@Q‘?Ol%ét T dhtldese|dgtashew fah n,

\3'052' n 24 hr post - MG QGCLNSEARe@Rok BF A Bh abohist bS] BnBenthida% 308 B RuchiRr Ch

15  the size of the malonate-induced infarct (F(2,20)=5.12, p=0.0159) as compared to

vehicle ireated animals.

These data demonstrate that the Hh agonist is neuroprotective in the
malonate model of HD. In addition, this result shows that the Hh agonist can mimic
the neuroprotective effects of the Hh protein since the protein was previously

20  demonstrated to reduce striatal lesion size in this model system.

Part 2 Hh Asonist is Neuroprotective in the Mouse MCAQ Model of Stroke

In this animal model, a small suture is inserted into the common carotid

artery and threaded directly into the circulatory system of the brain. The suture is

25  placed such that it blocks Blood flow though the middle cerebral artery (MCA
occlusion), which is the primary source of blood to the forebrain. After a set period

| of time, here 90 min, the suture is removed and blood flow to the forebrain is
restored (reperfusion). The temporary blockage of blood flow to the forebrain results

in behavioral symptoms and brain pathology that mimic those seen in human stroke

30  patients. In the brain, within 24 hr post-MCA occlusion an infarct is visible using a
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stain (TTC) that stains living tissue red and the infarcted area white. The
infarct following a 90 m n MCAO usual ly involves both cortical and
subcortical brain regions. Pre-MCAO treatnment with Hh Agonist 5 hi this
study, mce were treated for 3 days (1/day) prior to MCAOw th either
vehicle (0.5% nmethyl cellul ose, 0.2% Tween-80/ 0.9% NaCl, n=12) or the Hh
agoni st X" (20 ng/ kg, po, n=11). Animals were then subject ed Ma&cB®0Den MCAO
foll owed by reperfusion. Approxinmately 24 hr after the start of occlusion
(23.5 hr of reperfusion) mce were euthanized and the brain sectioned into
2 mm sl abs. The 10 brain slices were stained with TTC to show the infarcted
area of the brain. The infarct area/total forebrain (% infarct) was

anal yzed by neasured and statistically analyzed. Figure 50 shows that the
total infarct size wiindFEmelfftciainsylivingdiseusared andibe dnfaysied tapeg arbitg Thet infatche Hh

agoni st as conpared FMoWRRiaCdemin RRURH uEAIN [RbiSes( B0 O ané§udébﬁuaﬁ%ré&

shows the percentage of the infarct that was in the cortex and the
per cent age t hat was E¥8%rt i cal (including striatum thal amus and
hi ppocanpus). These data show a marked reduction in cortical infarct size

(p=0.052). Therefore, p@ﬂ@&gw&g_ agoni st was neurOprot ective
b 8 e o Set) o ARG AR a8k 2 M
reper fusion. Ani nal smh@tee(OtSH’emethybaﬂlahbseMOtZ% diwele80/ 0% M€l (2l pr e Hthe Hh
agonist X' (20 ng/k ” at_th et of reperfusi ]
post - occl usi on) . V\%nfu to’f %{ktﬁé’ K ?e)r aelso n%r% Bfulﬂfﬁf%r}?]'é@@m&o

eut hani z_ed, t he b_ral fmllo‘&se@ld:brlr@né@bmmﬁmsr@umatelgIzahsafmﬂmestlaﬁm&cmhmﬁ (zed habf h-
TTC for infarct size ?QR}L:X I§mc gre Mcfdt%ewobfwém%?&%% S, f%/CAOﬂ%l?r?e ment

with Hh agoni st signitican r'ease te (p
< 0.05). Simlarly, lﬁmguhm%reshm vila T TP os tshdviCA© iafgoted Skeat afalRd baint The

ﬁ/{a_?gﬁt I288|6| y reduceﬂfap&tanaj&%l tftgrglﬁ'llin %qnﬁg Cv(x?arstalna(‘:lyzed lb?fsnlle%]uresdl azn sta.%isetZ:al%r7
analyzed.

Figure 50 shows that the total infarct size was dramatically reduced in mice
pretreated with the Hh agonist as compared to vehicle treated controls (p=0.057).

15 Figure 51 shows the percentage of the infarct that was in the cortex and the
percentage that was subcortical (including striatum, thalamus and hippocampus).
These data show a marked reduction in cortical infarct size (p=0.052). Therefore,

pretreatment with the Hh agonist was neuroprotective in this animal model of stroke.

Post-MCAO treatment with Hh Agonist
20 Male mice (7-8 wks of age) were subjected to 90 min MCAOQ foliowed by

repetfusion. Animals were then treated with either vehicle (n=11) or the Hh agonist
X" (20 mg/kg, po, n=12) at the onset of reperfusion (90 min post-occlusion).
Twenty-four hours after the onset of MCAO mice were euthanized, the brain

sectioned into 2 mm slabs and slices stained with TTC for infarct size analysis.

25 Figure 52 shows that post-MCAQ treatment with Hh agonist significantly

decreased the size of the infarct in mice (p < 0.05).

Similarly, Figure 53 shows that post-MCAO agonist treatment dramatically

reduced both cortical and subcortical lesion size.
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Taken together these data show that oral admi nistration of Hh agonist is
neur oprotective and neurorestorative in the nouse MCAO nodel of stroke.
Part 3: Oral Treatnment with Hh Atonists is Efficacious in the Mouse MPTP 5
Model of Parkinson's Di sease Previous studies denonstrated that SHh protein
is efficacious in animal nodels of PD.

1- Met hyl - 4- phenyl -1, 2, 3, 6-t et rahydropyridine, MPTP, is a depaifcRer0mac
neurot oxi n and system c injections of this conmpound into mce causes a
reduction in dopamne levels simlar to that seen in Parkinson' s disease
(PD) 10 patients. The experinents descri bed bel ow were designed to test
whet her adm nistration S c I I

dopam ne and tyrosine hyglfe'gtlf/ gg&@;éee%atm\?\nﬂgh tﬁﬁ%ﬁt%g{é&gn%ﬁ% Bg;ﬁgt %ans’ttgge
with Hh agoni st att emumpetciemndeeurastoeiivhin thePTeast MiAChibeds! ofptrekedat a shovvn
in Figure 54 are froman experinent in which mce were 15 orally

adm ni stered Hh agoni st X' (0.3, 1 3 and 10 ng/ kg o) for 3 days before
treatment with MPTP. Sev&artda(sal Jraamenimivoilh deomisss % e tha Monterd _
and the levels of d,plpé@en],mﬂ&,gg,)sgﬂgmgyro& ne hydroxyl ase (TH) wer e msasure_
in the striatum Figure 54 shows that pretreatnent with the Hh agoni st
significantly 20 attenu&tsiguy apdiovgenpnsisndd b $Hl prten &s efficapions ipankphy
as deternined by strhall JpApDFi @aMeﬁﬂf)-tt%ﬂ&letb @@Ita%hwop §in& Or@erred id Oy
vehicle-treated m ce seven days post- |esioning. Post-MTP treatment wth
Hh agonist is eff.caféqpau@emﬁ@e'a%?vanymmﬁl priseof B compoynddpip gyce causes

experiment in which { {RakioRM d¥fatdhe BRIHAMAROBI Bt Séint BekidsoR)dEsenePRIVPTP.
Striatal DA (Fig. 55) and TH activity levels are significantly hi ghher

(4250% as conpal®d Raenienihy experimgnte qdesirided islow aifemidesisned Battiie athefher

started three days afdfistViPof BB RHiAY o HIRSRodid ReuAIthe QbR dopaBiIDRSL I at €
that activation of the Hh pathway by  small nol ecul e Hh agoni sts exerts

both protective and W@é‘??)‘?yg{qxvléscé?eflé’ﬁwmtfeﬁré“e%8 27 March 2006

Pretreatment with Hh agonist attenuates damage caused by MPTP lesioning

The data shown in Figure 54 are from an experiment in which mice were

15  orally administered Hh agonist X’ (0.3, 1, 3, and 10 mg/kg, po) for 3 days before
treatrment with MPTP. Seven days after MPTP treatment mice were euthanized and

the levels of dopamine (DA) and tyrosine hydroxylase (TH) were measure in the

striatiim.

Figure 54 shows that pretreatment with the Hh agonist significantly
20 attenuated (~4260%) damage to the nigrostriatal pathway, as determined by striatal
DA (Fig. 54) and TH activity, as compared to vehicle-treated mice seven days post-

lesioning,

Post-MPTP treatment with Hh agonist is efficacious

The data shown in Figure 55 are from an experiment in which treatment with

25  Hh Agonist started 3 days post-MPTP. Striatal DA (Fig. 55) and TH activity levels

are significantly higher (~T250%) as compared to vehicle-treated mice when agonist
treatment is started three days agffer MPTP lesioning.

These findings clearly demonstrate that activation of the Hh pathway by

small molecule Hh agonists exerts both protective and restorative effects on the
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nigrostriatal pathway. Collectively, these data have inportant inplications
towards the devel opnent of new therapeutic strategies for Parkinson's

di sease. Part 4: Treatnment with Hh Agoni st Increases Proliferation of

Neural 5 Precursor Cells in Adult Rodents In the adult brain, generation
of new neurons is known to continue in two brain regions, the

subventricul ar zone of the |ateral ventricles (SVZ) and thgy nsaregrompe ar
zone (SG of the hippocanpal dentate gyrus. It is known that Shh 10 protein
i nduces precursor cell proliferation in a nunber of in vitro systens,
including cerebellar granular neurons. The experinents described bel ow
tested whether treatnment with Hh agonists would affect proliferation of
endogenous neural precursor cells in the adult rodent brain. Direct brain
adm ni stration of Hmiggammtpathwaﬁd)alléctivm sh&mdme@eﬂnmrmtiiﬁupﬁcaﬁémnowai@ of
SVZ precursor cell séEEde‘% Oﬁ’]nlme% of’\%ﬁt}% ﬁl m%trer‘ esﬁo%’grg nysdlsrtl,ss% the brain
ventricles of male Vi a can at osnotic Al zet

punp. The punps were fill ed vvlth ei t her vehl cle (5%

2- hydr oxypr opyl - B-cycl odext r}.Ny..4,32 % MR Uudmmist Un g2 EVP tirer Qon AR st
(U ranging from10 - g‘—rhrh—glﬁ—%_]e punp released conpoun |€‘““tlibn OY_ZU_T“he
ventricles at con%taﬁw;mr_é'ﬂéiﬂﬂ_@m_mf_for 6 days. After 6 days of

pretreatnment with conpound, animals were injected with Bronodeoxyuridi ne

(BrdU, 50 ng/kg, ip) toyl abehudiNh décﬂtgatfbﬁlolf Tiew -ﬁwoﬂgqykﬁnﬁftb%ntﬁﬁgu two

treatment, rats were euthanized and "~ perfused with fixative. Brains were
col l ected and proces¥#d ransBihg subtenimgrighrae o hiBerilderply verpristes {§HBE pnd fhe

Br dU-i nununor eact i ve,( Bk LRl @ehlos tﬂ@ﬁﬁmﬁﬁ?@e&ﬁyw 1t & dbemSH4 @@ Poth

the sides of the brain wth the cannula (ipsilateral) and w thout
(contral ateral). i gupteinigucsh prgnreehecl Prolifstion adperbpift i vilrp SRS Holisingal s

were treated With elefBafr WRHLE! Beldlis3)rhO experibRn® 4RRKiBEd bR #stdd wWhzder- The
nunber of BrdU-IR cells was dramatically increased on bot des of the

Si
brain follow ng 6 dadjamspt sifbnilstagomys tyaukk adert neolt Wnosﬁ cRd9gEnoYs RHEh

2006 precursor cells in the adult rodent brain.

Direct brain administration of Hh agonisi to adul rats increased proliferation

15  of SVZ precursor cells

Hh agonist was administered directly into the brain veniricles of male SD
rats via a cannula attached to an osmotic Alzet pump. The pumps were filled with
either vehicle (5% 2-hydroxypropyl-B-cyclodextrin, 4.35% Mannitol, 0.2% DMSQ)
or Hh agonist (U°? ranging from 10 - 600 pM) and the pump released compound into

20 the ventricles at constant rate of 0.5 wl/hr for 6 days. Afier 6 days of pretreatment
with compound, animals were injected with Bromodeoxyuridine (BrdU, 50 mg/kg,
ip) to label dividing cells. Two hours after BrdU treatment, rats were euthanized and
perfused with fixative. Brains were collected and processed for BrdU
immunohistochemistry. The number of BrdU-immunoreactive (BrdU-IR) cells was

25  then counted in the SVZ on both the sides of the brain with the cannula (ipsilateral)
and without (contralateral}.

Figure 56 shows data from an experiment in which animals were treated with
either vehicle (n=3) or Hh agonist (200 uM, n=3). The number of BrdU-IR cells was
dramatically increased on both sides of the brain following 6 days of agonist

30 treatment (* p<0.05)
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These data denonstrate that direct brain adm nistration of Hh agoni st

i ncreases the proliferation of endogenous precursor cells in the adult rat
brain. Oral adm nistration of Hh agoni st increases proliferation of neural
precursor 5 cells in the adult nouse To test whether oral admnistration
of the I'b agonist would affect proliferation of precursor cells, mce were
dosed daily (once or tw ce/day, po) with either vehicle o027 Mmchiz0oggoni st
X' for 1-7 days. On the appropriate day, mce were injected with BrdU (ip)
and 2 hours | ater euthanized, perfused with fixative and 10 brains
processed for BrdU i nmunohi stochem stry. The nunber of BrdU-IR cells was
counted in both the SVZ and subgranul ar %on% ofbthe ipﬁfqgnpag entate
gyros (SG . The data showfsy Hatg; {fﬁ’r“@%ra??t AnHTEs oK APORTA % Uy WA ch
mce were dosed or ghdraasds@e prolidaytdn oBind)gendus breairsdn eellswiethe advét ritvredy. or Hh
agoni st X" (10 ng/ kg, 15 n=3 or 25 ng/kg, n=3). The day after the final

dose, mce were injected with BrdUu and 2 hrs. later brains were collected, .

processed, and anal yzed gg, AGSELERGH o ARPYSnist ggér%és?mé?fer%mvtﬁn&d}a%réaﬁ&r
treatment with Hh agoni st T / days [ncrease € nunber o r abel ed
cell's in the SVZ %s wimptheadiltmowehi cl e treated controls (* p<0.05). The
data in Figure 58 shows *r@atast?méthe?d&mné ihiatakion & mENERORPLST walig OaffedO

[

i ncreased the nunber of pro erating cells in the SG of the dentate gyrus.
These data show t hatprdiferhticdof preeprser e¢lisHnica geidesedidady @agey tyiceias Bp)atithon of

neural precur sor cel litﬁeriv 'QQBxhtPé ﬁﬂiﬁ%ﬁtt gf, e &@Qid}l M%gpﬁggaggm@ege IS
known to continue tehroug out Tife.”Such an effect on proliferation of stem
celI's might be one iofctecheithBedifiplsendbd bovs teter ertbaniqed) Reefoser stigh Byagve and
neur opr ot ecti ve/ pdaurbggi g&ggsgcf foV SratNMmmARobYsch S PEElusibfor BEUY. B cefll RASE

: u

and/or injury. Part preyul at1 on of Hh-responsi've tissues bY orally
admi ni st er ed agoni stcowpted wmchottt the §Vifend sqyesanyiary aayg|cAthedipropanps! Ao BETS e
transcription factor(sg&i -1 was used as a marker to denonstrate the

bi ol ogi cal efficacy of orally delivered Hh agonists in vivo. 170 27 March
2006 The data shown in Figures 57 and 58 are from a study in which mice were

dosed orally for 7 days (BID) with either vehicle (n=4) or Hh agonist X’ (10 mg/kg,
15 =3 or 25 mg/kg, n=3). The day after the final dose, mice were injected with BrdU

and 2 hrs. later brains were collected, processed, and analyzed as described above.

Figure 57 shows that oral treatment with Hh agonist for 7 days increased the
number of BrdU labeled cells in the SVZ as compared to vehicle treated controls (*
p<0.05). The data in Figure 58 shows that oral administration of Hh agonist also

20 increased the number of proliferéting cells in the 8G of the dentate gyrus.

These data show that oral dosing with Hh agonist increases proliferation of
neural precursor cells in both regions of the brain where neurogenesis is known to
continue throughout life. Such an effect on proliferation of stem cells might be one
of the mechanism by which the Hh agonists are neuroprotective/nenroregenerative in

25  various models of neural disease andfor injury.

Part 5: Upregulation of Hh-responsive tissues by orally administered agonist
in adult animals _
The upregulation of Hh responsive transcription factor gli- was used as a

marker to demonstrate the biological efficacy of orally delivered Hh agonists in vivo.
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Sel ect ed conpounds representative of the invention were orally adm nistered
in adult animals as single doses, with the animals sacrificed and tissue
collected 24 hours later. @i-1 expression was neasured using a standard
guantitative real time PCR assay with GapDH as the reference gene. di-1
was denonstrated to be 5 upregul ated by agonist in brain, spinal cord,
peri pheral nerve, heart, and lung. Conbined with data fropr MgERPEOBI C
nodel s of CNS and peri pheral disease, these results denonstrate that Hh
pat hway-responsi ve tissues respond in the expected nmanner to orally
del i vered agonists to produce significant biological and therapeutic
effects. 10 nodel Part 6: Treatnent of diabetic neuropathy in
streptozotocin (STZ) diabetic rat In rat STZ nodel of diabetic neur opat hy,
SHh-1g protein was sPried tcompaBsnEapresantativr pf o tieyentiondvere nedly pdmisistessd in
conduction vel oci ty,ad@lt%ﬁlﬁﬂQaaEg gll Idlagegadmﬁ{h&cﬁlm%é S&%Q 'A?,h tfsﬁe%ﬁegteﬁ%
Simlar results were al so shown or al adm ni stere
nmot or NCV (Fi gure eol)our5|lﬁeraﬁérfﬁxawsmqm%anepqumﬂ/usmgtah@n@am@euamnmgms
| mproved as measur edediy ks G RORDEL s AETEARAANech RGN, &' g fifafl A ine Vasa
nervorum (Figure 61) and BS-1 |lectin fluor escent i magi ng o? e sciatic
vasa nervorum ( Fl gutPeeeioted by peanisti injteain, spisalncogiperipherah dierygolrast and uesul t ed
in increased 20 | evetgntied M \i8ta FoRhiafeditd i i ve
(Figure 63), which is _caonsidered an i nﬁ;il caffdgﬁm(@s aﬂdb%/}gg%eoﬁ%besgh@%t h.
Studi es were per f or ey Jemnsals thah Bp Rathwayresrorgve Hﬁﬁ!‘qscfaﬁpé@ﬂ Imthg esxpasted
function and repair M@h& tb PaBOdlEre gkt AWrddtlceFi ek BloMRRLE anl UL gQ}ngsts
derived fromnerve perineurimwere cultured in vitro in the presence of
SHh protein. The 25 4f¥4ted fibrobl asts denmonstrated upregul ati on of BDNF
and 1G--1 (Fi gur}a0 64), which are thought to help mediate growth and repair
of nerves as well” as VEG _F_ ) and an| 0| et| n- II ures 66)
whi ch are angi ogeni ¢ gr owth— : 5 Zg‘fi@bé&f—’bﬂand
growt h. VEGF has al sedbeen dermnstrat ed to have di rect trophl c effects on
o e oS i ooy s agg% O B RS nourop ) B i s ot Y6 "9
normalize both motor and sensory nerve conduction velocity, a standard clinical trial

15 endpoint (Figure 59). Similar results were also shown for orally administered agonist
D for motor NCV (Figure 60). In addition, blood flow to the damaged nerves was
improved as measured by laser Doppler perfusion imaging of the sciatic vasa
nervorum {Figure 61) and BS-1 lectin fluorescent imaging of the sciatic vasa
nervorum (Figure 62). In addition, both SHh-Ig and agonist D resulted in increased

20 levels of nerve growth factor (NGF) in the sciatic nerve (Figure 63), which is

considered an indication of improved nerve health.

Studies were performed to assess whether factors implicated in nerve
function and repair were upregulated following SHh treatment. Fibroblasts derived
from nerve perineurim were cultured in vitro in the presence of SHh protein. The

25 treated fibroblasts demonstrated upregulation of BDNF and IGF-1 (Figure 64),
which are thought to help mediate growth and repair of nerves as well as VEGF
(Figure 65) and angiopoietin-II (Figures 66) which are angiogenic growth factors
that mediate blood vessel repair and growth. VEGF has also been demonstrated to
have direct trophic effects on cultured nerves. Taken together, these data

30  demonstrate that activating the Hh pathway with SHh or agonist leads to
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171 27 March 2006 upregul ation of a nunber of key growmh factors for nerve
tissue and results in nerve repair. In addition, these results denonstrate
that treatnent with SHh protein or 5 agonist has potentially broad
therapeutic utility in vascular diseases to pronote blood vessel growth
and inproved bl ood flow. Methods: |Induction, nonitoring and mai ntenance o
di abetes 10 Di abetes was induced in male Wstar rats (CharpesmdfcM@nogUK or
Harl an, San Diego, USA) with an intraperitoneal injection (55 ng/kg) of
streptozotocin (STZ; Sigma) given after an overnight fast. The drug was
freshly dissolved in sterile saline imediately before injection. Three

days later, tail vei d uco ur ed a strip-operated

refl ectance phot onet "épregup?on ‘gja"grf‘ ror@é’t%%ﬁﬁgcémv&o’f ervf§‘sf)‘18(§§ﬁmgﬁﬁdlb§eé‘v
mol /1 were renoved fepasmn t he study Rats were group-housed wth free
access to food and water in a 12 h light/dark cycle. At the end of each
study, blood sanples were collected fromall rats, plasma extracted and

pl asma gl ucose | evel s neasured by spectophotonetrlc assay using a
comercial kit (Sigma, & addition; Hhesenpyults dempetirge thae Gearpent svitloFHh proteirt p1o
assays, the SHh pgot %eﬂstuﬁa‘g%omll?'bﬁ'cﬂﬁrthéﬂmg' dilif il %Mar 1sea§%)q fp@&ﬂ!té)y
replacing the NNtermnal cysteine with i'sol euci'ne nol ecu

(F.R Taylor et al. blmwaﬁelﬁ)“ﬁbﬁf@n’@vobﬁfdbﬂﬂ?ﬁﬂﬁwsom ¢ hedgehog by

hydr ophobi ¢ 25 nodi fication. 2001. Biocheni stry 40:4359-4371). For in vivo
studies, the nodified SHh was additionally fused with IgG@ (SHh-19gG. The
SHh- IgG was expresse&—ﬁ{lﬁii Pi chia pastorus and purified using SP sepharose,
protein A sepharose ﬁgﬂ;,%@gf@ﬁgammmbymsme i ntact fu5| on protein
was pool ed, fil t?r ed and_di alsyzed i nt Q PBS for storage lH);r al i quots

were prepared at 't he staFteoges ¥y d‘?fiugf’fjd’a?'aleé@ﬁérda%éc@ﬂe&tlﬁﬁ?f VRer Harlan, San
experimenters were UDBMRABAPhvith @ iltapaitdiRatinj@hion P55 ARe)SIrQteoRtocm {8TL.

Sigma) given after an ovemight fast. The drug was freshly dissolved in sterile saline

immediately before injection. Three days later, tail vein blood glucose was
measured by a strip-operated reflectance photometer and any STZ-treated rats with
15 blood glucose <15 mmol/l were removed from the study. Rats were group-housed
with free access to food and water in a 12 h light/dark cycle. At the end of sach
study, blood samples were collected from all rats, plasma extracted and plasma
glucose levels measured by spectophotometric assay using a commercial kit (Sigma,
St. Lounis, MO).
20
Drug treatments
For in vitro assays, the SHh protein used was either unmodified (SHh) or
modified by replacing the N-terminal cysteine with 2 isoleucine molecules (II-SHh)
{F.R. Taylor et al., Enhanced potency of human sonic hedgehog by hydrophobic
25  modification. 2001. Biochemistry 40:4359-4371). For in vivo studies, the modified
SHh was additionally fused with IgGl (SHh-IgG). The SHh-IgG was expressed in
Pichia pastorus and purified using SP sepharose, protein A sepharose and CM poros
chromatography. The intact fusion protein was pooled, filtered and dialyzed into 2X
PBS for storage. Daily aliquots were prepared at the start of each study, coded so

30  that the experimenters were unaware of the treatment group, and stored at -70 °C.
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172 27 March 2006 Injectates were thawed at roomtenperature i mredi ately
before use and diluted with water to achieve a final vehicle concentration
of | X PBS. Rats were given SHh-1gG thrice weekly (Mon, Wed, Fri) at doses
of 0.3, 1.0 or 3.0 ng/kg s.c. to the scruff of the neck. Al animls not
receiving SHh-1gG were injected with vehicle. 5 Treatnents were initiated
after 4-8 weeks of diabetes and nmmintained for a further 427 wegks 2906t hat
the total duration of diabetes was 8-12 weeks, depending on the particular
study. Nerve conduction velocity neasurenments 10 Rats were anestheti zed

wi th either hal othane or isoflurane before assessing nerve conduction

vel ocities (NCV). Mtor nerve conduction velocity (MNCV) was neasured from
| at enci es of the compound M waves of the el ectromyogramin the hindlinb,
and sensory nerve Cdﬂﬁumbé@ﬂeﬂﬂhaﬂhhmn(éﬁﬁﬁ&w%@ﬁmaﬂﬂaybﬁdﬁBﬁﬂﬂﬂhﬂm&ﬁ%hﬁx

| atencies in the sane system Pre nary studie sel ective 15
transecti on of the d&t'¥ é‘f %‘lﬂ’e ‘Eal y %{CCP%BCS‘PE E?{ g%? %"H%gerf' ReR M-8 y of
our H wave rreasurentanMeSNe(elﬁPWoxun’padem)sdnﬂﬁkedatca:) IOStermmgmtd)ﬂ‘he kdnerr er ve
was performed at the sciati é%& %t ﬁégbf| gg% ndon and ed .

el ect romyograns were r€cor de ¥lon1t iRt &F O IS et fwl €qWﬁh.
M d-t hi gh nerve tiarrphrﬁmmsewmmmatm|amraﬂ|—8mehkabf Bfftebard hdititeiughtorid fuihe 4
procedure. 20 Laser e r I in Cl a nervorum
The procedure was per %’Erreci’ LB églc@?%{og%gymgﬂesswﬁs tlgﬁveer%lése:aepéf&ﬁq

Reversal of experinﬁmﬁammdmdmetlc neur opat hy by VEGF gene transfer. 2001..
Adin. Invest. 107(9): 1083-92. BS-1 lectin fluorescent imaging of the
sciatic vasa nervorum 25 The procedure using BS-1 lectin was perforned as
descri bed by P. Schrat zRek8&hdSkiomlelocReMeishahmef experinmental diabetic

neur opat hy by VEGF gene _transfer In. Invest. 107(9): 1083-92.
173 27 March 2008 Rats were anesthetized with éither halothane or 1soﬂurane before assessing

nerve conduction velocities (NCV). Motor nerve conduction velocity (MNCV) was
measured from latencies of the compound M waves of the electromyogram in the
hindlimb, and sensory nerve conduction velocity (SNCV) was measured from H
reflex latencies in the same system. Preliminary studies involving selective
15 transection of the dorsal but not ventral roots established the validity of our H wave
measurements (APM, unpublished data). Stimulation of the nerve was performed at
the sciatic notch and Achilles tendon and evoked electromyograms were recorded
from the interosseus muscles of the foot. Mid-thigh nerve temperature was

maintained at 36x0.5 °C throughout the procedure.

20 Laser Doppler perfusion imaging of the sciatic vasa nervorum

The procedure was performed as described by P. Schratzberger et al.
Reversal of experimental diabetic neuropathy by VEGF gene transfer. 2001. J Clin.
Invest. 107(9): 1083-92.

BS-1 lectin fluorescent imaging of the sciatic vasa nervorum
25 The procedure using BS-1 lectin was performed as described by P.

Schratzberger et al. Reversal of experimental diabetic neuropathy by VEGF gene
transfer. 2001. J Clin. Invest. 107(9): 1083-92.
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Nerve growth factor (NGF) and vascul ar endothelial growth factor (VEGF)
protein assays NG- was neasured in extracts fromsegnents of sciatic nerve
by ELI SA as described by P. Fernyhough et al. Hunman reconbi nant nerve
grow h factor replaces 5 deficient neurotrophic support in the diabetic
rat. 1995. Eur. J. NeuroscL 7:1107 1110. VEGF was neasured by a standard
ELI SA assay, VEGF, brain-derived neurotrophic factor (BDN¥9 pmdrBg2ons-!1 ke
growh factor-1 (1 G--1) nRNA assays. All 3 growth factors were neasured by
standard quantitative real time PCR technol ogy using GapDH as the
reference gene. 10 Preparation of conpounds of the present invention a.

I I'lustrative synthetic scherres Exerrpl ar synt heS| S scherres for ?enerat
hedgehog agoni sts useful N e gropth i did yaseularcadothcliol ACIT LAY )
invention are shown jgrfteifhgiyses 1-31. The reactl on condl tions in the
illustrated schenes of Fi ures 1-31 are follows: 1) RICH2CN, NaNH2

t ol uene 20( Ar znei m For scNGF Feganeasired in gxtmsts Siomoseemerits of scipiixervedy|
(Arznei m Forsch, 1990 byl Fhd§idhgrddt abi2n rdebiEbinank ﬁérlrélg/m\@tﬁrfldﬁ%'n?la%&r sch,
1990, 40,11, 1242) 25 4) Na Et OH, refl uxdglz3 (130020, 2M NaOH, TH

Li HDVB, RI X, THE 5( MVesletifiend apusaoPlis stapert in (e dBataB0 JP95- 78w pl Neuropss 7: N’Qb—l

1110, VEGF was measured by a standard ELISA assay, VEGF, brain-derived
neurotrophic factor (BDNF), insulin-like growth factor-1 (IGF-1) mRNA assays. All

i ng

3 growth factors were measured by standard quantitative real time PCR technology

using GapDH as the reference gene.

10

Preparation of compounds of the present invention

a. [llustrative synthetic schemes

Exemplary synthesis schemes for generating hedgehog agonists useful in the

15  methods and compositions of the present invention are shown in Figures 1-31.

The reaction condifions in the illustrated schemes of Figures 1-31 are as

follows:

1) RiCH2CN, NaNH?, toluene
20 (Arzneim-Forsch, 1990, 40, 11, 1242)
2) H,504, H20, reflux
(Arzneim-Forsch, 1990, 40, 11, 1242)
3) H2804, EtOH, reflux
(Arzneim-Forsch, 1990, 40, 11, 1242)
25 4y NaOH, EtOH, reflux
5) (Boc)20, 2M NaOH, THF
6) LIHIDMS, R1X, THF
(Merck Patent Applic # WO 96/06609)
7) Pd-C, H2, MeOH
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as 174 27 March 2006 8) t-BuONO CuBr, HBr, H20 (J. Org. Chem 1977, 42,
2426) 9) ArB(OH)2, Pd(PPh3)4, Dioxane (J. Med. Chem 1996, 39, 217-223) 5
10) RI2(H) C=CR13RI 4, Pd(QAc)2, Et3N, DMV (Org. React. 1982, 27, 345) 11)
Tf20, THE (J. Am Chem Soc. 1987, 109, 5478-5486) 12) ArSnBu3, Pd(PPh3)4,
D oxane 10 (J. Am Chem Soc. 1987, 109, 5478-5486) 13) KMhO4, Py, H20 (J.
Med. Chem 1996, 39,217-223) 14) NaORl, THE 15) NaSRi, THE \frd®PobBRLR13,
THE 17) HONO NaBF4 (Adv. Fluorine Chem 1965, 4, 1-30) 18) Pd(OAc) 2,
NaH, DPPF, PhCH3 RIOH (J. Org. Chem 1997, 62, 5413-5418) 20 19) i. RIX,
Et 3N, CH2Cl12, ii. R13X 20) SOCl2, cat DWF 21) CH2N2, Et20 22) Ag20
Na2C33, Na2S2033, H20O (Tetrahedron Lett. 1979, 2667) 25 23) AgO2CPh, Et 3N,

MeOH (Org. Syn., 197Q. .5Q..77: J Chem Soc. 1987, 109, 5432) 24)
o T et #+-830N0/din Bl b0
(J. Org. Chem. 1977, 42, 2426)

9 ArB(OH)2, Pd(PPh3)4, Dioxane
(J. Med. Chem. 1996, 39, 217-223)
5 10) R12(H)YC=CR13R14, Pd(OAc), Et3N, DMF
(Org. React. 1982, 27, 345)
11) Tf20, THF
(7. Am. Chem. Soc. 1987, 109, 5478-5486)
12) ArSnBu3, Pd(PPh3)4, Dioxane
10 (J. Am. Chem. Soc. 1987, 109, 5478-5486)
13) KMnOg4, Py, H20
(J. Med. Chem. 1996, 39, 217-223)
i4) NaOR 1, THF
15) NaSR 1, THF
15 16)HNR1Ri3, THF
17) HONO, NaBF4
(Adv. Fluorine Chemn. 1965, 4, 1-30)
18) Pd(OAc)p, NaH, DPPF, PhCH3 R1OH
(J. Org. Chem. 1997, 62, 5413-5418)
20 19)i. R1X, E3N, CH2Cly, ii. R13X
20) SOCla, cat DMF
21) CHoN2, Et20
22) Ag20, NagCO3, Na285203, HoO
(Tetrahedron Lett. 1979, 2667)
25 23) AgO2CPh, Et3N, MeOH
(Org. Syn., 1970, 50, 77; J. Am. Chem. Soc. 1987, 109, 5432)
24) LiOH, THF-MeOH -
25) (EtO)2P(0)CH2CO2R, BuLi, THF
26} MeQO2CCH(Br)=P(Ph)3, benzene

175



25) (EtO 2P(O CH2CO2R, BuLi, THE 26) Me02CCH(Br)=P(Ph) 3, benzene 175 27
March 2006 27) KOH or KO Bu 28) Base, X(CH2)nCO2R 29) DPPA, Et3N, tol uene
(Synthesis 1985, 220) 5 30) HONO, H20 31) S02, CuCl, HCI, H20 (Synthesis
1969, 1-10,6) 32) Lawesson's reagent, toluene (Tetrahedron Asym 1996, 7,
12, 3553) 10 33) R2M sol vent 34) 30% H202, gl acial CH3CO2H (Helv. Chim
Acta. 1968, 349, 323) 35) triphosgene, CH2Cl2 (Tetrahedr 27 Meirth 200896,
37, 8589) 15 36) i. (EtO 2P(O CHLi SQ20i -Pr, THF, ii. Nal 37) Ph3PCH3I,
NaCH2S( O) CH3, DMSO (Synthesis 1987, 498) 38) Br2, CHC13 or other solvent
(Synthesis 1987, 498) 20 39) BuLi, Bu3sSnCl 40) Cl S020TMs, CCl4 (Chem Ber.
1995, 128, 575-580) »#4kbuMe@auCl , reflux 42) LAH FEt20 or LiBH4, EtOH or
BH3- THE 25 (Tetrahedron Lett., 1996, 37, 8589) 43) MCl, Et3N, CH2C 2

28) Base, X(CH2)aCO2R
29) DPPA, Et3N, toluene
(Synthesis 1985, 220)
5 30) HONO, H20
31) SO2, CuCl, HCL, H20
(Synthesis 1969, 1-10, 6)
32) Lawesson's reagent, toluene
(Tetrahedron Asym. 1996, 7, 12, 3553)
10 33) RoM, solvent
34) 30% H207, glacial CH3CO2H
(Helv. Chim. Acta. 1968, 349, 323)
35) triphosgene, CH2Cl2
{Tetrahedron Lett., 1996, 37, 8589)
15 36)i. (EtO)P(O)YCHLISO20i-Pr, THF, ii. Nal
37) Ph3PCH3l, NaCH2S(0O)CH3, DMSO
(Synthesis 1987, 498)
38) Bry, CHCI3 or other solvent
(Synthesis 1987, 498}
20 39) Buli, Bu3SnCl
40) CISO20TMS, CCl4
{Chen. Ber. 1995, 128, 575-580})
41) MeOH-HCI, reflux
42) LAH, Etp0 or LiBH4, EtOH or BH3-THF
25 (Tetrahedron Leit., 1996, 37, 8589)
43) MsCl, Et3N, CH2Cl2
(Tetrahedron Lett., 1996, 37, 8589)
44y Na28013, H20
(Tetrahedron Lett., 1996, 37, 8589)
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(Tetrahedron Lett., 1996, 37, 8589) 44) Na2SO3, H2O (Tetrahedron Lett.,
1996, 37, 8589) 176 27 March 2006 45) R2R4ANH, Et3N, CH2Cl 2 46) R2M

sol vent 47) CH3NH(OCH3), EDC, HOBt, DI EA, CH2Cl2 or DMF (Tetrahedron Lett,
1981, 22, 3815) 5 48) MLi, THE 49) nCPBA, CH2Cl 2 50) HONO, Cu20Q, Cu(N03) 2,
H20 (J. Og. Chem 1977, 42, 2053) 51) RIM solvent 10 52) HONO
NaS(S)COEt, H2O (Org. Synth. 1947, 27, 81) 53) HSR2 or H3R#archi20D8 54)

i -BuOC(O) d, Et3N, NH3, THE 55) R2R4ANH, CH2Cl 2, NaBH(OAc)3 15 56) R2R4ANH,
McOH CH3CO2H, NaBH3CN 57) R20H, EDC, HOBt, DI EA, CH2CI 2 or DVF 58) R20H,
HBTU, HOBt, DI EA, CH2CI2 or DMF 59) R2R4NH, EDC, HOBt, DI EA, CH2CI 2 or DWF
60) R2R4ANH, HBTU, HOBt, DI EA, CH2CI2 or DWW 20 61) POC13, Py, CH2Cl2 62)

R2RANCO, sol vent 63) RZCE(NC%C], Et 3N, solvent 64) R2C02H, EDC or HBTU,
HOBt, DI EA, CH2Cl 2 of®) BRRANBHBREK2CE 3N, sol vent 25 66) (CH3S) 2C=N(CN),

DMF, Et OH 46) RoM, solvent
47y CH3NH(OCH3), EDC, HOBt, DIEA, CH2Cl2 or DMF |
(Tetrahedron Lett, 1981, 22, 3815)
5  48)MeLi, THF
49) mCPBA, CH2Cl2
50) HONO, Cu0, Cu(NO3)2, H20
(J. Org. Chem. 1977, 42, 2053)
51) R1M, solvent
10 52) HONO, NaS(S)COEt, H20
(Org. Synth. 1947, 27, 81)
53) HSR2 or HSR4, CH2Cl2
54)i-BuOC(O)C), Et3N, NH3, THF
35) R2R4NH, CH2Cly, NaBH(OAc)3
15 56) R2R4NH, MeOH/CH3CO2H, NaBH3CN
57) Rp0H, EDC, HOBt, DIEA, CH2Cl or DMF
58) R20H, HBTU, HOBt, DIEA, CH2Cl> or DMF
59) R2R4NH, EDC, HOBt, DIEA, CH3Clp or DMF
60) R2R4NH, HBTU, HOBt, DIEA, CH2Cly or DMF
20 61)POCl3, Py, CH2Clp
62) RoR4NCO, solvent
63) R2OC(O)CI, B3N, solvent
64) R2CO2H, EDC or HBTU, HOBt, DIEA, CH2Clo or DMF
65) R2X, Et3N, solvent
25 66} (CH3S)2C=N(CN), DMF, EtOH
{(J. Med. Chem. 1994, 37, 57-66)
67) RpS02Cl, Et3N, CH2Cl
68) R2- or R3- or R4CHO, MeOH/CH3CO2H, NaBH3CN
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(J. Med. Chem 1994,37,57-66) 67) R2S02Cl, Et3N, CH2CI 2 68) R2- or R3- or
RACHO, McOH CH3CO2H, NaBH3CN 177 27 March 2006 (Synthesis 1975, 135-146)
69) Boc(Tr)-D or L-CysOH, HBTU, HOBt, DI EA, CH2Cl1l2 or DMF 70) Boc(Tr)-D or
L- CysH, NaBH3CN, McOH CH3CO2H (Synthesis 1975, 135-146) 5 71) S Tr-N Boc
cysteinal, CICH2CH2CI or THF, NaBH(QAc)3 Q Org. Chem 1996, 61,
3849-3862) 72) TFA, CH2Cl 2, Et3SiH or (3:1:1) thioanisol e/ gt hiediZopogol / DVS
73) TFA, CH202 74) DPPA, Et3N, toluene, HOCH2CH2SI CH3 10 (Tetrahedron
Lett. 1984, 25, 3515) 75) TBAF, THE 76) Base, TrSH or BnSH 77) Base, R2X
or RAX 78) R3NH2, M OH CH3CO2H, NaBH3CN 15 79) N2H4, KOH 80) Pd2(dba) 3,
P(o-tol)3, RNH2, NaQ Bu, D oxan RlNHLg (Tetrahedron Lett. 1996, 37,
7181-7184). 81) Cyananid .W‘gﬁ‘*)‘“é%ﬁﬁ *)sodi um bi carbonate. 20 83) BnCOCl,

sodi um car bonate.  8%) BA(Ty-HDQCDLlysORYHBTOU HOBEBIEABE3 > ADMA de, base. 86) -
Oxal yl chloride, DVBO 87% RCONH2. 25 88) Carbonyl dii m dazol e, neutral
solvents (e.g., DCM 7ObRes(TrrAmr Ll dipBHaCN, MeOH/CH3CO2H

{Synthesis 1975, 135-146)
5 71} 8-Tr-N-Boc cysteinal, CICH2CH2Cl or THF, NaBH(OAc)3
(J. Org. Chem. 1996, 61, 3849-3862)
72} TEA, CH2Cl2, Et3SiH or (3:1:1) thioanisole/ethanedithic/DMS
73) TEA, CH2Cl2
74) DPPA, Et3N, toluene, HOCH2CH?28i1CH3
10 (Tetrahedron Lett. 1984, 25, 3515)
75) TBAF, THF
76) Base, TrSH or BnSH
77) Base, R2X or RqX
78) R3NH2, MeOH/CH3CO2H, NaBH3CN
15 79)NaH4, KOH
&0) Pd2{dba)3, P(o-tol)3, RNHy, NaOtBuy, Dioxane, R1NH2
{Tetrahedron Lett. 1996, 37, 7181-7184).
81) Cyanamide.
82) Fmoc-Cl, sodium bicarbonate.
20 83) BnCOClI, sodium carbonate.
84) AllylOCQCI, pyridine.
£5) Benzyl bromide, base.
86) Oxalyl chloride, DMSO.
87) RCONH2. ‘
25 88) Carbonyldiimidazole, neutral solvents (e.g., DCM, DMF, THF, téluene).
89) Thiocarbonyldiimidazole, neutral solvents {e.g., DCM, DMF, THF, toluene).
90) Cyanogen bromide, neutral solvents (e.g., DCM, DMF, THF, toluene).
91) RCOC], Triethylamine '
92) RNHNH7, EDC.
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89) Thi ocar bonyl dii m dazol e, neutral solvents (e.g., DCM DWW, THE,
toluene). 90) Cyanogen brom de, neutral solvents (e.g., DCM DM, THE,
toluene). 91) RCOCI, Triethylam ne 92) RNHNH2, EDC. 178 27 March 2006 93)
RO2CCOCI, Et3N, DCM 94) MsCH, Pyridine (J. Het. Chem, 1980, 607.) 95)
Base, neutral solvents (e.g., DCM toluene, THF). 96) H2NOR, EDC. 5 97)

RCSNH2. 98) RCOCHBr R, neutral solvents (e.g., DCM DM, THE7 MSrcHEDRS,
(Org. Proc. Prep. Intl., 1992, 24, 127). 99) CH2N2, HC. (Synthesis, 1993,

197). 100) NH2NHR, neutral solvents (e.g., DCM DW, THF, toluene). 10
101) RSO2CI, DVAP. (Tetrahedron Lett., 1993, 34, 2749). 102) Et3N, RX. (J.
Org. Chem, 1990, 55, 6037). 103) NOCl or Cl2 (J. Og. Chem, 1990, 55,
3916). 104) H2NOH, neutral solvents (e.g., DCM DM, THF, toluene). 105)
RCCR, neutral sol ven?3ROREVOCEERN, P6Miene). 15 106) RCHCHR, neutr al

solvents (DCM THE, .1 H . HCl . 108)
Thi ocar bonyl di i mi daz%;ﬁé#%g?%fdg}e?%k%‘é@ 1(9§5 °R&H. Chem, 1996, 39, 5228).
109) Thi ocar bonyl di i ¥ 8aszoieairal BBna(e. DRDCM( thluedWHFChem , 1996, 39, 5228).

110) HNO2, HC. 20 14 Q%épza (Org. Reactions, 1959, 10, 143). 112)
Mor phol i ne enam ne Bé%@@? d. Chem, 1982, 17, 27). 113) RCOCHR CN 114)
p

RCOCHR CO2Et 115 Ne2BCBNH2,
98) RCOCHBIR, neutral solvents (e.g., DCM, DMF, THF, toluene), (Org. Proc.
Prep. Intl,, 1992, 24, 127).
99) CH2Np, HCL. (Synthesis, 1993, 197).
100) NH,NHR, neutral solvents {e.g., DCM, DMF, THF, teluene).
10 101) RSO2C1, DMAP. (Tetrahedron Lett., 1993, 34, 2749).
102) Et3N, RX. {J. Org. Chem., 1990, 53, 6037).
103) NOCl or Cl2 (J. Org. Chem., 1990, 55, 3916).
104) H2NOH, neutral solvents (e.g., DCM, DMF, THF, toluene),

105) RCCR, neutral solvents (DCM, THF, Toluene).
15 106) RCHCHR, neutral solvents (DCM, THF, Toluene).
107) H2NOH, HCL.

108) Thiocarbonyldiimidazole, SiO2 or BF30Ety. {J. Med. Chém., 1996, 39, 5228).

109) Thiocarbonyldiimidazole, DBU or DBN. (J. Med. Chem., 1996, 39, 5228).
110} HNO9, HCI.

20 111) CiCH2CO2Et (Org. Reactions, 1959, / 0,143).

112) Morpholine enamine (Eur. J. Med. Chem., 1982, 17, 27},
113) RCOCHR'CN
114) RCOCHR'CO2Et

115) NaaS0O3
25 116) HoNCHRCO,Et
117) EtO2CCHRNCO
118) RCNHNH;.
119) RCOCO2H, (J. Med. Chem., 1995, 38, 3741).
120) RCHO, KOAc.
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25 116) H2NCHRCOR2Et 117) Et 2CCHRNCO 118) RCNHNH2. 119) RCOCCRH, (J. Med.
Chem, 1995, 38, 3741). 120) RCHO, KOAc. 179 27 March 2006 121)

2- Fl uoroni trobenzene. 122) SnCl 2, EtOH, DWF. 123) RCHO, NaBH3CN, HOAc.
124) NH3, MeOH. 5 125) 2,4, 6- Me3PhSC2NH2. 126) Et2NH, CH2Cl 2 127)
McOC(O) C1, Et3N, CH2Cl2 128) R2NH2, EDC, HOBT, Et3N, CH2Cl2 129) DBU,
PhCH3 10 130) BocNHCH( CH2STr) CH2NH2, EDC, HOST, Et3N, CH2Ch2 Madh)2006
RONHCH2CO2Me, HBTU, HOBT, Et3N, CH2Cl 2 132) BocNHCH( CH2STr) CH2OMs, Li HVDS,
THE 133) R2NHCH2COR2Me, NaBH(OAc)3, Cl CH2CH2C!I or THE 134) R2NHCH2CH( OEt) 2,
HBTU, HOBT, Et3N, CH2CI2 15 135) NaBH(OAc)3, ClCH2CH2Cl or THF, AcOH. 136)
Pi peri dine, DVF. 137), ﬂfvﬁ&}%ﬁl} Bu3SnH. 138) RCO2H, EDC, HOBT, Et3N, DCM
139) RNH2, neutral soldent&oiBPRass RcHO, NaBH3CN, HOAC. 141) RNCO,

sol vent. 142) RCO2H,12EDNCoy, BMBTOMFOBt, DI EA, CH2CI 2 or DMF. 143) RCOCL,

Triethyl am ne 123) RCHO, NaBH3CN, HOAc.
124) NH3, MeOH.
5 125)2,4,6-Me3PhSO2NH).

126) EtyNH, CHoCla
127) MeOC(O)Cl, Et3N, CH2Cl2
128) RoNH2, EDC, HOBT, Et3N, CH2Cly
129) DBU, PhCH3

10 130) BocNHCH(CH25Tr)CH2NH2, EDC, HOBT, Et3N, CH2Cl2
131) RaNHCH2CO2Me, HBTU, HOBT, EtaN, CH2Cl2
132) BocNHCH{CH2STr)CH20Ms, LiHMDS, THF
133) RpNHCH2CO2Me, NaBH(OAG)3, CICH2CH2Cl or THF
134) RoNHCH2CH(OEt);, HBTU, HOBT, Et3N, CHaClo

15 135) NaBH(OAc)3, CICHCH2Cl or THF, AcOH.
136) Piperidine, DMF.
137) Pd(Ph3P)4, Bu3SnH.
138) RCO2H, EDC, HOBT, Et3N, DCM.
139) RNH,, neutral solvents. '

20 140) RCHO, NaBH,CN, HOAc.
141) RNCO, solvent. )
142) RCOH, EDC or HBTU, HOBt, DIEA, CH,Cl; or DMF.
143) RCOC, Tuethylamine
144) RSO,CI, EtsN, CH,Cl,.

25 145) SnCh, EtOH, DMF,
146) RNH,, EDC, HOBt, DIEA, CH,Cl; or DME.
147) Dibromoethane, EtzN, CH,Cl,
148) Oxalyl chloride, neutral solvents.
149) LiOH, THF-McOH.
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144) RSQ2Cl, Et3N, CH2Cl 2. 25 145) SnCl2, EtOH, DMF. 146) RNH2, EDC, HOBt,
DI EA, CH2CI 2 or DMF. 147) Di bronoet hane, Et3N, CH2Cl 2 148) Oxal yl
chloride, neutral solvents. 149) LiOH, THF MeCH 180 27 March 2006 150)

Car bonyl di i m dazol e, neutral solvents (e.g., DCM DM, THF, toluene). 151)
RNH2, Et3N, CH2d 2. 152) Base, RX. 153) DBU, PhCH3 5 154) DPPA, Et 3N,

tol uene (Synthesis 1985, 220) 155) SOC12, cat DWVF. 156) Ardt Magah 308&i d
(AIC13, snd 4, Tid4), CHRdA 2. 157) H2ZNCHRCO2Et, neutral solvents. 158)
BocHNCHRCO2H, EDC OR HBTU, HOBt, DI EA, CH2C 2 or DMF. 10 159) TFA, CH2d 2.
b. Illustrative pre aration of aryl subunits Ary subunits may be
functionalized using a wde variety of reactions known to those in the

art. The chem stry o omatj.c and heteroaromatic_rings is rich, and 15
only a sanpling of uLSé)? é‘l"g‘?%é@ﬁ“%ﬁ??ée’ E%'Haltﬁélvﬁli%(§-éﬂp€6’1:ﬁ)é\ﬂ%.THE tWlvetrdr  of
illustrative exanpl essl) RpEHY, EcM| @iy, useful for generating the biaryl

portion of the subje 0 nds, are shown bel ow. Suzuki Coupling No. 1:
Suzuki Coupling 20 S&%Lﬁ?sg%pl ing No. 2: 181 27 March 2006 CN

153) DBU, PhCH;
5 154) DPPA, EtsN, toluene (Synthesis 1985, 220)
155) SOCls, cat DMF.
156) ArH, Lewis Acid (AICl3, SnCly, TiCly), CH,Cl,.
157) HaNCHRCO,Et, neutral solvents.
158) BocHNCHRCO,H, EDC OR HBTU, HOBt, DIEA, CH,Cl; or DMF.,
10 159) TFA, CH,Cl,.

b. Illustrative preparation of aryl subunits

Ary subunits may be functionalized using a wide variety of reactions known

to those in the art. The chemistry of aromatic and heteroaromatic rings is rich, and

15  only a sampling of useful reactions can be presented here. A number of illustrative
examples, particularly useful for generating the biaryl portion of the subject

compounds, are shown below.

Suzuki Coupling No, §:

S,
. Suzuki Coupling O O
I
\
10
N

20 Suzuki Coupling No. 2:

Iz
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5 NC Stille Coupling No. 1: SnBu3 Stille Coupling No. 2 CI Stifle Coupling
No. 3 Slille Coupling 182 27 March 2006 Stifle Coupling au Sn CI c.
Il'lustrative preparation of coupling substrates Menbers of the general

cl asses of coupling substrates outlined above - aryl stannanes, aryl boronic
acids, aryl triflates and aryl halides - are available from 5 the parent
het erocycles. In general, the transformations required to @E7Eparsh 2006
coupling substrate are reliable and anenable to scale-up. Illustrative
exanpl es are shown bel ow. Preparation of an Aryl lodide NC 10 |odination
Preparation of an Aryl Stannane B Preparation of an Aryl Triflate 1) BuL
2) Bu3sSnC NC SnBu3 183

+ Suzuki Coupling

S
e C
N N
(HO} B H
(o]

N HN\//,N

NC

Stille Coupling No. 1:

0
S
N
Stille Coupling 0
+ |
™
I <N

? : Br \
7 o
Q

Stille Coupling No. 2

SnBu, Br

O

cl
By
e
N” “snBu, o

F
Stille Coupling Cj\dj\wl—i
+
o
T N ’
i |
y s
5 S

Stille Coupling No. 3
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27 March 2006 Tf20, Et3N Preparation of Aryl Boronic Acid 1) BuLi 2)
B(OW)3 3) H30 ° Solid Phase Synthesis of Subject Conpounds GCeneral:
Washi ng Protocols Method 1: water (3x), acetone (2x), N, N-di met hyl formam de
(3x), water 10 (2x), acetone (Ix), N, Ndinethylformam de (3x), water (2x),
acetone (3x), nethanol (3x), acetone (3x) and nethanol (3x); Method 2:

di chl or onet hane, hexane, N, N-di nethyl formam de, di chl or omn&thigaech peg@ne,

di chl oronet hane and hexane; Method 3: water, N, N-dinethylfonnam de, water,
1.0 M aqueous sodium 15 hydroxide solution, water, NN dinethylformam de,
water, 1.0 aqueous sodi um hydroxi de solution, water, N, N-di nethylformanm de,

di chl or onet hane, nethanol, dichl oronethane, and nethanol. Mthod 4:
NN- di et hyl or mam de, di chl oronet hane, N, N di et hyl f or mam de,
di chl or onet hane, nethanol, di romet hane, net hanol (2x) 20 and et her
(2x). 184 27 March 2006 185, ¢h 2006 General Schenme: Resin NO2
HZNM NH, . .
Stille Coupling
: (J
Bu Sn ci O
F l
N Me
!
Me

c. lilustrative preparation of coupling substrates

Members of the general classes of coupling substrates outlined above -
arylstannanes, arylboronic acids, ary! triflates and aryl halides - are available from
5 the parent leterocycles. In general, the transformations required to prepare a

coupling substrate are reliable and amenable to scale-up. Illustrative examples are

shawn below.

Preparation of an Aryl lodide
NC
[ jodination NC\@j(I
N
N
10 ) H
Preparation of an Aryl Stannane

1) Buli

P
/
N" Br N” ~SnBu,

Preparation of an Aryl Triflate
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base H2ZN Ar' -M + X-Ar-CHO M=B(COH),), SnR3, etc. Pd Cy' ~VIM\V/X\N Ar\ J
AT Ar\ /CHO Ar alkylation /M NIH2 IRz functionalize VV Cyr /M\ /X\ /M
~Cy-,,, M\ X~NM Y V N (al kylalclacylate) Ar \Ar Step A -preparation

of (Ni t rophen-4' -yl oxycar boxy) benz-4-yl oxynmet hyl 5 Pol ystyrene-(\Wang PNP
car bonat e pol ystyrene) Hydroxvbenz-4-yl oxvnet hyl polystyrene (Wang resin)
Sodi um net hoxi de (233 g, 4.31 nol) was added slowy to a stA7rjaecH?o08ir e of
chl oronet hyl polystyrene (2.4 kg, 3.6 nol functionalised | oading) and 4 186
27 March 2006 hydroxybenzyl al cohol (581 g, 4.68 not) in

N, N-di met hyl acetam de (10 L) at room tenperature w der nitrogen. After
dilution with NN-dinethyl acetam'gﬁe(13 L), the mxture was dgated at 50 C
for 5 h and then filtered via g¢annula through a P-ETFE ng (70 m. The
crude product was washed extensively usiﬂ&%yaﬁ sequence of

74 74
OH 0 oTf

Preparation of Aryl Boronic Acid

1) Buli
I 2) B(OMe), B(OH},
2 0
| = I ‘
Ly Ly
\ 3
Me Me

Solid Phase Synthesis of Subject Compounds

General;

Washing Protocols
Method 1: water (3x), acetone (2x), N N-dimethylformamide (3x), water

10 (2x), acetone (1x), N, N-dimethylformamide (3x}, water (2x), acetone (3x), methanol

(3x), acetone (3x) and methanol {3x);

Method  2: dichloromethane, hexane, N, N-dimethylformamide,

dichloromethane, hexane, dichloromethane and hexane;

Method 3: water, N,¥-dimethylformamide, water, 1.0 M aqueous sodiwm
15  hydroxide solution, water, N-N dimethylformamide, water, 1.0 aqueous sodium
hydroxide solution, water, N,N-dimethylformamide, dichloromethane, methanol,

dichloromethane, and methanol.

Method 4: N, N-dimethylformamide, dichloromethane, N, N-
dimethylformamide, dichloromethane, methanol, dichloromethane, methanol (2x)

20 and ether (2x).
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5 Method 1, then dried under vacuumat 60 C to give 2630 g of the title
resin. (N trophen-4'-yloxycarboxv bent-4-yl oxvnet hvl pol ystyrene-(\Wang PNP
car bonat e pol ystyrene) 4-Met hyl norpholine (660 nL, 6.0 not) was added
dropwi se over 2 h to a stirred m xture of hydroxybenz-4-yl oxymnet hyl

pol ystyrene (2000 g, 2.5 not 10 functionalised |oading) and 4-nitrophenol
chloroformate (1209 g, 6.0 nol) in dichloronethane (22 L) aty \1@réh 2008
nitrogen. The m xture was warned gradually to roomtenperature, stirred
overnight and filtered via cannula through a P-ETFE nmesh (70 gnm). The
crude resin was washed extensively using the sequence of Mthod 2, then
dried under vacuum at roomtenperature to give 2728 g of a m xture 15 of
the title resin and 4-nethyl norpholine hydrochloride. Step B - The
Preparation of Wang resi n-bound di am nes General Method (for piperazine,
honopi perazi ne and trans-14- di am nocycl ohexane): 20 Crude
(nitrophen-4' -yl oxycar boxy) benz-4-yl oxynet hyl pol ystryrene (1002.5 g, -0.9
nol functionalised | oading) was swollen over 15 min in a 50%v/v mxture

of anhydrous di chl oronmet hane and NN-di net hyl formam de (9 L) under nitrogen.
N, N-di i sopropylam ne (626 nL, 5 not equival ents) and the appropriate
diamne (5 nol equivalents) were added and the m xture was stirred

vi gorously overnight at 25 roomtenperature. The m xture was filtered

t hrough a P-ETFE nesh (70 m), washed extensively using the sequence of

Met hod 3 and dried under vacuumat 60 C to give the resin-bound diam ne.
187 27 March 2006 Et hyl enedi am ne bound to Wang resin Crude

(ni trophen-4' -yl oxycar boxy) benz-4-yl oxynet hyl polystyrene (1002.5 g, -0.9
nmol functionalised | oading) was swollen over 15 min in dichloronethane (7
L) under nitrogen and treated with ethylenediamne (181 nlL, 2.7 nol). The
resulting 5 thick, yellow suspension was diluted with dichloronmethane (2 L)
and vigorously stirred overnight at roomtenperature. The m xture was
filtered through a P-PETFE
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mesh (70 nm), washed extensively using the sequence of Method 3 and dried
under vacuumat 60 Cto give the title resin-bound di am ne.

n2- Xyl yl enedi am ne bound to Warng resin 10 Crude

(ni trophen-4' -yl oxycar boxy) benz-4-yl oxynet hyl pol ystyrene (1002.5 g, -0.9
nmol functionalised | oading) was swollen in tetrahydrofuran (7 L) over 15
mn under nitrogen and treated with a solution of mxylyl ervegdiaféA peopé 828
m., 6.27 nol) in tetrahydrofuran (I L). The resulting thick yellow
suspensi on was diluted with dichloronmethane (2 L) and vigorously stirred
overnight at roomtenperature. The 15 m xture was filtered through a P-ETFE
mesh (70 pm), washed exteRsi ¥l N.Si Ny the sequence of Method 3 and dried
under vacuumat 60 Cto gi've the resin-bound diamne. Step C. Preparation
of the building block using a Suzuki coupling procedure A suspension of

the appropriate aryl brom-de (1 equi vakent)Nand pot ass) 0 cgybonate (2.2
equi val ents) in tolueng vol gnes) tirrddMaiid degesged room g
tenperature. Tetraki s(t -nylnhospg\_ pal | adi,pm( 0) X.0. 04 e val ent) was .

added and the reaction vessertoévawdat & and purged with nitr&gen Tﬁhree
times). After 15 mn, a degassed solution of N

2- met hoxy-5-f ornyl phenyl boronic acid (1.2 equivalents) in et harfol (6.3

vol unes) was added via cannula, then the m xture was 25 heated under refl ux
and stirred overnight under nitrogen. After CQ~|ing3the sol i djwas

filtered from sol ution ,and: washes tHbroughly w ™t ol uere: filtrate was
evaporated to dryness q&ﬁ&gwg duced pressure to give the crudejpaoguct .
This was triturated wi et iyl ether (5 volunmes) and the res$dft1hg
slurry was filtered, washed w th diethyl ether and dried undey vacuum The
bi aryl al dehyde was obtained as a 30 yell ow powder. 7 March 2006 Step

D: Building Bl ock |oadi ng onte—Yang D am ne Reductive{Alkyhati gn The
appropriate resin (1 equival fRtsw }--0775 mol functionaliséd | dading) was
5 swollen in a mxture of tetrah arq/ﬂL§n, trinmethylort te Fnd

f
di chl or onet hane 0 NH acylation or .
- /Mj
J i i alkylation HN
N 4
AL
Ar /] r\Ar
\Ar
‘hydrolyzc
N NR;
_ i functionalize Gy Mi X M
Cy\Y/Ml\Y/X\N/Mj S~ R

Ar

(alkylate/acylate} J
Ar
AP ) ™~
\Ar

Step A —preparation of (Nitrophen-4 "_yioxycarboxy)benz-4-yloxymethyl

5  Polvsiyrene~-(Wang PNP carbonate polyvstyrene}

Hydroxybenz-4-vioxymethyl polystyrene {Wang resin}-

Sodium methoxide (233 g, 4.31 mol) was added slowly to a stirred mixture of
chloromethyl polystyrene (2.4 kg, 3.6 mol functionalised loading) and 4-
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(2:2:1, v/v/v, 10 nL) over 15 mn, then gently agitated and treated with
the appropriate aldehyde (2 equivalents). After gentle agitation overnight
at room tenperature, the resin was filtered, washed thoroughly with
tetrahydrofuran and dried under vacuumat 40 C. The dried resin was then
swol len in tetrahydrofuran 10 over 15 mn and treated wth acetic acid
(0.12 equivalent) and sodium triacetoxyborohydride (5 equia7aiartts2008he
resin suspension was gently agitated overnight at roomtenperature, then
filtered, washed extensively using the sequence of Method 4 and dried
under vacuum at 60 C. Acid Chloride Capping 15 The appropriate resin (1
equi val ent) was swollen in dichloronethane (10 volunes) over 10 mn and
treated with the appropriate acid chloride (3 equivalents) and

NN- di i sopr opy! et hy| abidrsyienzbalgeheh{58hesh o8 mrpfpin b ¥idimehpdasetamide k1 Onalst gesnt | y

agi tated overni ght alempQaiRe LRI ANALMH Afted dilli§ Hh Man@lm@@?lb&%ﬁa@@ﬂig\{fé y
using the sequence of Method 4 and dried under vacuumat 40 C. 20 Sol ution

Phase Synthesis of SuB8Et vedrpelHds “F i Sthoimd dien Alered enpananly threush wd-ETFE
illustrates one rout ﬁesﬁ‘xk('?@uﬂ ! ’M{@'cﬁﬂe pﬁ'ﬁggm_?gvaﬁg&)@k@ﬁsﬁ/&@fush?ﬁh@geﬁ&%ﬁ{ o%e

invention may be prepared. Variations on this exenplary pathway "W

readi | y conpr ehentiedMathed bihse dricsldingsy vednws et 69°Cde givn 2039 s2bths kitlé tesinn t he art,
permtting the preparation of a wi de range of conmpounds that fall wthin
the disclosed general fogxuh@ee-4TNEERRROBAL IHFRRERYIUSRsiind oS PRene
are consistent with the procedures bel ow, and are | ndependent of the
compound nunbers usEEROBHERANSNECRE) 1 t he application, such as the figures.

189 27 March 2006 190 27 4“@&1%1’1(2‘5}%115566@ hﬂﬁﬁ@ mol) was added dropwise over 2 h to a

of 3- Chl or o- benzo[ b]thi o hene-Z-Pﬁégox |ICn§CId @4'-cyano-6-

met hoxy- bi phenyi - 3- yiTF&Y Hys 4t rﬁv?éa%*‘*" ehRe ROPITERE 0P yEr DEnmel i de
(7) 10 functionalised loading) and 4-nitrophenol chloroformate (1209 g, 6.0 mol) in

dichloromethane (22 L) at (0 °C under nitrogen. The mixture was warmed gradually
to room temperature, stirred overnight and filtered via cannula through a P-ETFE
mesh (70 um). The crude resin was washed extensively using the sequenceiof
Method 2, then dried under vacuum at room temperature to give 2728 g of a mixture

15 of the title resin and 4-methylmorpholine hydrochloride.

Step B - The preparation of Wang resin-bound diamines

General Method {for piperazine, homopiperazine and #rans-1.4-

diaminocyclohexane):

20 Crude (nitrophen-4’-yloxycarboxy)benz-4-yloxymethyl polystryrene (1002:5
g, ~0.9 mol functionalised loading) was swollen over 15 min in a 50% v/v mixture
of anhydrous dichloromethane and N, N-dimethylformamide (9 L) under nitrogen.
N,N-diisopropylamine (626 ml, 5 mol equivalents) and the appropriate diamine (5
mol equivalents) were added and the mixture was stirred vigorously overnight at

25 room temperatore. The mixture was filtered through a P-ETFE mesh (70 pum),
washed extensively using the sequence of Method 3 and dried under vacuum at 60

°Cto give‘the resin-bound diamine.
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5 (4- Arnino-cvcl ohexvl)-carbamc acid t-butyl ester (1) A solution of

di -t-butyl-dicarbonate (12.0 g, 54.7 mmol) and tetrahydrofuran (250 nlL)
was added slowly under nitrogen over 3 h to a suspension of 1, 4-

di am nocycl ohexane (50.0 g, 0.44 nol) in tetrahydrofuran (250 nL) while 10
mai ntai ning the tenperature below 10 C. The m xture was allowed to warmto
roomtenperature and subsequently stirred for 16 hours, ther falirer@as The
filtrate was concentrated in vacuo to give a residue. Water (500 nL) was
added to the residue, followed by stirring for approximately 15 mn, after
which the m xture was filtered and the aqueous |ayer was extracted with

di chl oronet hane (3 x 200;@3'9&5 .I'llégeuod'tg%\i ¢ extracts were conbi ned and
concentrated to give ar i | ved in t-butyl methyl ether
(350 nmL) and washed wi t h Onaie &nitroghen-45@oxgc)rboxpibenz-4-yloxmetinyé phiyityreich@ 0020 s
renoved in vacuo to gi the tijtl ound 9 . |.dy- SH
(360 NHz: CDCL3) 1. 0B35sp! pcliopefised i) itas %Bﬂ%,“%%‘ég?’(%,‘“ %ﬁ‘?‘,’lﬁ%‘@g” (d,
2H), 2.56-2.66 (m |L)undd nBdgch @6 tréatgd Wit ettgtededianBie @8 BBL( 1Y mohi) The 1@0tiRy
March 2006 N- Met hyl - | ohexane- 1, 4- di am 2) . Am . 1)
was added sl owy %veﬁﬁ%g’Syeﬂ?‘ﬁ FRRPN S lﬁ@%%o?cmrqr?rﬁﬁﬁﬂ%&gﬁgrﬁg%ﬁ R {B}
in THE (450 ni, 0. 36stmmed pvemighe pt o tageraturel The mixtire wes filigas! thioighr 2 PEBFE 30

mn at roomtenperature,.then heated at ref.lu - ;d[&qg-g
nitrogen. Water (13.’?‘35?&(3& swgsgﬁéegg?ngw?lﬁgsuﬁﬁ e)éf%e%gﬂ?%?ﬁ%\%g%?%y 1 %igrcl]dﬁreous
sodi um hydr oxi de ( 13vaduiii 3t 60 &0 ch phsetthe tit(e3infbauhd diankine m xt ure was t hen
stirred for 15-30 mn. The solid was filtered off and washed with

t-butyl met hyl ether (200 % a! j S @% {800 L), and t-butyl net hyl
ether (200 nL). The or ga" “eneqiﬁme%ﬁv\gﬁea%a eect ed, dried (I\/gSO42, and
filtered. The dry?ng agemrudpesitiopfen-4ivlokserbeivitienzt&yigimritsd eekstvae(18¥e t he

organi c extracts COﬂgkp@%o@ﬁlqcmpgs@fgf@gﬁ%é A g gvggaﬁ\ﬁM%nz g éﬁlg)ﬁﬁn

conmpound 2 (7.52 g, W as a pa | 'ow solid: 8H (360 :
1.04-1.20 (q, 4H), 1w fiiyeesand3epied widggsciutigg of pryxylylqpedianina(828 nk, (3 mal)) |
2.41 (s, 3H), 2.61- 2,72 4 WAroflddh (1 L). The resulting thick yellow suspension was diluted with
dichloromethane (2 L) and vigorously stirred overnight at room temperature, The
15  mixture was filtered through a P-ETFE mesh (70 pm), washed extensively using the

sequence of Method 3 and dried under vacuum at 60 °C to give the resin-bound

diamine.

Step C: Preparation of the building block using a Suzuki coupling procedure

A suspension of the appropriate aryl bromide {1 equivalent) and potassium
20 carbonate (2.2 equivalents) in toluene (13 volumes) was stirred and degassed at
room temperature. Tetrakis(triphenylphosphine)palladium(0) (0.01 equivalent) was
added and the reaction vessel evacuated and purged with nitrogen (three times).
After 15 min, a degassed solution of 2-methoxy-5-formylphenylboronic acid (1.2
equivalents) in ethanol (6.3 volumes) was added via cannula, then the mixture was
25  heated under reflux and stirred overnight under nitrogen. After cooling, the solid was
filtered from solution and washed thoroughly with toluene. The filtrate was
evaporated to dryness under reduced pressure to give the crude product. This was
triturated with diethyl ether (5 volumes) and the resulting slurry was filtered, washed
with diethyl ether and dried under vacuum. The biaryl aldehyde was obtained as a

30 yellow powder.
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(4- Am no-cvcl ohexvl ) -nmet hyl -carbam c acid t-butyl ester (3) 15 Benzal dehyde
(12.8 nm., 0.13 not) was added in a single portion to a solution of
N-nethylamne 2 (16.2 g, 0,13 nol) and toluene (150 nL) under nitrogen The
resulting m xture was heated to reflux using Dean-Stark apparatus for 4 h.
After allowng the mxture to cool to roomtenperature, di-t-butyl

di carbonate (27.5 g, 0.13 nol) was added in portions and t27eMaret 2066
stirred for 16 h. The m xture was 20 concentrated in vacuo to | eave a
yellow oil, to which I N agqueous potassium hydrogen sulfate (90 nlL) was
added foll owed by vigorously stirring until TLC indicated the reaction was
conplete (-2.5 h). The m xture was extracted into ether (3 x 100 nL) and

t he aqueous | ayer made al kaline (pH -12) with aqueous sodi um hydroxide.
The aqueous | ayer was then saturated with sodium chloride and the 25

product extracted into c 08 he conblned extracts were
concentrated in vacuo to%&%d& Hlock il o g, 59% as a
yellow oil: SH (360 NHszggggﬁm atiba- 1. 34 (m 5H, 1. 45 (s, 9H), 1.66 (br
d, 2H), 1.90 (br d, 2H), m 1H), 2.71 (s, 3H and 3.98 (br s,
2H). 192 27 March 2006 The appropnate resin (1 equivalent, ~0.75 mmol functionalised loading) was

{4-1(4' - Cyano- 6- net hayeserinRGRMe-oB revrhiVRloRYdn) FABHIRHRSEY x?'A Mﬂl}ﬂggl%my'

carbam c acid t-butyl ester (5) A sol utlon of amne 3
al dehyde 4 (5.19g, 23192 kel §0 mkh@verr | Sygtihytheno pantip fasitatest @nd( Batad Yithwihee

stirred at room te”p@bl?gﬁz&@ al&@%@é ﬁ“eﬁﬁl‘?&g%) ﬁﬁéloéenglg aEltatt%’%vH'm t,at room

triacet oxyborohydri de nmml ) was then ad port W se an

the mxture stirred SPPFHYAm @‘%rﬁ%’r H%ﬁ%ﬁfﬁﬂﬂaﬁheﬂﬁ@f@l@b’dtmtmd@MI a@de, as
deternined by LC M5 @fR@hydk Sacudibelo V@%élqﬁadre&@@%é &E;*]chﬁﬂg i &rk)érgﬁ]%' rred

for a 5 mn, fol]l owed by separation of .the |ayers. e trlne
orthoformate | ay&t e ﬁomﬂédm@m?‘i?‘eﬂNWﬁhu@é‘E% apdt 51 @mﬂ@@ﬂ)og@] sedilthat e

(100 mL) and stirrr agadk@kybbRhidid81(5 equiitfenBl. €ficPleliAt I ed,
washed Wi th wat er (50arrL ybb f]ﬁ@i tr(l 538\% nl ?nst ﬁ, felif s@%eﬁ?}ln Qasv%ﬁtrlilaé]{a ie

washed precipitate VRE™E ‘e"ﬁ“?ﬂ’s‘ﬁ‘é??d%‘éfeﬂ tPFn fd‘ie@ﬁ:l WW%&W@ML{E@@ thmyqut:@ev\,hl ch

saturated aqueous saogiMemclY dELERN uERF ReAAM 860680 nL) was added and the pH
made al kal i ne (pH -10) whilst maintaining vigorous

Acid Chioride Caj

I5 The appropriate resin (1 equivalent) was swollen in dichloromethane (10
volun?cs) over 10 min and treated with the appropriate acid chloride (3 equivalents)
and N.N-diisopropylethylamine (3 equivalents). The resin suspension was gently
agitated overnight at room temperature, filtered, and washed extensively using the

sequence of Method 4 and dried under vacuum at 40 °C.

20

Solution Phase Synthesis of Subject Compounds

The following exemplary scheme illustrates one route through which
hedgehog agonists of the present invention may be prepared. Variations on this
exemplary pathway will be readily comprehended and executed by those of ordinary

25 skill in the art, permitting the preparation of a wide range of compounds that fall
within the disclosed general formulae. The compound numbers used in this scheme
are consistent with the procedures below, and are independent of the compound

numbers used elsewhere in the application, such as the figures.
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stirring. The dichl oronet hane | ayer was washed wth water, and brine, and
the 15 organic extract was dried (MJSO4) and concentrated in vacuo to give
the title conpound 5 (6.9 g, 69% as an off white solid: Sn (360 MHz:

CDC13) 1.18-1.31 (m 4H), 1.43 (s, 9H), 1.68 (d, 2H), 2.01 (d, 2H),
2.44-2.56 (m 11-1), 2.69 (s, 3H, 3.76 (s, 2H), 3.80 (s, 3H), 6.92 (d,

1H), 7.24 (s, IH, 7.29 (d, IH, 7.61 (d, 2H and 7.66 (d272hrcH2f006

34-f (3- Chl or o- benzo[ bl t hi ophene- 2- car bonyl ) - (4' - cyano- 6- net hoxy-

bi phenyl - 3- vl net hvl ) - am nol - cycl ohexyl } - met hyl -carbam ¢ acid t-butyl ester
(6) N,N-Diisopropylethylamne (2.1 nm, 12.1 nmmol) was added to a sol ution

of amne 5 (2.2 g, 4.9 mol ), 3-chl orobenzo[ b]thi ophene- 2-car bonyl

chloride (1.3 g, 5.86 nmol) and anhydrous dichl oronethane (22 m.), wth
stirring under argon. 25 Once all of the starting material had been

consuned as nonitored by TLC (- 2.5 hours), the m xture was washed with

wat er, saturated aqueous sodi um hydrogen carbonate, and brine. The organic.
| ayer was dried (MgSO4), and concentrated in vacuo. The yellow resi due was"
then purified by silica-gel chromatography using hexane/ethyl acetate 3:1
to give the title conpound 6 (2.93 g, 93% as a pale yellow 30 solid. 193
27 March 2006 3- Chl oro-benzo[ bl t hi ophene-2-carboxylic acid - T
(4' - cyano- 6- net hoxy- bi uhenyl - 3-yl net hyl ) - (4- net hyl am no- cycl ohexyl ) - am de
hydrochl oride (7) Concentrated hydrochloric acid (27.5 nL) was added to a
solution of conpound 6 (11.0 g, 17.1 mol ) and ethanol (82.5 nlL). The

m xture was stirred 5 until reaction was conplete as nonitored by TLC. The
m xture was concentrated in vacuo and di chl oronet hane added and

concentrated again, this was repeated until a solid was obtai ned. The

solid was then slurried with t-butyhnethyl ether (30 nL), filtered, and

the organic |ayer dried (MJSO4) and concentrated in vacuo to give the

title conpound 7 (10.0 g, 99%: 5H (360 MHz: DVMSO, 70 C) 1.30-1.50 (m 2H)
10 1.85 (br s, 4H), 2.12 (br d, 2H), 2.48 (s, 3H), 2.91 (br t, 1H), 3.81

(s, 31-1), 3.87 (br s, 1H), 4.71 (s, 2H), 7.14 (d, 1H), 7.29 (s, 1H), 7.40
(d, 1H), 7.57-7.68 (m 4H), 7.80-
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7.90 (m 3H), 8.09 (d, 1H), 8.82 (br s, 2H). Synthesis of Sel ected Starting
Materials 15 Synthesis of trans 4-(BOC net hyl am no) cycl ohexyl am ne NH2 NH2
n-butyl i) Benzal dehydeltol uene chloroformate UAH | THE rl~ ii) BOC
anhydride /NH Trans 4-(aninocyclohexyl) carbamic acid n-butyl ester A
solution of n-butylchloroformate (102 nL, 0.79 nol, 0.5 eq) in 20

di chl oronethane (1.8 L, 10 vol) was added to a sol uti on of 2%, Matdre?506

di am nocycl ohexane (180 g, 1.58 nol, 1.0 eq) in dichloronethane (1.8 L, 10
vol) stirred under nitrogen while nmaintaining the tenperature between 0 to
5 C (icel/lsalt bath). The resulting suspension was stirred for a further 60
to 70 mnutes then 25 allowed to warmto 5to 10 C A freshly prepared
sodi um car bonat e sol ution 194 27 March 2006 (Na2C33 92.0 g, 0.8 nol, 0.5 eq
in water 720 ni, 4 vinthesjsof h€ibilorp-bande{blthipphede-2-garbaxylic arit i rcy&noni-nut es
while warm ng to anbj e
aqueous phase was hedhﬂ\?\ﬁtlﬂ %)ﬁl ﬁgﬁ%ﬁ%ﬂ%ﬁg? Egﬁgﬂ J}gggﬁn?_wﬂ&#@)%ﬁﬁﬁ%SM&&

di chl or omet hane phas€@¥ were conbi ned and 5 dri ed over sodi um sul phate (360
g, 2 wm), filtered and ; 0

40C to give a crude m
material (164 g, 1 wt )
stirred vigorously fa@r*10 t,,pﬂHlS m ntt es  atme The sol i’ b|
carbamate 10 was rengved by filtratPon and E’he f| | ver cake washed Wit h
water (164 nlL, 1 vol)l. The aqueous filtrate was extracted with & x TBME (3
x 3.28 L, 20 vol). The TBME | ayers were conbi ned and back- vvashe wth
water (246 nL, 1.5 vol), dried over

4- Amino-cyclohexyl)-carbamic acid t-butvl ester (1

A solution of di--butyl-dicarbonate (12.0 g, 54.7 mmol) and tetrahydrofuran
(250 mL) was added slowly under nitrogen over 3 h to a suspension of 14-
diaminocyclohexane (50.0 g, 0.44 mol) in tetrahydrofuran (250 mL) while
10 maintaining the temperature below 10 °C. The mixture was allowed to warm to
room temperature and subsequently stirred for 16 hours, then filtered. The filirate
was concentrated in vacuo to give a residue. Water (500 mL) was added to the
residue, folowed by stirring for approximately 15 min, after which the mixture was
filtered and the aqueous layer was extracted with dichloromethane (3 x 200 mL).
15 The organic extracts were combined and concentrated to give a residue which was
dissolved in #-butylmethyl ether (350 mL) and washed with water (3 x 50 mL). The
t-butylmethyl ether was removed in vacuo to give the title compound 1 (8.1g, 69%)
as a solid: &y (360 MHz: CDCl;) 1.06-1.24 (m, 4H), 1.43 (s, 9H), 1.83 (d, 2H), 1.98

(d, 2H), 2.56-2.66 (m, 1H), 3.30-3.35 (m, 11} and 4.31-4.38 (m, 1H).

191



sodi um sul phate (492 g, 3 w), filtered and concentrated on a rotary
evaporator at 35 to 40 Cto afford solid nono carbamate product (87.5 g,
529 . 15 'H NWR (400 MHz) (CDC13): 4.47 (1H, bs); 3.97 (2H, m; 3.36 (1H,
bs); 2.57 (1H, nm); 1.94 (2H, n); 1.78 (2H, n); 1.51 (2H, n); 1.38 (2H,
sextet); 1.13 (6H m; 0.86 (3H, t). Trans 4-(nethyl am no)cycl ohexyl am ne
The carbamate (102 g) in THE (1 L: 10 vol) was added over 37 pmriHES080 a
20 suspension of lithium alum nium hydride (90.4 g: 5 equiv.) in THE (2 L:
20 vol) <cooled on ice. Once the addition was conplete, the reaction was
heated to reflux for 2 hours (conplete by tic) then left to cool

overni ght. The reaction was cool ed to O- 5 C and quenched by addi ng water
(90 ), 15% sodi um hydr &dMsiaviayglobgxaneldydipmine Chwat er (270 m ). The
suspension was then sti rna@ldn@i(BBB gf@bnﬁnmu&de@%@r %véﬂzistxﬁﬁwgn@u&fagof
washing the filter cake with TBVE (2x2 L) and DCM L). The solvents
were renoved by evapdfl GiBiHe W@‘éqed‘hg &L, Qﬁﬁm’?l)b\ﬁfl%%‘log?lbm@ﬁ“m/
azeotroping wth tol wanemédolio mM' a@iodm‘tenﬁ?eraﬂlré’\ﬁﬂleﬁ Reafcant AR 38 -neuMiifer
toluene by NMR This equals 55.4 g (91 % 195 27 March 2006 Trans 4-(BCC
met hyl ami no) cycl ohex3 e n‘é(at‘i’hémr?e{“H/IW (o5 the igture; fllowedh b L ¢fe Hagereug 46
m: 1.05 equiVv) weresodilin3Saoxiael(13m 41 saRaid B4 mi): T%M%éw@%nuﬁﬁéﬁérto

reflux with a Dean-Stark . apparatus for 6 _hours cal cul at ed vol une of

water (7.5 nil) was Petfobadibesels wasflarsd pit gad ‘(’?Eb‘?? V’Fthd'buwh&‘*ﬂyﬁﬁ‘?‘?})@%)added

portionw se to the cagli@em&nEid00mOVa” bhyinBHIiRS (amni,)h@her &§8&8d KBacts
lete by N The sol vent. was

stirred for about 3 hour é{ﬁpg Be co

removed to | eave 160™gC&1e F‘ffki%gé Poard \ﬁ}fe%"fhﬁfjﬂé’r%‘gﬁ%é’ﬁ% qyyashed jth
(10799 product) . iThedigmdrbdethsias aﬁdJ&iaQﬁ'\gjlﬁid dxﬁacis Mlﬂg@&n& %rﬂamhted 1191:&69& Jo
Furt her water (200 m nd, TBIVE é i n. residua
starting 10 materi al &ivealf ditle gom 9;2 ‘R E’é‘éé’? Pﬁ)ﬁ Pﬁ}ngeB?(\t’ Falid &y (WOtMHT‘BI\/E

(600 m then 3x300 wob{l) e 20ugaus IVﬁS(blbﬁ%HB'leSbIt% R 48, 2e4-h3S M 39di um
hydroxide (75 m) and ex%g%cét ed with DCM (2x735 m ). The conbi ned
| ayers were washed vir$® 3t 2.61-2.72 (m, 1H).

(4-Aminoc-cyclohexvl}-methyl-carbamic acid t-butvl ester (3)

i5 Benzaldehyde (12.8 mlL, 0.13 mol) was added in a single portion to a
solution of N-methylamine 2 (16.2 g, 0.13 mol) and toluene (150 mL) under nitrogen
The resulting mixture was heated to reflux usﬁ}g Dean-Starl apparatus for 4 h. After
allowing the mixture to cool to room temperature, di-f-butyl dicarbonate (27.5 g,
0.13 mol) was added in portions and the mixture stirred for 16 h. The mixture was

20 concentrated in vacuo to leave a yellow oil, to which IN aqueous potassium
hydrogen sulfate (90 mlL) was added followed by vigorously stirring until TLC
indicated the reaction was complete {(~2.5 h). The mixture was extracted into ether (3
x 100 mL) and the aqueous layer made alkaline (pH ~12) with aqueous sodium
hydroxide. The aquéous layer was then saturated with sodium chloride and the

25 product extracted into chloroform (3 x 40 ml). The combined extracts were
concentrated in vacuo to give the title compound 3 (16.3 g, 59%) as a yellow oil: 8y
(360 MHz: CDCly) 1.11-1.34 (m, SH), 1.45 (s, 9H), 1.66 (br d, 2H), 1.90 (br d, 2H),
2.56-2.66 (m, 1H), 2.71 (s, 3H) and 3.98 (br s, 2H).
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brine (2x500 m ) before drying with Na2SO4. The solution was filtered and

evaporated to | eave
g 15 (69% . Overall
di am nocycl ohexane.

an oil (69.5 g) containing DCM (2.4 % . Yield = 67.8
yield from carbamate = 64% and 16. 5% fromtrans 1, 4-

Synt hesi s

of 3-chl oro-4, 7-di fl uor obenzo( b7t hi ophene- 2-carbonylchloride FF O r F i

NBULVTHF i DMF il

AcOH water 20 H Mal onic acid Pyridi nes7RjgaRiH shgee CO2H

Pyridine Thionyl chloride Preparation of 2,5-difluorobenzal dehyde A

solution of 1,4-difl

uor obenzene (10 g, 87.6 mmol, 1 wt) in THE (175 ni,

17.5 vol) was stirred under nitrogen and cooled to -75 to -78 C.

n-Butyl lithium (82

25 mL of 1.6 Msolution in hexanes, 131.4 mmol, 1.5 eq)

was added to the reaction m4xtureover approx1|3mslltel y 20 m nut es whi | e

mai nt ai ni ng the tenperat

n., 131.4 mol, 1.5 mﬁaﬂmlmq&pgs@ym- 196 27 Ivarch 2006 apprOX| mately 10

m'nutes whi | e mai nt ai ni n%the tenperature <-65 C. The reaction m xture was
guenched after 10 mnute

m.) directly foll omedldbﬁmwlaﬁhdf&ﬂﬁtemmﬁ%é s¥8bd at rooltl I%I\/Eé}ﬂg%gmﬁﬁmfo ct : ;)n
VO

to exothermto 5

tyntion of apien § (it oF ZarEeh.cldebyds 4 $29% 2502 mmois

cold bath was then renpved, TB

added 5 and the r?—:ac{c’f bﬁh SPPPHaegrydEToRydrde (s> & PR 'E)‘ﬁ%&@’és W@?@dé%w%t ed
and the aqueous phasie @xitthaaiee stirbdat FWERehBerkud 28tiMTho re@diol Rh9 complRR, as

organi ¢ phases were

10

15

20

25

30

determined by LC-MS analysis. Water was added carefully and mixture stirred for a
5 min, followed by separation of the layers. The trimethyl orthoformate layer was
poured onto 1IN aqueous potassium hydrogen sulfate (100 mL) and stirrred for 15
min. The precipitated solid was filtered, washed with water (50 mL), cold tributyl
methy! ether (3 x 30 mL). The washed precipitate was then suspended in
dichloromethane (150 mL) to which saturated aqueous sodium hydrogen carbonate
(50 mL) was added and the pH made alkaline (pH ~10) whilst maintaining vigorous
stirring. The dichloromethane layer was washed with water, and brine, and the
organic exiract was dried (MgSQO4) and concentrated in vacuo to give the title
compound 5 (6.9 g, 69%) as an off white solid: 8y (360 MHz: CDCl;) 1.18-1.31 (m,
4H), 1.43 (s, 9H), 1.68 (d, 2H), 2.01 (d, 2H), 2.44-2.56 (m, 1H), 2.69 (s, 3H), 3.76
(s, 2H), 3.80 (s, 3H), 6.92 (d, 1H), 7.24 (s, 1H), 7.29 (d, 1H), 7.61 (d, 2H) and 7.66
(d, 2H).

14-[(3-Chloro-benzo[blthiophene-2-carhonyl)-{4'-cvano-6-methoxy-

biphenyl-3-yimethyl}-aminoj-cyclohexyl} -methyl-carbamic acid t-butyl ester (6)

N, N-Diisopropylethylamine (2.1 mL, 12.1 mmol) was added to a solution of

amine 5 (2.2 g, 4.9 mmol), 3-chlorobenzo{b]thiophene-2-carbonyl chloride (1.3 g,
5.86 mmol) and anhydrous dichloromethane (22 mL), with stiring under argon.
Once all of the starting material had been consumed as monitored by TLC (~ 2.5
hours}, the mixture was washed with water, saturated aqueous sodium hydrogen
carbonate, and brine. The organic layer was dried (MgSQ,), and concentrated in
vacuo. The yellow residue was then purified by silica-gel chromatography using
hexane/efhyl acetate 3:1 to give the title compound 6 (2.93 g, 93%) as a pale yellow

solid.
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conbi ned, washed with 0.2 MHA (220 m., 22 vol), 2 M Na2CO3 (220 niL, 22
vol) then saturated brine (220 nL, 22 vol), dried over nagnesi um sul phate
(50 g, 5 w) and concentrated on a rotary evaporator to afford the crude
product (11.07 g). 10 Purification by Kugelrohr distillation gave the
product as a clear, colourless oil (7.52 g, 60% Preparation of
2,5-difluorocinnamc acid Piperidine (2 nL, 20.2 nmmol, 0.16§ Match 3G% added
to a stirred mxture of 2,5-difluorobenzal dehyde (12.07 g, 85.0 nmmol, 1
wt) and malonic acid (18.28 g, 15 175.6 mmmol, 1.51 wt) in pyridine (50 ni,
4.14 vol). The reaction m xture was heated under nitrogen and hel d at
reflux (oil bath 100 C) $@hiod IBE%H thiGhbRINEERNEe  WaP Oobaeyied faoxabout
90 minutes - initially vi gor ous I M. ni shi ng. _e react|on m xt ure was
then all owed to coolbiRhgnyvba-vimeting ylaming, | : g (7 ‘

hydrochloric acid (310 ni, Z%OZceﬁeﬁtéd lﬁ)ﬂlﬂ::ﬁl@ﬁ@i&i:ﬁ@?@%ﬂ;b)was IJzﬁdEoeaSAAhﬁ]bﬂQf
precipitate 20 was aged at 20 to hour then filtered. The filter

cake was washed wi t {FO™Rging 6 ((‘2096 %1 ﬁEﬂ°1)4a“ﬂ hgnyl Fare Ly hbe mpighug, Wasstipredy
further 1 hour. The »6l ettt R IMpWESas nfbit&el BY TICE, 390 btk tidd wab cdnBentBMEA 250

m., 20.7 vol), separati ng t he phases and the water phase washed with TBME .

(100 ni, 8.3 vol). THEoPR/AcRigmebargadded gud SpoRmRted BRI s it repgatsA atil im

sul phate (25 g, 2 Wshiid {vhd dveded. mmsoﬁ@msmeﬁama@danm 13RtyBndtiofl 3thir @wgn.?rator
to afford the produci as a white sali a 85.7% . Preparation

3-chl oro- 4, 7- di f | uordERB H]et%gaaw@vﬁédrfd&%sﬁ ypd SRR voeud o gve e
2. 5-di fl uoroci nnan git@ebspdud® 7410. @g,lgb%)nét,.)ﬁ@mﬂﬁ{zhhm 76 hEP1 3dlesd @8- 2%1) nil;

0.49 not) were mxed in a flask fitt gas-scr train.

addition of 30 Wyrildi5lr s 4185 14{br daintdtis)3Hhatidlelr tniid }13§g§5 é‘%?tﬁ?ﬂﬁﬁ’ The
reaction mxture waan}%ﬁ(z M}rv:m @01}@) h@@tseﬁ{)( Taux (a4, THL 437G 63qme 1), 9/88-

Heptane (260 m; 10 wvo ted to reflux and the reaction m xture
added. The reaction 7f5]0é§1k3%§0%\f§s]“@d8%fb‘ %4 hot heptane (2x25 m) and
t he conbi ned solutions cooled to O C. The precipitate was filtered off,
washed wi th heptane (2x25 ml) and dried under a streamof nitrogen. Yield =

Synthesis of Selecied Starting Materiais

15 Synthesis of frans 4-(BOC methylamino)cyclohexylamine

NH, NH, NH, NH,

n-butyt i i) Benzaldehydeftoluene
chlaroformate LiAlH, / THF i} BOC anhydride
—_— ——

DCM fil) 1M KHSO, _

NH, WOTNH _NH >r0\n/N\
. O

o

Trans 4-(aminocyclohexyl) carbamic acid n-buty} ester
A solution of n-butylchloroformate {102 mL, 0.79 mol, 0.5 eg} in
20  dichloromethane (1.8 1L, 10 vol) was added to a solution of 1,4-trans-
diaminocyclohexane (180 g, 1.58 mol, 1.0 eq) in dichloromethane (1.8 L, 10 vol)
stirred under nitrogen while maintaining the temperature between 0 to 5 °C (ice/salt
bath).

The resulting suspension was stirred for a further 60 to 70 minutes then

25 allowed to warm to 5 to 10 °C. A freshly prepared sodium carbonate solution
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5 17.49(46% Al publications and patents cited herein are hereby

I ncorporated by reference in their entirety. Those skilled in the art wll
recogni ze, or be able to ascertain using no nore 10 than routine
experinmentation, many equivalents to the specific enbodi mrents of the

I nvention described herein. Such equivalents are intended to be enconpassed
by the following clains. 198 27 March 2006 199 1. A conpo@rdiasihr 20081t ed
in general formula (IX): Z Y-M Y-Cy' [/ Y-Ar %-M wherein, as val ence
and stability permt, Ar represents a substituted or unsubstituted aryl or
heteroaryl ring; X is selected from-C(=0-, -C(=5)-, -S(02)-; Y is absent
for each occurrence; Z is absent or represents a substituted or

unsubstituted aryl, r I het er ocyclyl, or heteroaryl ring, or a
| ower al kyl, nitro, @%é%%@rgh‘glwgg#?d%gf%G@r‘ﬂ[‘,’4I\‘7P]|) ¥pt Xldednd stirred for a
i ndependent |y for eafhhadmitutamhile wamsnprs tinbierit@shpefatudsubst i t ut ed net hyl ene

group, or two Mtaken together represent substituted or unsubstituted
et hene or ethyne; Cy repbsepitasesawsigb sepatatet e dndrthel ngpubsit i phike dwidpddevagycl yl

that includes at le L1 | n the ring, . or cycloal ky]
substituted with anq§%$%%§3$%%6?ﬁ%§’g%@g?%%@ﬁ?%mgahmglmmws ré combindd and
3-chl or 0- benzo( b)1 hidsisd 2veysodiign fhiphated3ten 20(th )lthied andeoyitentraied B-diRbdA\h
benzo(b)thi en-2-yl, j e oring is substituted with from1-4
substituents selecte f%%ﬁ?&giggﬁﬁé Ri V%?°8§3ﬁ%¥mﬁbﬁi§wwn&nﬁaéwﬂyvﬁm
including a fluorineadabsitituent at the 4-position; i represents 0 for al
occurrences except in the sequence NM-Y-Ar, where i represents 1; and

The crude material (164 g, 1 wt) was suspended in water (410 mL, 2.5 vol)

and stirred vigorously for 10 to 15 minutes at 20 to 25 °C. The solid bis carbamate

10 was removed by filtration and the filter cake washed with water (164 mL, 1 vol). The
aqueous filtrate was extracted with 3 x TBME (3 x 3.28 L, 20 vol). The TBME
layers were combined and back-washed with water (246 mL, 1.5 vol), dried over
sodium sulphate (492 g, 3 wt), filtered and concentrated on a rotary evaporator at 35
to 40 °C to afford solid mono carbamate product (87.5 g, 52%).

15 'H-NMR (400 MHz)(CDCly): 4.47 (1H, bs); 3.97 (21, m); 3.36 (1H, bs);
2.57 (1H, m); 1.94 (2H, m); 1.78 (2ZH, m); 1.51 (2H, m); 1.38 (2H, sextet); 1.13 (6H,
m); 0.86 (3H, 1),

Trans 4-(methylamino)cyclohexylamine
The carbamate (102 g) in THF (1 L: 10 vol) was added over 30 minutes to a
20 suspension of lithium aluminium hydride (90.4 g: 5 equiv.) in THF {2 L: 20 vol)
cooled on ice. Once the addition was complete, the reaction was heated to reflux for
2 hours (vomplete by tic) then left to cool overnight. The reaction was cooled to 0-5
°C and quenched by adding water (90 ml), 15% sodium hydroxide (90 ml) and more
water (270 inl). The suspension was then stirred at RT for an hour hefore filtering
25  and washing the filter cake with TBME (2x2 L) and DCM (2x2 L). The solvents
were removed by evaporation and residual water and n-butanol removed by
azeotroping with toluene (2 L). Yield = 62 g which contained 10.6 wi% toluene by
NMR. This equals 55.4 g (91%)
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k represents 0; or a pharmaceutically acceptable salt thereof. 27 March
2006 200 2. The conpound of claim1l, wherein Ar is selected from
substituted or unsubstituted phenyl, pyridyl, thienyl, and furyl. 3. The
conmpound of claim1l or 2, wherein Cy is a heterocyclyl ring that includes a
secondary or tertiary amne. 4. The conpound of claim1l or 2, wherein Cy is
a cycloal kyl ring substituted with a primary or secondary23miaeh 2006l he
conmpound of claim4, wherein Cy is a cyclohexyl ring substituted with a
primary amno or nethylam no group. 6. The compound of claim5, wherein Cy
I's substituted with a nethylam no group. 7. The conmpound of claim5 or 6,
wherei n the amno group hiwlACBORmahy hifftyARN kA! the ring relative
to NM--Y. 8 The conmpound of any of  clainms 5-7, erein the am no group
on the cyclohexyl ring i dhe @etpbawy SF4ng wd| tepraldehyds (46 wpL -105 equiviiyesre
conpound of any precgetbRe: &l ®the \W38181 N0QbY) 4APHLRE M Seffix with a Dean-Stark
3-chl oro-benzo(b)thien- 2-yl, wherein the benzo ring is substituted wth
from 1-4 substi tuent%PP%rétP%éf 8doyrs dhe ralswRilolume of pygler CARMY, wasemppyed. B
ethyl. 10. The cosmpoumghrat (188Y gPl. E6Rk) MEs fddd PBrtiMIeeq) the bbBeddBREG EVeP s 1 S
substituted wth from1l- 4 substituents selected from hal ogen and net hyl .

11. The conpound of Biftehiededrargortigedfor Abrat 2 hoprs (Faovsetads complgie by NMR).

substituted with fromekolvént vhstemoved WRdve BEHEn ofiPsolil (EWRPRRENH AT 187y
preceding claim wherein the benzothi ophene is substituted with fluorine

at the 4-position an®l (8% Redyeth J& splighwas suspandedninob db KH$O: (847 £rd 0 cshpound
of any preceding cl aiherMidr@200 hiy @ndEBME (100NED) ivs Asell, td wilif InueiRREZBRL

r1ng. 10 material. After 4 hours, the reaction was extracted with TBME (600 mi then 3x300
ml). The aqueous was basified to pH 13 with 6 M sodium hydroxide (75 ml) and
extracted with DCM (2x735 ml). The combined DCM layers were washed with
brine (2x500 mi) before drying with Na,SO,. The solution was filtered and
evaporated to leave an oil (69.5 g) containing DCM (2.4 wt%). Yield = 67.8 g
15 (69%).

Qverall yield from carbamate = 64% and 16.5% from trans 14-

diaminocyclohexane.

nthesis of 3-chloro-4, 7-diffuorobenzofb lthiophene-2-carbonyl chioride

F F 0 F 13 cl
i nBULKTHF O
ii DMF H Malonic acid = COZH Pyn'dine \
T el bl — -
ili AcOHMwater Pyridine Thiony! chloride S Cl
Piperidine
20 ¢ ¢ F F

Preparation of Z,S-diﬂuorobenzaldehyde
A solution of 1,4-difluorobenzene (10 g, 87.6 mmol, 1 wi) in THF (175 mL,
17.5 vol) was stirred under nitrogen and cooled to —75 to -78 °C. n-Butyllithium (82
25 © mL of 1.6 M solution in hexanes, 131.4 mmol, 1.5 eq) was added to the reaction
mixture over approximately 20 minutes while maintaining the temperature at <-65

°C. After a further hour, DMF (10.16 mL, 131.4 mmol, 1.5 eq) was added over
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14. The conmpound of an receding claim wherein Z is selected from
substitutegpor unsubs?i?uted phenyl, thienyl, furyl, pyridyl, pyrimdyl,
and pyrazinyl. 15. The conpound of any preceding claim wherein Ar is a
substituted or unsubstituted phenyl ring. 16. A conpound represented in
general formula (XI): Z Y-Mc Y-C&' Y-Ar Y-M Y-M Y-X NR2 Formula Xi
wherein, as valence and stability permt, Ar represents a sghahidnd®ss or
unsubstituted aryl or heteroaryl ring; X is selected from-C(=0)-

-C(=9)-, -5(02)-; Y is absent for each occurrence; 27 March 2006 202 Zis
absent or represents a substituted or unsubstituted aryl, carbocyclyl,

het erocyclyl, or heteroaryl ring, or a |lower alkyl, nitro, cyano, or

hal ogen substltuent R represents, independently for each ocqyrrence H or
substituted or unsubWPrEERay [Qmuten phkijs mﬂm@mgrtbqoﬁmsem <a65 °C. The reaction
3- chl or o- benzo(b) t hi @ikaids ¥h quischbd X NRATE. ) HOLRMR o hers OLeic TELIY] 75,
benzo(b)thien-2-yl, wherein the benzo ring i s substitu

substituents select @ firsHy FF&PH@%EY waier (90 rebyaife, vatetThisl caused dheetelyion to

including a fluori nee@mb&{ lotsbeNTheéddold HallEwd RASE dv@é‘ B e £§dl
WEPE 1 ene

dently for occurrence, a substitute unsu
5?3556” or t\>//vo M?ak W%ﬁ@flﬁ%ﬁt“?eéﬁ?fe%wteg%@tpmsm we@waumwbemetaqmds

et hene or ethyne; Q/pHa&pE)@xﬁ@m it m@@t@wmﬂl&r 29NRP S T Ké Raq @g%ls Qalkyl;

' ere
i represents O for all urrences exce e sequence

i represents 1; and OEmW8 W@gﬁﬁﬂghﬁzh%ﬁ%éaﬁﬂﬁﬂﬂﬁkﬁﬁk2@@Nﬁ§0aﬁﬁépﬂab23ﬂbalt
t her eof . then saturated brine (220 mL, 22 vol), dried over magnesium sulphate (50 g, 5 wt)

and concentrated on a rotary evaporator to afford the crude product (11.07 g).
16 Purification by Kugelrohr distillation gave the product as a clear, colourless oil (7.52
g, 60%) ‘

Preparation of 2,5-difluorocinnamic acid
Piperidine (2 mL, 20.2 mmol, 0.168 vol) was added to a stirred mixture of
2,5-difluorobenzaldehyde (12.07 g, 85.0 mmol, 1 wt) and malonic acid (18.28 g,
15 175.6 mmol, 1.51 wt) in pyridine (50 mL, 4.14 vol). The reaction mixture was
heated under nitrogen and held at reflux (oil bath 100 °C) for 2 hours, effervescence
was observed for about 90 minutes - initially vigorous then diminishing The
reaction mixture was then allowed to cool to 20 to 25 °C and poured into stirred 2 M
hydrochloric acid (310 mL, 25.7 vol) (pH recorded as 1). The resulting precipitate
20 was aged at 20 to 25 °C for 1 hour then filtered. The filter cake was washed with
water (2 x 50 mL, 4.1 vol) then left to dry for a further 1 hour. The solid product was
dried by dissolving it in TBME (250 mL, 20.7 vol), separating the phases and the
water phase washed with TBME (100 mL, 8.3 vol). The TBME phases were
combined, dried over magnesium sulphate (25 g, 2 wt), filtered and concentrated on

25 arotary evaporator to afford the product as a white solid (13.4 g, 85.7%).

Preparation of 3-chloro-4,7-diﬂuorobenz0[b]thiophene-z-carbonyl '
chloride

2.5-difluorocinnamic acid (26 g, 0.14 mol) and thionyl chloride (36.1 ml;
0.49 mol) were mixed in a flask fitted with a gas-scrubbing train. The addition of

30 pyridine (2.85 ml; 35 numol)} cansed much gas evolution. The reaction mixture was
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17. The compound of claim 16, wherein Cy is a cyclohexyl ring and NR2
represents a primary or secondary am ne. 18. The conpound of claim 16 or
17, wherein NRZ represents a primary am no or nethylamno group. 19. The
compound of any of clains 16-18, wherein NRZ is a nethylam no group. 20.
The conpound of any of clains 17-19, wherein Y-M NRZ is |ocated at the 4
position of the ring relative to NNMY. 21. The conpound of7 @axhe2odd ai ns
17-20, wherein Y-M NRZ is disposed trans relative to NMY. 22. The
conpound of any of clains 16-21, wherein Cy' represents a ‘-
3-chl oro-benzo(b)thien- 2-yl, wherein the benzo ring is substituted with
from1-4 substi tuents sel ected from hal ogen, nitro, cyano, nethyl, and
ethyl . 27 March 2006"2%8 (bg= H{LXyrpishn dlarnsdo0 o 10vah ias hegted & refipreandi n
the benzo ring is substiatitoedixid fidtd OMhel readtiof URSK WhiRthed SRIAGLIRE hih D
hal ogen and net hyl . é4 TBe ‘g;ﬁjrrpou d of any of clainms 16-23, wherein the
benzo ring is substi EAFEBIAPY frerPhingd solptiens eoplsd 4Bk Threprecpitatenwas iigred
conpound of any of cbfiwashedGritheptafeeinmi)had BRAZRIE PPRENSS nfrogdhD Fidd Ut ed
with fluorine at th%-&gﬂti on and at the 7-position. 26. The conpound of
any of clains 16-%5, &8 the benzo ri ng is a 1,4-difluorobenzene ring.
27. The conpound of any of clains 16-26, wherein Z is selected from
substituted or unsubstituted phenyl, thienyl, furyl, pyridyl, pyrimdyl,
and pyrazinyl. 28. The c 0d,. ins 16: 27, .wherein Ar is a
substituted or unsubst i t%&ﬁQgﬁ%%y r":'itenE:;S.Cft EThE® %%%6%‘383’08*393%{/&“3““
precedi ng cl ai m wheindletr eMirety. unsubstituted net hyl ene. 30. A pharnaceuti cal
conposi tion conprising a sterile excipient and a conpound according to any
preceding claim 31. Use Thysegkileshipdhgrat wil repagrizst ochemblego dsc@@irousing no more

conposi tion of ch@i MuADrolitheleRferimentation, 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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manuf acture of a medi canent for nodul ating proliferation, survival, or
differentiation of a cell. 32. The use of claim 31, wherein the conpound
agoni zes hedgehog nedi ated signal transduction with an ED50 of 1 M or

| ess. 33. The use of claim 31, wherein the conpound agoni zes hedgehog

medi ated signal transduction with an ED50 of 1 nMor |ess. 27 March 2006
204 34. The use of any of clains 31-33, wherein the nedi capgmalch 3006
treating a therapeutic or cosnetic application. 35. The use of claim 34,
wherein the therapeutic or cosnetic appiggation is selected from

regul ati on of neural tissues, bone and tilage formation and repair,
regul ation of spernatogenesis, regul ati on of snoboth nuscle, regul ation of
l ung, liver and other organs arising fromthe primtive gut, regulation of
hemat opoi eti ¢ function, and regulation of skin and hair growth. 36. The
use of claijm 35 r t snetic application is

sel ected fron1 Do g@?&ﬂsgf éﬁ?ﬁﬂgﬁgfhalr %ggmﬂh 37. A nethod for

nodul ati ng prollfziatlon, survival, or differentiation of a cell

conprising contacking the cell with a conpound of any of clainms 1-29 or a
conposi tion of claiWw36M38. The method of claim37, wherejmttey'conpound
agoni zes hedgehog nedi atégd signal transduction with an EpP50 of 1 M or

| ess. 39. The nmethod of clvaw&7, wherein the conpound—alpni zes hedgehog
medi ated signal transduction whth an ED50 of 1 nMOr |ess. 40. The nethod
of any of clainms 37-39, wherein yhe—gpnpound ys—fof treating a therapeutic
or cosnetic application. 41. The nethod of ¢l aim 40, wherein the

t herapeutic or cosnetic application is ted from regulation of neural
ti ssues, bone and cartil age fornatlon/and reﬁalr regul ati on of

sper mat ogenesi s, regul ation of snoo scle, regulation of lung, liver and
ot her organs arising fromthe prlnlﬂ e gut, regul ation of hematopoietic
function, and regul ation of skin and hg; grow h. 42. The nmethod of claim
41, wherein the therapeutic or cosnetig application is selected from

Cy
Formula IX

wherein, as valence and stability permit,

Ar represents a substituted or unsubstituted aryl or heteroaryl ring;

X 1s selected from -C(=0)-, -C(=8)-, -8(02)~;

Y is absent for each eccurrence;

Z is absent or represents a substituted or unsubstituted aryl, carbocyclyl, heterocyelyl, or
heteroaryl ring, or a lower alkyl, nitro, ¢yano, or halogen substituent;

M represents, independently for each occurrence, a substituted or unsubstituted methylene group,
or two M taken together represent substituted or unsubstituted ethene or ethyne;

Cy represents a substituted or unsubstituted heterocyclyl that includes at least one nitrogen atom
in the ring, or cycloalkyl substituted with an amino group;

Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-benzo(b)thien-2-yl, or 3-methyl-
benzo(b)thien-2-yl, wherein the benzo ring is substituted with from 1-4 substituents
selected from halogen, nitro, cyano, methyl, and ethyl, including a fluorine substituent at
the 4-position;

i represents 0 for all occurrences except in the sequence N-M;-Y-Ar, where i represents 1; and

k represents 0;

or a pharmaceutically acceptable salt thereof.



regul ation of skin and hair growth. 27 March 2006 205 43. Use of a conpound
of any of clains 1-29 or a conposition of claim30 in the nmanufacture of a
medi canment for treating or preventing a condition of the central nervous
system 44. The use of claim43, wherein the condition is Parkinson's

di sease, Huntington's disease, or ischema. 45 A nmethod for treating or
preventing a condition of the central nervous system conpprvaeh Zoos |y
adm nistering to a patient a conmpound of any of clainms 1-29 or a

conposi tion.of claim30. 46. The nethodygf claim45, wherein the condition
I s Parkinson's disease, Huntington's drsease, or ischema. 47. A nethod
for nodul ating proliferation, differentiation, or survival of a cell in
vitro, coipri siThgeospetneafickm tl hehareth Ar igi selacted Gompehshtitadfor amspbgivetedf cl ai ns

1-29 or a ¢ ey Qv £hgi 0 30. 48. The method of claim47, wherein the
conpound a oﬁ?@i@ﬁﬁ@ﬂﬁé (o]0] negﬁated signal transduction with an ED50 of 1
Mor less. 49. The nethod of claim47, wherein the conpound agoni zes

hedgehog madi at g &nfpoadd oflcladn I GHEWIRRINCY B atietekd9ElyingkhAt McRided £5S. 50.
The conposition of claim 30 or the use of any of clainms 31-36 or 43-44,

wher ei n t h&CORHAMHOFRIPFAIBRE t he medi canent is suitable for oral
adm ni stration.

4. The compound of claim 1 or 2, wherein Cy is a cycloalkyl ring substituted with a primary

or secondary amine.

5. The compound of claim 4, wherein Cy is a cyclohexyl ring substituted with a primary

amino or methylamino group.
6. The compound of claim 5, wherein Cy is substituted with a methylamino group.

7. The compound of claim 5 or 6, wherein the amino group is located at the 4 position of the

ring relative to N-M;-Y.

8. The compound of any of claims 5-7, wherein the amino group on the cyclohexyi ring is

disposed trans relative to N-M;-Y.

9. The compound of any preceding claim, wherein Cy’ represents a 3-chloro-benzo(b)thien-
2-yl, wherein the benzo ring is substituted with from 1-4 substituents selected from halogen,

nitro, cyano, methyl, and ethyl.

10.  The compound of any preceding claim, wherein the benzo ring is substituted with from 1-

4 substituents selected from halogen and methyi.

11.  The compound of any preceding claim, wherein the benzo ring is substituted with from 1-

4 fluoro substituents,

12.  The compound of any preceding claim, wherein the benzothiophene is substituted with

fluorine at the 4-position and at the 7-position.
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13.  The compound of any preceding claim, wherein the benzo ring is a 1,4-difluorobenzene

ring.

14,  The compound of any preceding claim, wherein Z is selected from substituted or

unsubstituted phenyl, thienyl, furyl, pyridyl, pyrimidyl, and pyrazinyl.

15,  The compound of any preceding claim, wherein Ar is a substituted or unsubstituted

phenyl ring.
16. A compound represented in general formula (XI):
Z
Y——My . Y——Cy

Y—Ar Y—M,

\ /

<
o = |
s = __g
\\_</ \\ZI/
=
T
>

<

£

NN

Py
1

Formula X1
wherein, as valence and stability permit,
Ar represents a substituted or unsubstituted aryl or heteroaryl ring;
X is selected from -C(=0)-, -C(=S)-, -8(0p)-:

Y is absent for each occurrence;
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Z is absent or represents a substituted or unsubstituted aryl, carbocyclyl, heterocyelyl, or
heteroaryl ring, or a lower alkyl, nitro, cyano, or halogen substituent;

R represents, independently for each occurrence, H or substituted or unsubstituted lower alkyl;

Cy’ represents a 3-chloro-benzo(b)thien-2-yl, 3-fluoro-benzo(b)thien-2-yl, or 3-methyl-
benzo(b)thien-2-yl, wherein the benzo ring is substituted with from 1-4 substituents
selected from halogen, nitro, cyano, methyl, and ethyl, including a fluorine substituent at
the 4-position;

M represents, independently for each occurrence, a substituted or unsubstituted methylene group,
or two M taken together represent substituted or unsubstituted ethene or ethyne;

Cy represents a substituted or unsubstituted cycloalkyl;

i represents 0 for all occurrences except in the sequence N-M;-Y-Ar, where i represents 1; and

k represents 0,

or a pharmaceutically acceptable salt thereof.

17.  The compound of claim 16, wherein Cy is a cyclohexyl ring and NR; represents a

primary or secondary amine.

18.  The compound of claim 16 or 17, wherein NR; represents a primary amino or

methylamino group.
19.  The compound of any of claims 16-18, wherein NR; is a methylamino group.

20.  The compound of any of claims 17-19, wherein Y-M;-NR; is located at the 4 position of
the ring relative to N-M;-Y.

21.  The compound of any of claims 17-20, wherein Y-M;-NR; is disposed trans relative to
N-M;-Y.

22, The compound of any of claims 16-21, wherein Cy’ represents a 3-chloro-benzo(b)thien-
2-yl, wherein the benzo ring is substituted with from 1-4 substituents selected from halogen,

nitro, cyano, methyl, and ethyl.
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23.  The compound of any of claims 16-22, wherein the benzo ring is substituted with from 1-
4 substituents selected from halogen and methyl.

24.  The compound of any of claims 16-23, wherein the benzo ring is substituted with from 1-

4 fluoro substituents.

25.  The compound of any of claims 16-24, wherein the benzothiophene is substituted with

fluorine at the 4-position and at the 7-position.

26.  The compound of any of claims 16-25, wherein the benzo ring is a 1,4-difluorobenzene

ring.

27.  The compound of any of claims 16-26, wherein Z is selected from substituted or

unsubstituted phenyl, thienyl, furyl, pyridyl, pyrimidyl, and pyrazinyl.

28.  The compound of any of claims 16-27, wherein Ar is a substituted or unsubstituted

phenyl ring.
29.  The compound of any preceding claim, wherein M is unsubstituted methylene.

30. A pharmaceutical composition comprising a sterile excipient and a compound according

to any preceding claim.

31.  Use of a compound of any of claims 1-29 or a composition of claim 30 in the

manufacture of a medicament for modulating proliferation, survival, or differentiation of a cell.

32. The use of claim 31, wherein the compound agonizes hedgehog mediated signal
transduction with an EDsq of 1 uM or less.

33.  The use of claim 31, wherein the compound-agonizes hedgehog mediated signal
transduction with an EDsg of 1 nM or less.
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34.  The use of any of claims 31-33, wherein the medicament is for treating a therapeutic or

cosmetic application.

35.  The use of claim 34, wherein the therapeutic or cosmetic application is selected from
regulation of neural tissues, bone and cartilage formation and repair, regulation of
spermatogenesis, regulation of smooth rhuscle, regulation of lung, liver and other organs arising
from the primitive gut, regnlation of hematopoietic function, and regulation of skin and hair
growth.

36.  The use of claim 35, wherein the therapeutic or cosmetic application is selected from

regulation of skin and hair growth.

37. A method for modulating proliferation, survival, or differentiation of a cell, comprising

contacting the cell with a compound of any of claims 1-29 or a composition of claim 30.

38.  The method of claim 37, wherein the compound agonizes kedgehog mediated signal

transduction with an EDsq of 1 uM or less.

39.  The method of claim 37, wherein the compound agonizes hedgehog mediated signal
transduction with an EDsg of 1 nM or less.

40.  The method of any of claims 37-39, wherein the compound is for treating a therapeutic or

cosmetic application.

41.  The method of claim 40, wherein the therapeutic or cosmetic application is selected from
regulation of neural tissues, bone and cartilage formation and repair, regulation of
spermatogenests, regulation of smooth muscle, regulation of lung, liver and other organs arising
from the primitive gut, regulation of hematopoietic function, and regulation of skin and hair
growth.

42.  The method of claim 41, wherein the therapeutic or cosmetic application is selected from

regulation of skin and hair growth.
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43.  Use of a compound of any of claims 1-29 or a composition of claim 30 in the
manufacture of a medicament for treating or preventing a condition of the central nervous

system.

44,  The use of claim 43, wherein the condition is Parkinson’s disease, Huntington’s disease,

or ischemia.

45. A method for treating or preventing a condition of the central nervous system, comprising

orally administering to a patient a compound of any of claims 1-29 or a composition of claim 30.

46.  The method of claim 45, wherein the condition is Parkinson’s disease, Huntington’s

disease, or ischemia.

47. A method for modulating proliferation, differentiation, or survival of a cell in vitro,
comprising contacting the cell with a compound of any one of claims 1-29 or a composition of

claim 30.

48.  The method of claim 47, wherein the compound agonizes hedgehog mediated signal
transduction with an EDsq of 1 uM or less.

49.  The method of claim 47, wherein the compound agonizes kedgehog mediated signal
transduction with an EDsg of 1 nM or less.

50.  The composition of claim 30 or the use of any of claims 31-36 or 43-44, wherein the

composition or the medicament is suitable for oral administration.



