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Application Serial No. 60/599401 filed on August 6, 2004 and U.S.
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20 of pro-inflammatory signals.

The 208 proteasome is 2 700 kDa cylindrical-shaped multicatalytic protease
complex comprised of 28 subunits organized into four rings. In yeast and other
eukaryotes, 7 different & subunits form the outer rings and 7 different 8 subunits comprise
the inner rings. The o subunits serve as binding sites for the 19S (PA700) and 115 (PA28)

25 regulatory complexes, as well as a physical barrier for the inner proteolytic chamber
formed by the two 3 subunit rings. Thus, in vivo, the proteasome is believed to exist as a
268 particle (“the 26S proteasome™). In vivo experiments have shown that inhibition of
the 20S form of the proteasome can be readily correlated to inhibition of 268 proteasome.
Cleavage of amino-terminal prosequences of 3 subunits during particle formation expose

30 amino-terminal threonine residues, which serve as the catalytic nucleophiles. The subunits

responsible for catalytic activity in proteasomes thus possess an amino terminal
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Summary of the Invention

25 The invention relates to classes of molecules known as peptide o, -epoxides and
peptide of ,3’-aziridines. The parent molecules are understood to bind efficiently,
ireversibly and selectively to N-terminal nucleophile {(Nin) hydrolases, and can

specifically inhibit particular activities of enzymes having multiple catalytic activity.

Once thought merely to dispose of denatured and misfolded proteins, the
30 proteasome is now recognized as constituting proteolytic machinery that regulates the
levels of diverse intracellular proteins through their degradation in a signal-dependent
manner. Hence, there is great interest in identifying reagents that can specifically perturb

the activities of the proteasome and other Nin hydrolases and thereby be used as probes to




hydr ol ases are herein described, synthesized, and investigated. Peptide
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as these are defined herein. 30 I n another .aspect., the.invention provides
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i nfectious diyiRRpRSent 11R¥Adentratibns below about 5 pM. The hydrolase inhibitor may be, for
example, a peptide o,8’-epoxy ketone or o’,8’-aziridine ketone, and the peptide may be a
tetrapeptide. The peptide may include branched or unbranched side chains such as

25 ﬁydrogen, C).alkyl, C;.¢hydroxyalkyl, C;.salkoxyalkyl, aryl, C.¢aralkyl, C 1-salkylamide,
C1.¢alkylamine, C)scarboxylic acid, Cyscarboxyl ester, Cy salkylthiol, or C;.
salkylthioether, for example isobutyl, 1-naphthyl, phenylmethyi, and 2-phenylethyl. The
o’ -carbon of the o ,8’-epoxy ketone or ¢, -aziridine ketone may be a chiral carbon atom,

such as an (R) or 8 configured carbon, as these are defined herein.

30 In another aspect, the invention provides pharmaceutical compositions, including a
pharmaceutically acceptable carrier and a pharmaceutically effective amount of the
hydrolase inhibitor, which ameliorates the effects of neurodegenerative disease (such as

Alzheimer’s disease), muscle-wasting diseases, cancer, chronic infectious diseases, fever,
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Other features and advantages of the invention will be apparent from the following

detailed description, and from the claims.

Detailed Description of the Invention

The invention involves compounds useful as enzyme inhibitors. These compounds
25 are generally useful to inhibit enzymes having a nucleophilic group at the N-tennipus. For
example, activities of enzymes or enzyme subunits having N-terminal amino acids with
nucleophiles in their side chains, such as threonine, serine, or cysteine can be successfully
inhibited by the enzyme inhibitors described herein. Activities of enzymes or enzyme
subunits having non-amino acid nucleophilic groups at their N-termini, such as, for
30 example, protecting groups or carbohydrates, can also be successfully inhibited by the

enzyme inhibitors described herein.
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n- propyl, n Eﬁpbating bheKbufie/dtructaredvith Sde chains extending from the backbone units.

Generally, each backbone unit has a side chain associated with it, although in some cases,

the side chain is a hydrogen atom. In other embodiments, not every backbone unit has an
associated side chain. Peptides useful in peptide epoxides or peptide aziridines have two

or more backbone units. In some embodiments useful for inhibiting chymotrypsin-like

(CT-L) activity of the proteasome, between two and eight backbone units are present, and

in some preferred embodiments for CT-L inhibition, between two and six backbone units

are present.

The side chains extending from the backbone units can include natural aliphatic or
aromatic amino acid side chains, such as hydrogen (glycine), methyl (alanine), isopropyl
(valine), sec-butyl (isoleucine), isobutyl (leucine), phenylmethyl (phenylalanine), and the
side chain constituting the amino acid proline. The side chains can also be other branched

* or unbranched aliphatic or aromatic groups such as ethyl, n-propyl, n-butyl, ¢-butyl, and




aryl substituted derivatives such as 1-phenylethyl, 2-phenylethyl,
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cystine, ornpfaNeyrafifyil ﬁ{dg]kﬂﬁu ,qquag;l,smd bRNpgaturally occurring side
chain substituents Wth 15 charged or polar npieties can al so be incl uded,

such as,1of or  examh om&dmPaitidits, pBRE HichHzed fBidde@al be HiBHER3d Wit the YRR
nore hydroxy, short cnﬁai_n allkoxy,% sulfide‘gf3 t hi o, gar%oxyl, estef?’egnhospho,

ani do or am rfPoYLEUPPepisle azindines UFnsexamplpnstusallypcpuming eminoapidesushes  nor e
hal ogen ato ; ' . ' ryl
g ”ﬁaydldiya%gﬁ@mmgqffﬁliﬂ %F%ﬁﬁé@%ﬁn@mmﬁg Iﬁ{élt@ty b?.?%‘é? h@@gﬁ%ﬁ@& a8y

group present 'in “a side chai f _ e y

enbodi nent s, WHkasiaeiisential aminosicids dorgranipleutaining, farhiinglaulineQ)ysiipe,i n  whi ch
Ris the sidgfifididing ﬁdﬁG#BF Qn@&ﬁér&”ﬁ%ﬂ&lurqﬁﬁéccﬂﬁin %ﬁ:‘:l JHEE ShiMBrRk Wid! | Y
occurring amno acid proline, of other nonh-naturally occurring cyelic
secondary anichargedordm]arwicties cani dljo Hednaleled gtz e fdrexarygls & gdlkdichhihs om t he

(For 25 examsiaiiRetalBnbin chOS mae fgas. el Skl Coife b ofHBR one or
V\rrﬁr eham' ;:Iet b@ﬁdls pbaspho, neyidceeachiiygrobaf darm'u?fh. dﬁbﬂﬂ?gms iubitrt?ﬁd)ﬁvgh aiiiﬁgbtog&e( in

ich atetr e rin oses .a Gissy confiqurati on t he. backbone), or
conbi nat i ons%%@g%nuaé%m 'all(r:1 %E‘gﬁ@relf?ﬁ%’gg&mfﬂts’gbl‘w i %?%grone AHEGPREIFSE! i e
am no aci d aac#kbbain bSthapeptide ecbidty. a- al kyl substitution, for exanple,

am noi sobutyric acid. In sone further enbodi nents, side chains are locally
modi fi ed} for 30 bucanplembotiyneAks, the bakbaiehils are amitiefinita {-NORCHRAC(#D)qhina

doubl e bond [.s.pr nt_.betwee the sand /3 atqons ,0 he side chain, or for
evanpr e by ARSI EAR Suct £ Feshiin g ot et e S p gy | °Gr bup
i's present betweenidtpteine, arhed ned-a4aterally odcafingiciieliccdaednarylamindsidids| whight her

embodi Ment s Giipl o 1 ATHY B ASL A QYRS O am Mo act ds-can be used.

In other embodiments, the backbone units are N-alkylated amide units (for

25 example, N-methyl and the like), olefinic analogs (in which one or more amide bonds are
replaced by olefinic bonds), tetrazole analogs (in which a tetrazole ring imposes a cis-
configuration on the backbone), or combinations of such backbone linkages. In still other
embodiments, the amino acid a-carbon is modified by e-alkyl substitution, for example,
arminoisobutyric acid. In some further embodiments, side chains are locally modified, for

30 example, by AE or AZ dehydro modification, in which a double bond isrprcscnt between
the crand 8 atoms of the side chain, or for example by AE or AZ cyclopropyl modification,
in which a cyclopropyl group is present between the o and 8 atoms of the side chain. In

still further embodiments employing amino acid groups, D-amino acids can be used.




-6 Further enbodi nents can include side chain-to-backbone cyclization,
disul fide bond formation, lactam formation, azo |inkage, and other

nodi fications discussed in "Peptides and Mmnics, Design of

Conformational |y Constrai ned" by Huby and Boteju, in "Ml ecular Biology

and Bi ot echn : ' . . Ref R TI=Yr . Meyers,
VoH Publ i sheranpirsglot TR SUERRIANE s A i B e ERIIRE pyctiSfton BN Lo, MY
rfefferencle. :rfomﬁbm,ilacmﬁmﬂhmaﬁlirﬂch@,mﬁﬂtﬁrmoddilmmdwlkmﬂé“apg{nggﬁcg url\I e I
of formula | or . romaceutica c e, ;
RNRIN1 ni'“q'r"ﬁf“ﬁg’%?'@ oggtoﬁg’"aa%r”%%ﬁ@“ Tﬁedl’s[’?vl\i%é%ﬁﬁ ?J%’Iﬁibsent or is
Eﬁ' el(iﬁ efl f lrowgmoQEaBlaﬂBioi()@gaﬁa @ic:ctecl(ndal?g}OA m&hpr?}:enmhawlkefchéwdm%bep; g i's
, a , or npre : or : is 0 or
C(R9) 2, g?/ef &éﬁmmg’ %)P?,b" IS (%%9% é%g?éfwﬂﬂhlﬁgg }\eﬁaﬁo"elgﬁ%’éﬁﬁdyj}’ sel ect ed

from hydr ogenefefageea group of forrmula Il, preferably, R, R2, R3, and R4
are all the sane, nore preferably R, R2, R3, and R4 are all hydrogen; O
ORL2 yLO ~' ORL3 [RichaiRbhbaimehts, hiasbjdboontiounddhavdBstruatuts tfomsula 1 or a

i ndependent |y sel ected from h}/dro en, .Cl. 6al kyl, Cl. 6hydroxyal kyl,

Cl. 6al koxyal W‘i"?“a‘éer"yF?“Yé’ﬁﬁFP@P-eﬁséP%eWF, each of which is optionally
substituted with a group selected fromal kyl, apmde, gmne, carboxylic acid
or a pharnaceutically acceptable salt ther of §

1 car boxyl ter, thiol, and
t hi oether, preferably R5 E FNueg tly selected from

n & A .
Cl. 6al kyl, Cl.6hydroxyalkylj and Cl§6agal kyl o angt echpoR9 is hydrogen, nore
preferably, R6 and R8 are>~i ndependently Cl-6alkyl, RS and R7 are
[ ndepen(ilgnt ly C, .6arallryl and each R9 i § H -7

wherein

L is absent or is selected from —~CO; or -C(=S)0;

X is O, NH, or N-alkyl, preferably O;

Y is NH, N-alkyl, O, or C(Rg)z, preferably N-alkyl, O, or C(Rg)z;
15 Z is O or C(R%),, preferably C(R%)y;

R!, R%, R?, and R* are independently selected from hydrogen and a group of
formula I1, preferably, R, Rz, R’ and R* are all the same, more preferably R', Rz, R3, and

R* are all hydrogen;
E/OR12
/L o= \0R13
R10 R11
20 It

each R, R%, R”, R®, and R’ is independently selected from hydrogen, Cialkyl, C.
shydroxyalkyl, C)salkoxyalky}, aryl, and C).earalkyl, each of which is optionally
substituted with a group selected from alkyl, amide, amine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and thioether, preferably R’

25 RS, R’, and R are independently selected from C).salkyl, Cishydroxyalkyl, and C,.garalkyl
and each R’ is hydrogen, more preferably, R® and R® are independently Cj_galkyl, R® and
R’ are independently C,_¢aralkyl and each R’isH;



R10 and R 1 are independently sel ected from hydrogen and Cl. 6al kyl, or RLD
and R11 together forma 3- to 6-nenbered carbocyclic or heterocyclic ring;
R12 and R13 are independently selected from hydrogen, a netal cation,

Cl. 6al kyl, and C,.6aral kyl, or R12 and R13 together represent C bal kyl,
thereby forning a R apd R5 are indepgndently sderedffrommhpirogenand Enhlkylios RArand ' bger

fromO to 2, preferably.,0 1..1n,certai.n epbodiments, Xis 0 and R, R2,
R3, and R4 ar BB PHRA 32 ipd mEmhered cafagyeigor higtooyelie v, "o ° 0 7ol

hydrogen. In certaim_sygh enbodi nents, ,R>,, -R6 7 nd .e

i ndependent |y sel Z%t 8‘?#& il 'E%ng”‘feg@( ?deé%dﬁrfm %X%i%eay? me ]n‘%ka.céﬁar“glkyl ,
nmor e pr ef er abind, Cik8alR§], anH '’R8d &' atopatithe pprdanic, xaliill, thedeby forming afmgand R7 are
i ndependently Cl.6aralkyl. In certain preferred enbodinments, Xis 0, R, Rz,
R3, and B4 are al Im bygriagger.frokb0 te)dnd8 are both isobutyl, RS is

phenyl ethyl, and R7 is phenylnethyl. In certain enbodinents, R5, R6, R7,
and R8 are i ndependeat infegaefremtiad 2f prefiorablyyidordgen, Cl1. 6al kyl ,

Cl. 6hydroxyal kyl, C, . 6al koxyal kyl, aryl, and C, -6aral kyl, each of 15 which
is optionally subdhkérdieembsdidens, )t o Qandd' &% BA, aind Rhaml alythe saame] preferablyi ne,

carboxylic i a r euti cal acceptabl.e ;sal 3] boxyl
ester, thiol ?ﬁagéq%h‘fr@mé%ﬁfy%o%gr *’éeﬁmg ﬁ@%‘oﬁ%ﬁ’f‘é@t&aﬁ 'Fﬂé’;@; h'b‘ﬁ? B R5
anth7 i s IC .iﬁfplaﬁdé)iily Sdlévtdd fidnh @dﬁ‘ﬂ&yﬂr;g:l@lhﬂﬂrﬂxyal@h fnd @r.ﬁﬁfaﬁdéyab:hclye ﬁziamatm' ¥,ut ed
wi th perhal o gl .certajn_such _enbodiyents, R7.is Cl 6ara

subst i t ut’ed \?&kt%dt&??ﬁ‘ﬂ S?FEPHX/EW‘%'I frel é’r"géﬁ ﬁree'ﬁﬂ)‘?i’a?drc'"r@m g!‘*‘a?‘m&' sel ect ed
fromN-alkyl, 0, gnd CH2. |In certajn such _e I gent Z i 2, g mand
n are both 0. In ‘éFfErﬁ'i"hprﬁ*ef‘E‘?FfH %@e%%s’gﬂgﬁ){%ﬂgﬁ@?w feiaghggﬁgmﬁﬁi s 0,
and n is 2 orandR®kit BofH st Y is phénglefhidl, akERSlsphepiBOfyIENtS, Z is O, mis
1, and nis 2. In certain enbodi nents, a conmpound of formula |I is selected

from H HIl O O &érRirttnibod@hénts)RRIR®, RS amIH® arifddpeNdemt sklectkll fromPh  Ph
hydrogen, C¢alkyl, C.chydroxyalkyl, C,.salkoxyalkyl, ary}, and C,saralkyl, each of
15 which is optionally substituted with a group selected from alkyl, amide, amine, carboxylic
acid or a pharmaceutically acceptable salt thereof, carboxy! ester, thiol, and thicether. In
certain embodiments, at least one of R® and R’ is C\.¢aralkyl substituted with alkyl, more
preferably substituted with perhaloalkyl. In certain such embodiments, R’ is C).¢aralkyl
substituted with trifluoromethyl.

20 In certain embodiments, Y is selected from N-alkyl, O, and CH,. In certain such
embodiments, Z is CHa,, and m and n are both 0. In certain alternative such embodiments,
Zis CHz, mis 0, and nis 2 or 3. In yet another alternative such embodiments, Z is O, m is

l,and nis 2.

In certain embodiments, a compound of formula I is selected from

0 (o}
H H (0]
N N N
VY Y N =N
iOH H
0 Q

0
“en

25 Ph :




ONNONHIi NO11 H~H \Ph Ph N"NH N~NH O Ph Ph HN NH Nit O\ O
Ph OPh; and r NrNHNHQ O\ O- O 5Ph"'" [/ CF3 In certain

enbodi ments, the subject conpounds have a structure of formula Il or a
pharmaceutical ly acceptable salt thereof, /~ Rl 3 0 R8 | N-N"'$ NIYNY"N4 x
0"1 ORR2O0RROIIl 10 where Xis 0, NH, or N-alkyl, preferably 0; 9

R, R, R3, and R4 e i ndependent | el ected
formula 11, prefefab y, R,HFQO , qnd 4 | the same, nore
preferably R, R2, 0y thy, nd R5, R6, R7, and R8 are
|ndependently selected hydrdgen C\\6&Ik , G 5 6hydroxyalky|

C _6al koxyal kyl, aryl, and C ‘bpralkyl egmch of which is optionally
substituted with a group sel ected fron1an1de am ng, carboxylic acid or a
pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and

t hi oether, preferably R5, R6, R7 a d R8 ard independently selected from

om hydrogen and a group of

Cl _6al kyl, C1.6hyd al kyl aIkyI re preferably, R6 and RS
are independently éif%alkylua R5 and arfe i pendently G _ 10
6ar al kyl .

-

of“j . 0 - o
~ Y \-)LN =N
6 = " 5 =" 35
ﬁ ~ph

Ph

0/\| uooq /é‘/\H i Y

“Spn

SRESRRSS

Ph
5 CFa

; and

In certain embodiments, the subject compounds have a structure of formula Ill or a

pharmaceutically acceptable salt thereof,
R" o R RR O R
0 ) X
(N r:' N __
o. O R R O R R' O
11

10 where X is O, NH, or N-alkyl, preferably O;




In certain enbodinents, Xis 0 and R, R2, R3, and R4 are all the sane,
preferably R, R2, R3, and R4 are all hydrogen. In certain such

enbodi ments, R5, R6, R7, and R8 are independently selected from G . 6al kyl,
C, - 6hydr oxyal k and Cl 6aral kyl, nore preferably, R6 and R8 are

i ndependent | yRéRB& klstamdnﬂwfad@ﬂmeimt@i frord dpdmersvandp erpupdfamilp Il 15 | n

certain preferr Q R4 Ry ogen,
R6 and R8 ar% Sg%an aild ?#éllgﬁenﬁ ,ﬁﬁypﬁ%eratﬁy% S ﬁﬁ‘g’ﬁylﬁet hyl. In
certain errbodil)nhqsges anﬂ corrpound of formula Il has the follow ng
stereochem stry: Rl O R RBXORBX NN-x NNVNORROR R4 0 20
In preferred enbodk’nﬁﬁtlé’ arkl tRé amnﬁnpundtnﬁwselat@t&mhmh@eufC!ﬁﬁ@lkurhﬂa IV or a
phar mace |caI ac bl R N NON X QJ
0 RZ OR rof D Gy 3l °’S¥“"‘%" it Ebfa‘”‘!\i‘%ﬁk 53‘68‘8& °£E“‘ila 181 -10 R,
R2, R3, and I%betit&‘teﬂ nith p @adpRElested Rbe amide, dhing) da;lﬂvcyigemubmd ;mamwel.picaﬂy
forrrulall preferably, R, , .. and R4 e all the sapge.s € .8
preferably R accgpsab ?Q?:.“}{t thesept, qgﬁ"’éﬁgﬁsﬁf ﬁ‘lﬂ‘ym@b@ﬁ‘%ﬂaﬁﬁ?ﬁ%ﬁ%ﬁg %?@d R
Ic ngpleﬂdent : Kariéﬂld@ﬁénﬁ&ﬂ@%@l@&t@ﬂlﬁﬁﬂ@?ﬂalk)@ Cha d@ykyan@l, bl Yl gl rhyﬂe 5

al koxyal ky

aryl C _6aral k eac yhich is
substi t ut ed vﬁr?ﬁ'aalygBoEfLﬁ'Rs"é? E‘E?F@Bd‘?"}/léirgléﬁmﬂénd B 36%1}“8%3?95‘?“ Yadid or a
phar macequt i caéua}ﬂq@ccept able salt thereof, carboxyl ester, thiol, and
thi oether, preferably R6 and R8 are |ndependently sel ect ed from C, _6al kyl,
C, . 6hydr oxyal kyl , 13e6hs erfSUaRhdnYd, X 907 Rd R st rahhy R? B@aﬂn@ksaﬁnegireferably
i ndependently | *Cllrl) gal kyl,. 10 In certain enbodi ments, Xi Ss %e‘lg,d
and R4 are alR' RA&R sueR’ apalkhydrages InggertaipsuchembogdimienisaR fn cﬁ‘%gen
In certain sygfe eniam Rt roRPCAAlkyRE ARG AAENbdalkyB SAREpr b rdbr
Cl. 6al kyl, C,. 6r11)ydro§§al Kyl ,rand%ﬁ% '?{ﬁmw ﬂﬁp ‘Preaeragcy %6
are i ndependetitand R&gzpapq@ppndenﬂy C.alkyl and R andR are in ependently Cmaralky]

15 In certain preferred embodiments, X is O, R, R}, R, and R* are all hydrogen, R®
and R® are both isobutyl, R® is phenylethyl, and R is phenylmethyl.

In certain embodiments, a compound of formula IIT has the following

stereochemistry:
FF1 o RS |33 0 R X
) \)LNWN\:)LHYR
o) 0 m R 0 R R O
20 In preferred embodiments, the compound has a structure of formula [V or a

pharmaceutically acceptable salt thereof,

R" 0 R® fl23 0 R

SRLSASC RN

0 0 R20~:R“O

v
wherein

25 X is O, NH, or N-alkyl, preferably Q;

~10-




In certain preferred enbodinents, Xis 0, R, R2, R3, and R4 are all
hydrogen, and 15 R6 and R8 are both isobutyl. In certain enbodi nents, a
conmpound of forrmula Il has the following structure: ONNNNNOF O _\
O / In certain enmbodi nents, the conpounds have a structure of fornula V or

a har maceuti cal | a8 € _salt t f. N NN O 20 a
0 R RO R Ra 0 RyENEE p?‘@ﬁ%} ‘i“gepﬁ"&ﬂwg%?"“i@ﬁ?%yﬁo d‘J’\% b 5@% of)
R, R, R amimm Iarpaefmm@pe‘nnémﬂayxdsaéhmﬂmb fareymbeg raferebly RAR aRérao@up of

forrrulall ferﬁ%X , R3, and R4 are all the sane, nore
preferably R‘ TogeandRs’ are al | hydrogen; RS, R6, R7, and R8 are

[ ndependently sel sr om hydr n, .G gal k Cl-

Cl. 6al koxyal kyl , :'%ﬁ“% édﬁff ‘@%ﬁﬁﬁgﬁ&%]‘fmgg?ﬁﬂb‘fdr%wcﬁ 61?]2}/ 'b%’t‘])% Ffalkyl
substituted wet. &hl]@x%@ﬂ,ﬁhrﬁe&ﬂ@,%ﬁi’aﬂwp eacamrebaxchmmienalmnmwéd witlag gﬂbup)r a
pharmaceutical |y accept ab e salt thereof car box ester, thiol nd

t hi oet her, pr ¥isteddom smide,agingzoarboxylic pgid org Ehainﬁ%céﬂ'é‘i"i‘ éﬁ‘?‘i"l&}‘aé’sﬁﬂ@?‘%"ff rom

Cldal kyl, G . Shidky Pé%l’@ tﬁ%l amﬁﬂ;ﬂ)e%r Sarahty R® afPR Eare pidejendeily yeledtéd Al R
are |ndependentl?/ Cl 6al kyl and R5 and R7 are i ndepengent|y

6ar al kyl ; andCuealkyl &n- 61?31ﬁ'ffé‘gjélkylf ashfrigatalkyl mopg prpfepab Beﬂ]%ﬂ\"ﬁﬂ??f'ge““?he
conpound has @N%; pcture of formula VI or a pharnmaceutically acceptable
salt thereof, k?DN NRBI X ~qglIC 2R2A 0 15 VI wherein

10 In certain embodiments, X is O and R', R% R?, and R* are all the same, preferably
' R, Rz, R3, and R* are ali hydrogen. In certain such embodiments, R® and R® are
independently selected from C,.salkyl, C;¢hydroxyalkyl, and C;saralkyl, more preferably,
R® and R® are independently C, salkyl.

In certain preferred embodiments, X is O, R', R}, R and R* are all hydrogen, and

15 R® and R® are both isobutyl.

In certain embodiments, a compound of formula IIT has the following structure:

HO HO 0

In certain embodiments, the compounds have a structure of formula V or a

pharmaceutically acceptable salt thereof

20 O R R 0 R R

wherein

X is O, NH, or N-alkyl, preferably O;




Xis 0, NH or Nalkyl, preferably 0; R, R2, R3, and R4 are independently
sel ected from hydrogen and a group of fornmula H, preferably, R, R2, RS,
and R4 are all the sane, nore preferably R, R2, R3, and 20 R4 are all
hydrogen; R6 and R8 are independently selected from hydrogen, Cl.6alkyl,

Cl- 6hydroxyal kyl , RCRaﬁﬁl W%’é‘lﬁbepeﬁ&éﬁlﬂy sﬁ%d@aﬂ@ﬁﬁﬁbé&)ﬁlamﬂ g3fdup@f Whi ch is

optional Iy substitu 8 gy oyp lected fromanmide, am ne,, carboxylic
acid or a phamébdhp@&mwy,&c%pﬁamﬂé Rsafﬁtﬂ“tth‘eﬁﬁé@f morcpsefbrakly|R R, &, andlhi o |
and t hi oet herR4ﬁ‘%§f]ﬁ %% R6 and R8 are independently sel ected from 25
Cl1_6al kyl 6 yl, and Cl. 6aral kyl, nore preferably, R6 and R8
ar e i ndependent | y RSCﬁf' @?' J?Mg ?egﬁ??&eh%?iwsél&&e% mf&cﬂ&@eﬁ ﬂéaﬁtzl t:lz In

certai n enbodi nents, R4" are
pr ef er abldy Rhydlﬁzyalm C adﬁom"(at aryhland Iﬁ%rmrdgﬂne%h af which mqmtlgmﬂdlw

L. Shy dr oyl B OE R eoup PEGRFRGR Dk, 56 C%F‘D‘M"%%%%acw"ca"y

i ndependent | yacGéptﬂ:ié $altitheréof) darlmeylteaten tiook st lhwdther;bmdard:émRé R"XRT samDR R,

R2, R3, and R4 are all hy

certain enboa"]rﬁﬂ?#%end%{“&(f%lﬁ%%ﬁg‘hﬂ@ f%}kﬁg?:h‘ﬂwm? ?]9 ﬁ%@?é&f‘“ﬁ%@ Xfe | N
LN N'A N O/ nh}etaa‘bwga&nd:ﬁ ardidépeblientiy (N edlicy! @hd ROl R 'Rlfe indeprtldently A, I\L]N O F1
NI AN Olﬁ E@(Y 0 Ph One aspect of the invention relates to a nedi cal

devi ce ifhcl ud? osition disclosed herein that include an inhibitor
having a structure .of an otge §f%{,orrrul ae | or Ill- VI. In one enbodi nent,
t he conposition i sq'F?fb’(W%Srr ARY ¥t hin a medi cal device. In certain

grer?g%! gent s, the quregerred emﬁocﬁr%ellltg, the bt poungﬁzlrslassl Ui of %%ﬁﬁrvf@ta“ X or

pharmaceutically acceptable salt thereof,

\"Qma’\)‘i i U\ 4(2

EPNRR Y

1
LIRS

wherein
X is O, NH, or N-alkyl, preferably O,

R}, R%, R?, and R* are independently selected from hydrogen and a group of
formula II, preferably, RY, Rz, R3, and R* are all the same, more preferably R, R? R and
R* are all hydrogen;

R%and R are independently selected from hydrogen, C).salkyl, Cshydroxyalkyl,
Ci.salkoxyalkyl, aryl, and C,.¢aralkyl, each of which is optionally substituted with a group
selected from amide, amine, carboxylic acid or a pharmaceutically acceptable salt thereof,
carboxyl ester, thiol, and thioether, preferably R® and R® are independeﬁtly selected from
Ci.salkyl, C\.ghydroxyalkyl, and C, aralkyl, more preferably, R®and R® are independently
Ci.¢alkyl; and

q is an integer from 0 to 3.

-12-




15 matrix and an inhibitor. Said polyner can be either naturally occurring
or synthetic. In another enbodi nent, said gel serves as a drug depot, an
adhesive, a suture, a battier or a sealant. Another aspect of the
invention relates to a nedical device conprising a substrate having a

surface onto \Ahl chlmnhnﬂfemlaban%ntbamsrma@@'t RY R Lind R faretiibtheOagnepprefeabiyul ae |
or I1l- 20 VI pose I'n one embodi ment, the inhi bigor is directly

di sposed on a Bala“‘ijgvi’féé“ hyqfo%ﬂoﬂ%%ﬁm@rﬁﬂﬁfd?mme"é‘ Bo%&q Rd"% s so

di sposed, t he:rﬁ@ﬁéﬂd&gly(égﬁaﬁd RO T, ZalidA] (ylrgﬁj?drﬁ‘%kfldyl( and &3;afkyE, ShEpreferdy, | X

wi th an |nh|b|E ving a structure of any one’of formulae | or I11-WV

di spersed or BlQﬁva%@"ﬂhmméﬁﬁychﬂﬂbﬂe enmbodi nent, the nedical device is a
coronary,_ vascular, peripheral, or biliary stenf. Nbre4part|cularly, t he
stent of the presehtceitsivpreforsd etnbocaﬁle@ﬁ:ﬁéﬁd%lﬂ eR's Rorend R* reil bidreeean & wi t h

a matrix cont e MR A0bdidd B, having a structure of any one of fornul ae
|l or II1-VI, the nal@?x Fs P%%X|ble to accommbdat e conpressed and expanded

states of such an BB AL Ak cohfoAROF RimuRTRMLRR ol L s

i nvention, the stent eas tion which is insertable or
|nplantable into the body of a pati t mher in the portion has a surface
which is adapted for exposure to b tlssue wherein at least a 10 part
of the surface is coated mnm i hlhlt a structure of any one of
formulae I or [I11I- mat ri x havi ng an i nhi bitor
having a structure Ik\wﬁgigﬁe- oft f e“l [11-VI is dispersed or

di ssol ved therein.” exanple f a SU|taB¢e stent is disclosed in U S

Pat. No. 4, 733, 665, mhlch is imgorporated herein hy reference inits
entirety. 15 In another enbodi nent, the nedical device of the present
invention is a surgical inplenent sich as a vascular inplant, an
intralum nal devicey rgical segla r a,va ar support. More
particularly, the nééiial devnce of th% prieseft ij@9%ention is a catheter, an
i npl ant abl e vascul ar 5S twal penpus: cat heter, an arterial
catheter, a vascular graftp a in ramortic bale oon punp, a suture, a

ventrlcular assi st punp, a drug- el utlng 20 Barrier, an adhesive, a vascul ar
wrap, an extra/perivascul ar suppdtt, a bl ood fllter"ﬁr a filter adapted

for deploynent in a blood vessel, coated with an inhibitor having a
structure of any one of fornulae l{i:TIII-VI I

ther directly or by a
mat ri x contalnlng‘hm’\Ehlbltor tavihg a sirugtune of any one of formulae |
akn

or I11-VI. In cert qggdﬁﬁhvﬂk, eN n ! nedical device is
coated with an inhibitort® 2B havidg al sttuchur

of any one of fornmulae | or
I11-VI or a coating conpris? ng‘b’olo caPﬁw
10

o

One aspect of the invention relates to a medical device including composition
disclosed herein that include an inhibitor having a structure of any one of formulae I or fll-
VI. In one embodiment, the composition is incorporated within a medical device. In
certain embodiments, the medical device is a gel comprising a polymer matrix or ceramic
15 matrix and an inhibitor. Said polymer can be either naturally occurring or synthetic. In
another embodiment, said gel serves as a drug depot, an adhesive, a suture, a ba¥rier or a

sealant.

Another aspect of the invention relates to a medical device comprising a substrate
having a surface onto which an inhibitor having a structure of any one of formulae I or III-
20 VI is disposed. In one embodiment, the inhibitor is directly disposed on a medical device.

In another embodiment, a coating is so disposed, the coating comprising a polymer matrix

- 13-




tolerated matrix and an inhibitor having a structure of any one of formnul ae
| or Ill1-VI dispersed in the polyner, said device having an interior
surface and an exterior surface, having the coating applied to at |east a
part of the interior surface, the exterior surface, or both. 30 In certain
enbodi nent s, bheramsdinegix dﬁvammhlbagf hewing s efrudture of pyene of forwalae hersillsVI af t er
angi opl asty. g egc%%rﬁ] g i,lece may al so be useful for the treatnent of
various di seSS€2 4N 5‘?)% t| ons” by providing |localized adm ni stration of

an i nhi bi tor havi In@ o?ie ng)% eEIG %&d%ﬂ%e'pggls%fco OQIEI‘?‘UJHEEUI% géﬂph’léljﬂr yll Such

di seases and condi tion restenos S r héumat oi d
arthritis, tibidibxy stenj. LMyreqsamchhrly rthd sientref the preseﬂnyp'eutmnoi; anf eqpandabb stéhteases,
severe or arthritic or.i as

S dlsea C nf ect i ous
di seases,’ abndMFRFOTHRRL2 P‘@giffcfﬂgtémmc%ﬂEﬂﬁwl%ﬁgaw?ﬁﬁ i V|°F1ugr]° {;ll{l 3?%%#
pl aques, i nj fbineRke I 6 MLV tHeGndtfi h:mmlecta Achohinuiate camfregsed ahd exphedetii on and

proliferation. Ex | es of 5d|seas d tions that are t to a
treat ment i ncP#fgs Hguchhan %‘Pﬁfﬁiahlﬁéieétd %&Fmgﬁ‘bWFEt i“ﬂ%’ T‘f@%’r@%@%ﬂq

i nvention i nchiyshat @ﬁ&iﬁémﬁxbﬁﬁQﬁdeﬁab]@SMh@]aﬁﬁbﬁﬁﬁb%ﬁ%ﬂﬁbﬁﬂ?ahenAh’h&eim s

di sease, cancer, fever, nuscle disuse (atrophy), denervatlian, cul ar

occl usi ons, seqrtiEhas psyfioepdueh is pdapisd FQ)'@"P??P[?r‘S? bodyetissye gndwhgrein %fj%"’ﬁhﬁf at ed

with aci ﬂ)OSI SparBd¥dhe SSREL ik Godted With £ infi6Ror h@wgga sﬁﬂtuﬂb%f ghy ddBiof RmPal 6s
Patent No. 5,340,736. 10 The term"C,,.y refers to substltuted or

unsubst i t ut edilk¥i.6F aceating pemprsia oRatiy hb\ﬂfb&an nhibiterchaxipe atstrustyiof &N al ky!

and branched- ghaif, IWEIIWI?%%&Q@& AL n,ew@wexme &1 e fbnitide
chai n, includi ng ha oal s such.as trifluoroneth and 2,2, 2-

yl
trifl uoroet hydisclesedin Id:§aPa¥yN0 |4sﬂ§fi51§5§5 edhich ipinge@graiedgrein xw@ef@j&%uﬁo“ﬁ sin a
term nal positli.0 a bond if internal. The ternms "C2-yal kenyl" and
"C2.yal kynyl ""re er to substituted or 15 unsubstituted unsaturated

| h | h
al i phati % groups gﬁ%&&‘?%ﬁlbb{lﬁ:gﬁpg%%teﬁﬂgl d%%gbl@dh@pég@ﬁ Jivtemdnqpa glegws] e

al kyl s escrl bed ove, but aln at [east one or triple bond
respect i vel y.impRiment sxches abdsods implafie ars intralupminah iryie, graigd) shlait AG2 WHCWRY gen

attached t ner hf MBEGRRNENY. Fe AN EcUIRR: drBlhtiffenEl ROCURCRL ARXY.
ﬁ‘f %g{& *E %)rfl\g‘{her S two ﬁg

propoxy, tert- ! Gcar bong
covalently | |lmlplmitab§p vasvutaxyg:ess poﬂca:mndahghws caﬂnetf:Q én smmaﬂ pathesert a wiscelar al kyl

that renders t al ther is o
" - 6al koxyal%g ,.an re é?rggg alﬁ)m E18A ﬁ?&\“g gﬁgﬁ%c@%rbﬁ?ﬂ& IuF] gg‘ydmgﬁﬁmﬁigeal koxy
group, ter ettym‘iem,ramﬂgesm zevdsarlar Wi, ah exma/petivagalanbippbrt, a lHeod fted drer ei n,
refers to a ci;Jlfe aéap}éd fg'ré%gf%yr%gl?tsutl A Hilmg ges\é\é]tc%ategr\}vit%rax linl'glgi%ﬁJ Baving a structure

of any one of formulae I or HI-V1 either directly or by a matrix containing an inhibitor

having a structure of any one of formulae I or II1-VL

In certain embodiments, the intraluminal medical device is coated with an inhibitor
25 having a structure of any one of formulae I or III-VI or a coating comprising biologically
tolerated matrix and an inhibitor having a structure of any one of formulae I or III-VI
dispersed in the polymer, said device having an interior surface and an exterior surface,
having the coating applied to at least a part of the interior surface, the exterior surface, or
both.

30 In certain embodiments, the medical device may be useful to prevent restenosis
after angioplasty. The medical device may also be useful for the treatment of various
diseases and conditions by providing;iocalized administration of an inhibitor having a

structure of any one of formulae I or I1I-VI. Such diseases and conditions include

-14-




25 The terns "am ne" and "am no" are art-recogni zed and refer to both
unsubstituted and substituted am nes and salts thereof, e.g., a noiety
that can be represented by the general fornulae: RO RO t I+ -Nor -NRio
Rio Rlo' wherein R9, R10 and R10' each independently represent a hydrogen,
an al kyl, an er wth the
N atomto mhllg%{gﬁ@eéymg?rggaﬁ"qi@%h%ﬁﬂ é%%p% Sg'? gh]lg}ﬁg% gﬁ?@?ﬁﬁgﬁgw ng from4
to 8 atons | rhyph@ruhfﬂgtn&tmsacs;es;rseverﬂ& artbpnﬂemnases, mwlwbtmgedlw @hmw a

cycloalkenyl het er oc pol t eger
from1l to 'F%%?“éf%ésF 7% g ik Wé‘l &%% rﬂsg cg?fﬁl}g? vmg ﬁ%ﬂq{bkﬂﬂ%@eg
car bonyl , e ifjuriedR@]atddk0 isciumtlc tdiditiving, raad) einal ﬁxffgtﬂtoh and ﬁmllfmdtloho Emangples ofi de.

In even referr di ment s, I ona each
I denendont | yegiss saEftndisons B tieEL s AR el g SRS Rk g B2

In certai n erﬁeoﬁemhépredehﬁnmaﬁ)n@ruau@:herssdmsms; acutd&atnang syndeon@; ot onat ed
formhas a pla > 7.00.. The terns an1d are art-rﬁcognlzed as

an ami no- substIPRIMERS diseara, EARFET, fever: M %@%“s“e&‘ gt‘{ﬁﬂ?ﬁé‘ﬂ%&?ﬁ"

represented Rycibtiongd QREKEAITV RfTHOR nel i Fﬁ:ﬁbl fattuhs&RiatdthBitieacidoRs, anR10 ar e
as defined above. Preferred enbodi nents am de will not include

i mi des whi ch hepaficdalugesPasos- g,Gqﬁberg,éﬁqﬁed§qu Pa&&‘ NeeP49eP8i n i ncl udes 5-,
6-, and 7-nmenbered substltut ed or unsubstituted, si ngI e-ri ng (5 tic
groups iR which ed8ateano-@ik Hefers tggubsatuted,on ypsubstiiued sasuraied by I&&?‘T al so

i ncl udes pol W@E |ifc1idiRgstBght-8%n MRYI NG bfahe@/chiR ERyCH6lpsAhdticBREin ifdmWOI Ch
two or nore carbons are combn to two a.d olrning rings wherein at_| east one

of the rings ¢ ¥ carhersiatheshaip, lgcmdlmbﬂl‘éﬁlﬁé@o@%ﬁcﬁ ag F%QTW%@‘%%? oal kyl s,
cycl oal kenyl gg f&&ém'éfy%&yl maleaabssa hydRdeeh %Erlélt]%a %&fﬂ%%aﬁ%ﬁﬁ%ﬁﬁbf{' s.

Aryl groups incl ude “benzene napht hal €ne,” " phenanthrene henol ,” anili ne,
and the |ikeabpod Fheemel Tibe tares b@nﬁﬁ@@i”mcmﬁkmbyéfeym Wbﬁ%“tﬁfg@d her ei n,

refer t ?sa NQPsBERNRA 'uﬁsaturated aliphatic groups analogous in length and possible substitution to
the alkyls described above, but that contain at least one double or triple bond respectively.

The term “alkoxy” refers to an alkyl group having an oxygen attached thereto.
Representative alkoxy groups include methoxy, ethoxy, propoxy, tert-butoxy and the like.
An “ether” is two hydrocarbons covalently linked by an oxygen. Accordingly, the
20 substituent of an alky! that renders that alkyl an ether is or resembles an alkoxy:.

The term “C)_salkoxyalkyl” refers to a Cj.alkyl group substituted with an alkoxy
group, thereby forming an ether.
The term “C,.saralkyl”, as used herein, refers to a Ci.salkyl group substituted with
an aryl group.
- 25 The terms “amine’” and “amino” are art-recognized and refer to both unsubstituted

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

general formulae:

R® R®
_._N’ or -”flj-’-"R1°
\R10 ém‘

wherein R’, R and R'" each independently represent a hydrogen, an alkyl, an alkenyl,
30 -(CH2),-R®, or R? and R'° taken together with the N atom to which they are attached




substituted or unsubstituted ring in which each atomof the ring is carbon.
The terns "carbocycle" and "carbocyclyl"™ also include polycyclic ring
systens having two or nore cyclic rings in which two or nore carbons are
common to two adjoining rings wherein at |east one of the rings is

car bocyclic, mlgplﬁtetahetenmyﬂe having framrdi to § atoosrin the rmgcstrmahﬂeyk%n;epr%ents an

| oal kenyl et het lyls. Th
t Z?m"?ca?%nirwﬁ%ﬁ%&ﬁr S et o RSB Rae B he e B N E e T
repr esent ed bjntdngfr@Eﬂedi 8 i ﬂéf&feﬁémﬂod?meﬁ dnigron¥ oFkRPbr, R Rcin be a datboabler ei n X

is a bond or rep qat n ox a su ur, and R! represents a
hydr ogen, an E‘yi &FIP ] toge g an &“Eﬁalm‘@ém%aﬁe?ﬂyﬁ

accept ablse Saé:hbodi?neﬁt@ﬂpﬂﬁ&m ait] op B AHIRAUEM) cagh ik fetldentB teprb iR Wh d%en(CHZ)m
R8, where in anc’ R8 are as deoql nec!ﬁmbo?ge VWer e é'xéﬁl S tIg’lﬂr‘l*lgg%ygen )ancf

R11' is not h¥tRbdem alkenh porGHpak e|5'|‘ erB egnbgdimegls E'P'“m“!}’ Rpit ks bagig, s an

oxygen, and R%&adnﬁ;tﬁeﬁiédfngﬁg%nﬁﬁ% ma:u;l@ represents a "carboxylic acid"
As used herein, "enzyne" can be any partlaIIy or whol ly protei naceous

mol ecul e Whi Ch Capeh@ms Obkhide” SREBAAS” dreREicbOMidel afaf BB XlibinpBNNEr . Such
enzynmes can be native enzynes, fusion enzynes, proenzymes, apoenzynes,

denat ured enzSFROBY! @QFWF amoiety thabsambs reprrsenied by hagertralforgivias, fatty

acyl at ed enzynes, gerangeranyl ated enzynes, GPI 10 |inked enzynes,

i pid-linked enzynmes, prenylated enzyne§ naturally-occurring or
artificially-generated nutant enzynes, zyp®® with side chain or backbone
equ

nodi fi cations, enzynes havi ng | eader nces, and enzynes conpl exed with
non- praqpei naceous material, such as protR8gl ycans, prot eol i posones.
Enzymes can be made by any neans, including natural expression, pronoted
expressi on, oltenimB’, RV'bark asidefinell uboven Picferizd embodinéns of thid-alddewlilipopt | de

synt heses, and S hods kno to those of skill in the art. The
term"q . 6het 8§ 'i)dﬁr"af‘%lfvmth jée Fein, refers to a C,. 6a| kyl group

substituted wth getaro .. The ter "het er l.hcl udes
substituted or g‘ﬁ‘% Mt W?ﬁgp%{f%%ﬂﬁfsf,ﬂg@d B 'Tbﬁﬁmg’fi Plict ur es,
more prefer ahlh.wbﬁtituﬁs(b suagmmar@datrci gi@ps inhkisieedch A@nsof the Ftig &%arbbﬁlCThbde one
to four Yg:eteroat The t ‘heteroaryl" i ncl udes L cyclic.r
st ans vt 1G0T GHo PO RO S B Y B1oce oL BRI Rerchy
common t o t wewo or more carbons are common to two adjoining rings wherein at least one of the rings is
aromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls,
aryls, heteroaryls, and/or heterocyclyls. Aryl groups include benzene, naphthalene,

phenanthrene, phenol, aniline, and the like.

20 The terms “carbocycle” and “carbocyclyl”, as used herein, refer to a non-aromatic
substituted or unsubstituted ring in which each atom of the ring is carbon. The terms
“carbocycle” and “carbocyclyl” also include polycyclic ring systems having two or more
cyclic rings in which two or more carbons are common to two adjoining rings wherein at
least one of the rings is carbocyclic, e.g., the other cyclic rings can be cycloalkyls,

25 cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls.

The term “carbonyl” is art-recognized and includes such moieties as can be

represented by the general formula:

O

O
)‘LX,R" or \X/U\R“




adjoining rings wherein at |east one of the rings is heteroaromatic, e.g.,
the other cyclic rings can be cycloal kyls, cycl oal kenyls, cycl oal kynyl s,
aryls, heteroaryls, and/or 25 heterocyclyls. Heteroaryl groups include, for
exanpl e, pyrrole, furan, thiophene, imdazole, oxazole, thiazole,

triazole, pyrahata.X R¥bofd GeprBsehBzah dRygeRYr h Safik,Afd ’RNdeprienisid I§dfgen,and t he
i ke. The ter&kbhet roatont as qsed_herein neans an atomof any el enent

other than c3kYoth Akenpl dCHgarR” g pharmaseitiaivacespibleselrR  TPRPSHER, oxygen,

phosphorus, amgisgeh,fafalkyl, 3R alkBfy1 bELEEL), D€ FhQ6 Hdnd IR affas degharabevec! i C
group” refer to substitited or ‘ynsubstituted non-aromatic 3- to 10-menbered
ring struct ur Weregpisan prxgee prcbRy o8R 't t5 npt hydeaep tleecformyla repregpis an rasisy.

structures i ngipuder Quge o;()%g{l/,%ﬁa Rk § ﬁlgﬁ{)gfﬂf the B}ﬂ‘ufag‘éﬁykgeﬁ{s qB‘cTernZylip acid”.

“heterocyclyl” or "heterdcyclic group™ also include polycyclic ring systens
having two or  norg ¥fier&n ¢ e BarY$U 4nl) phapnl 6rml9pﬁﬁéihﬁg§uﬂﬁﬁe€uwn to

two adjoining rings wherein at least oné of the rings is terocyclic,
e.g., the ot hehcksasigsouta chgmicahreadtion iv g catalalikypnner. oyuch endyimes parsbe native

| oal kynyl | B d lyl
o oupe. | nel udn R RioR RS plachen il RendhitkC OBRNL b, IR RRAC) ¥

nmor phol i ne, dnzobesnesquiimedaneymeanitty heyldtedapzyiitsegarangamatigated kygmexyGiky| "

refers tig a Gj . : tituted w r r . As used
et of 1, Phe clkEPintine iR RS IR BVl ofo O AN SRR & L ocks o
10 reduces ararigfodiallyigeyeraitd mntaanaypaed, boaymex it kide chahertbatkbone of prot eol yti c
cl eavage of é@gﬁr% fluor gnigaﬁe tide substrates suc{1 as @ijc-LLVY-AI\/C,
Box- LLR- AMC an AP ETARESS BN PR TG o 83?“2:'35{:31'?5’/%% Bt ti es of
t he 20S pr ot gasein®pousAimtdrial)isidihi Biproteivcans; pitebliposompe tErizyves canibe anpieby ti ve,
or nonconpetitive i n'hilbﬁil't i OQ? n inhibitor %En bi.nd reversi b|$/ QL
i rreversi bl y ZPANG*EHEF BRI B RECRPEFHP R REPTRIBL S BT UL AGENBN OLE ¥ U9PCi de 15
substrai®s ohbagd afhgfidBascpeptitleisphthedes, GadsifmIah hath63 &néWn tOhEseIfEEH PN Or
near the active site of the enzyne, or it can cause a confornmational
change el sew% on the enzynme. As used herein, the term "peptide" includes
not only standard_ami de, lipkage with standard or substituyents, but
comonly utilized Hdpi (QWFWBFI—@@A?} o‘l‘%F‘?ﬂ%ﬁP’frngﬁ tpp Eroup SHbsHBedr al | y
occurring si dethateieraryl giodp.si de chain nodifications, as detailed below. 20
The ternms "polycyclyl"™ or "polycyclic" refer to two or nore rings (e.g.,
cycl oal kyl s, cycl Diad teyheteromyt! incthdes Bybstitutedioy ufisubftivted aamgtis 5- tand/ or
? ?;32?0%0? L]y! g{eﬁlégrﬁi %%ésctglict@%f lgé@g)?éfgraglgrs??oném%& erg l'rlrlT'lTégP wilc?setnyr\lg starlg(l,tl(l)rleSm ng
include one to four heteroatoms. The term “heteroaryl” also includes polycyclic ring

systems having two or more cyclic rings in which two or more carbons are common to two
adjoining rings wherein at least one of the rings is heteroaromatic, e.g., the other cyclic
rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or

25 heterocyclyls. Heteroaryl groups include, for example, pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine and

pyrimidine, and the like.

The term “heteroatom™ as used herein means an atom of any element other than

carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, phosﬁhorus, and sulfur.

30 The terms “heterocyclyl™ or “heterocyclic group” refer to substituted or

unsubstituted non-aromatic 3- to 10-membered ring structures, more preferably 3- to 7-

mermbered rings, whose ring structures include one to four heteroatoms. The term terms




rings". Each of the rings of the polycycle can be substituted or
unsubstituted. The term "preventing” is art-recognized, and when used in
relation to a condition, 25 such as a local recurrence (e.g., pain), a
di sease such as cancer, a syndrone conplex such as heart failure or any
ot her nedi cal “‘bemgeydldi or T‘mtmmﬂytliqgrd@”saﬂsodnblﬂda pblyeydicuingaynierhmhﬂVhGewo or

admnistratio 0si 1. ces the fr en del ays
t he onset of, qn&gﬁ%thcﬁngs()]f"véhl ‘EY. oéfnoc[,e dli’qnl WCOW"QHS%EY °‘P'“§5‘ﬁéve to a
subj ect whi ch vieesin atdéast @R e ringh & herngeydicl &.9.0the biliescyclit evigidanda of cancer

I ncl udes, for anpl.e, re gt nunber e ca rous
growths in a ﬁ&ﬁﬂﬁq&‘% (9?1‘:18‘% P r@’ﬁP‘?* %laﬂlﬁ’ngﬂﬁmﬁ?yﬁspmﬁ/%fgﬁeé"cyfP’ at nent

rel ative 50 aHewiboyeRi @.@umﬂélﬁdﬂ fR@Rathplt,ipiitridime igtrazit), pyrrdiideMoRpRpiarR] ance
of detectable cancerous growhs in a treated popul ati on versus an
untreated conticires fastamspgndthelike. ¢ 9. by a statistically and/or
clinically significant amount. Prevention of an infectjon includes

exanpl e, reducing {MeCHRnbedydex¥ligdnsiEsoaCrstlkyligreupsubsiquted, wih af’Y‘E&’Eléd
popul ation ve an untreated control popul ation, and/or delaying the
onset of syrrptoms of the infection in a treated popul ation versus an

untreated control ROPidNetiet) theTel GMERkIrOR nikfanﬁald&schﬁ&é éiSountl at BISEERE €,
reduci ng_t he nagnitude_of, or alternatively delayi ng, pai n sensations

exper i end®d birdieaspa astivityef an enzyme 8T pmple TNt Prrseclytic dlevrgsaled
control popul ghidaf fddiSeenR pibtidd saBétkAtEs sERGR WEEW-mg?BHﬂ@iRmﬂb and'2der

physi ol ogi cal conditions, ‘are converted into thera Ically active
agents. A confbh- AMChishibition ofsatiovg catalyfieantiviiies 2@@3 S proteazdmede A énhikitop d

noi eti es that | S t he
desired nol ecﬁﬁa%t QWE% &ﬁgﬁgﬂgﬁrpg%yé Opﬁﬁgblﬁ}g‘i&“ﬁgﬂﬁgﬁn‘(‘:@g\ﬁe&r @gﬁﬁ%&%
enzymatic achindravgrsily Dmemblymadrtbﬂmfoﬂéh@ tteem mclupcmqnoamdsnhat@re sulclde
therapeutq c Mb@:?&tégedi"an 'eﬁ An lﬁgﬂﬂéﬁgx‘?m%ﬁgébxﬁkcdr%?éfl e@gﬁ‘ophéaﬂ aLLAR o

t he host of one or | S¥admh st er ed
15 prior to céiferif MIenmn foeettcal ¢apse morfmmaumuhdtaegh dendetei onrth ewzgme. di sease
or ot her unvvant ed state of the host animal) then the treatnent is

prophyl acti c, . &3 used herein; the tesmt“peptideSincladminot only stendakdphidg linkege withant ed
dit
Lvant Lﬁ”lon% R T A A e L

di m ni sh, anminiatwally, oconrring side bhaies, & ﬂdes:ch)qhsm imrglificaticnss Bcﬂctmindibe:]own or side
effects thereof). 20 The term "proteasonme” as used herein is nmeant to
i ncl ude 20nmuno-  arfe tgosspolyarlyVeornpolyeatichefer toliwe drera tisgsdegi, t ut ed"

refers to noi c?x“ogliylp achﬂJg]kgllleS tbirél(%'a%}n?ls aFT"Pll Eh%ke (gdrﬁs QX&'/EP gc‘:t‘&'ocyclyls) in
which two or more carbons are common to two adjoining rings, e.g., the rings are “fused

rings”. Each of the rings of the polycycle can be substituted or unsubstituted.

The term “preventing” is art-recognized, and when used in relation to a condition,
25 such as a local recurrence (e.g., pain), a disease such as cancer, a syndrome complex such
as heart failure or any other medical condition, is well understood in the art, and includes
administration of a composition which reduces the frequency of| or delays the onset of,
symptoms of a medical condition in a subject relative to a subject which does not receive
the composition. Thus, prevention of cancer includes, for example, reducing the number
30 of detectable cancerous growths in a population of patients receiving a prophylactic
treatment relative to an untreated control population, and/or delaying the appearance of

detectable cancerous growths in a treated population versus an untreated control
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on one or nore carbons of the backbone. It will be understood that
"substitution"” or "substituted with" includes the inplicit proviso that
such substitution is in accordance with 25 permtted val ence of the
substituted atom and the substituent, and that the substitution results in
a stable conp e

transfornmati oﬁaﬂgﬁ%& 9% B’é\b%@g&P 9% Zagﬁnféhlﬁ-ﬁc%ﬂé?%ﬁ?‘dﬂt){mgﬁﬂl fr%%g% tl|°8r(1)fanet c. As
used herein, tifectiopinmiudes firsxample cdducing th@mnniwpbﬁdugjloses of tlelmfdmoaliria

I ssi bl ' s of d
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substituepts ani c co |bIe S ents can be one
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hydr ogen substi tuents qEd/or any perm ssible -19 substituents of organic
conmpounds des¥rrepiEq © PEPURIOR satisfy the val ences of the het er oat ons.
Substituents can i cI ude .exanple, a halo a hydroxyl, a car.bonyl
(such as a car boxyt"® g dﬁr?éﬁ%ce&f’%?es C%“?%‘l"ﬁi/‘lha‘ Brdesphyst 3)°a1 gonditions,

t hi ocarbonyl 48 H@l’ﬂreﬂ&l fto thétbRAtié A1 acivelaBbMACR ahMon Rlethdd FéH Rk Prbdrug N
al koxyl ,, a phosphor a phosphate, a 5 phosphonate, a phosphinate, an

am no, arf anil mﬁhfg%ﬁﬁ"'ﬂeﬂé“°“‘é1‘?sﬂﬁﬁ%hycﬁ°'ﬁ derphysiplogicalsandifionsdereveal

sul fhydryl, afe aééﬁﬂi hﬁ!e@u]ealrﬁdlﬁér%ﬁﬁodlﬁleﬁth'|tf19ﬂ%31% lsaco%'%rfe@@ﬁh enAmatic

sul f onam do a . sul fonﬁ/ a heterocycl yl, an ar aF , an arofmatic or
heteroaronatl"émﬁ’ﬂf%‘i‘?e ostagigh be under stood by those Skl lled in the art
that the noieties substituted on the hydrogcarbon chain can thenselves be
substituted, if appe&pm Riphylagicsr thepppputise treategnt iy aikfrecegnizedang inslides of a
conpound W t hydh@SiReMHbn kb RSt §P'$He%ﬂnorenfﬁ{tﬁ@ﬁbﬁtzt cto'fr@%;lfmt :trzﬂcﬁﬁlﬁns&'g:dan
anount of t he conpound(s) in a preparation which m nistere

part of !4 dediriopte dpicatysanifegptinnof theqmyanigdnenditionr(esedistsisy orptherpawynted

al leviates a shYdPH iR hosPARMhIPHRA

di sease conditions —accord |?1) tg]%é %&ggﬂsﬁﬁo%ﬂylgggf b]’ﬁé‘%t%ﬁsdtggg% %fmt

di sorder or @smiﬁmma)we@nwwéeiqoeémew where® if his admcrﬁ@aﬁmjmwsfestatengf theat a
reasonabl e bea&lidd fdmaltioh y nt. The
term "t hioether” tre ers10 ?h%ﬁe%ﬁ%t 'Sctagjaﬁeuhg & ltgﬁ dp% glg%{lllye’ﬁﬁh%l ng

sul fur noi eﬁ?ﬁehﬁlﬁﬁcWé@bllﬁet@%!stmmum’raefeéﬁpmﬂtl@rm(sdpnﬁmtstheltehﬁ "t h| oet her "
is represented by -S- al kyl. Representative thioether groups include

met hyl tBP0, et hyl The tsrm Spratensemel akesed bereings mew thiselodmimmune- twk m " t r eat i ng”

or "treat ”E”Eonshﬂﬁbé'ﬁl%&a&ﬁﬁ(e@rs' ng, reducing, or arresting the synptomns,
clinical signs, and underlying pathol ogy of a condition in manner

The term “substituted” refers to moieties having substituents replacing a hydrogen

on one or more carbons of the backbone. It will be understood that “substitution” or
“substituted with” includes the implicit proviso that such substitution is in accordance with

25 permitted valence of the substituted atom and the substituent, and that the substitution
results in a stable compound, e.g., which does not spontaneously undergo transformation
such as by rearrangement, cyclization, elimination, etc. As used herein, the term
“substituted” is contemplated to include all permissible substituents of organic compounds.
In a broad aspect, the permissible substituents include acyclic and cyc]i_c, branched and

30 unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic substituents of
organic compounds. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the

heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible




to inprove or stabilize a subject's condition. Selectivity for 20S

prot easonme The enzyne inhibitors disclosed herein are useful in part
because they inhibit the 25 action of the 20S proteasone. Additionally,

unl i ke other 20S$S proteasone_ inhibitors, fhe qom})'ognds di scl osed%%tjﬁr ein are
hi ghly sel ect i SESHBeRsS of argamicxomppynds dessEbrd hewgin which s#ishy the vaengemeh e ot ease
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t hese concent rehhin@as theinsel@ssde sibztitidd| Fapprogthtenbodi ments, the enzyme 5
I nhi bitors show inhibition of the catalytic activity of the 20S proteasone

at concenoOrations Abtheupeaticully effedive amvbiniteofwtonspoand wish respecbtc thosubgkct t he
catal ytic activi f other proteases at.these copcentrations. Enzy

i not 1o aseay b diefimsgh s amosptt dekamRr GLDIA PRREADEH BT SH67 48,
Exanpl e 2 and a8ingiistered afpart ofdidesifed Mosagd Bden @ba mamail, pRBdably balmed) vity
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i nhi bi ting cofbifies? HERemHAmeliRw@es A qoudigon, of flewthe gusst of digsategoudiiontey can
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20S proteasone, as conpar edyto t he tryg}gl n-1ike, and PGPH activitjes. The

chynot r ypei n- Ithacosmetiq Rurpape.cF 2. 20 S rggsenablg bepafivirisk matig applicable soanypgedigabay age
of peptides i Rreaihiage | Mediate vicinity of |arge hydrophobic residues. In
particular, the chynotrypsin-like 15 activity of Nt n hydrol ases can be

determ ned by cl eayRgRnRFiveifeateREsto 81 PRYT Rbih, 25 deTHBd Move,habimg A seighst r at es
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e, al A
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nurber 09/ 569%4g;. t5tivé tRDEherefdups flchudl metBliRBN @M thicl 32Phe liRe
3899-3908. Uses o nzynme I nhibitors 20 The bi ol ogli cal consequences of
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accunul ati on of pol yubiquitinated proteins, cell norphol ogical changes,
arresting the symptoms, clinical signs, and underlying pathology of a condition in manner

to improve or stabilize a subject's condition.

Selectivity for 208 proteasome

The enzyme inhibitors disclosed herein are useful in part because they inhibit the
25 action of the 208 proteasome. Additionally, unlike other 20S proteasome inhibitors, the
compounds disclosed herein are highly selective toward the 20S proteasome, with respect
to other protease enzymes. That is, the instant compounds show selectivities for the 205
proteasome over other proteases such as cathepsins, calpains, papain, chymotrypsin,
trypsin, tripeptidy] pepsidase II. The selectivities of the enzyme inhibitors for 208
30 proteasome are such that at concentrations below about 50 uM, the enzyme inhibitors

show inhibition of the catalytic activity of the 20S proteasome, while not showing

nhibition of the catalytic activity of other proteases such as cathepsins, calpains, papain,




and apoptosis have been reported upon treatnent of cells with various
proteasonme inhibitors. Proteasone inhibition has al so been suggested as a
possi bl e antitunor therapeutic strategy. The fact that epoxom cin was
initially identified in a screen for 25 antitunor conpounds validates the
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chronic infl aématab&n 1 MGV MR ddgsholvitlg intébitibh 6 the dathpticKdtWity pRdlidr pRitdses

bronchitis, hysema, and cystic _fibrosis. -21 The, discl o ed co funds
can be used té these gencepimtiops- e dustearsays P@(ﬁ'?@sﬁ‘ie/mtlhg app ‘Ef‘f‘%?

function of tRemR:0bBBSUIEERMPIe B8ndBiSiA keI VBRIChEA. (1996), 8303 @bados ndi rect |y
via proteins which are processed by the proteasonme such as NF-KB. The

prot easone pagibivRa & CHythobiesin-Be A cBlilym nation and post-transl ati onal
processing of proteins (€.9., 5 enzynes) involved in cellular regulation
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I ntercel lular communi cation, and the imrune response, anti gen
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and regul at oe4vRy Of @k DOS pledAsdite, 1Y EdnipaRd td E tiyBsin-fiRE] ahd ROPAMt@IKQAN Thact or
NF- KB. Anot her enbodi nent of the invention is the use of the conpqunds

di scl osed her eiymotrypsis-bike patizity pEXiSraspieaseme jrahprsstegesddy sloavage of pplidesdn and
conditions, igg IuHﬁ*E(‘ﬁglle vtidiny W éfgjd}(ﬁ;ﬂoblé Residids. qgﬁamblﬁﬁpﬁ'l@cﬁy}ﬁ’&%ﬂﬁ—lﬂcé’ the

nervous system neural tradma per cussi ve brain mege, Spi nal cord
injury, bnd tMvamedwdw@éB&@ntbhéetmnﬂddw cippsagsof 2 Sﬁm'qfﬁiﬂl glrates c| er osi s
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and apoptosis have been reported upon treatment of cells with various proteasome
inhibitors. Proteasome inhibition has also been suggested as a possible antitumor
therapeutic strategy. The fact that epoxomicin was initially identified in a screen for

25 antitumor compounds validates the proteasome as an antitumor chemotherapeutic target.
Accordingly, these compounds are useful for treating cancer. Proteasome inhibition has
also been associated with inhibition of NF-xB activation and stabilization of p53 levels.
Thus, compounds of the invention may also be used to inhibit NF-«B activation, and
stabilize p53 levels in cell culture. Since NF-«B is a key regulator of il;ﬂammation, iWisan

30 attractive target for anti-inflammatory therapeutic intervention. Thus, compounds of the
invention may be useful for the treatment of conditions associated with chronic
inflammation, including, but not limited to COPD, psoriasis, bronchitis, emphysema, and

cystic fibrosis.

-21-




hypot hyroi di sm or B12 deficiency), and denmentias caused by infections (such
as syphilis or chronic neningitis). Al zheinmer's disease is characterized
by extracellul ar deposits of (3-anmyloid protein (0-AP) in senile plaques
and cerebral vessels. f3-AP is a peptide fragnent of 39 to 42 25 am no

aci ds derived fromlBndissipsedicampousdacan bsnsed tpdusat qopgditipns medistekdircctnbrbe
i sof orms of néPd?ccﬁitﬁ: ARG o@?ﬁ?&r%ﬁme &l ad Zx%&fmgﬁing,cdrq&hiaw%'h%(ﬁ DAy {gxe :

splicing of NA gener at es ornms; normal processing affects
portion of th@rqauyphichawanesssed hethe piotqesevesuchag NFitle Derpeoteastme of f 3- AP.

It is believed,ft: | | ra
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processi ng 30erpymereinvelvedin selbdartregutmionrogis cellepcld; dehe tramstripstion umid tnget{bdAc
kDa- 32 kDa) . kDa suabunit has.an erm nal sequence of

X e Asne pr oPREVER- BBl o it oF P refET G o 5 subuni ¢
of human macr preénttiokp) S;ﬁ‘&iﬁcSxanqﬂeséﬁliscussﬁﬁﬁbloﬁiﬂclucﬁimgf{ﬁu f8in and 1992)
304: 57-60). The APP-processing enzyne cleaves at_the nlg-- Lys16 bond; in
the presence Te8Ytogy pietsinssueh assyclinshECERzandaraasasiption fagteeNFaB. t he
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of the i nventiclprosisgindtother tnwerctresdiztedmeurapathiss de. pa Shillaip-Batiesgadreme aiits
pr ot easone degr. | | n .t uri.ng. reti cul ocyj.es. and growing 10
fibrobl asts. e‘%ﬁggg’ﬁc{s}@%?ﬁ%ra\%%h g?“rlp%g] gt ?CHECOIPE%%?G{#{" 4"%’&’%@53 of proteolysis
near |y ddubl emlynewrdopithy,iand Fishe Syndvma)s 8ite/AlBSuzasniy @ingddxy siokomy hdistety

nitr oad ,on ki dneys or

reduci ng bot rotein Jloss .,and th ogenous |

[ iver. Tnhibi eg}ré’g’g%f RSO 5 SIseRes, HRelge s fipase JRUMpIE acle PR B2EE® i ons such
Ss cancer, clpaouwitic, funga,cinid oirs] m@lﬁmﬁemcellﬁlﬁ;ﬁﬂf,ivaf&l&ﬁh&nd:@tiﬁ,tlﬁlgti—iﬁﬁfﬁtOp_hé) and
enervation, nerve inju astij.n r ai l.ure_ associafed w aci dosi s,
15 di abet es, ‘%‘ﬁ’&“‘hae%gﬁ i’g?ya‘;elnl‘ff’é?}"g@'@ﬁg e dementig syghas }"?‘tﬁ. eag8pTURARTIRE)
5,340, 736.  Beinentiasgsich aoHwhtingtondy profictyivd fipfaheles pRROQFRATSHIETMRgEy f Or
reduci ngot he raqtre of scl.e %ro eLn de r?dati,oa in a cell; reducing the
rate of ~I nt r SCEPHFH u%ﬂ’@f’]ﬁ &é’b?%?dd?? lic-1pRie femengas (Such agchrogic

degr adati on aypqbgoidisat 6 B2 déficichd), land adifenitindibdviséd Byantebord (R6h Bs SHRTS-

rel ated cancers. Each of.IPese met hods i ncludes contacting a cell (in vivo
or in vitro Oéc gnlc meningitis),

Alzheimer's disease is characterized by extracellular deposits of f-amyloid protein

(B-AP) in senile plaques and cerebral vessels. B-AP is a peptide fragment of 39 to 42

25 amino acids derived from an amyloid protein precursor (APP). At least three isoforms of
APP are known (693, 751, and 770 amino acids). Alternative splicing of mRNA generates
the isoforms; normal processing affects a portion of the B-AP sequence, thereby preventing
the generation of §-AP. It is believed that abnormal protein processing by the proteasome
contributes to the abundance of B-AP in the Alzheimer brain. The APP-processing

30 enzyme in tats contains about ten different subunits (22 kDa-32 kDa). ”i'he 25 kDa subunit
has an N-terminal sequence of X-Gln-Asn-Pro-Met-X-Thr-Gly-Thr-Ser, which is identical
to the B-subunit of human macropain (Kojima, S. et al., Fed. Eur. Biochem. Soc., (1992)

304:57-60). The APP-processing enzyme cleaves at the GIn'>--Lys'® bond; in the presence
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20 a nmuscle in a subject) with an effective anmount of a conpound (e.g.,
phar maceuti cal conposition) disclosed herein. Fibrosis is the excessive
and persistent formation of scar tissue resulting fromthe
hyperproliferative gromh of fibroblasts and is associated with activation
of the TGF-f 3 of silgjmaliom thepmtyradalso dedvea itle Mety olAgp'sbond and shevasptieplaShdndon of

extracel | ul ar rix.and occur hin virtually any tissue or across
several di ffeﬁ%ﬁﬁeaﬁ%%%?cgl&!ﬂ’aﬁ?’fnydpw | evel of intracellular si gnal i ng
protein (Smad) thap _actjvate t cription of tar enes on TG
stinulation is regtlat® e’ﬁf‘[ﬂ?@é %@quffrﬁat '%Lf“ eiger's di JZ?’BWOTC'“%&BVH
accel erated daghataing @a Qibjdchsh cFfebtiveInusitahicBApSRANO RS phambastiheen ,
observed in cancers and other hyperproliferative conditions. Thus, certain

enbodi ments ofCPPREtioR sl psedh hereing Such tipamenbingladesgadicing the wiqf AP

hyper prolifer ar
degenerati on, alt IC ngglqg(mﬁed qﬁ%ﬁat ?IB ‘QﬁP]gJﬁr% 'H)agg S‘%Jg{s}ﬁ%%?%}f d@phr opat hy,
cirrhosis, bi ga:rarayion ahd eslueing themgmsﬁl isigas ddehieitheds digease. scl er oder na,

radi ati on-i nduced fibrosis, and lung fibrosis (idiopathic pul nonary
fibrosis, coll agerO&mmHodhnaﬂtssﬂaménveaﬁmmladne cachexintand Siuscdd-whating - 23

di seases and rin ers e treatnent of .bu tinsg is
Cfton hamoor skl The plottthrie detad&d dny phGng e oy ey Fod gravine

i nventiol?is ﬁh'ebihnq)lIﬂahllsﬁfepﬁwﬂtcﬁ'ﬁﬂsmm acbaium, Helratt odpro@blysii@edridobbleor s t o
treat buns. nd. closure follo sur er often .associ ated th

i orl gur iy Tbing e the s S RIEE. tho ey Ry ide BT Gposr i Brakin 1958 T
5in certain :mdb]machnl‘mg&hsus lodveoni KidRd brdivef. ahBibiesrs bOtha invehtiachrd @efid be
prevention or, ductipn of_ scarrin Ano her pt ot ei rocessed by the
prot easome is % ngEonditiops UG pS EpCqTfArgRiq ?%érSﬁaSPaﬁ?‘{% mupple IS f ani |y of

transcripti onatopkg} dﬂd&feﬁérvﬂfoﬁt RIrRSinfad)) f438ng k‘éﬁhﬂlﬁﬂurb @Es@cﬂafé@ widlla6idBsts, The
first gr r ot eql tlc processi ng, i ncl udes p50 ( NF- KB 1, 105

Up r UI res
0 ba13hh B ckeang Bopatio hikisn e rrie GOl Vot Salsnabes MO bequl 1 6

proteol yti c FHBYERSS M theARfentiDe theieste BRBMHIS fdthods For( €diRGhg) the ARCLRELB) .
Bot h honmpb- and heteraqdinmers . can be forned by Rel famly nenbers; NF-KB,

for exanpl e, T PRI femaditioningdretieteducing; thefatas datpcelulararotein dggradation;

ubi qui ti nati Qedueing kheBaR e destitatiot HEpss YWrihih maeédnsarﬁﬁﬁm@ﬁﬁg owtB@ps3-
processed, respectively, to produce active NF-KB which transl ocat es from

the 15 cyt opl'gets E@C%rﬁeﬁw@cﬂf&?ge m@bﬂdfumﬂmd@aﬁwomg)scﬂbﬁam OpindiEs $&d by
puri fi edopr oLeAROE%S S&Pe%f)meahleﬂ‘eﬁfve%ount@L kor&\ﬁ]&ﬁég %8 HafmackBma) AcCtive
NF-KB forms a ster eos peci enhancer conpl ex ppHeppacediial pti onal
activators afempesitipn) dipplgsed hespin. | nduci ng  sel ective expression of a

particul ar gene. . . . . . .
Fibrosis is the excessive and persistent formation of scar tissue resulting from the

hyperproliferative growth of fibroblasts and is associated with activation of the TGF-8
signaling pathway. Fibrosis involves extensive deposition of extracellular matrix and can

25 occur within virtually any tissue or across several different tissues. Normally, the level of
intracellular signaling protein (Smad) that activate transcription of target genes upon TGF-
B stimulation is regulated by proteasome activity (Xu et al., 2000). However, accelerated
degradation of the TGF-8 signaling components has been observed in cancers and other
hyperproliferative conditions. Thus, certain embodiments of the invent_i_on relate to a

30 method for treating hyperproliferative conditions such as diabetic retinopathy, macular
degeneration, diabetic nephropathy, glomerulosclerosis, IgA nephropathy, cirrhosis, biliary
atresia, congestive heart failure, scleroderma, radiation-induced fibrosis, and lung fibrosis

(idiopathic pulmonary fibrosis, collagen vascular disease, sarcoidosis, interstial lung
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NF- KB regul ates genes involved in the i mune and inflanmatory response, and
20 mtotic events. For exanple, NF-KB is required for the expression of the
i mmunogl obulin light chain x gene, the IL-2 receptor a-chain gene, the
class | major histoconpatibility conplex gene, and a nunber_ of cytokine
genes encodi néiscaserand gxiripsie lung disprders).. The tregimanst plhuye ¥ickigr isrmftes hampgred g

factor, and Ik tolgﬁié’ tﬁ@?ﬁﬂﬁ&ﬁl&niﬁnc bﬁv ment in %r?i%ﬂ?s tﬁgio?v%:gl' or%gé%micsome

&
enbodi nents of the invention e net hods affecting the level of 25
expr essi on of adnrinistratigR©f the ihhibigors IPNFRat burfN-Wenndrclosnse followihg swetng s often
previ ousl y- mept.i . 1.0S, . ' [ 1 N| kN a
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i ncl udi ng p50inaerain apbolinents,adkomsenibn adattsto ainpdthoafmethe pyevemidnionradadion
responses (Thangs.. D. and Maniatis, T., Cell (1995) 80:529- 532). 30 NF-KB

al so partici p%tsgasrhln% t he expression of the cell adhesion genes that encode

E- selectin, P-selgctin, |CAM and VCAM 1 (Coll.ins, -I., Lab. vest. (1993)
58 309-508) . One AREISE PYISTe PIop AR T ereh s NEoRL pimeteep! R | ng

cel I adhesi onproteingfamilg.eThe Reldhinity oftratediptibed adiivalor p@teritcan be Brvidel @ad twy

| CAM or VCAM 1), including contacting a -24 cell wt or I Ni.S ing to
L Coubj oct) _anEratHedB Pt Eig v OB oRTR T 2ad s RgRO Ly 16
conposi tibon) g ehdpRANFErR 00 kDHC Tat@ oAdE ol fses hosreQiirei pibtuslytid esul ts in
hypoxi a, a condition in which there is a_ deficj ncg3 of . oxygen. reaching the
tissues of tHECHEURR aAchingludesgp (R ReleweD); g kel ok herad-A0d Preediier k- BO
thereby resuldahBgfdried BERAGhMUAHeABeR! NNEBKBr EX09)) i€d psULp65 helPdtimed t  has
been denonstrated that the severity of I%l ury resulting in_hypoxia can be

reduced wi t h AReighempensiaten and hinugmationeidrB a8bREDS, RRINYP Profeipsasp dogradsd . |
2000; Bao et gl proc%&l}fes?%%vﬁ?, t8 produceZR83d NF-IBEVBERESnsldeRE{ AbR ugTbodi nent s

of the invention relate a nmethod of treating an 1ischemc condition or
reper fud?on icjoplagm cothp nielpusy Wninvitinatadaxl Phis alse peocsised bpurifiedmetensomesio such
treatment an @hbmei Pl eRH o] 787 FORBIURGINEAB Tohs SRl dipediAD! es of
such conditions or miqurl_es include, bat are not Iimted to, acute
coronary syndénrlareercompler mithlather phursguipiional aghivasers and, 6 gc [HMGJEY Xl indueing

(cardi ac, Cers&?étﬁrkexﬂ?@JsioﬂQ‘?E?Lni%lEFéeBél and vascul ar occl usions),

at heroscl erosis (coronary scherosis, coronary artery disease), infarctions,
octenosts. 16 NECRBLATBhe e gy BB A AR B G E e ReBons 300 ey
Wien co?par ethitolic exents. Hef cxampheaNZIRB istrénuired fpr thegapmssionyoftheoingiynoliebulid  pbj
L T PHhB AT B RIS R PR AR s e

complex gene, and a number of cytokine genes encoding, for example, IL-2, IL-6,

granulocyte colony-stimulating factor, and IFN-f (Palombella et al., Cell (1994) 78:773-

785). Some embodiments of the invention include methods of affecting the level of

25 expression of IL-2, MHC-I, IL-6, TNFg, IFN-$ or any of the other previously-mentioned

proteins, each method including administering to a subject an effective amount of a

compound disclosed herein. Complexes including p50 are rapid mediators of acute

inflammatory and immune responses (Thanos, D. and Maniatis, T., Cell (1995) 80:529-

532).

30 NF-kB also participates in the expression of the cell adhesion genes that encode E-
selectin, P-selectin, ICAM, and VCAM-1 (Collins, T., Lab. Invest. (1993) 68:499-508).
One embodiment of the invention is a method for inhibiting ceH adhesion (e.g., cell

adhesion mediated by E-selectin, P-selectin, ICAM, or VCAM-1), including contacting a
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signal s the phosphoryl ation of 1KB, triggering |IxB degradation through the
ubi quitin- proteasone pathway. After degradation, NF-KB is released into

t he nucl eus, thus 20 enhancing the transcription of HV (Cohen, J.,

Sci ence, (1995) 267:960). Two enbodinents of the invention are a nethod
for inhibiti ng:eBrWimédmdLmirgsteﬁﬂg t0 nfselgedtlom dffective asotmtef 2 compahnd (oret hod f or

decr easi ng th vel viral.. expressi on, each nethod i ncluding

adm ni stering 't '%}aﬁ%“t' ﬂtﬂo’@B?ﬂt&(ﬁ?g 1881@1% Panount of a conpound di scl osed

ne TNFa i 5 25 contiavaedisRBRe BRI S Frbmiih 2ot
septic shock. dEﬁtntrh@rofmrygcn fehchinsg thgam&ﬁﬂtbe lﬁdpemleebrﬂhﬁh chides Mntresded st ep i n
the activatio eII Sist eblndl pecific rrbrane
recept or sg h@ HEI"';I ts)'%lfbbﬁfetbé’ r‘?ﬁ“ g dn 5‘83‘“&’ "é‘kgﬁ:rféé @S‘f?ﬁ‘gék“] & Been
identified as hmﬁebamlm@atw Ghethe SeveSty @O Bifdry P@uﬁlh@m HyPékid-E5 Heﬁéhﬁ@&ﬂwﬁﬂ gnal
transducti on r%y be .an i nportant therapeutic tar In the treatnent or

prevention of Ne@guinistation of grugisasomg “ﬂ'é itog {Gao ejal, HQ\Q; a0 ebgl 3§01 Pye ct al,

1515-1525) . Theo3yf Phéefotelct@intetitddRATRARYT R Mvention PR R el o‘fﬂ@dti‘n ¥gntion
may be used for the |nh| bition of TNFa to prevent and/or treat tic

shock. -25 | nisFhoat pondiion gF sperdision igjupcteaipaisiag administeripg for4 sbiectin lneed of
present atg on hRh TrehirRRACHEaRe ahfauhtfw‘u%&nﬁéd‘&d Glsaﬁs%d '}.exggf'ﬁfaﬁ] leb

responses. The inmune system screens for ~ autol ogous at ar eﬁw rally
i nfected or h%ﬂ)’ém@ﬁﬁ@r@@m@ in¢ludsy byt ace nat Amited lopeauleoronaysyrdromd (vwinsrables a

met hod for i nhibiety, %rﬁmdcﬁﬁg%g%@ﬁgg&%dco&réw%%’ horal aktBiEd1 468 Dldoutar®XPOS! N

the cell to a conpound descri A co Invention may be
used to treatoclEigRY. stdresclsrbsisdpetionary srderadis horamanpintery digease)s inffaretjons, heart

organ/tissue faﬁda‘é;ﬁah atie il Frdyaﬁg,g@g@%tste%ﬁ?%éaeggmno@g aut o-i mune

di seases, inclu ut no 1°upus eumatoid arthritis,

psoriasiyg, nulti pll\ﬁ" I?](S’la% Qﬁhs,ssgaeglﬁga]y} &%chp ‘Jt" Al S§A f%ngrpe%%r?o as

ul cerative colitis and her e

met hod for Gh%Upﬁzﬁfmﬁ?gthEliﬁVrﬁmJatewsJ]@tmmeﬁbf IdJJMLdmffmby(vmgmpo Acitd ibi t| ng
transpl ant rejeebiofWhidl and asthnma

i ncl udi ng a dm nll(égtoer IhFIC% cln%«?%}érﬁtm Qng bm N ftlgt)é%ve%%ﬁat the rRrota £ kéna(s:% rpound
descri bed hersgnals ﬂmmbp*pépryiampn héfKBenmgdnnww dagadmhnmtﬂm@hfthrrutndmtm»l ng the

DR o £ o PitebHe BhfwasP Bt B BRF ATEKR Wrelefhd RUCREBRALE, Bl 0\ "ot

wth multica ytic "?ty of 208
pr ot easébe i §nkm1b$g1!he\tah§crmtidm cbﬁHBd(Coherduf, Smenta,t(lmo 267: 96(Bnti'wgen| c peptides

will be prod : h L Ol easone. an Les in e on the
surfaces of ggﬁ;{é’% gﬂﬁﬂﬁg Ura" e 4y %ﬁ’ﬁglgg foér‘fgnﬁ?'&"é'ﬁ‘f "§| éPPWQ"H‘E)ﬁt any
enzyme subject, and a method for decreasing the level of viral gene expression, each method

including administering to the subject an effective amount of a compound disclosed herein.

Overproduction of lipopolysaccharide (LPS)-induced cytokines such as TNFa is
25 considered to be central to the processes associated with septic shock. Furthermore, it is
generally accepted that the first step in the activation of cells by LPS is the binding of LPS
to specific membrane receptors. The ¢ and B-subunits of the 20S proteasome complex
have been identified as LPS-binding proteins, suggesting that the LPS-induced signal
transduction may be an important therapeutic target in the treatment or prevention of sepsis
30 (Qureshi, N. et al., J. Immun. (2003) 171: 1515-1525). Therefore, in certain embodiments,

compounds of the invention may be used for the inhibition of TNFe to prevent and/or treat

septic shock.




inhibition, or with, for exanple, selective inhibition of chynotrypsin-Ilike
activity of the proteasone. 20 Certain proteasone inhibitors block both
degradati on and processing of wubiquitinated NF-KB in vitro and in vivo.
Prot easonme inhibitors al so block |IxB-a degradation and NF-xB qctlvatlon

(Pal onbel | a, et al Inﬂ@@qllula(mymsyswgewgesmy papfifies for prssentation to delymphocyies go

J. (1994) 13: Qm Vi g@,fs m}d for
i nhibiting | K%flﬁlﬁu%egr a ]at | ongcn%}%?:j | ng {Pgﬁ%chnlgﬁﬁdﬁggyﬁ?n %

conpound 25 @wsloghisaullhibataranirally ﬁrtfcqtmr havehondesgena oncggewmm@amtmn

reduci ng the I I
subj ect, incl S%IL‘ ﬁgllbg‘g)'n '%% ?ﬁé‘hﬁ]fmwﬁ %Arfﬂmg?@%%}mg%?ﬁ a‘%ell%%l ec% vm th a
conpound descexfpsiig tiercell o a dnipenndddsanibedhereint rﬁacmnpoupd ofithe fnrentomgnaytst

TR hor pes Betib el iR BgicOauba8 suln S shERT e, ApRTLRE gL O
vi rus-i nduci b{gafi-Fédsusetgist dideare), aﬁ@.ﬁﬁt@ﬁmﬁlumf diteakes, inalnding, lbat natiaried ¢o, thqurd

sterol regulat ele nt bi nd tein 1. her enpodj nents of fh
hvent i on”ar oHRRGHEDHS B Etr GRS SRS AR HOBRTAR, RAF S ges ifh
cycles, inclugk mgerﬁm@smgm&c&mhfs dideise| T, Dfurthér ewibm)nche.sa rmtmaqund - 26
di scl osed herein. Qyclins are proteins.i nyol ved in cell I e.co Iﬁﬁr:r The
pr ot eas p%f’rpﬂ"é?‘%'ﬂ‘%ém‘??f‘ctsﬁ%ﬂﬂé’ﬁ?é‘t‘ﬁ?cf(’J"rg’th’BS‘)’B'g Fr?.rg;pla ﬁl‘?ﬁﬁ“é’sa g‘E‘°ycl i ns
i ncl ude mi t ot o SHmlhd Esealdh, an&!ﬂh:‘nﬁ‘}s incRIAfg Gl MldidlerRg 1HME sREadtanBFFEYtve Y Cl | NS
enables a cell to exit one cel é [e stage (e.g., mtosis) and enter

anot her (e. g.amefnypk3 Qﬂ'i'}PO“‘Fd(deﬁ%!"ﬁ he®iPed all cyclins are associated 5 with
p34.sup.cdc2 protein kinase or related kinases. The proteo] ys!{s targeting

signal is |ocali zZ¥pthes fugtherembedinent iz mothodcey diering the repsiping, ek angEenic)y )

There is evi d@é}bﬁéestﬂi‘é’éuceﬂﬁhé Protedson it it/ bl WitPmuRicAhiyHe ReVAP! Porl 0 @
ubiquitin I'igase or that yclin-specific ligase, is activated duri ng

mtosi s 106G ect@rgleeif theG GPE HCE’I“I’“Y ofi2pS propasoms isxselectiyehhinhibiteds g different get o
prot easone i nhy bﬁl@ ﬁéé \ﬂll@g g{oag@eh'b?%e ]ﬁ‘gﬁl dolfe"aR4 BreSontddnh RATIE nfofdchiles

proliferation, exa e, in Cémln related cancers (Kumatori et al.
Proc. Natl . Aé’aThB msﬁapcsw S(ﬂlaygmuld rpdired AginBysenieh eitherbyaliPHERY cemehe

invention is 1ﬂhlﬁﬁifom9v\fuf?nrfo§£ﬁ Ié‘gel@ctﬂé hIJnﬁJnangI{ng f SHAKE abtivigy ottt ect

(e.g., cancer, psoriasis, stenosi s I nclu mnistering to the
subj ect an efﬁrete@some armunt of a conpound di scl osed herein. The invention
al so enconpasses a nethod for treating cyclin-related inflanmation in a
subj ect 20i ncl udi néeraiy padeaseresinbibitorg blask hoddopradation andiproggseing o€ al | y

effective a%ﬂfmt%teﬁ NIAW quﬁtgo %Siﬁ QIQ?@mtéL@&ﬁé {khibitors also block IxB-a
degradation and NF-xB activation (Palombella, et al, Cell (1994) 78:773-785; and
Traenckner, et al., EMBO J. (1994) 13:5433-5441). One embodiment of the invention isa

method for inhibiting IxB- « degradation, including contacting the cell with a compound

25 described herein. A further embodiment is a method for reducing the cellular content of
NF-kB in a cell, muscle, organ, or subject, including contacting the cell, muscle, organ, or

subject with a compound described herein.

Other eukaryotic transcription factors that require proteolytic processing include
the general transcription factor TFIIA, herpes simplex virus VP16 accessory protein (host
30 cell factor), virus-inducible IFN regulatory factor 2 protein, and the membrane-bound

sterol regulatory element-binding protein 1.

Other embodiments of the invention are methods for affecting cyclin-dependent

eukaryotic cell cycles, including exposing a cell (in vitro or in vive) to a compound
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Addi ti onal enbodi nents are nmethods for affecting the proteasone-dependent
regul ati on of oncoproteins and nethods of treating or inhibiting cancer
growt h, each nethod including exposing a cell (in vivo, e.g., in a
subject, or in vitro) to a conpound 20 di scl osed herein. HPV-16 and

HPV- 18- der i vecﬂiﬁﬁtspﬂhmﬂh nEydiné amlpamea'nsﬁm%lwdjmmbll cpcld dontrold dhe poberatome

acessive ondupienihn MrBlant i Bamuf B ek R SR v

tenperature i my@lm,ednﬂ cydlin® mgrzhiaﬁomﬂ@blﬁﬁ ehhlﬂésrmdeabd: bt dde celEbR¥adtad | evel s

of p53 may Ie d to.apqptosis. &3 of qt o-oncopr ot ei ns degr aded by
the ubiquitin %sfnétﬂé)?c}ﬁﬂ‘ﬁ)ﬁ'ﬂi%ra@o%je B iﬁ’b%"“)zél%ﬁ‘rd'e&e ‘ﬂﬁjr?y"l@’ié Hefent s
a nmethod for twimaidnegp.qfed pfobdinkifshe dP RIMi&Fkifases. "He\pbtedlysifdfFeiSdigial RY t0 a
subj ect an ef ective anpunt, of a co%ﬁund di scl osed herein. | n _another

enbodi nent, aliged &9 yuieg aeid ol AGL CRIISEN Sr(destmefiontbry). (Thersrinayidenge that

parasitic i nf Q%IinQQGoﬁ&&l& t6'a fdrﬂlfﬁﬁ{eia@féstoQ%Hgﬁﬁ]nhﬁéaﬁrd?rﬂﬁzé)@ﬁhﬂ%ﬁ&?ﬁé Fighse |N€
pr ot easone of t hese cﬁ]ﬁaa3| tes i s considere i nvol ved pri mari |

cel | diff er enisiagtivasd & raioris (Geqhenevan Aactelly (9P Patlganhibition of ther ?/ends
Par asi tol . zo%teagc%ezl}lhlb%cﬁﬁﬂ degfwa&ﬂ'g Eﬂa){h@reﬁﬂgmm?tg bai rﬁﬁﬁfa'ﬂgﬁ ve been

shown to | ose encystation capaci n exposed to proteasons i bitors
(Gonzal e} et exmple, Ar‘b’ﬁhﬂ mﬂd fRegel‘S FoogmptorD@ al. SRIQ@I‘N@‘ AR SA405A (1990¢erta| n

such enbodi ngﬁg@ﬂ AP TR nt of
parasitic infections g‘) 27 1 %ﬁ%&ﬁgpcau%gg&ﬁm%a%&[%ﬁz%’gﬁgmﬁlg 3}‘{1&&5 ect ed
fromPl as m)dl disgaspin a spbinetl(eigi caped?, psofiadis ppa:siamSISP muludnw@dnﬁmsmni@mlthe and
P. oval e, S relR anos.o i acl.udi n cruzi,
whi ch causes %%gg%sh E?fl sggagdé’%)'fofg }f’?'p "rnﬁcdrersa]o\%gdsh re“((':aﬁlgce'ng'gﬁ‘ ]3n sl eepi ng
si ckness), Leishmpassa aspahod foncdatidg oy lib-relawd hdhamsitisn inla suﬁpmomamﬂmgL

cauee. prsunon e ENeGRER « Sk sneiet RN S CemF Bbuth ofa oIy 30l norm

gondi i, Entareebe hi stolytica, Entanpeba invadens, and G ardi a I arrbl ia. In
certain enbodi nents, the disclosed conpounds are useful for the treatnent
of parasitic infedtddgivsaliembadineats areanethbdsesifrcling thapoedsdme-deppiidehDz 0oan

parasite sel . mPIa nodi t oridiums
Echi nococcusergéug%h osﬁ%mp eﬁ%s ang "feﬂlr?ggﬁgtréagﬁg %’586‘?’&“% cﬂ’gﬁrr%ﬁ‘g‘% ‘!éq‘fé
Neur ospor a cmh«ailncltﬂﬂxhgex;mmnp@uﬂdﬁn visefald., iaa sphjediteasoniero) ol daipotisd | N t he

i ncor porbt ec FRIEH farin; BEOTRAR B 1 £550kD ERere Enimiiind Cobh BPahde osea

conpounds in hllebmidemrcoﬁjegﬂmﬁamaa&gra‘daﬁqn ofip58 avatdd rlahguldds}teay@&l& avhd &cesﬁUE h
irreversible inhib %3@??) een shown .t o |'8duce shutdown 15 in e 1%

activity wt I?S‘fﬁgefl%ﬁ R ?‘?Btoﬁf‘i)‘ﬁ’a"?}‘éf’i © ROfPETINS Y IHPBSRUedn p&e

certain line with a mutated thermolabile E1. Elevated levels of p53 may lead to apoptosis.

Examples of proto-oncoproteins degraded by the ubiquitin system include c-Mos, c-Fos,
25 and c-Jun. One embodiment is a method for treating p53-related apoptosis, including

administering to a subject an effective amount of a compound disclosed herein.

In another embodiment, the disclosed compounds are useful for the treatment of a
parasitic infection, such as infections caused by protozoan parasites. The proteasome of
these parasites is considered to be involved primarily in cell differentiation and replication

30 activities (Paugam et al., Trends Parasitol. 2003, 19(2): 55-59). Furtherinore, entamoeba
species have been shown to lose encystation capacity when exposed to proteasome
inhibitors (Gonzales, et al., Arch. Med. Res. 1997, 28, Spec No: 139-140). In certain such

embodiments, the disclosed compounds are useful for the treatment of parasitic infections
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such enbodi nents, the long half-life of blood cells may provide prol onged
protection with regard to therapy against recurring exposures to
parasites. In certain enbodinments, the long half-life of blood cells may

provi de prol onged protection with regard to.  che r ophyl axi s. i ngt
future infect iHRUmanG cpysed, hy a protqzo SH%ﬁﬂ%ﬂ%@%ﬁ'ﬁ?‘XWﬂf'&WB@?‘gg? hat
bind to the 2Q@fcPiAMSRSAVER, PShalitide2im 1) 0vsle, vaitdauSmhlar)P T pafog@na sps.

cultures. Furthernore, when such inhibitors have geen. dmi ni st ered
systeni cal |y figchias T. epi which sausesahagas dispaseanddr brycricyiucheayssssHECan, o1 une

and bone for ngf| i W0sb SR hg L! amdZon@isisAL. dondvanfiLL fankiiy,est .
(2003) 111: n?%%@?gl%gg)ﬁ?s){wheghg‘zgﬁogﬁfﬁggeslti‘ngar!t] hamt1 tﬁe ut?inqtjainti n- parnot easone

machi ner y5 r el aewisanaseto s tRaowrnegystisiafifi fantetozaandmown & GUFEPTCBARR iHAIDS

Therefore, the discl. : rm% yﬁ%%f i L and/ or
prevention of 5 | é@%sfg'gﬁ%g%ﬁggg#ggaw th 1%%%%‘ o_s%qndg’trﬁi&g%&s gg’%dggpo’ rosis.
Bone tissue i Enamoebaciolddent, andGiaodia faprblifi.abx eorteinwimibotlinientsethe Hisclosgdaci ty for
onl v st r uct ur SepS s patiiZor i b of pua il PieRORSn shitmifeli HEIR Do
structural intagedhya plotdaoarepardsité seddcted fininoPlagmoditninhesnni, (ryposporiginmeph,
factors Me aBFaBwReey ARuBrrn By orRsrterns Bartd R dphAtatsd o 1 €1
nmor phogenet i cOgtiedt@hpamiSMdRa as pbleasdinetifitibieorgindthé tredtmettaf parhsiiedisht@ates on

ther t f -28 Il.as on b IIs, .including Hardy, M H.,
ot al . ansdessiee it 28357 B iR SeBeheprned PR B IR "bone.

nmor phogenetic proteins (BMWPs).,, are differentially expressed in _hair
ol [1les.duri hg. deserpapdinegrhesisafiegsontunts TR TEARRope du e
(1994) 9: 855- jriReersiiBSia i passitd. NEicR irkveishicihhibiton Raobecashvas ®iinduco shuildin2 and

ot her substances in bone 5 . cells. BM?-2 expression in tyre. fqllicles al so
occurs dif i ngREEYIPRAGHEHY Hithouirecavery frred @Pfiﬁa‘?ﬁnﬁé@}‘ﬁe%ﬂgwﬂﬂ%ﬁaﬁr@w

(Hardy, et al guchtR88dimeHiR) Be long AMELifCSTERVREESs Mhy %lbeid'b piAdHgkdprotedtion witis 0 be
useful for hair follicle gromh stimulation. Fina I%,cethe dj scl ose

conpounds ar eegMd40 tEEPY PEHRS! HCHFE STRELEYRAESIE: d Wefaﬁ’%‘gﬂﬂgﬁ kits
or for use ingphhAkGifd of!bi’&‘arcéﬁ@:ﬁéf’?&wiﬁ@f»ro&ﬁx@é‘rﬁ%l‘o&ﬁti&ﬂﬁt@fdgﬁﬂlt6IS (e.g.,
enzynmes, 10 transcription factors) processed by Ntn hydrol ases, including
t he” pr ot easonghemprepHylaxs against RgpOdRrgNar e al so useful as research
reagents for specifically binding the X MB 1 subunit or _a-chain and

i nhi bi tidg the pr dt basiajsoibeerdemappiratedsthatdalybitors gt bind Ip e 205 pioteatofienp) e, the
activity of (ﬁmlﬁpe&ieffbﬁnataah liPhdn ofgaR bhin@bd) Furthermbé, iwheR fudhlihibitdpé Ras one

can be determned. ) i . .
been administered systemically to mice, certain proteasome inhibitors increased bone

volume and bone formation rates over 70% (Garrett, I. R. et al,, J. Clin. Invest. (2003} 111:
1771-1782), therefore suggesting that the ubiquitin-proteasome machinery regulates
osteoblast differentiation and bone formation. Therefore, the disclosed compounds may be
useful in the treatment and/or prevention of diseases associated with bone loss, such as

osteoporosis.

Bone tissue is an excellent source for factors which have the capacity for
stimulating bone cells. Thus, extracts of bovine bone tissue contain not only structural
proteins which are responsible for maintaining the structural integrity of bone, but also
biologically active bone growth factors which can stimulate bone cells to proliferate.
Among these latter factors are a recently described family of proteins called bone

morphogenetic proteins (BMPs). All of these growth factors have effects on other types of
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15 Most cellular proteins are subject to proteolytic processing during

mat uration or activation. Enzyne inhibitors disclosed herein can be used
to determ ne whether a cellular, devel opnental, or physiol ogical process
or output is regulated by the proteolytic activity of a particul ar Ntn
hydr ol ase. On Q0 d g cel |l
preparation, g:?ﬁé;(i%\g?ifﬁ ext ragtgéme@au&)%\ﬁh%gg{ogggﬁ{lsﬁ]nmggef’etg& par h)n or
cell 20 ext ra@wbcwvwmndmw wotpbsgedetingreteins (BMB@)samgnffdmnally expressed

d- t tr ' I,
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i mplicatign of for.exa 2 roteasone) in a e
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Corrpounds pr e periceicbf aell plesiferition gHNAY, &k M. Q892, kep fﬂmﬂb ,LoMpBshds Bf M@ nvetdn
fornms, dependlayﬁ]éggﬁ q%gdl sorder. to be treated and the age, condition, and

body wei ght of" der haigdolligle grawth giiwlafiqnn the art. For exanpl e,
where the corrpoundbs be dm ni stere oraIIy, t hey may be fornul at ed
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agent, a cycld@&@%mﬂdn and/or a buffer Al t hough the dosage will vary
dependi n% on the synptons, age and body weight of the 5 patient, the nature
and sevepPity of t iMostipellgladprotaing dvesubeettd @tbtanlytisr rroe@sdingijurink exatupatioe oof

admi ni stratl%t@aqgg th I dai | sage of from
0.01 to 2000 : n ﬁzgr"% 1@?@1&0%9@29{%9&3&caQSQE{eﬁrm %eﬁer%?d“ el‘%/heﬂ'uman patient,
and this may¢ al‘adfme}wmmbdrPhysnaioglcnlgirecesk):s@uq:ut isnegiilatédtydhamseslytidhe
amount of actiy&nidp Q ha.carrier mterial
to produce a sei{nz ggg'g#gﬁeg;ym ﬁmﬁs?a&éen%F gfﬁnﬁ“‘a '“"l‘@e DR ST R he
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adm ni sppat i (o) eco osition that will yield the nost
o fect; o0t o SR RL opBRfschlseh R RCHBO Y 8 Besind ikmosed U@ B Lt v 1)
depend uponpteparatar, bvedextphias asigoi,iand oakorimythe piooay ai dudhit! Thehig a
particul ar CQ&Pc%Uﬂﬁ'of the compounds disclosed herein permits rapid and accurate elimination or

implication of the Nitn (for example, the 20S proteasome) in a given cellular,

developmental, or physiological process.

25 Administration

Compounds prepared as described herein can be administered in various forms,
depending on the disorder to be treated and the age, condition, and body weight of the
patient, as is well known in the art. For example, where the compounds are to be
administered orally, they may be formulated as tablets, capsules, granules, powders, or

30 syrups; or for parenteral administration, they may be formulated as injections (intravenous,
intramuscular, or subcutaneous), drop infusion preparations, or suppositories. For
application by the ophthalmic mucous membrane route, they may be formulated as eye

drops or eye ointments. These formulations can be prepared by conventional means, and if
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physi ol ogi cal condition of the patient (including age, sex, disease type
and stage, general 15 physical condition, responsiveness to a given dosage,
and type of nedication), route of admnistration, etc. However, the above
gui del i nes can be used as the basis for fine-tuning the treatnent, e.g.

det er m ni ng thhsnaﬁlmawavfeh@emﬂhﬂy bamﬂtmmfanﬁdmmhﬁdmbdddms ombucqhentvm N
require no nore than,routi e ex eri ment on consi sti.n nnnltorlng t he
subj ect and  AHAASACIRGSE R b R TSRS SE6t,

" phar maceut | Cthp)tnsﬁﬁﬁﬁcl)taﬁQhﬁisnfyﬁng agdnt, QyestingQEsit a dyRlodefian, dnd/ot NBEEEr.
| i gands, rraterlals conposi tions, and/or dosage fornms which are, wthin the

scope of soundithepgh tb%lﬂoﬁagﬁjﬂﬂ’e‘ﬁfy depgpdingAndhs Hmnieres, jage #khody weight ¢f thée

tissues of hunRRnb g Rhfure Bt 0dHRbBthe WsbaUb b@&@eﬁé@ér‘ﬁﬁex’eﬁ?&ﬂ Cthd Yute of
irritation, allergic response, or other problemor conplication,

commensur at e wilminisiationandthe foam l?éﬂlefdmgl wigghersla flaly dpsagried frgt Q&leto 2000

"phar maceut i cglJ o g Bl mpgﬁﬁ]
phar maceut i ca?riéy écgcggr{%{)gﬁeﬁrrr% ter |e§1 ed fglzar]r%gglig ]i}&g%] at(i)]]r'Tj vehi c {gmayé)ﬁch as a
liquid or sol adminfsier¢doin a sitigheudene or leﬂlmqyddn&eﬁ Ehﬁmmmtgfacemmg@diealtwh@
material . Eac b t g§§
conpatible wt thn coh%irﬁHHﬁt}hna cr%%n fg'%feﬁglt { lécﬂfaosrI ré]?d({%g dﬁﬁéﬁe&lﬁj urious
to the pHli enthat Semat eb‘daerpdmpnuoﬂ whizh@radates awkdrageuaeffestr ve as 30
pharmaceutically acceptable carriers include: (I) sugars, such as |actose,
gl ucose, and sucrBegiredi®)ting eradimgsstratorcindas amoumt of ttarcompoqjtin»rahnt vall aiedd,
and substi tut bstituted 13- clo ceI ul.os its
derivati ves, g%c Oshegﬁsgg‘&e rﬁf‘ﬁl%]élf %Hﬁsy fygﬁ{ en’né'na ""llnmrlt ﬁdfpgls“g and
cel I ul ose acetpnahe a(cﬁ:)ntp@hdﬁfaeduﬁdhagamahbirvanlélﬁhtymhtpam(zﬂ)nr @ﬂimumda (7) -30

talc; (8) exc sugh. as oco and sup 05|tor oi |l s,

such as peanu’[’ﬂ‘%"v"(‘i’;‘| gmal:%"t"?ﬁ‘r?@@& eéi’f“i'em 5&#94%@&? st?f‘ Scé‘% %‘% "\(,SYa StaBe @F’ﬁ('e\?%l oi l,

com oi | ,15and piyglgiatnditibn, réspOysivegbsy €d @wemigea&mmﬂmagbmpmhte of 11)
cerin,_sorbitol, nmann and

polyols, such as gl et.h

(12 “esters. wfioniation, oo HEVeME e ammAinrLssn be useles B b o g

buf fering agett Ereatﬁlb‘ﬂhe 8 dereaiimag nmobmﬂmaxlmnamlmbmawmhmﬁm dﬁch (15)
alginic acid, W& yrogen-free water; %& |soton|c sal i ne; é%g ger S
sol uti on; (19‘yl"erf e noav%ﬁap Touting FXRSHEEHABANFoBEFTg Ol SniipTingthe subjrgt ¢

ot her non-t oxidgusGRY1P8 dbke andiainglges enpl oyed in pharnmaceutica

formul ations. In certain enbodi nents, pharmaceutical conpositions of the

present 2onvent i on The BhASIMmAIARIcENy dccéptablé?qs BRplojdiidietsn fl iR fo thaet 10
terrperature el evations when administered to_a patlent The term

" phar maceut | dgAPS5: BAEERSAompogitipnss andior dpsaes fpripp whichjats, ithinthescApq of,sppnd
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can be prepared in
without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio.

25 The phrase “pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition, or vehicle, such as a liquid or solid
filler, diluent, excipient, solvent or encapsulating material. Each carrier must be
“accepiable” in the sense of being compatible with the other ingredients of the formulation
and not injurious to the patient. Some examples of materials which can serve as

30 pharmaceutically acceptable carriers include: (1) sugars, such as lactosé, glucose, and
sucrose; (2) starches, such as corn starch, potato starch, and substituted or unsubstituted 8-
cyclodextrin; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose,

ethyl cellulose, and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7)
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situ during the final isolation and purification of the inhibitor(s), or by
separately reacting a purified inhibitor(s) inits free base formwith a
suitabl e organic or inorganic acid, and 15 isolating the salt thus forned.
Representative salts include the hydrobrom de, hydrochloride, sulfate,

bi sul fate, pheagh@tercipRhis! Mtkas @R6d RitRr andauosiicdy wak&al9d oil§)8hdNiak peadut
stearate, |aurate, benzoate, |actate, hosg ate, tosylate, citrate,

mal eat e, fumaPiteetionsessail, safflawer ofl, sesameoil, bfh?lhwatoé angsoybeap gil; (10)

gl ucohept onat glch,@cshams%@gyrene g@u&ym )de] §134¢h as 2BLErsn, seBHoldhiiftoR ehd
salts and the |ik (Se f or “éxanpl e a

et
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| nhi DIt Or%. LS G firing Apdnhe sITR 50 Bl Enddlu ght.va &E&%ﬁ&'sluiggnég.g{.e gs%.aef;lgr%s%gsca' n one

or nore acidic group us_ are ce f
phar maceut c ah¢id; (H@Dpersizaiviiee walet: sﬂ%mdtpmhmﬂ@lﬁl@at § golatbme(iOhethd bases.
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the rel atively nond I'nofganic a r‘gani ¢ base a on Salts of an
inhibitor(s). eﬁﬁblem ig phargaczaticdl rt‘dmmlaﬁensbén cmemutmdlmamtssphanmehsmtmg t he
final isolati on. 1%m;i)urfltf I cati nenvm; t he Irllhl bléng)rgs) o8 m% rai ely
reacting the pur fied In e%resteor'(l e')“ PRSP e G rﬁ‘ f‘ﬁs' Y5 abl e
base, suidh asmpéretulydiakoteyhcaadhiniadred toarpabéent.ar bonat e of a
pharmaceutically acceptable netal cation, wth ammonia, or with a
pharmaceutically éﬁxeeqamaiphmcgmnﬂqf qncépumrc}sa}t’mfaumiahwr,elaomlﬁﬁoxt-exxtci ary

am ne. Represent atlve al kal i kal j art.h salts inc t.hi um
Sodtum  pot S0SteAs ML dter feid st il T iR RresB R S b et o
Relpr esent i’:lt :jVﬁtthgﬁ?g’llhe fi nﬂﬁ%dk&ﬁnﬁldﬁd?f)m{ﬁcﬁﬁtm dffilee :ﬁmlbim{s&mi b@fseﬁhme&y ﬁbdd‘{n@ laon
salts include e e am_ne 31 et enedi am ne,, nql am ne,
G et hanot an T BRI 18 R e Tormouih SO GERGe APt BifgBler Bl
squ][ a) . 1Ws2| t | ingati@and alt tiaidfbrsiel] Rféﬁreseaﬁdvé 44ing mlemﬂé the h§&h@hroﬁﬁde$0dl um | auryl
sul fate an nesi.ym st ear at as colorin gase
agents, coat i ”a @8 %Sa%é ?fﬁg’%o a‘F’I'é%‘?’laFFéate %E’%‘ér“iﬁﬁf‘ﬁ Pfg’"ﬁﬂ%nts
preservat i vessteark, mzdt@bé&aﬂbaaaae phoS§hate oS Qitfate, haledR, ﬁlﬁ@meSI tions.
Exanpl es of phar. maceut i cal | y. accep tabl e anti oxidants incl ude: i‘ wat er

sol uble ant |SB%"H‘éﬁafﬂéﬁa‘%d‘él’?’“é)éa‘aéﬂ?f‘b’lﬂ%glélﬁ‘rhapm't‘"% ﬂaéfqh@rﬁgfdlﬂwﬁvla onate,

sodi um bi sul fsake andaethe!BBid KBk NI 1ilel ?SeesﬁgéﬂmpEJBEigE%l algidyhhe like; (2)
oi | -sol ybl e anti oxi dants, such as ascor y O palmtate, butylated

hydr oxyaRi solughwt’c"é&w’a{ EHamy dpio88;t! d9dene (BHT), lecithin, propyl
gal l ate, al pha- tocopher ol, and the like; and (3) netal chel atipg agents,

such as citric allehergpsss tBvobibi etk i i desghade OFe ArCHDTRFIUIRSAY, ¢ ol
tartaric aci QGonthii@a@bohbe adidicundidfal groups and, thus, are capable of forming

pharmaceutically acceptable salts with pharmaceutically acceptable bases. The term
“pharmaceutically acceptable salts” in these instances refers to the relatively non-toxic

25 inorganic and organic base addition salts of an inhibitor(s). These salts can likewise be
prepared in situ during the final isolation and purification of the inhibitor(s), or by
separately reacting the purified inhibitor(s) in its ﬁee acid form with a suitable base, such
as the hydroxide, carbonate, or bicarbonate of a pharmaceutically acceptable metal cation,
with ammonia, or with a pharmaceutically acceptable organic primary, secondary, or

30 tertiary amine. Representative alkali or alkaline earth salts include the lithium, sodium,

potassium, calcium, magnesium, and aluminum salts, and the like. Representative organic

amines useful for the formation of base addition salts include ethylamine, diethylamine,




the like. Formul ations suitable for oral admnistration may be in the form
of capsules, 15 cachets, pills, tablets, |ozenges (using a flavored basis,
usual | y sucrose and acacia or tragacanth), powders, granules, or as a
solution or a suspension in an aqueous or non- aqueous ligquid, or as an

oi | -in-water ﬂlykﬁmdeammﬂemanolﬂmweqd!ctbamlamlmwplpemlag and the| likei(seedpr exayplsp

as pastilles hag agﬂgﬁert matri x, such as gelatin and glycerin, or
sucrose and cla as nnuthmashes and the |ike, each containing a
pr edet ermi ned a”““ﬂ/%m%g gegn@&nm@#ﬁeﬁ' ézﬂriﬁlﬁ)caﬁté siith @sCsBHMﬁ 15&31 &tfh@hd A

conposi tion nmay al so nistered as a bolus, electuar or paste. In
sol i d dosage Mmegnesiufrosteamta las welhpsgodaringtagents, Q‘ed@pg@gems, caatibp egepls, picelening,
dragees, ¢ po nules xed
W th one or miering o pedine B PPl ank ARa5ddnkah 2 BEDERD it
citrate or dlemmemmnphosphate 25 and/ or any of the follomnng (1) fillers
or extenders, such as starches, cyclodextrins, |actose, sucrose, glucose,
manni t ol , and/ or sE)da'mpﬂes ofiphatinadeiically acteptable anm'xhtidasts itﬁahtdee@amlateesolublc
carboxynethylc | | se, ,al gi nat.e e at i . DAL sucr ose,
and/ or acaci aa"'® @?"ﬁﬁH@HFgﬁPgncgﬂ% yggn%E@%Q?% mﬁ%? {tg%g i"hg

agents, such msmagﬂf'teagﬂtum sudfite,] anththeclie P@N ail-eolumehﬁtimdams; sph Mc@bﬁr c h,
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quat ernary arﬁf@;syl lgﬁmaa@ mw&sm&&)m&&ﬁdnm&gmqepﬁsm amhngasgenispsrucﬁxwmice
acetyl al cohol ., and cer ol nnnostearate bsorpent.s,. such, as. kaglln
and bent oni t 2 & 5’3(’@5\'{ aming, fsrazesfig acid @RTI‘N&SOE jtal, tartanic apidnp gagd, an
magnesi um st qpé gk, sol i d pol yet hyl ene gl ycol s, -32 sodi um | auryl sulfate,
and m xtures thereof, and (10) coloring agents. In the case of capsules,

tablets, and pill s:onhmncnlla@ﬁx%ﬁquﬂdrslwmshHasnasnmf@}n&qcmm@gl se
bufferlng agents. Solid conpositions of a sinmlar pe may al sp be

enpl oyed-as fehetsy Billsrfakleft.lozgpges (woipen ﬂqvpreé&a@éwa'nlw S&caﬁ%cmnéécassal %g such
exci pi ents a&ra:g%h@@ qm%e@ gﬁéﬁ. g&ra§ a saﬁuaaedrla s@Spehti@tlinanFghuybdonvei ght
pol yet hyl ene g ycols nd t A tabl et nmay be nmade by conpression or
nol di ng, opt i*QPEALp quﬁm aﬁﬁemb?n‘WPfeﬂr ek a9t iguid sgiuisiime ok 25 an cifipPes sed
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In solid dosage forms for oral administration {capsules, 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,

25 and/or any of the following: (1) fillers or extenders, such as starches, cyclodextrins,
lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose, and/or acacia;
(3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sedium carbonate;

30 (5) solution retarding agents, such as paraffin; (6) absorption accelerators, such as
quaternary ammonium compounds; (7) wetting agents, such as, for example, acetyl alcohol
and glycerol monostearate; (8) absorbents, such as kaolin and bentonite clay; (9)

lubricants, such a talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
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di luent. Tablets, and other solid dosage fornms, such as dragees, capsules,
pills, and granules, nay optionally be scored or prepared with coatings
and shells, such as enteric 15 coatings and other coatings well known in
the pharnaceutical -formulating art. They may also be fornulated so as to

provi de sl ow @bdmmnetumlshme lafd fdaereOtheiebt aﬁ@(tmya)wrﬂ@ra@&h@% thd & & N usi ng,
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sterile vat er RN pREhFkRL l[l; 1 e nediuminmediately before
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I ngredi ent can al so cro-'encapsuf’a FOr hy
one or nore ofisipiseraptforexatepie spdivn sexai giyw@iutesor Cl’.osq-ilmkbdchoémgﬂ:afhbkﬁﬁetﬁﬂl’ oral

admi ni stjpat ' %llhﬂg\ér) Léﬁﬁao%%ﬁ% h&r%ﬁll lageHSC%PJeg ?agﬁe& IBJFUI%)& rpg(ﬂe%ydn%m]ag i on to

m cr oemnul si ons utions, suspe

the 30 acti \ﬂesuutnlgqs mdq:}emﬁa mtxhnse bf mupdwmmgmbftmmme@ﬁﬂhah WhektRhid

di luents comp used in the art, such as, for exanple, water or other
sol vents, solubilizing agents, and emul sifiers such as et hyI al cohol ,

S0pr oDy conol UL RS g A r S UL o
cott onseed, @rmhd,nmy optie@dly be scaredy@rprepasidivith, costik and shens sﬁ@fa@@ﬁteﬁct I's),
G R T R TN C R L R S
conposi ti ons atsate a:lrmolated(sb aghe pad,jxdevsm:tr or conablledeledv@of tHo Actp@angredient

e fum no _allre B DR e uTe Jatesy repapEel oS R VRO aSs e act | ve
i nhi bi t or ( s) prwideclerdeairad ISH&B(i::ﬂﬂilé]%gﬁgg?lgﬁterorlﬂa&g%dgqumﬁrﬁkggt g(r))s(yl at ed

i sostearyl al cohoi3 , | yoxyet hyl
m crocryst al M'A&PCEFY pﬁﬁgé‘""x% %Pﬁ%%@éw&x filftion treughiatbacterigyar - agar
and tr2gac afdtdimn@filﬂer{ﬂrﬁydﬁ@ﬁao&&tﬁi@%&hhzﬁ@ agemfsTH HRLUbANSE stetile &f@t @l or
vagi nal adm ni Stl‘%’[l on . presented as a
composiftons which ¢an e dlssolved in sterile water, or some other sterile injectable
medium immediately before use. These compositions may also optionally contain
opacifying agents and may be of a composition that they release the active ingredient(s)
only, or preferentially, in a certain portion of the gastrointestinal tract, optionally, in a
25 delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes. The active ingredient can also be in micro-encapsulated

form, if appropriate, with one or more of the above-described excipients.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. " In addition to the
30 active ingredient, the liquid dosage forms may contain inert diluents cox;lmonly used in the
art, such as, for example, water or other solvents, solubilizing agents, and emulsifiers such
as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl

benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut,
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suppository, which may be prepared by m xing one or nore inhibitor(s) with
one or nore suitable nonirritating excipients or carriers conprising, for
exanpl e, cocoa butter, polyethylene glycol, a suppository wax or a
salicylate, which is solid at roomtenperature, but liquid at body

t enper at ur e o, ghing g castorydnd sesamietoils) glyberok, tetralyydrafuryl agohehipobygthylepe and
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contain, in addition to an inhibitor(s), excipients such as |actose, talc,
silicicigcid, al upbmns iR ¥dct®or vinal Amifistritoangy bephddemied 32 de powder,
or 30 mxtures of these substances. Sprays can additionally contain
customary pr SHPOpiEMY.vhidymay bespremiredr Ry PixHIENG OF BEE BRI W1th SR, oF mate
unsubsti t ut eduibil RRRHRARS excipihls G SalidlAdmpRGHg, B SBRPR; cocdfbuthRe

i nhibitor(s) can be alternatively adm nistered by aerosol. This is

acconpl i shedpolygthpleamaly¢alp sippastiers o(ax caaseiglate, P%}Sb%??&ﬂ apcamdFEpsRfHe: or
solid parti Cb@tﬁidﬁmt%bﬁ% fhpbidEre £AMERHL Al iR ARILERM Br (il cavity and

fl uorocarbon propel | ant sBspenS|on coul d be used. Sonic nebulizefs are
preferrbd berdessetheleyvemgentm ze exposi ng the agent to shear, which 5 can
result in degradation of the conpound. Ordinarily, an aqueous aerosol is
made by for nul at | Feymatptigatiekiclkars svitabledfar waginag gmpisEation alsp inqludepgasaries,

t oget her with.,.c ' ] e carf i .

Stabi 11 zer's. ApROn kSRl BIRLTRGRL b R MrbEaRk ARl Raliatiine 1
particul ar kwnpowithd ashto Heapprogmiteal |y i ncl ude noni oni ¢ surfactants
(Tweens, Pluronics, sorbitan esters, 10 |ecithin, Crenophors),

phar maceut i cal | y Bewegpfoms éor ths-tepital entransderaial adsnipisiration|of pie ipdubitor(s)

20 include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches, and

inhalants. The active component may be mixed under sterile conditions with a
pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants

which may be required.

The ointments, pastes, creams, and gels may contain, in addition to inhibitor(s),
25 excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, tragacanth,
cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc, and zinc

oxide, or mixtures thereof.

Powders and sprays can contain, in addition to an inhibitor(s), e")_(cipients such as
lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide powder, or
30 mixtures of these substances. Sprays can additionally contain customary propellants, such
as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and

propane.
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gl ycol, innocuous proteins |ike serumal bumn, oleic acid, am no acids such
as glycine, buffers, salts, sugars, or sugar alcohols. Aerosols generally
are prepared fromisotonic solutions. Transdernal patches have the added
advant age of providing controlled delivery of 15 an inhibitor(s) to the
body. Such dosage R Fhibhais)esn BBHRmaNvel mméic?éll Waeﬂfs&pﬁﬁ'l@&coﬁﬂﬁ‘h&gem
in the proper medium Absorptlon enhancers can al so0 be used to increase the
flux of the i BAPHPEGRNEanaqueausaesoschdipasemsl prepasation r solid partitles qoplaining thp e
control | ed by r r n&ﬂﬂ&{ ersing

t he |nh|b|tor &hﬁ@ﬁﬁg gb ﬁ@k&g(g |Qhor ﬂu%ﬁy%%% ggﬁ??gg b2

Conmposi t i ons Sbml: mlsﬂlzmmmraﬁerreédvmtaaisﬂ theyf mmtrpap@nmcamglthe agehrtitmslear, whicbn
conpri se .Jg&rhqn d?é]{%‘f) :E;r?{)fgtfaés%mﬁ& 1%)rrbl nation with one or nore

phar maceu |ca gy accep erile ‘aqu€ous or nonaqueous sol utions,

di spersions, suspg @?Aaﬁﬂs a.%qu%gﬂ'él §Sm tﬁ{ﬁ%&l%n&%ﬁ&enumhm YRy be

reconstituted into eri’r nJec e SO ons or ersi'ons just prior
to use, whi chsusmstoormf theragmntdgaﬁexdmitczmvélﬁlobalfphmgednaﬁlyeuccapmbwtmmemI ut es

whi ch render th ion. |sot ood.of th
reci pient or 3 t?g (fe ﬁgqﬁ? SEHTTE R “}l?é'zﬁﬁé’ﬂfy %Eg'ﬁﬁiﬂ“ggmg’fts ‘gfd{"f %ﬁ""é‘?aqueous
and nonaqueoumnmmnﬂ,rtmt whically irelyddantiel snyfeﬂanm(Tvtdaﬁs phmnimpm:taﬁ akters,

conp05|t °ns of. t.h |nclud wat er . . et hano ols uch as
a1 yeer of 10°0r BB RURET BerperHsmibcRplse Snusolid £ PREFHETR

sui tabl e m xtglyes, 13}€bch5\ﬁrpﬁﬂéms M&Q@ﬁlﬂ‘b&l[ﬁ}rﬁhh' Sleic Abid/nfifio MidskactPas glyciied

i njectable or ol eat e. Proper fluidity can be

%&P sters, such as egp

mai nt ai ned, ® { UBarp,r ygar gjeqhols; Acgpspls ggneralivaars Bierare isgtonic

| ecit hin, byshhgomﬁlntenance of the required particle size in the case of
di spersions, and by the use of surfactants. -35 These conpositions nay

al so contai n adj uVEsHsderfldCHhtchSs Bve BRIMAI dd@ﬁnta%ﬂifﬁ)l‘d%ﬂimgaﬁﬁﬂél&d ®Rlivdrbf Yi ng
agent S, eﬁnd di Spe{’l?(;{g‘gﬂfgent s. Prevention of t action of m Cr oor ganl sSNnB

may be drsur & Y ¢ brdy o Suelr dogageiferms cap br made by disgolvingrr ipprsing g al

agents, for axesgh€in t(RAITSNE hediahl. QLRGN handtReddAlalsd BE il teimbRaseadl t he
like. It may al so 5 be desirable to include tonicity-adjusti agents, such

as sugars, s d‘hﬁxlﬂﬂl@m@blm@) acxpig therskin. [Thg gate pf ek fux e@rbﬁagvtfq"g& by either
addi tion, prorQRGREa AISQINRbIHAE ndfnbiai8 of mfesst.%tzh]@ nnhﬁi?ﬁf(mﬁﬁgbl&ﬁé} mh@i B MY

be brought about by the incluSion of agents ch delay absorption such as
alun1nun1nDnG§learate and gelatin. In sone cases, in order to prolong the

ef f ect of a drug, is desirable to slow the
Pharmaceutlcal compositions of this invention suitable for parenteral

administration comprise one or more inhibitors(s) in combination with one or more
pharmaceutically acceptable sterile aqueous or nonaqueous solutions, dispersions,
suspensions or emulsions, or sterile powders which may be reconstituted into sterile
injectable solutions or dispersions just prior to use, which may contain antioxidants,

25 buffers, bacteriostats, solutes which render the formulation isotonic with the blood of the

intended recipient or suspending or thickening agents.

Examples of suitable aqueous and nonaqueous carriers which may be employed in
the pharmaceutical compositions of the invention include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures

30 thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of coating materials, such as

lecithin, by the maintenance of the required particle size in the case of dispersions, and by

the use of surfactants.




10 absorption of the drug from subcutaneous or intramuscular injection. For
exanpl e, del ayed absorption of a parenterally admnistered drug formis
acconpl i shed by dissolving or suspending the drug in an oil vehicle.
I'njectabl e depot forns are made by form ng nicroencapsule matrices of
inhibitor(s) in bi Jalémmméomhwo@stamhdmarp@kvhasptreslarvzpwbyg/cymgI i de.

par 1 cul ar  pol Yot Eukhh Benck aP bl BRS, PRI SCIR R En 1ol 1 e
Exanpl es of otmiléiootgammg mmidob lensupswil lyrﬂmr igclizsiond uﬂmﬂommbméﬂwaﬁlaaﬁm)qgand

pol y(anhydri d cl.abl r mul at | on .e 3l so ar

ent r appi ng th@lﬁé tsl’jg?gr% %LTP%]&%?PEE §For gﬁ fﬁ? ic s apd &PCEH‘E ﬁﬁ?ﬁﬂ’la{‘Pe
with body3 ti dsdesiraBl td helyde e @taldp@ﬁng(hfgexﬁgeﬁélﬁasfmg’arbQo(ﬂ{lfﬁ%moﬂaalah&/the
parenteral Iy, i b

recta of course, given by forns
suitabl e for eacﬁ1 % cﬁﬂhg?slné‘f“iso ﬂJHﬁ‘PBﬂ P"&B‘}/geaﬁgﬁ?ﬁﬂ’t@n of theapieatale admi ni st er ed

in tablets or phapmcduticAlabim mby bé BloBgH: bkdt by MBHMAIiAIbf 28MMs WREH Blay
oi nt ment, suppgsitory, .infusion; topically by lotion or ointnent;

rectally by [piiopsich asalungpum monpstesrale 4ndigelstini s preferred. 25 The
phrases " parentera{ adm ni stratjon" and "adm ni stered parenterally" as used
herei n means nodes GP™SFATeH 18 PRdsT fogwplenghs etischaf admerints dagitabledpsiow|the

admi ni st 1@t i OiibsorpﬁShlath dBg frdth SHchi@ibou @St ntkAalsEEESing eW.:n&rh%} eddnilid ati on,

i nt ravenous, dr} nuscular, intraarterial, intrat heca intrac péul ar,
i ntraorbital, 5% absamiionorf apateptserdly administeraddrag frintiparsamplished hy dissmbling| |

subcut aneous, orsulietling Hetdrug Inkh'dd/hibel! ar, subcapsul ar, 30 subarachnoi d,
i ntraspi nal and intrastnal i nj ection, and infusion. The phrases ' system' c

adni ni stration," "iag Hﬂamb%%ﬁdt%ﬁmhﬁme%?'f&ﬁﬁm mRESPALR mar LB ST ALY OR"
and "adm ni St%ﬁ eri heraII " as used’ herel n mean the adm histration of
-36 a ligand,! U@"p ’8@'?%%‘1 tp@bwrs Ssﬁh%mobﬂ@ﬂdﬁpbleglbwqhdenmmﬂmg@ent ral
nervous Jgyst etﬁ&ra%bl%hd h8 polyine Fhfhs !

subj ect to netabol i smmgn boﬁle {KF{? nérﬁ"r‘éggg% gﬂ&u?oﬁc}ié&gmrﬁ'pq yed ﬁcﬁfea eous
adni ni strati diue "Fifé%*‘ecaﬂlﬂﬁlcbﬁﬂm#é(gl}ammgs 05ethanbmdngmdeble@olya1el‘sumrh and ot her
ani mal s for tREN&HG tér ﬁ“é’ e t.e. of Iratlo i ncl udi ng
oral ly, nasalﬂlagjf as °t sP?o ﬁﬁn% I?IR'L) ¢ '%CtaPlgg?"q"? fm‘??‘f{’?g@& ‘rl Y,
parenterally, YﬁﬂF‘l‘M’@ﬂ%ﬂ"éﬁaﬂglwllP@nmesﬂirpmmabmylsnoaswbrphpﬂ:\ml»ﬁrpsnble @ithbaBnt s or
drops, inclugjihg@ buccally and sublingually. Regardl ess of the route of

adm ni stration selected, the inhibitor(s), which nay be wused in a suitable

hydrat edof orm  anghoprephigtidHidE Q&%E%Jy%@lgivgg %?I?f' ]galré%lrt]esra f, tépr:]c%llj? ro??e%gﬁly.

They are, of course, given by forms suitable for each administration route. For example,

they are administered in tablets or capsule form, by injection, inhalation, eye lotion,
ointment, suppository, infusion; topically by lotion or ointment; and rectally by

suppositories. Oral administration is preferred.

25 The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration othelj than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,

30 subarachnoid, intraspinal and intrastemal injection, and infusion.

The phrases “systemic administration,” “administered systemically,” “peripheral

administration” and “administered peripherally” as used herein mean the administration of
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10 invention, are formulated into pharmaceutically acceptabl e dosage forns
by conventional nethods known to those of skill in the art. Actual dosage
| evel s of the active ingredients in the pharnaceutical conpositions of
this invention may be varied so as to obtain an anmount of the active

i ngredi ent whiadigands dru@f $iefek ¥atekigl &Séﬁ‘ﬂﬁﬂﬂu&dﬂ? uelsmerc%ﬂtréx B@r’if@l&%ﬁtéxﬁ su@sponse
for a particular. patient, conposition, 15 and node of adm nisStration,

wi t hout bei ng thebit ertes she patient sisysem andrifus, issubleskte metabplisot and othes Bkes ed
conpound i N apRBekRR ehdnti, s¥bRAGRERE aRhRistriliont Ure Wi Il vary dependi ng on

sever al factors i ncl udi ng the dosage of the compound to be adninistered,
the phar mcoki net i thaehhfbR(s) ﬁiays&mmfsiared@@mamqﬁ&&hgml] e By L he
route of administration. In general he conpositions o I's I nvent1 on may

be provi ded 2by any saﬁahiw@mfaémmmm tnolhutliag eiably, sesdly ashy] for@%emple; aof a

d di
st otr at | oft g oRag nfaag R, foBhialy S ERGRT an Upi A SEhTHR g 1 1
of body wei gheintyentsa dropgiindwdingbutcallydng sublivgmbizes. Each di vi ded dose may

contain the same or different conpounds of the invention. The dosage w ||
be an effective &?ﬁﬂﬁlesﬁ@ﬁbmwume@dmmEWmIselff:etcd dieesinhihitdr(s)li wiicht thay lever al |

health of a el t gute of adm nistration of
t he sel ect edgg%?rgl%gﬁxﬁm ghy(ﬁ er’ %sd}égcht% ph%m} gegl%c%\?gmp?sbthmf)?g% Bseen g
conj oi nti0t herlaWtIOM@rEeﬂonnldmted oo mneaccuticlakley accbyaatap dashgcformelyt conedneional

adm ni stered b| tor. Such conjoint treatnment may be
achi eved by mlfﬁ\étﬁ&ﬁtlcpﬁe soot?'m g%@é g%quentlal, or separate dosing of the

i ndi vi dual conpon certai n _enmbod

conpound of. the i %@éﬁ% ?%Sanéggveté%ﬁe W Ye '“%’8%‘*’5# O 'ef af@fm%ef"ﬂc%ﬁ%"pc?ﬁm%sr e

ot her pr ot easdfhas mnmtbnw(be)raned% atmabmﬂﬁmam@ﬁbﬁdhmmvsnng&dﬁmﬁunﬂ of
theinventio stered with a che t erapeutic,_ Suitable
chem)t herapeu %‘s"g?r&;é/c%eﬁ%w&%s“ﬁq elﬁ*fpﬁ?ncpr?%?aﬁ%t}gr %m Ay patignh, compesition,; s
(i.e. vihbl astd mede of adorinistration, widiodt beingasdt i thepatiepacl i t axel
epidipodophyllotoxins (i.e. etoposide, teniposide), antibiotics
(dactinonycin (acﬂmmmmmﬁoﬁoﬂz)dlﬁmsmmhiomimn actmxmiaubjtiahlly atdhtabltar ubi ci n),

ant hracyclin xant CI n m thra and

it omycin, eﬁéy“rlr'[raps)"B '?E’H%Ys of E&grf’é‘s%%rﬁlﬂf’r%yﬂ 1"3?3 erfgtﬂ%%ﬁg?)

L- aspar agi nebandinidspredy the pharhlasokitetic bhattenisfics vt colpoddpd eimplsyddpand

synt hesi ze heir._ o ar.agi ne) ; pl at el et

antiprolifer g’t EiTVey 3n%dr“f“r{'$t8ﬂ°8' ﬁ?@?‘gﬂpﬁﬁoﬁ aps °g§?E§H“‘£f§t‘?ﬂ PapbrROvded ar ds
(mechl ciet hamianaquams kdpivsphaimiteaband. B, 0gSef Mdnpdahddiscloéd hercin,

chl or anbuci | et m nes.and mnet hyl | am ne hexamet hyl nel am ne and
t hi ot epa), Qm‘mg SHter SEbStaﬂceS, for parentera]r%mqrﬁstrartg‘on ’?yp(ica?éose rang>e/s are from about

0.01 to about 50 mg/kg of body weight per day, given in 1-4 divided doses. Each divided
dose may contain the same or different compounds of the invention, The dosage will be an
effective amount depending on several factors including the overall health of a patient, and

25 the formulation and route of administration of the selected compound(s).

Another aspect of the invention provides a conjoint therapy wherein one or more
other therapeutic agents are administered with the proteasome inhibitor. Such conjoint

trcatment may be achieved by way of the simultaneous, sequential, or separate dosing of

the individual components of the treatment.

30 In certain embodiments, a compound of the invention is conjointly administered

with one or more other proteasome inhibitor(s).
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al kyl sul fonates (busulfan), nitrosoureas (carnustine (BCNU) and anal ogs,
streptozocin), trazenes - dacarbazinine (DTIC);
antiproliferative/antimtotic antinetabolites such as folic acid anal ogs

(methotrexate), pyrinmndine anal ogs (fluorouracil, floxuridine, and
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In certain embodiments, a compound of the invention is conjointly administered
with a cytokine. Cytokines include, but are not limited to, Interferon- v, -o, and -8,
25 Interleukins 1-8, 10 and 12, Granulocyte Monocyte Colony-Stimulating factor (GM-CSF),
TNF-a and -3, and TGF-8.

In certain embodiments, a compound of the invention is conjointly administered
with a steroid. Suitable steroids may include, but are not limited to, 21-
acetoxypregnenolone, alclometasone, algestone, amcinonide, beclomethasone,
30 betamethasone, budesonide, chloroprednisone, clobetasol, clocortolone; cloprednol,
corticosterone, cortisone, cortivazol, deflazacort, desonide, desoximetasone,

dexamethasone, diflorasone, diflucortolone, difuprednate, enoxolone, fluazacort,

flucloronide, flumethasone, flunisolide, fluocinolone acetonide, fluccinonide, fluocortin




10 with an i mmunot her apeutic agent. Suitable inmunotherapeutic agents may
I ncl ude, but are not limted to, MDR nodul ators (verapam |, val spordar
biricodar, tariquidar, |aniquidar), cyclosporine, thalidom de, and
nonocl onal anti bodi es. The nonocl onal antibodies can be either naked or

conj ugat ed  SUGRRfubddrididnEBiftrordnR A didHEDRRrolor2 la Bdthtk! ZHWFRAni dERY ARkl MR,

I britunomab ti uxet an, gentuzumab ozogamcin, 15 bevaci zumab, cet uxi mab,
erlotinib and ﬂpp:agm@pjmﬂuranmgq: |mtl€ﬂiﬁﬁedﬁ018@ﬂﬂéqw@fmw$?hﬂih@§i°§'d6f Exanpl e

| ~JO~ OO0 N! h O Ph O Ph
Ph (A) | TFA/ %Nﬁgﬁkl%g\‘ i &ﬁ%"f’? i EH'f%v“%\g/@eﬂ‘) ?Eahwﬁ@’N&tgosz IN-N N~O
H 0 H O Ph 2)najatedonks stedrysonRmé¢i@ydniion®imegtsjpradnisoiopesmethetasong fureqre, P&l C
Nw UNA1H NY . " tot HO
O Ph 0 ( ph'ﬁ%'ﬁ’}‘%%s"\’%&ipé‘@“@%'ﬁ%fu?’g’“ dnl\Lo onf ﬂedf' %ogmgégd{eth&rfﬁo%%c | euci ne
(19.81 g, 85. 6rkdllmﬂdme si)diﬂrrqﬂl@pmwdprptﬂmmb pratnivak preﬂeﬁziyhe elsteaolm(wZS 0 g,
85.67 mol, 1,0 e 60 L,
342.68 mol , H’.“t?"ﬂ‘&f S"aaﬁai"?’HgHﬁ?'Q‘E‘ﬁ? %"eveﬁ\l\%o'&@%q% c[ubo ﬂ’eéenﬁorgﬂgl ce bath. To
this 5 m xt ur giankhokeie Bekabktbidd, 38 &lts ard/drIéritiliveamhereofl. 6 eq) fol | owed by
PyBOP (71.33 g,

In certain embodiments, a compound of the invention is conjointly administered

10 with an immunotherapeutic agent. Suitable immunotherapentic agents may include, but
are not limited to, MDR modulators (verapamil, valspordar, biricodar, tariquidar,
laniquidar), cyclosporine, thalidomide, and monoclonal antibodies. The monoclonal
antibodies can be either naked or conjugated such as rituximab, tositumomab,
alemtuzumab, epratuzumab, ibritumomab tiuxetan, gemtuzumab ozogamicin,

bevacizumab, cetuximab, erlotinib and trastuzumab.

Exemplification

Scheme 1: Synthesis of Example !
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137.08 mmol, 1.6 eq) which was added in several portions over five m nutes.
The reaction was placed under an atnosphere of argon and stirred
overnight. The volatiles were renoved under reduced pressure and the

remai ning materi al was taken up in 500 nL of EtQAc and washed with sat.
NaHCOB, H20, Swthesis pffe)and dried over MgSO4. The 10 MySO4 was renoved by
filtration and the volatiles renoved under reduced pressure. Toa 0 C
cool ed sol ut | on ofToaEWrERODERDE Escina(1p. &@sS&GHMOBdM_)anE’Iphémlz(n&& 0 g,

Camperature et oatr 3 0E SREHRRRR 10950 o Bl o iscd! nid PR ARG, "

pl aced under Gﬁ)llgh 34268 mmmblpd. OEq)hmuhsmmemgstdsrﬂedﬁEA °gaih tan @tk bathe lethlpept i de

ol 1.8 eq iy R ingtTs 395 o misd) L8 e olavedsyiyBORg B
4.0 eq.) and IBA68 mimdipr. &eqmlﬁmiﬁddéd)m%\@rdl poﬂians' &Rr A& Ainukd. Therea&tRp! €d
m xture was adde 36 mMmpl fol |l owed by PyBOP

(44.42 g, 85.°38P “ndf‘(@’ Bé!ao§p9h§\ﬁ,0 ATegR andshired OF?W'ghzféF’SIVOBEi]Fﬁ M8igs over

five m nutesrenidred uh@aeédudt prasurelang B ré’lﬁzﬁﬁihg Al MdaiihWpYe Sod ﬂLg@r mto
room terrperatl_j],{;g‘f over ni ght at 20 which tinme a white precipi tate f or med.

The reaction tdevashied wih sat NafeOs RO, asvé|bpagawe¢r@d@a¢nrég$@d .
filtration ampso)ens@sied bgﬂﬁid%tlﬁf?hﬁh B (Dlaites ﬁhﬁ%@ke&%ﬁ c%{ix%)&vj(ﬁ S%J‘% hesi s

of (B) InternedLate was ) and
stirred at ogr?P‘Pléérﬁ@P‘&ﬁﬂféWﬁFMﬁ’@Mﬂégﬂ&t)“mladdﬂdtﬁmﬁlﬂhepmtﬁiﬁﬂgas

trated ;
Syt hos! o of g TGRORPeq. £ orHbRiof it Wi iloben o ABT & Sl ilibhetae
was added 5- OYFR ¥ ahuhieh 9me@t¢|mmwes1cogcamm¢ agy] Qldcedmpdest hizhegcyunafod 2Dl EA
(6.4 mmol , 1h31r§7§wm§tﬁé4r1}AsalT we | %sll;o rg ]%ﬂ%mggrr#t erature

overni ght and then Concentra s collected
and washed wBedNEhiheEObId (tA 682, tSBéS airkgll 1.8 bd. ))650!311, dlf(McECN a0d DIEA2Z 0SS 4, he

12 o YA PRI S Bl Gt B e Tt TR
m xture was cosmdtrmewra:wmedﬁom (Unhdzg, %&iﬁumrﬁblamd et]b(ﬁolroﬁféddyﬂ?yHOFsm ved in
Et OA h SO4
rerm\(;edwgys/ e s S non Ak e i v B Se RSt S?Vé&ﬂ&%ﬂl%’?fés e
giving (C). reyatichess placﬁd l(rﬂ)r digdl’nmd atiowed to St o (doin eRp&4@rdGvRinighsd: 0 D)
In TH-hi (2 \Wﬂéh ieE a w%q reelpﬂate lha(i Hofmed. The reaction mixture was cooled and the

solids were collected by filtration and then washed with cold MeCN to give (A) (24.86 g).

Synthesis of (B)

Intermediate (A) (23.0 mmol, 14.5 g) was mixed with TFA/DCM (80%) and stirred
at room temperature for one hour at which time the mixture was concentrated and placed

25 under high vacuum for 2 hours giving (B).
Synthesis of (C)

To a solution of (B) (1.6 mmol, 1 eq.) in MeCN (100 mL) was added 5-
chlorovaleryl chloride (1.9 mmol, 0.24 mL, 1.2 eq.) and DIEA (6.4 mmol, 1.2 mL, 4 eq.).
The mixture was stirred at room temperature overnight and then concentrated to give a
30 solid. The solid was collected and washed with ether to give the alkyl chloride. To a
solution of the alkyl chloride (0.21 mmol, 0.134 g) in dry acetone (100 ml) was added Nal

(2.5 mmo), 0.387 g) and the reaction was refluxed overnight. The reaction mixture was
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(0.048 mmol, 5.0 ng) and D EA (0.040 mmol, 0.5 ng). After stirring for 2
hours at room tenperature, the contents were concentrated and dissolved in
Et OAc, washed with water, brine, and dried over MgpSO4. The MgSH was
renoved by filtration and the volatiles renoved under reduced pressure.
The crude est elenwascedirfisdbndetvicaur add fhe ©Arihe Maédiied IR EIBA ¢ iwashel WifAdidter( 30. O

ng) was added t he tur at nos e qf ydr o 2
hours. The reﬁﬂ‘ﬁ’] W%?Iwgﬁggé@hqgﬁwg(éélmf B‘E)Fhélq?ﬁ?%ﬂ% tg"s"cg@ﬁ?fv
under reduced rgi®e8s uhder Addubdadirdigurt Blvidgkd).0 ng) . Synthesis of Conpound 1 To
a stirred solution of (E) [see: Bioorg. Med. Chem Lett., 1999, 9,

2283-2288]  13yAResR¥Bmol , 5.2 eq.) in DW (3 nl) was added (D) (0.019
mmol, 0.014 g, 1 eq.), DI EA (0.50 mol, 88 L, 20 eq.), and HOBT (0. 20

mol , 0.0272 g, 10T&a sdlution ofiE€) @mmtmﬁmalvmso mg)aa e ing waslaidedpipegiginat h
and PyBCP (0. s added several portions.

e etur o lodRTERoL S o L PIEA o Fbmols Rar AR E R fon bog oo

over ni ght. Thenfpeatke, @k daknishere éynlzéﬁ:rsed w«i dissoRkd ld\ﬁ@Acaﬂﬁlsh@d( WitBGakd Wi th
Et OAc. The 20 organjc. |l ayer was washed with water and brine, dried over

anhydr ous MySesne, %{H’oﬂneé@waréﬂﬁ% cldhe MgS94 wap remayad byvlkrapion arid thevalatiles ash

chr omat ogr aphydoRediider A GRIPRYARE. ITheCrual em)was'cﬁé&v&i){ﬁ lqrEtbA%/ ﬁ& 10! G50
Cel | -based CT-L <50 nM Schene 2: Synthesis of LN

~caz 0 H% " pmbl). (% Pk (3.0 e was pdded, ang ﬂﬂzmxm/mp ﬂmndeHN@jmosp@re of

"‘NV\C ~—~ n
Synthests of DEodes For2Hdetl The riesbild et folfh B ch i agine @atmf%eov%é
was added norEHet edksed prsowoatfmrding (), (01.Agig)and D EA (0. 040 mol, 0.5

Af t er stirrin‘g 2 hours at room
wnthesis of Compound 1

To a stirred solution of (E) [see: Bioorg. Med. Chem. Lett., 1999, 9, 2283-2288]

15 (0.098 mmol, 5.2 eq.) in DMF (3 mL) was added (D) (0.019 mmol, 0.014 g, 1 eq.), DIEA
(0.50 mmol, 88 pl, 20 eq.), and HOBT (0.20 mmol, 0.0272 g, 10.5 eq.). The mixture was
cooled to 0 °C in an ice bath and PyBOP (0.20 mmol, 0.105 g, 10.5 eq.) was added in
several portions. The mixture was then stirred at 5 °C under an atmosphere of nitrogen
overnight. The reaction was then diluted with sat. NaCl and extracted with EtOAc. The

20 organic layer was washed with water and brine, dried over anhydrous MgSQ,, and
concentrated to an oil that was purified by flash chromatography to afford compound 1
(5.1 mg). ICs5p 20S CT-L < 50 nM, ICsq Cell-based CT-L <50 nM.

Scheme 2: Synthesis of Example 2
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tenperature the contents were concentrated and di ssol ved in Et CAc, washed
wth water 5 and brine, and dried over MgSO4. The MJSH was renoved by
filtration and the volatiles renoved under reduced pressure. The crude
ester was dissolved in 1:1 EtOAc/ MeOH (10 nlL), 5% Pd/C (30.0 ng) added,
and the m xt uSertpdsgoddlunder | at nosphere of hydrogen for 2 hours. The
reaction was filtered through Celite and the volatiles renoved under

reduced pressure aféaselittion ¢fit) (01030 nme)) 0.030e)3p THELR imd.) gvas exkdep Mpmphodingy 5
11120 501l Dl B iy O35 Lo 8y 205, 2280
eq.), DIEA (nmﬁfemmlhe csstemwemomnyrate@ww dusBlFed O BROAmwishedith watgr 6. 7
0105 o b b St (i Wer ST Tk P vt B Aabbifnalfe £CladlR
stirred at 5 fmuovdéundefredisdppdsane Tie mderasgewas disetved ght:1 ElOwe/Me@H i(h was

0, O " L S S e ARGk

concentrated ff 2af¢u@I frhé F@&udmaasmﬂeﬁ gEudyCdlitesaia thdwaadsagnaedynter af f ord
conmpound 2 (6.0 0 nIVl IC59 Cel | -based CT-L.<50 nM

20 Scheme 3: §;¢H?94é’§¢5§m6ﬁffﬁﬁéaﬁy£f)eﬂ%°r“g '~ 'O i O"Ph (O1 2)
H . Pa pj eralne" H JOB HJOB NHJO-0 O (DN Nom 'rJ, N~ "OH O ON (' N ~
"Nt J~! Ithesis PEARBREUYIE AMO PhH O (C,) (E) h Ti  Synthesis of (G To

| ut f (C (0.040
ﬁetsﬁyrp: ggrgzi ge)( ) pEfpTedFal “OTSOQE?TE?‘?) ’IGPD'@I@ %e’ﬁ “m£9%3%§3] Af ter

stirring 25 e‘oamzmh@lusaegg il DRIP (8 &) Va8 dded (F) (09030 @i}/ 0.6184£ 1 @q.), DIEA
concentrated and dissolved in EtQAc, -42 vvaiﬁ?d wth vvaegﬁ Tsnd bri ne, and
d

dried over MySSP mmakS{HEAY siasanddieR E OB mmol. 27 2108 & REEBTERYES| es
removed under cdoRdUs 08CRA 85> bsh a?[&l@ympletﬁz(ﬁﬁhﬁr 0VY0S 206,389} Wathddedinl: 1

Et OAc/ I\/EC]-I (10 m.), 5% Pd/C (30.0 ng) added and the m xture was pl aced
several pomons The mixture was then stirred at 5 °C under an atmosphere of nitrogen
overnight. The reaction was then diluted with sat. NaCl and extracted with EtOAc. The
organic layer was washed with water and brine, dried over anhydrous MgSOj, and
concentrated to an oil that was purified by flash chromatography to afford compound 2

(6.0 mg). ICsp 208 CT-L < 50 nM, ICsp Cell-based CT-L <50 nM.

20 Scheme 3: Synthesis of Example 3

W © 9
'WN\_)‘L{} n\é)l\oaz

° \ ° S
€ py

1) N-methylpiperazing
2)H,, PAIC
N 0 0
N\/I'L /¢ \)LOH + )¢QO Qw \/u\ nJN/@
TFAH;N z Ph"' o
(E) h 3
Synthesis of (G)

To a solution of (C) (0.040 mmol, 30.0 mg) in THF (2 mL) was added N-
methylpiperazine (0.050 mmol, 5.0 mg) and DIEA (0.040 mmol, 0.5 mg). After stirring

25 for 2 hours at room temperature, the contents were concentrated and dissolved in EtOAc,
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under | atnosphere of hydrogen for 2 hours. The reaction was filtered
through Celite and 5 the volatiles renoved under reduced pressure affording
(G (31.0 ng). Synthesis of Corrpound 3 To a stirred solution of (E) [ see:
Bi oorg. Med. Chem Lett., 1999, 9, 2283-2288] (0.098 mmol, 3.2 eq i n DMF

(3 m) was adde (0. 030 | 0.50 88 L,
17 eq.), and I@’F&%t T‘ggD a ﬁ%be% ngrﬂﬁﬁg? %I@ﬁk’ﬁ%l’%@/\é XO cool ed
to 0 cI in a{l mﬁnb%ﬁu medctﬂEtylman(oOe&&dm?huce@pﬂe@etﬁreg fl‘é@ c?ugeestér mtﬁ:saadeﬁld in
several portion e m xture was irred a under an at npsphere
of i trogen  SVE! BIGRY Mo (HOUHEY S dle 0 adlrdanddha,ppiine 365 PREES © and
extracted w t Gndek Pamosphife oﬂ{ﬂ%bﬁfdrémﬁﬁrsv‘@ﬁe %@éﬂﬁ%a!"ﬁit@rem&fgh%ﬂtetlﬁﬂ ne,
dried over anhydrous SO4, and concentrated to an oil that was purified
by flash throt&relstilesrgmaved widesredueedipmssmeiafiording (B) G18we). | C50 20S CT-L <
50 nM 1C50 Oell-b_ased CT-L <50 nM Schene 4: Synthesis of Exanple 5 0 NN N
1JC0 " ~p TFA- Hymdhesisef Cogrnd 0Bz 0 \ 0 zPh 2) Nal. Acetone OPh 14 Ph
Ph (B) 1) piperidine ~ 2) Hl, Pd/C VvN rNA H N~CH O HwC | (ONO)
TFA-HZN " 1° 1 O H G stiyed siptien ofi(E) [ape: BioopeyMash Clgm tligts s 199% 9, 2@55 ZQ@ITO a
sol ution of (o £ ) agdest

chl or obut ryl §h|9§%|1 OI?@L:%) ‘nWFGhﬁ%%@hc{e&g{%@ﬂbomlu EA %’gfe PIEA

ML, 4 eq.). (PR ek 8% al.ideqdt andrHQBR(O. 2Qmmpt,éﬁ1a@raﬁﬂree )oFbe mixgure wand then

concent rigt ed ° lgﬁﬂ%ﬂ. I AW th
et her toﬁtgi veéc’;3 etéa(tgk?m orl%;mf 88) ; %béﬁgél%g%@d;ﬁv%g%%? e al Kyl
chl ori de (0. OBveralpiortians. 0Bk mixtire wds QleaetatedraeS (Q Ondek pn sl spided nitfogha! (0. 86

ol , 0. 130 q;veﬁ'[%ntﬁe fefdioh k»%@t‘gﬁ%ﬁ{it% L;Hiégaﬂ.e Na(ialid %%aate]@?ﬁ?kgnﬁ‘ﬁ wer

-43 concentrate ider  vacuum an ted with
wat er and organic layer was washed with water and brine, dried over anhydrous MgSQ,, and

concentrated to an oil that was purified by flash chromatography to afford compound 3
15 (3.9 mg). ICsp 208 CT-L < 50 nM, ICsp Cell-based CT-L <50 nM.

Scheme 4: Synthesis of Example 5
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Synthesis of (1)
20 To a solution of (B) (2.0 mmol, 1 eq.) in MeCN (120 mL) was added 4-

chlorobutryl chloride (2.8 mmol, 0.32 mL, 1.2 eq.) and DIEA (8 mmol, 1.4 mL, 4 eq.).
" The mixture was stirred at room temperature overnight and then concentrated to give a
solid. The solid was coliected and washed with ether to give the alkyl chloride (0.808 g).
To a solution of the alkyl chloride (0.09 mmol, 0.060 g) in dry acetone (10 mL) was added
25 Nal (0.86 mmol, 0.130 g) and the reaction was refluxed overnight. The contents were
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brine, and dried over MgSO4. The MgSOH4 was renoved by filtration and the
vol atiles renoved under reduced pressure. Purification by flash

chromat ography afforded (1) (0.050 g) 5 Synthesis of (J) To a solution of
(1) (0.040 mmol, 30.0 ng) in THE (2 nm.) was added peridine (0.050 mmol,
4.0 my) and DIRcq2tgd gndaryacuum apd theresidyerdissolyed 'rﬂrlgﬂy W%Eéﬁfhwght”a@faﬂfbom

tenperature, thfeCHRLRRE ﬁ\ﬁ@i@@o"lﬁ@ M%\gé&gs ﬁ%&g&k@;@g\ﬁﬁ& dndl ofd l]egwas hed

with water and brine, over was renove
filtrati on andempeedupdentrodused prossuesningfcaton by ﬂnmmtmmﬁetdefrﬂb(ﬂﬁﬁ@de
ester was di ssggl ved in 1:1 EtOAc/ McCOH (10 nl), 5% Pd/C (0.020 g) added,
and the m xture placed under | atnosphere of hydrogen for 2 hours. The

reaction s f rough Celite and the volatiles renoved under
reduced p?lgssfrye g’rf?%(r&c{hng (J). Synthesis of Conpound 5 15 To a sti rred

| ut f (E 0. 098
ol s 409 eq ) i - BoR PuRa o B0 T soidihlyin THER Yl ek BhERRe (0 1
mol , 31 AL, 90@&9 mmodmcD HgBﬁd(ﬂHEﬁKﬂ Onﬁrnirnolﬂ(ﬁﬁgmm’isﬁnm.o}emfgh&tmom ure
was cool ed

t a OP.(,0. Q7 Jx 36. 0 ..3. 1 €
was added in geem VB rr% e, tg%??q%%s cr?ﬁ%“cﬁ?%%ragd&E§8§?Wé%%twa§h%%ﬂhﬁtﬂaﬂ )
at nosphere 01(‘j and bmmgmmddmﬂronethM%;sAOJ hlp}uﬁa\mgscaa@jsimﬁomsy tihesionl hltdhe dolwdie
sat . and extr t QAC e ani c
nat r e o SRR SRES sttt T S A e oed i T4 ERORE ey
that was pur infli)ests /S foaeb gykude&&ine@ieaﬁﬂwrma@ijfuaaal Héte oPhydicher NU) .
| C50 20S CT-L,.<_50 n | C50 Cell -based CT- -44 Schene 5:

Synthesis of EXZHNE eéeaF?%WS&?md@“ﬂ’@ C@l%a“dﬁ? volgfilesrempyedimiere  2)
Hz, Pd/ C NNN-redhodd presirdibi@ingqnH O TFA-H2N OH O H O | Ph 0 Ph

Synthesis of Compound 5

15 To a stirred solution of (E) [see: Bioorg. Med. Chem. Lett., 1999, 9, 2283-2288]
(0.098 mmol, 4.9 eq.) in DMF (3 mL) was added (J) (0.020 mmol, 1 eq.), DIEA (0.18
mmol, 31 uL, 9 eq.), and HOBT (0.074 mmol, 10.0 mg, 3.7 eq.). The mixture was cooled
to 0 °C in an ice bath and PyBOP (0.07 mmol, 36.0 mg, 3.7 eq.) was added in several
portions. The mixture was stirred at 5 °C under an atmosphere of nitrogen overnight, The

20 reaction was then diluted with sat. NaCl and extracted with EtOAc. The organic layer was

washed with water and brine, dried over anhydrous MgSQ,, and concentrated to an oil that

was purified by flash chromatography to afford compound 5 (18.2 mg). ICso 208 CT-L <
50 nM, ICs Cell-based CT-L. <50 nM.




(Ky Ph (E) Ph S Synthesis of (K) 5 To a solution of (1) (0.040 muol, 30.0
nmg) in THE (2 nL) was added norpholine (0.050 mvol, 5.0 ng) and DI EA
(0.040 nmol, 0.5 ng). After stirring overnight at room tenperature, the
contents were concentrated, dissolved in Et OAc, washed with water and
brine, and drlsel%r&Vﬁl’symgé%fE;Eﬁ MESOHA was r enpved by filtration and the
volatiles were renoved under reduced pressure. The crude ester was
dissolved in 1:1 Et OAc/ 10 OH (10 nL), 5% Pd/C (20.0 ng) added, and the
m xture placed under 1 Etmns gre of hydrogen for 2 hours. The reaction
was filtered throud s g volatiles renoved under reduced
pressure affording (K)o r‘i‘thresr\gh of Conpound 6 To a stirred solution of
(E) [see: Bioorg. Med. hei Lett., 1999, 9, 2283-2288] 15 (0.151 nmmol,

.2 eq.) in DV (3 ) gqed(K) (0.126 mml, 0.075 g, | eq.), D EA
(0.50 mol, 88 L, 4 eq. )g)Hawd HOBT (0.20 mmol, 27.0 ny, 1.6 eq ) The

m xt ure was cool ed to |n an ice bath and PyBCP (0.202 0 105 g,
1.6 eq.) was g.dﬁzdln S€ portionsy The mxt vvas sgir

under an at mo$p} Bt ini n)\g,egn Qver nifg The I‘IQ, s ttﬂgplLd d
with sat. Nad a xtr dctbd WI h e 20 orga Iay r gWes

with water and brine, dried 0\'7’Er anhydr@us MpSHM, and \bent at"éd to an
oil that was purlflé’d y f1ash chronat o§raphy to afford corrpound 6 (46.6
ng). 1C50 20S CT-L < 50 nl\/l | C50 Cel | -based CT-L <50 nM -45 Schene 6:

El-y%'?ﬁfli f)i ggr%?}%g‘lg %2(%) Hz, ]I;gl( CN~J~|NJJ NBN\/tO-|J +OOONThN (()Al\dl) O(I;h é) H O TFA-NH2 O
Ph 0 H OSH ) To a solution of (I) (0.040 mmel, 30.0 mg) in THF (2 mL) was added morpholine
{0.050 mmeol, 5.0 mg) and DIEA (0.040 mmol, 0.5 mg). After stirring overnight at room
temperature, the contents were concentrated, dissolved in EtOAc, washed with water and
brine, and dried over MgSQO4. The MgSO, was removed by filtration and the volatiles
were removed under reduced pressure. Tﬁe crude ester was dissolved in 1:1 EtOAc/
10 MeOH (10 mL), 5% Pd/C (20.0 mg) added, and the mixture placed under 1 atmosphere of
hydrogen for 2 hours. The reaction was filtered through Celite and the volatiles removed

under reduced pressure affording (K).
Synthesis of Compound 6

To a stirred solution of (E) {see: Bioorg. Med. Chem. Lett., 1999, 9, 2283-2238]

15 (0.151 mmol, 1.2 eq.) in DMF (3 mL) was added (K) (0.126 mmol, 0.075 g, 1 eq.), DIEA
(0.50 mmol, 88 uL, 4 eq.), and HOBT (0.20 mmol, 27.0 mg, 1.6 eq.). The mixture was
cooled to 0 °C in an ice bath and PyBOP (0.202 mmol, 0.105 g, 1.6 eq.) was added in
several portions. The mixture was stirred at 5 °C under an atmosphere of nitrogen
overnight. The reaction was then diluted with sat. NaCl and extracted with EtOAc. The

20 organic layer was washed with water and brine, dried over anhydrous MgSQy, and
concentrated to an oil that was purified by flash chromatography to afford compound 6
(46.6 mg). ICsp 208 CT-L < 50 nM, ICsq Cell-based CT-L <50 nM.
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\l Ph (L) Ph {E) Ph 7 Synthesis of (L) 5 To a solution of (1) (0.040 mol,
30.0 ng) in THE (2 nL) was added N- nethyl pi perazine (0.050 mol, 5.0 ng)
and DI EA (0.040 mmol, 0.5 ng). After stirring overnight at room
tenperature the contents were concentrated and di ssolved in Et QAc, washed
with water anéchgmefs SyethepischfiBxamplesr MySO4. The MySO4 was renoved by
filtration and the volatiles renoved under reduced pressure. The crude
ester was dissolved 10 in 1: 1)t OAc/ McOH (10 mL), 5% Pd/ C (20.0 ny) added,
and the m xture plaged @%&r 1 y agnosphere of hydrogen for 2 hours. The
reaction was filtered? hry 1 ve and the volatiles renoved under
reduced pressure afforcﬂlngj(L)q Spnt hesi s of Conpound 7 To a stirred
solution of (E) [see: Bioofy. Med. Chem Lett., 1999, 9,2283-2288] 15
(0.098 nmol, 1.5 eq.) in|DMeempidesrhe) was added (L) (0.065 mmol, 0.075 g, 1
eq.), DIEA (0.50 nmol, E@”*E’f" , 8 eq.), and HOBT (0.20 mmol, 27.0 ng, 3.1
eq.). The mxture was coohked to O Cin an-ice bath and PyBOP (0.20 nunol,
0.105 g, 3.1 eq™) was, addgd’j no several rtions.~fe mxtuse Ams 4h
stirred at 5 Neer, ap'a e»of niftr en__g.vle;m,gﬁm\/“li _ %was
then diluted with sa@t.‘\i\hlgc:lo ang, extFat¥e ith Et CAc. The R0"0 gagit bayer
was washed with wates a brine, dried q,\ger anhydr ous MgSO4g, and
concentrated to an oil that was purified by flash chronmatography to afford
conmpound 7 (4.8 ng). 1C50 20S CT-L < 50 nM 1C50 Cell-based CT-L <50 nM
Schene 7: Symyh@stisoqf) Exanple 8 -46 0 J~ x O ~NTh( N Nv OBZ ~N~~
TFA-HZNFH N~.\OBz Q3 0 O Ph\ OPh (M Ph Ph (8) i 1) Ha Po!C Gl 0 OO
~N~ " O B TN~ N~ @o aNohitiedof (N0I0D kimolN 0¥ mE) i TRFRARE) WhsQidQ kL O H O

methylpiperazine (0.050 mmol, 5.0 mg) and DIEA (0.040 mmol, 0.5 mg). After stirring

overnight at room temperature the contents were concentrated and dissolved in EtOAc,
washed with water and brine, and dried over MgSO.. The MgSO4 was removed by
filtration and the volatiles removed under reduced pressure. The crude ester was dissolved
10 in 1:1 EtOAc/ MeOH (10 mL), 5% Pd/C (20.0 mg) added, and the mixture placed under 1
atmosphere of hydrogen for 2 hours. The reaction was filtered through Celite and the

volatiles removed under reduced pressure affording (L).
Synthesis of Compound 7

To a stirred solution of (E) [see: Bioorg. Med. Chem. Lett., 1999, 9, 2283-2288)

15 (0.098 mmol, 1.5 eq.) in DMF (3 mL) was added (L) (0.065 mmol, 0.075 g, 1 eq.), DIEA
(0.50 mmol, 88 puL, 8§ eq.), and HOBT (0.20 mmol, 27.0 mg, 3.1 eq.). The mixture was
cooled to 0 °C in an ice bath and PyBOP (0.20 mmol, 0.105 g, 3.1 eq.) was added in
several portions. The mixture was then stirred at 5 °C under an atmosphere of nitrogen
ovemight. The reaction was then diluted with sat. NaCl and extracted with EtOAc. The

20 organic layer was wa_shed with water and brine, dried over anhydrous MgSQq, and
concentrated to an oil that was purified by flash chromatography to afford compound 7
(4.8 mg). ICs 20S CT-L < 50 nM, ICsp Cell-based CT-L <50 nM.

Scheme 7: Synthesis of Example 8

- 46 -




Ph O Phh (N) Ph (E) Ph Synthesis of (N) Conpound (B) (0.39 nmopl) was

di ssolved in DVF (6 nL) and 4-norpholinoacetic acid (0.507 mmol, 0.074 g)
was added followed by DIEA (3.90 mol, 0.504 g, 0.68 nmL.). 5 The m xture
was cooled to O Cin an ice bath and PyBOP (0.62 fnnol, 0.32 g) was added
and stirred under an atnosphere of argon while warmng to rqom tenperature
overnight. The mxture was | uted w \j’\l ne (50 nL) amd €Xtracted with
Et OAc (5x20 ). ar gan cHI\ﬁyers WoF 8~ CBMbi ned, TFW&'Sh@ql nlsat . NaHCOB
(5x15 nL) and bri /Ix ), T &8d dried over MySO4. Thg MFSH4, was renmoved
by filtration and\t)he hatl es Pt enpved 10 under reducedepr gssure to give
the internedi ate ester (I\%’ (0.195 g). To (M (0.150 g, 0.23 nmmol) was
added 10% Pd/ C (0.05 g)| foLlowed by 5 nL of 1:1 mixture of MeOH and Et OCAc
and the m xture was pl aced under an at rmsphere of hydrogen. After 2 hr, the

contents were filtered th ough a plug Celite and concentriated u der
vacuumto give (N) )0 15 Synth I s of CorrpoundH aro a,,stqr
solution of (B §%S ‘)B§ Lett—= 199

mol , 0.083 mf Pn %CI\I FB”#L)O was addeoP\H\I) °( [ S 0010 g, 1
eq.), D EA (1.73 mml F’"0 30 n., 10 eq.® and HOST (0. 27 rrrml 8.037 ng, 1.6
eq.). The mxture was cool ed to O Cin an ice bath and PyBCP (0.27 mol ,
0.14 g, 1.6 edpryhepiag/@0 added in several portions. The mixture was stirred
at 5 C under an atnosphere of argon overnight after which, the reaction
was diluted with sGampadad(B)46.d9 exmal peasatissolivedindMECS mLY hed dngapholindagster was
washed with | I K A ent.r at ed
o a paste, TR 0 HAdmA, 88 EdaRiTAIR IER ol tiits £PO RN

and sl owdy adﬂlwmxmre)waaqnottﬂyo @f’Cmaﬂipe Ehtmamyﬂ(ﬂﬁ(omtmol( &.ngmzasadﬂ‘eﬂ*rpound

el T~ based_ iRl fflePih dibocahfle ol b Wi wling 530%st iebioge el o
OVe Cl ~G TFA-HieNditirOnes dilited vﬂth—briﬁe W’mLPéndl%htrﬁbtt(d})rith EtX)AN—(Immle) preaZI ne /
K/ THE organic layers were combined, washed with sat. NaHCO; (5x15 mL) and brine (1x25 mL),
and dried over MgS04. The MgSQ, was removed by filtration and the volatiles removed
10 under reduced pressure fo give the intermediate ester (M) (0.195 g). To (M) (0.150 g, 0.23
mmol) was added 10% Pd/C (0.05 g) followed by 5 mL of 1:1 mixture of MeOH and
EtOAc and the mixture was placed under an atmosphere of hydrogen. Afier 2 hr, the

contents were filtered through a plug of Celite and concentrated under vacuum to give (N)
(0.12 g).

15 Synthesis of Compound 8

To a stirred solution of (E) [see: Bioorg. Med. Chem. Lett., 1999, 9, 2283-2288]

(0.27 mmol, 0.083 mg, 1.3 eq.) in MeCN (5 mL) was added (N) (0.17 mmol, 0.10 g, 1
eq.), DIEA (1.73 mmol, 0.30 mL, 10 eq.) and HOBT (0.27 mmol, 0.037 mg, 1.6 eq.). The
mixture was cooled to 0 °C in an ice bath and PyBOP (0.27 mmol, 0.14 g, 1.6 eq.) was

20 added in several portions. The mixture was stirred at 5 °C under an atmosphere of argon
overnight after which, the reaction was diluted with sat. NaCl and extracted with EtOAc.
The organic layer was washed with water and brine, dried over anhydrous MgSQ,, and
concentrated to a paste. The crude material was dissolved in a minimum amount of MeOH
and slowly added into rapidly stirred, 0 °C chiiled water (100 mL). Compound 8 was then

25 isolated by filtration (0.080 g). 1Csg 20S CT-L < 50 nM, ICsp Celi-based CT-L <50 nM.




2) LiOH/ MAOH/ H20 CN(N 101 NN 101 OH' O "NIN 101 NNO1 H- x0O _NI J O
In0Ol Ph ~N) 0O HO\Ph TFA-NH, O O (0) Ph (E) Ph $ Synthesis of (P) 5 To
a 0 Csolution of (0) [prepared by follow ng the sane procedure for the
synt hesis of (B) except substituting phenyl al ani ne nethyl ester for

phenyl al ani neSthsme$| Synthesisiof Examie inol , | eq.) in DWF (10 nL) was added

chl oroacetyl chloride (2.7 mmol, 0.22 nlL, 1.5 eq.) and DIEA (3.5 mol, 1.4
m., 3 eq.). The m xture was allowed to warmand stirred at \room

tenperature overnight. The € CRI on wa%l c?ncentrat eﬁiﬁ.ﬁﬁ‘d r vq@\/ﬁl\m and 10

di ssolved in Et OA\C,C, ne, and driefl dvel R¥2SO4. The
Na2SO4 was renoved {ll’tr tr and the vol atiles rendyed under reduced
pressure to afford (P)IPJ (pQ 64 g) Synt hesis of (Q To a Eol ¢wion of (P)

20. Iyvas added N 15 net hyl pi perazi ne (0. 226
200041 m . After stirring overnight at
roomtenperature the contents were concentrat ed and di ssol ved |n Et QAc,

washed with water and br| , ,and driedyover MgSOH4. The ved by
filtration and the Wolla \)Lrempved y reduced m‘v

crude ester (( \@’E\‘r HT e: crﬂderpaﬁﬁ . 095 g)(\ d| iss I 1 MeOH
/ H20 (8 mL),” cooled tio 0 C, “Pp0 and L| (1 6 Mol 39. 0 Wad”‘added The
mxture was stirref at 5 C overni ght, quenched with sat. NH4§CI di |l uted
with water (20 nL), and the pH adjusted to 3 with IN HC. The mxture was

extracted w h}é %hl o%g@orm and the organic layers conbined and dried over
Na2SO4. The K& renoved by filtration and the vol ati I es r enoved

under regduced pre e the of, Conpound 9
To s stisred sol utrad oot BLurbpirsl b rofiine P BLERE 8 s~
2283-2288] (EontbSB af(B) cxcébtéutﬁqtu)mg phdiyfalagihe Ii'de)hy\lvaﬂera‘"dmﬂn}(]@mﬁ@b@ﬂﬂl nmol
0. 075 g, 1 e 9
1.0 . 3. ook fT Aot BN G amtiatsatod s rbder T ShiotE L2 B ROl e
(0.13 mTDI @IQ3S «g,) and BDIEA (3.5 wirsolA4Iadl, B Bq.} EMRIMAIxture was allowed to warm and

stirred at room temperature overnight. The reaction was concentrated under vacuum and

10 dissolved in EtOAc, washed with water and brine, and dried over Na;SQ4. The Na,SO,
was removed by filtration and the volatiles removed under reduced pressure to afford (P)
(0.64 g).

Synthesis of (Q)

To a solution of (P) (0.188 mmol, 0.10 g) in THF (20 mL) was added N-
15 methylpiperazine (0.226 mmol, 22.0 mg) and KI (0.04 mmol, 6.4 mg). After stirring

(0.188 mmol, 0.10 g) i
mmol, 22.0 ng) andICIJ

ovemight at room temperature the contents were concentrated and dissolved in EtOAc,
washed with water and brine, and dried over MgSQ4. The MgSO, was removed by
filtration and the volatiles removed under reduced pressure giving the crude ester (0.095
g). The crude ester (0.095 g) was dissolved in 3:1 MeOH / H;0 (8 mL), cooled to 0 °C,
20 and LiOH (1.6 mmol, 39.0 mg) was added. The mixture was stirred at 5 °C overnight,
quenched with sat. NH,Cl, diluted with water (20 mL), and the pH adjusted to 3 with 1N
HCI. The mixture was extracted with chloroform and the organic layers combined and
dried over Na;SOs4. The Na;SO4 was removed by filtration and the volatiles removed

under reduced pressure to afford (Q) (20.0 mg).
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portions. The mi xture was then stirred at 5 C under an at nosphere of
nitrogen overnight. The reaction was then diluted with sat. NaC and
extracted with Et OAc. The organic |ayer was washed with water and bri ne,
dried over anhydrous MgSO4, filtered, and concentrated to an oil that was
purified by fkpakesghyephpaguaphy to afford conpound 9. 1G50 20S CT-L 10 <
50 nM 1C50 Cell -based -L <50 nM Schene 9: Synthesis of Exanple 10 n O

0 0 HOENJ O- Bt g \ 0 o
H 3o N OO N O O-f (5 s oluilof(@ ee, fiovse. e ok K. 109, 3 2283 20

5) Ph
Hz, Pd/C o | ﬂ@@@)mmdrﬁs@q)@wﬂml mlmjwdded@)ﬂqw mmpld)QYScx ﬂwqm(fé)ﬁ )

TFAHEN Ph 0 Pfy Hirbib0 £, § Ebo, YA HOBTS095 ), 60 A 25 80) btk 7Y
2- bronpacet at e g and 4- Xy yl rpholine (3.8
mol , 0. 466 nedpladro @m: g an i#t pathand B@Bé@il:}\mmoq X). 0758 gsrﬁrﬁleq ) @faa_ackle@)n sgvatalt he

m xture stirr e R on
was dil uted &%r Fﬂ’ém;’{n lléé%(j‘ltg ?hzfg'? t.@éd&%}?? hBEB%&% %e gér}ggm%gg%g)?g@%b\%re
conbi ned, vvas'ﬁwdrcwtmh wagthen ddwied with see, Naf dndiesitiedted with H@S@%eTngnww was
20 reaned by filt n a d_t.he vo es e d r ure.
The. or ude. oot s VAR W AREealint i buck BN Maskly Bhorke BF R BRREL. s
was di ssol vedoian ox‘l .ﬂiht quaixdﬁed Eymm dhidinawdgraphy %o Eiiﬂdr&cénﬁpdl&ﬁ 9g)Cgo/aeS added,

and the g1 xtuf & BAREdcHNESE) B1-L <50 M.

Scheme 9: Synthesis of Example 10

_/_Nr—\o
o HO 4 9
o
Br OBz NaH / DMF 0(\ N \)LOBZ
Hy, PAIC
(\N/\/O\)LOH o ¢H o
TratN AL N
L\’N‘«’\o’“w’"\/ﬂ‘ \JJLOBZ — N I OBz
] Ph
l Hy, PA/C
@ \)L I ﬁ‘\k
o™y o o N~ N
k/N\/\O/ﬁr“\')]\N H\-/U\OH . o 0/\n’ o \
o i H o i TRAHN
Ph 10
T Ph (E)
Synthesis of (R)
15 To a solution of benzyl 2-bromoacetate {4.56 mmol, 0.715 mL) and 4-(2-

hydroxyethyl)morpholine (3.8 mmol, 0.466 mL) in DMF (4 mL) was added NaH (5.7
mmol, 0.136 g) and the mixture stirred overnight under an atmosphere of nitrogen. The
reaction was diluted with brine and extracted with EtOAc. The organic layers were
combined, washed with water and brine, and dried over MgSQO,. The MgSO, was

20 removed by filtration and the volatiles removed under reduced pressure. The crude ester
was purified by flash chromatography. The purified ester was dissolved in 1:1 MeOH /
EtOAc (10 mL), 5% Pd/C (0.100 g) was added, and the mixture placed under an
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-49 at nosphere of hydrogen overni ght. The reaction was purged, filtered

through Celite and concentrated under vacuum affording (R) (0.107 g).

Synthesis of (S) To a solution of (B) (0.56 nmml) in DWMF (15 nL), conpound

(R (0.56 mmol, 5 0.107 g) was added followed by D EA (2.24 mmol,  0.391

nL). The mi xt @FBospBEe ebbydsegen gverpight. {The sgactionavaspurged nféfterrdimopgh Gelitgangd |

0.121 ) and RYRGRxb: HuelVitbumridfhgdky 0MfRhgadded and the reaction was
e

stirred under an atnosphere of argon whi mng to roomtenperature
overni ght. The M&Mﬁsv\ﬁs diluted with brine (50 nL) and extracted wth
Et OAc (5x20 nl). The or)gani c layers were conbi ned, washed with sat. NaHCO3

10 (5x15 nlL) and bty ' S
renoved bg/ filt rag?gﬁogﬁg@?ﬁg}g’o&%{?ﬁ?@gﬂ ?g’%ﬁﬁiﬁgﬁ?@@&%%’ggﬁm eto
gi ve (S).? SynPHEZkwes addey followad by DIEA GR40nmelSP.300184. Fhem)xtire was dookid@p| /
Et OAc (10 nL) % ) I r an
at nosphere of Oﬁgg? g’ggﬁ(ﬁé‘@é‘?’%ﬁgﬁ (Q)%(])én rﬂ%ﬁ‘?ﬁéﬁ? :ﬁ%;ﬂ%\gg “g%‘?g’g‘@%ﬁﬁpg@r ed

t hrough Cel i t wemrnddexbancldht readtod wan stgredwonderamatoosghere of aryon wislentdmagigdo of

Conpound 10 Tg, irred sol ution,of.(F) [see: Bioorg. d..Ch eft.,
1095, 6. 2283 PsBREPraRTEgUib Taf it yaf s ER oha b e it
(0.16 mmol, OwithEtQAc (5%20mL). DhédrgariOlafels warelcombindd lwashedwitigsa}. Nak#inD;HOBT
0. 25 , 34, 1.6.e The nj xtyre S.20 .coql to 0O Cin an ice
bai b and by BeRxL oA st Bite toxzsmty. o dred ofy Wescle THARE G ayes arpurpllpf
portions. Thefilfanéniam thasolstiles le@dvallunberCedudetEressiread ghepbier e of nitrogen
overnight. The reaction was then diluted with sat. NaC and extracted with
Et OAc. The oSwdrsieof@er was washed with water and brine, dried over

anhydrous MgS04, and concentrated to an oil that was purified by flash
chr omat ogr aphy t o Bf 4§ silglion@f{R)Y0.d6 Aitholbn ( AMEOHY ELOAERID mD)Sv4s hdledss0 nM

| C50 Cell -ba -L. <50 nM. . 50. Sche 10: fSynthesis of Exanpl 13 M
Fnmoc' N -t os-ﬁ@%%' gL & the-miytess Pbﬁch;wﬁeﬁreansa e“‘éferﬁ}#ﬁﬂ%e“mgg L1
Cf 3 DVF 15 /  GEdktiof Was puged; filerel @hvtodlil Celitelzind cbidSntrated under vacuum to give (T).

Synthesis of Compound 10

To a stirred solution of (E) [see: Bioorg. Med. Chem. Leit., 1999, 9, 2283-2288]

(0.164 mmol, 1.0 eq.} in DMF (10 mL) was added (T) (0.16 mmol, 0.100 g, ! eq.), DIEA

(0.64 mmol, 112 pL, 4.0 eq.), and HOBT (0.25 mmol, 35.0 mg, 1.6 eq.). The mixture was
20 cooled to 0 °C in an ice bath and PyBOP (0.25 mmol, 0.133 g, 1.6 eq.) was added in

several portions. The mixture was stirred at 5 °C under an atmosphere of nitrogen

overnight. The reaction was then diluted with sat. NaCl and extracted with EtOAc. The

organic layer was washed with water and brine, dried over anhydrous MgSQy4, and

concentrated to an oil that was purified by flash chromatography to afford compound 10
25 (19.0 mg). ICsp 20S CT-L < 50 nM, IC;5p Cell-based CT-L <50 nM.
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BOP. DMF fnoc' NN N

D EA, HOST Oy DW O BOP, OVF |

] O~ Fnmoc- hPhe- OH HzN N~OQ pi peri di ne Fnoc. H N~O nO

~ Ph / CF3/

piperidine DM 0 DIEA, HOST O H N~ NJL (r) BOP, OVF N I

/I~ H= 0-N~(HO

N " N4 WHScﬁ’éWSgthég@W@ﬁIm“kllbU ~N N OH J |

/| CF, TFA-H NO

( -CF3)-0OH (2.2 nmol,, 01 0g,) in DCI\/I(ZE?WQJ;@n
(6.7 mmol, 0.370 ey hen_theedal ut irper
(rre5| tyl ene- 2-sul f ony S-MIPMPHHRE 1, 2, 45
g,) was added. Once tH&cNBNT di ssol ved,

o\l OPh) / O Ph

/

CF, (AN (D (V) ,
ONOI1N-1 N
(BB) CF, (CC) CF, TFA CH2C
) t Ph 1.3/ CFa o (DD)

Synthesis of (W To a solution of Fnoc-Phe

was 5 added |
onogesreQus, “"I‘

hazol e ofrVENT) (2

cf,eaction m xtu

%t hyl i m di zol e

0. 870.
s added to

Wang resin (0.8 rrm)l,
shake for 45 m nutes.

1.0 g) and the re$lilting solution was”all owed to

The resin was filtered and washeg Wt

B DVF (50 ni),

MeOH (50 i),
dry, to vyield (W.

and DCM (50 niL).

The 10 resulting resin wasma:bﬂ owed to air
Synt hesi s of (X

Foc” \)L ¢ \)L ¥e) _Fmoc hPhe-OH ZNQ\E){D@ piparidine Fmoc\”g}ll\;j\o@

DIEA, HOBT (2] OMF
B j &
Fy CFa

eh cFs

DIEA, HOBT
BOP, DMF

(‘N’\rn\;j“u’én:ﬁ%
0. Q9 = o =
i

l TFA, CHCh

DIEA, HOBT
BOP, OMF

———

(€}

Synthesis of (W)

To a solution of Fmoc-Phe (4-CF3)-OH (2.2 mmol, 1.0 g,) in DCM (20 mL) was
added 1-methylimidizole (6.7 mmol, .370 mL). When the solution was homogeneous, 1-
(mesitylene-2-sulfonyl)-3-nitro-1H-1,2,4-triazole (MSNT) (2.9 mmol, 0.870 g,) was
added. Once the MSNT dissolved, the reaction mixture was added to Wang resin (0.8
mmol, 1.0 g) and the resulting solution was allowed to shake for 45 minutes. The resin
was filtered and washed with DMF (50 mL), MeOH (50 mL}, and DCM (50 mL). The

resulting resin was allowed to air dry, to yield (W).

10

Synthesis of (X)

To (W) (0.40 mmol, 0.5 g) was added 20% piperidine/DMF (10 mL) and the

resulting heterogeneous solution was allowed to shake for 20 minutes. The mixture was

-5] -




To (W (0.40 mml, 0.5 g) was added 20% pi peridine/ DM (10 nlL) and the
resul ti ng heterogeneous solution was all owed to shake for 20 m nutes. The
m xture was -51 filtered and the resin washed with DVF (20 ni), I\/EC]-I (20

The’ above reaciigir bt e waheuistaie ol m o0 G5 mly, S preM AT ethind v,
5 To (X) (O. 40ammd)tomﬂqadnﬁdemas(saejemba to tﬁémvb%acm&&dd.@nﬂawond imd 43

g), DIEA (1.6 I g 12 ni), HOBT (0.64 mmol, 0.086 g), and BOP (0. 64
mol , 0.178 g%ﬂﬁ( %e reaction mxture was allowed to shake overni ght.

The reaction mxture filtered and the resin washed with DVF (40 nl),
MeCH (40 M),ng’ﬁdﬁjﬂﬁéﬁf@io m.), and allowed to air dry, to yield (Y). 10

Synt hesi f (2 T Q.10 dded 20% pi i di ne/ DVF (2
o) and tHe tebul tTagOKR AR BRI e ps PR e e Canca 78 s .5 20
mnutes. The sg)| D'(EAD(II \fnol, {0, iiﬁLﬁ@lGH’ﬂ(@dﬁ%:ﬂ@ﬁb@sx\@ﬁ QﬁijWPt(@6%cﬁ WAL
McCOH (10 nmL), and DCM (10 rrL) and to air he resin was

subj ected to t&EMdHEverctianmixterg %ﬁ'dwqddﬁ sla@kgemht msrea,c.son wixpre wds ( Z) .

h f edla i a
?ngé ﬁsp Ih Z %H Efgl&}l Od ﬁ.gg@reé Q»&&eﬂlmlh DIQFEXQO Hikmﬁ@ﬂgﬂigﬁ(ﬁm@%@fﬂ& nd,

mol , 0. 062 UWaﬁﬁ’%dIY(‘OYGM(\%nDI 0. 178 g) and the reaction mixture was
aIIovved tﬁ shake over ni The reaction 20 m xture was filtered and the
resin wasHed wetherne @ 0 m), MOH (40 nl), and DCM (40 ni), and al | owed
to air dry, to yleld&A@; Synt hesi s of éBB To (AA) (0.08 mml, 0.10 g)
was added 20% pi pedPdith %\mm@!z OriOp) waschdeles20% pipenidine/MIRanloged dhsus

| u € Il a d
and the r 6o n i elfbginifd lon s MRS sk 0% ik Bl Mpifion hy 3" €
al | owed to ai filigred and e W%Wﬂﬁhﬂéwltbmw)t MeOkE(18tmh)eanddaCM (30 migmod t i on
a second tine;poh&y tX' ﬁldgy (ﬁ@resaﬁml; gl%géc?éd% th(eggg e%ﬁél?glfgﬂlon 3 sec%ndé]ir% ég)

g) was added DMF (2 nl),” 4-norphol1 noacetic acl
DI EA (0. 17 nmieyield.(8R9 ni), HOBT (0.11 mmol, 0.016 g), and
Synthesis of (AA)

To (2) (0.08 mmol, 0.10 g) was added DMF (20 mL), Fmoc-hPhe-OH (0.40 mmol,

0.143 g), DIEA (1.6 mmol, 0.12 mL), HOBT (0.64 mmol, 0.062 mg), and BOP (0.64
mmol, 0.178 g) and the reaction mixture was allowed to shake overnight. The reaction
mixture was filtered and the resin washed with DMF (40 mL), MeOH (40 mL), and DCM
(40 mL), and allowed to air dry, to yield (AA).

Synthesis of (BB)

To (AA) (0.08 mmol, 0.10 g) was added 20% piperidine/DMF (2 mL) and the |
resulting heterogeneous solution was allowed to shake for 20 minutes. The solution was
filtered and the resin washed with DMF (10 mL}), MeOH (10 mL), and DCM (10 mL) and
allowed to air dry. The resin was subjected to the above reaction condition a second time,
to yield (BB).

Synthesis of (CC)

To (BB) (0.08 mmol, 0.10 g) was added DMF (2 mL), 4-morpholinoacetic acid
(0.10 mmol, 0.015 g), DIEA (0.17 mmol, 0.029 mL), HOBT (0.11 mmol, 0.016 g), and
BOP (0.11 mmol, 0.051 g) and the reaction mixture was allowed to shake overnight. The
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BOP (0.11 mml, 0.051 g) and the reaction m xture was all owed to shake
overnight. The -52 reaction mxture was filtered and the resin washed with
DMF (15 mL), McOH (15 nL), and DCM (15 nlL), and allowed to air dry, to
yield (CC. Synthesis of (DD) To (CC) (0.08 nmol, 0.10 g) was- added 50%

TFA/DCM (2 nmL) and the m xture . 5 s allo t f ' (the
resin turned ]S‘E?Pb?'b')“."t“ﬁ‘éasrfﬁé?é"iq “Blﬂvl\%a‘gs'? WF%’%&@V&R D}Rﬁ%ﬁ}@ﬂiéﬁeﬁ]ﬁwgﬁ% with
DCM (10 nl). Thepest ?SHL@,San%ﬂewé@m%@dy,wﬁierd(Cegduced pressure and the

resulting oil was diluted with DCM (10 nL) and evaporated a total of three

times to yiel g-y,(,);};))s.of@'%:]hesi s of Compound 13 10 To a stiffed solution of
(E) [see: Bioorg. Med. em Lett., 1999, 9,2283-2288] (0.11 nmmol, 0.019

g) in MeCN (2 nl) wg:cgdd.e%ﬁ:@)o.(mg)hmeh,sm FA/DZM (1mib) andth&mixtisy, HOBT
(0.2 nmol, 0.032g), and BOP (0.23 mml|, 0,103 %_aﬁgm;ghe mtxturel Sy

stirred a? roé}’ﬁﬁ%iﬂﬁ?éﬂ‘hﬁhﬂk%f%%muﬁﬁt@eﬂ?@tf‘@ﬁg ¥rBIS)- whie TRGHOP 23S (IR bri ne
(15 ) and  exd fhatdshiCvabhdd il B8 (10 REL) O TERPISIEAVRE refmsciandeetbdutddn wat er

sat. NaHCO3, and brine 15 and dried over anhydrous MySO4. The, MjSO4 was
removed by fi pressird and thervesuiting ojlovasdilpied wﬂhé?%ﬂébp mhbend er"ém&‘éﬂig/gﬁ’&% ure.

The crude mat gl wasviPdrbpyed by flash chromatography to afford 13 (12.6
ng). 1C50 ZOS%C%'C?‘Lm< 580 rgMb)I CSO Cel | -based CT-L <50 nM Equivalents 20

Those skill edﬁhﬂhés}}%fé&ﬁpo%ﬂmre(mgm ze, or be able to ascertain using no
nore than routine experinentation, numerous equivalents to the conpounds

and met hpgls of Useroéélﬁ{e§9$1u6’&§&f(iaj)§&’e; 1RGSRk, MedSTRdMm. GaMI, 199901 28312288)
considered to be within the scoge of this invention and are égveredﬂgy t he

fol | owi ng cl a0 mmpl, 0819 ghie € mL wis added(DIN €@ & e UG CrmBRsar e
her eby i ncor pf?:'i.zt]-ﬁng?b.z n%ﬁ:oi,%f()i%&%ﬂﬁlﬁi B?\ﬁﬁ).ﬁmﬁﬁnoi,ﬁ. 105 @) &RUkhé Mixnlre was conpound
fap

having a structlre of fornul'a armaceutically acceptable salt
thereof, | SRirred aR@omMIergpeRgure overnight. The reaction was diluted with brine (15 mL) and

extracted with EtOAc. The organic layer was washed with water, sat. NaHCO;, and brine
15 and dried over anhydrous MgSQ,. The MgSO; was removed by filtration and the volatiles
removed under reduced pressure. The crude material was purified by flash
chromatography to afford 13 (12.6 mg). ICso 208 CT-L < 500 nM, 1Cso Cell-based CT-L
<50 nM.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the compounds and methods of use
thereof described herein. Such equivalents are considered to be within the scope of this

invention and are covered by the following claims.

All of the above-cited references and publications are hereby incorporated by

reference.
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~"Z"' 1l NNNYJ ORS RROR R4 0 wherein Xis 0, NH or Nalkyl; Yis

NH, N-alkyl, 0, or C(R9)2; Zis Oor C(R9) 2; R, R2, R3, and R4 are all

hydrogen; each R5, R6, R7, R3, and R9 is independently selected from

hydrogen, Cl-6al kyl, C 1-6hydroxyal kyl, C I -6al koxyal kyl, aryl, and

C _6aral kyl , each of which is optional I y substituted with a group selected

from al kyl , Whitt 16! laitged ise, carboxylic acid or a pharnaceutically acceptable

salt thereof carboxyl ester, thiol, and thioether; mis an integer fromO

to 2; and nis an integer fromO to 2. 2. A conpound of claim1 or a

phar naceut i lcal tompamndpiasinge stakturd htfoanila Iwhaphhinaentically ac@eptablesipound of

claim2 or ﬁ?{ph rmaceutically acceptable salt thereof, wherein R5, R6, R7,

and R8 are %gendently sel ected from G _6al kyl, G -6hydroxyal kyl, and

G .aralkyl; and RO is hydrogen. 4. A conpound of c aim3 or a

pharmaceutical |y acceptabl e salt thereof, wherein and R7 are

i ndependently C _6aral kyIR‘an@ R&Earrf R® am pendent ly Cl_6alkyl. 5. A
ccC

conpound of {CJ\al/ﬁ\ Wwwﬁ%mc abl e salt thereof, wherein
Yis selec N} ork kyl 54 6. A conpound of claim5 or a
phar ITB.CEUtI y accept®@bl B sdtt E"heﬁ:’\eofR wferein Zis CH2, and mand n
are both 0. 7. A conpound of claim5 or a pharnaceutically acceptable salt
t hereof, wherein Zis CH2, mis 0, and nis 2. 8 A conpound of claim5 or
a phar mace%ﬁegé]hly accept abI e salt thereof, wherein Zis 0O, m is 1, and n
Is 2. 9. A conpound of claiml or a phar maceutlcal | y acceptabl e salt

t her eof , haXis@, WHeor Nadlkyii ng structure IDNNNO Il HH OOO
Y is NH, N-alkyl, O, or C(R*);
Zis O or C(R%) 5;
R, R%, R, and R* are all hydrogen,;
each R®, R(’, R7, Rs, and R’is independently selected from hydrogen, C;.¢alkyl,
Cishydroxyalkyl, C).salkoxyalkyl, aryl, and C;saralkyl, each of which is optionally
substituted with a group selected from alkyl, amide, amine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and thioether;
m is an integer from 0 to 2; and

n is an integer from 0 to 2,

2. A compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein X is O.
3. A compound of claim 2 or a pharmaceutically acceptable salt thereof, wherein R, RS,
R, and R® are independently selected from C,galkyl, C,shydroxyalkyl, and C,saralkyl;

and R’ is hydrogen.

4. A compound of claim 3 or a pharmaceutically acceptable salt thereof, wherein R’ and R’

are independently C_saralkyl and R® and R® are independently C,_¢alkyl.

5. A compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein Y is
selected from N-alkyl, O, and CHs,.
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Ph  Ph 10. A conpound of claim1l or a pharnmaceutically acceptable salt
thereof, having the following structure NNit HNHONN OO 711 O Ph
Ph 11. A conpound of claim1 or a pharmaceutically acceptable salt thereof,
having the structure ONHNit " NNom 2 INN HHO\ OO Ph Ph -55 12.

A conpound of claiml aor a pharnaceuti cal% acceptabl e salt thereof, having
the st ructuPecampeurd ofrlaon Soria mhagnagenticatlly acgeptable salpibereaf, othesginiZiis CHay  a

phar maceut iéﬁﬁlngnﬁ%%g%@?ﬁ:e salt thereof, having the structure N~O-N11"KH

NN O O\ A conpound of claim1 or a pharmaceutically
acceptabl e salt thereof, having the structure 0 0 N-N NN O

7. A compound of claim 5 or a pharmaceutically acceptable salt thereof, wherein Z is CH,,

mis 0, and n is 2.

8. A compound of claim S or a pharmaceutically acceptable salt thereof, wherein Z is O, m

is 1, and n is 2.

9. A compound of claim 1 or a pharmaceutically acceptable salt thereof, having the

following structure

0 o
H H o
N N N
\(~)3/\“/ N N
H z H
!

0 o
\ ~ph

Ph

10. A compound of claim 1 or a pharmaceutically acceptable salt thereof, having the

following structure

o '\ 0 :\Ph o

Ph
11. A compound of claim 1 or a pharmaceutically acceptable salt thereof, having the
structure

o] 0
PSS S
2y . EO
(0] 0 \Ph o

Ph
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NTI'f QO OHOO Ph CF3 15. A conpound of claim11, having a structure of
formula Il or a pharmaceutically acceptable salt thereof, Il /~ R 0 R6
R30R6 1 N-NNNNX Q) O RS R2 0O R7T R4 0 wherein Xis selected fromO0, NH,
and N-alkyl; R, R2, R3, and R4 are all hydrogen; and -56 R5, R6, R7, and
R8 are independently selected from hydrogen, Cl Sal kyl, Cl-6 hydroxyal kyl,
Cl- 6al koxyal kyl , aryl, and Cl-6aral kyl, each of which is optionally

s o i BRSSO e B

t hi oet her. sfrGctufe conpound of claim 15 or a pharmaceutically acceptable salt
thereof, wherein X is 0. 17. A conmpound of claim 16 or a pharnmaceutically
acceptabl e salt thereof, whergin R5, R6,\ R7 and R8 are independently
selected fr 1- 6al kyl , 1. hydro&yal and Cl_6aral kyl. 18. A
conmpound of L cl gi m 17 {r ph rnﬁ$eu i ceptable salt thereof, wherein
R5 and R7 are indepgen kyl R6 and R8 are independently
Cl-6al kyl . 19. A conpoun% of o aIﬁL1 hawi ng a structure of formula IV or a
phar maceutical |y acceptable salt tRereof, R O R6 R3 0 R8 X rN----y N N N
NQ O0- R 06R4A O wherdin Xis 0, NH or Nalkyl; R, R, R3, and R4 are
all hydrogen; and R6 and R8 are independently selected from hydrogen,

Cl-6al kyl, Cl1-6hydroxyal kyl, Cl- 6al koxyal kyl, aryl, and G -6aral kyl, each
of which id3 optcompann OElemilpuaptIamatcbutmagy acm:ptabkzl sattttbetedf; bavingrihde,

am ne, carggééh}c acid or a pharnmaceutically acceptable salt thereof,

o/ﬁ 0 o)
K/N\/\o/\[rﬁ\é)l\gm\é)\u °
C \ 0] \Ph o]

Ph

14. A compound of claim 1 or a pharmaceutically acceptable salt thereof, having the

structure

O\) O _\I 0 '\©\O

Ph
CF3

15. A compound of claim 1, having a structure of formula III or a pharmaceutically

acceptable salt thereof,
RS R3
§J

wherein
X is selected from O, NH, and N-alkyl;
R, R? R® , and R* are all hydrogen; and
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carboxyl ester, thiol, and thioether. 20. A conpound of claim19 or a
phar maceutically acceptable salt thereof, wherein Xis 0. 21. A conpound
of claim 20 or a pharnmaceutically acceptable salt thereof, wherein R6 and
R8 are i ndependent |y selected from Cl -6al kyl, O’ _6hydroxyal kyl, and

Cl-6aral kyl ;5 -57 22. Agconpound of claim 21 or phar maceut i cal Ial
accept abl e BsaBt RlardBf areipdensndently sglested I@n&h@fpﬁﬂbﬁeﬁﬁléﬂt Cys bydrexsyatioyl,

23. A conp K f,
wher o - Rb A ik, ML s, 3Bl TGEH W 1o RGER} Al naah bid REEAR'
phar mac eut i scblcie;i feone eqnideb hxmrsaabarbmt)&fca@fd, orhwphiangadebticalfyadceepthbig salt therioflr e O
O J('- 5. A conpound of claim1l, having a
structure (ﬂar 5%&& "ﬂuﬁ) a@%’ﬁ’&ﬁ’ﬁﬁceut ically acceptable salt thereof, ON

R ORRREOREY Y\INYD NNNX glO R R O0OR R4 0 where Xis 0,
NH, or Nalkyl; R, R2, R3, and R4 are all hydrogen; R5, R6, R7, and R38 are
i ndependentlity Aseimpouad of cleim A§ dr o gharmaCeutialli ytcep@bletialtdharyiabytein X is O.

C - 6al koxyal kyl, aryl, and C _6aral kyl, each of which is optionally
substituted with a group selected fromam de, am ne, carboxylic acid or a

phar maceut i 1@alnd et bablain 380k aﬁ:ﬂ%ﬁfé@uﬂcaﬂghé&k ¥blesitiQ@hered N ivAkreiPRY RS,
t hi oet her; &IS an integer fromO to npound of ca|m25 or a

phar maceut %@1‘1}1 geciagepamdentijaselectadeliren C.sollielk €1n h)(dﬂOSY«’(Ikyl 2wl Casagalkdound

of claim26 or a pharnmaceutically acceptable salt thereof, wherein R5, R6,
-58 R7, and R8 are independently selected from Cl_6al kyl, C _6hydroxyal kyl,

and Cl _6ar algkyl compdGnd Af €laiipon ﬂda@harﬁia@éﬁﬁc&ﬂy @tceptapdalrahaedf, Ghkilein R’ and
accept abl e salt thereof wherei n gnd R7 are independently Cl_6aral kyl

and R6 and Rgraind @ﬁ@éﬁ%ﬁ@eﬁﬂfﬂw@nd@alm azglndmwmjﬁdaaékylm aim 1,
having a structure of forrmula VI or a pharnaceutically acceptable salt
t her eof ,

19. A compound of claim 1, having a structure of formula IV or a pharmaceutically

acceptable salt thereof,
Ré R3 QO R

A
Q’\r*m

Z—
e
b

wherein

X is O, NH, or N-alkyl;

R', R% R’ and R? are all hydrogen; and

R® and R® are independently selected from hydrogen, C, ¢alkyl, C, ¢hydroxyalkyl, C,.
salkoxyalkyl, aryl, and C,_garalkyl, each of which is optionally substituted with a group
selected from amide, amine, carboxylic acid or a pharmaceutically acceptable salt thereof,

carboxyl ester, thiol, and thioether.
20. A compound of claim 19 or a pharmaceutically acceptable salt thereof, wherein X is O.
21. A compound of claim 20 or a pharmaceutically acceptable salt thereof, wherein R® and

R® are independently selected from C,salkyl, C, shydroxyalkyl, and C,.saralkyl.
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VI. NNNIC RENICI R X' q0ZI1CA RalC wherein Xis 0, NH or

N-al kyl; R, R2, R3, and R4 are all hydrogen; R6 and R8 are independently
sel ected from hydrogen, Cl _6al kyl, G _6hydroxyal kyl, Cl1_ 6al koxyal kyl ,
aryl, and Cl _6aral kyl, each of which is optionally substituted with a group
sel ected from am de, am ne, carboxylic acid or a pharmaceutically
acceptabl e salt thereof, carboxyl ester, thiol, and thioether; and g is an

i nteger fr ' i y
accept abl eozs@algté t r}%?l 9 feld e?gfa (II’)IH agﬁﬁt?dﬂ&%%:e@éa#geos%ﬁgﬁ%ggﬁﬁf%ﬂgg %‘Fd a
phar naceutlltaarbw@paehnﬁjo[}%&lhylt thereof wherein R6 and R8 are

I ndependently selected from Cl_6al kyl C1_6hydroxyal kyl, and Cl1_6aral kyl .
32. A conpound of claim 31 or a pharnaceutically acceptable salt thereof
wherei n R6 Bnd cothoahé of Bd | aj

or a phar }gxeut |0§§) |1y accegﬁggﬁggi’hﬁﬁcﬁ‘g@é‘y%‘“ﬁ% }adl%r?ﬁ %@RQW%h%mck

| sobutyl . arghothAsabwtypound of claim29 or a pharmaceutically accept abI e
salt thereof, having the structure 0 0 N~ NO NH H/NV O\ O Ph Ph 35.
A conpound of claim?29 or a pharmaceutically acceptable salt thereof,

havi ng t he 24sArdeaipsigd b 8laimNDD olNa ghd¥nlictiicMlly htdebrabldHalt thereof, having the

following structure
Oy f; Q

25. A compound of claim 1, having a structure of formula V or a pharmaceutically

IIII
IIII

acceptable salt thereof,

\N/\| R® R3 o RN

R R*

where X is O, NH, or N-alkyl;

R', R% R’, and R* are all hydrogen;

R’ R% R, and R® are independently selected from hydrogen, C, ¢alkyl, C,_¢hydroxyalkyl,
Cialkoxyalkyl, aryl, and Cy.saralkyl, each of which is optionally substituted with a group
selected from amide, amine, carboxylic acid or a pharmaceutically acceptable salt thereof,

carboxyl ester, thiol, and thioether; and q is an integer from 0 to 3.
26. A compound of claim 25 or a pharmaceutically acceptable salt thereof, wherein X is O.

27. A compound of claim 26 or a pharmaceutically acceptable salt thereof, wherein R®, R,
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Ph  Ph 36. A conpound of claim?29 or a pharmaceutically acceptable salt
thereof, having the following structure 101 _ HH O Ph Ph 37. A

pharmaceutical conposition conprising a conpound of claim1l or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier. -
19(,) and R® are independently selected from C;_salkyl, C\.éhydroxyalkyl, and C,_¢aralkyl.

28. A compound of claim 27 or a pharmaceutically acceptable salt thereof, wherein R® and

R are independently C, garalkyl and R® and R® are independently C, galkyl.

29. A compound of claim 1, having a structure of formula VI or a pharmaceutically
acceptable salt thereof,
VI

wherein

X is O, NH, or N-alkyl;

R' R% R?, and R*are all hydrogen;

R® and R® are independently selected from hydrogen, Cy.¢alkyl, C,.¢hydroxyalkyl, C;.
salkoxyalkyl, aryl, and C;.saralkyl, each of which is optionally substituted with a group
selected from amide, amine, carboxylic acid or a pharmaceutically acceptable salt thereof,
carboxyl ester, thiol, and thioether; and

q is an integer from 0 to 3.
30. A compound of claim 29 or a pharmaceutically acceptable salt thereof, wherein X is O.

31. A compound of claim 30 or a pharmaceutically acceptable salt thereof, wherein R® and

R? are independently selected from C)_galkyl, C\.shydroxyalkyl, and C, saralkyl.

32. A compound of claim 31 or a pharmaceutically acceptable salt thereof, wherein R® and

R® are independently C,_¢alkyl.

33. A compound of claim 32 or a pharmaceutically acceptable salt thereof, wherein R® and
R® are both isobutyl.
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34. A compound of claim 29 or a pharmaceutically acceptable salt thereof, having the
structure

Spteasen

/N
Ph

35. A compound of claim 29 or a pharmaceutically acceptable salt thereof, having the

structure

\N/\ 0 o
H H
N N N
Y Y N =N
o z H S H
ph

o

Ph

36. A compound of claim 29 or a pharmaceutically acceptable salt thereof, having the

following structure

N 0§ 0 9 0
K/ w \-)J\N . N
(o] 2 4 (0] Z ; O
\ “ph

Ph

37. A pharmaceutical composition comprising a compound of claim 1 or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier
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