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polypeptide ubiquitin. Once targeted, ubiquitinated proteins then serve as substrates for

15 the 26S proteasome, a multicatalytic protease, which cleaves proteins into short peptides
through the action of its three major proteolytic activities. While having a general function
in intracellular protein turnover, proteasome-mediated degradation also plays a key role in
many processes such as major histocompatibility complex (MHC) class I presentation,
apoptosis, cell growth regulation, NF-«B activation, antigen processing, and transduction

20 of pro-inflammatory signals.

The 208 proteasome is a 700 kDa cylindrical-shaped multicatalytic protease
complex comprised of 28 subunits organized into four rings. In yeast and other
eukaryotes, 7 different o 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 118 (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
26S particle (“the 268 proteasome™). In vivo experiments have shown that inhibition of
the 20S form of the proteasome can be readily correlated to inhibition of 26S proteasome.
Cleavage of amino-terminal prosequences of 8 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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20 potency necessary to explore and exploit the roles of the proteasome at the cellular and
molecular level. Therefore, the synthesis of small molecule inhibitor(s) with increased site
specificity, improved stability and solubility, and increased potency are needed to allow

the exploration of the roles of the proteasome at the cellular and molecular level.

Summary of the Invention

25 The invention relates to classes of molecules known as peptide o/,3’-epoxides and
peptide o,3’-aziridines. The parent molecules are understood to bind efficiently,
irreversibly and selectively to N-terminal nucleophile (Ntn) 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 Ntn hydrolases and thereby be used as probes to



the exploration of the roles of the proteasone at the cellular and

nol ecul ar level. Summary of the Invention The invention relates to cl asses
of nol ecuveobamavgrzas peptide ' ,/3' -epoxi des and pepti ¢deT/USL®5/028246
-aziridines. The parent nolecules are understood to bind efficiently,

I rreversi bl n ' N ] I | | ases,
and can spestEY eyt SRR b RRTRRE, CaRME iR 0

mul ti pl e cahpdrykses apedterein dascrited csynthhozedhandrimrestigated o Pefitisio gpexidseh agbnat ur ed
and m sfol ded prot.eins,..t.he pr a LS .now r |.Z: stituting
prot eol yti cpﬁpat@ﬁ f’%\lrel(rh;l}e%tﬁ%tcarrl g%tg'%@t geegergﬁheéy’Iag(\ggeggrg@g@hégggéﬁflﬁn?rpaceI | ul ar
pr ot ei ns t hpotaborhdwitivitideae ddelbsedrnnd rlammedi gnal - dependent manner. Hence,
there is great interest in identifying reagents that can specifically
perturbsthe acti Unlikessvandl othiee peptide-bassd mbitatad, tht heptidhepoxides rud peptide and

t hereby be used. as. probes tostudy the role, of 1 - 1 i i ol ogi cal
processes. %ﬁg‘Bﬁ%@gcr{%ﬁgﬁerflglﬁéee?dF Wgcfé%%l?/sg?n&aggglglbg?éx eoﬁ%alsﬂn escri bed,
synt hesi zed prosaeksisostestiygsih,atlymbeisindeatiepsin iBil papamnsnduafhinde cawkntiatipmes  t hat
can potently, selectively, and jrreversi.bly inhihit rticul pr ot easone
activities P& gq @@I 6‘§E@%%frfan‘iﬂng‘i‘tf?élﬁ.‘“Wf‘?‘i@a%gﬁgqﬁgﬁvg‘gtbﬁge‘iyo (g%? i de- based

i nhi bi tors, eifetedapbd ddmpemtiatle sotdirehversitit, iifthe mhibitotinael dapetes wakitheer ei n
are not expected tg substantiall }(/ i nhi bit. non-.gr ot easonal Qr(gt ea}ﬁei? such as
trypsi RO chywhstetpdhemovelpoptidrpaxiges and peptide agFfings 4T als eXpeCRGIRdBHPY at i ons
up to 50 mMVNFALR hitigh@dn £0REMIRARLS Nsvels iddllRultho NMBBOVES thefes@yeghds but
woul d be expected to be conpetitive and not . irreversible, if the inhibitor

merel y conpdtosld bgiexpeotaddo bersepti-arilemmpRsy AGYHY- E’é‘b‘tﬁ_hﬁﬁ C_QB‘BQ‘?r@égana d peptide
aziridines ghRu@hdRcfXR6Nesdvilich 1B tHRiversMiiity foRxplotd Nfleh@indftcton st abi | i ze
p53 levels in cell culture. Mreover, these conpounds woul d be expected to
have anti - i mpimakhiglogiop] andathplogicalesssses hese conmpounds can be uni que

nol ecul ar probes, which have the versatil i't'égt o explore Ntn enzynme function
in nor k@l bi ol oghncer aseel PatHEREY REaYIdgsRubivseomPriRng AECEEBIRY, " t he

I nvention prc&ﬁéiqﬁﬁ ORI b Srifi® "RcbSinhibitéks BT iRKiBA LARGBOARN R HON-

t hree-nmenbered ring. These inhibitors can inhibit catalytic activity of

Nt er m nal terminal nucleophile hydrolase enzymes (for example, the 20S proteasome, or the 268

proteasome) when said inhibitor is present at concentrations below about 50 uM.
Regarding the 20S proteasome, particular hydrolase inhibitors inhibit chymotrypsin-like

20 activity of the 20S proteasome when the inhibitor is present at concentrations below about
5 uM, and does not inhibit trypsin-like activity or PGPH activity of the 20S proteasome
when present at concentrations below about 5 pM. The hydrolase inhibitor may be, for
example, a peptide o/, 8’ -epoxy ketone or ¢ ,3’-aziridine ketone, and the peptide may be a
tetrapeptide. The peptide may include branched or unbranched side chains such as

25 hydrogen, Cj.salkyl, Cy.¢hydroxyalkyl, C,salkoxyalkyl, aryl, C,.saralkyl, Ci.salkylamide,
C.salkylamine, C,.¢carboxylic acid, C;.ccarboxyl ester, C;.salkylthiol, or C;.
salkylthioether, for example isobutyl, 1-naphthyl, phenylmethyl, and 2-phenylethyl. The
o’ -carbon of the o ,8’-epoxy ketone or o ,3’-aziridine ketone may be a chiral carbon atom,

such as an (R) or 3 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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Each of these methods involves administering or contacting an effective amount of a
composition comprising the hydrolase inhibitors disclosed herein, to a subject, a cell, a

20 tissue, an organ, or an organism.

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-terminus. 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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Regarding the stereochemistry, the Cahn-Ingold-Prelog rules for determining

absolute stereochemistry are followed. These rules are described, for example, in Organic
Chemistry, Fox and Whitesell; Jones and Bartlett Publishers, Boston, MA (1994); Section
20 5-6, pp 177-178, which section is hereby incorporated by reference. Peptides can have a
repeating backbone structure with side 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
25 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
30 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, t-butyl, and
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a side chain of the peptide moiety.

20 In some embodiments, the backbone units are amide units [-NH-CHR-C(=0)-], in
which R is the side chain. Such a designation does not exclude the naturally occurring
amino acid proline, or other non-naturally occurring cyclic secondary amino acids, which

will be recognized by those of skill in the art.

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 o-carbon is modified by a-alkyl substitution, for example,
aminoisobutyric acid. In some further embodiments, side chains are locally modified, for

30 example, by AE or AZ dehydro modification, in which a double bond is present between
the ovand 8 atoms of the side chain, or for example by AE or AZ cyclopropyl modification,
in which a cyclopropy! group is present between the a and 3 atoms of the side chain. In

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



or unbranched aliphatic or aromatic groups such as ethyl, w propyl,
n-butyl, f-butyl, andaryl substituted derivatives such as 1-phenylethyl,
2- phenyl avbybos/airsapapht hyl ) met hyl , (2- napht hyl ) et hyl , PCT/US2005/028246

| - (I -napht hyl )ethyl, |-(2-naphthyl)ethyl, 2-(i-naphthyl)ethyl, 2-(2-
ht hyl ) et i . th
napt 7L ot it SSodbil Bl AR r THS A TR, BRAGREL G | her

groups, aceformatonlache ﬂonkael,on,mzo fivkagh.end athyt mgqhﬁcm@ns @15CU§S§§$11 iReptided ar y|

groups, such ben eroas | so be used as
si de chain gﬁﬁ@@myuéﬁ¥§n Eéwgh05w0w§gf%§&gﬂﬁﬁc¥%§§ﬁﬁﬁﬁ§ggeﬁ f oxygen-, and
sul f ur - cont aMplengaeBiglogg amteshxmﬂD@sAmmrthensntEMthfemmW” ed. Robert

ranchof ' eyl (LR BUSIIL YT BB SRBERZALIE AR creny

qui nol yl , apdertite. I|ke In sone enbodi nents, polar or charged residues can
be introduced into the peptide epoxi des or peptide aziridines. For exanple,
natural |y occurrhmgnaﬁhﬂmoaﬁkdst&ummea$ohmdmﬁmymeGHMaﬂnkngﬂﬁmhhldTyr, Ser)

or sulfur-co tainin qé 1 %» e introduced, as well as non-essentia
ani no acidsp FERceEy P@mp?g SRR ®arnitine, citrulline, cystine,

ornithine, norleucine and others. Ngp-natugal ly Qccugring side chain
substituents with charged or pol ar foi & i can al sq be xncl uded, such as,
for exanple, G -6alkyl ﬁh@ﬁd@; N; M Byps . e or nore hydroxy,
short chai n al koxy, suhtggb, t hi 0,0 cagsbopy| o esrergrs ospho, am do or am no
groups, or such substitugnts substituted with one or nore hal ogen atons. In
some pigferred enbodi nents, there is atIIeast one aryl group present in a
side chain of the peptide noiety. In sone enbodi nents, the backbone units
are amde units & NH-CHR—C( =0)-], in which Ris the side chain. Such a

desi gnati on does hd?nexclude the naturally occurring amno acid proline, or

ot her non-nat ura h%mg?lgiélqu&M%%$CCée&'anéxhan]no acids, which will be

recogni zed by thdse e art er enbodlnents, t he backbone
units are N-al kyl,at exanple, N-nmethyl and the like),
olefinic analogsk 8 ?%ﬂ$ ﬁgfé%fﬁggéoanlde bonds are replaced by olefinic

bonds), tetrazol ¢ é‘ﬂﬁ' REFic, 18 oPBiH), BrobeBlthPRANG1, 0, Boclimoses a

ci sconfiguration
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 II, preferably, R, R% R? , and R* are all the same, more preferably R, R% R%, and

R* are all hydrogen,
9 OR"
/L O- P\OR13
R10 R11
20 II

each R5, R6, R7, Rg, and R’ is independently selected from hydrogen, C;.salkyl, C;.
shydroxyalkyl, Cy.alkoxyalkyl, aryl, and C,.¢aralkyl, 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,.¢alkyl, C).¢hydroxyalkyl, and C;.saralkyl
and each R? is hydrogen, more preferably, R® and R® are independently C.¢alkyl, R’ and
R’ are independently C)_aralkyl and each R’ is H;



on the backbone), or conbinations of such backbone |inkages. In still other
enbodi nents, the am no acid a-carbon is nodified by -al kyl substitution,
for exanpwe,e@mimasobutyric acid. In sone further enbogcmastesoss2de chai ns
are locally nodified, for exanple, by DE or DZ dehydro nodification, in

whi ch a doubl e bﬁm%gﬁ g; 1%@?%?%%?%%3&%@"&%& aRd @[BISH, of R® 2Rd #€ chai n,

or for exanple by . I'cation, in wiich a cycl opropyl
group is pr ésgether fogh wdeto G-memberedherripcuelivros hegfropyedic single chain. In still
further enbodi ment s engl oying amino acid groups, D-amino acids can be

used. Furt her enbBiané Rt arciaderiendantlyl eclestaddranhhydrogen. ayaeriratien, &yedlivkat i on,

di sul fide bqgnd-f i oR42 | .01, o1l ¢ her

nodi ficati oﬁtsléjgl‘égzau s’eogﬁl nanﬁ%%tg?%@%q%trﬁgﬁlc g%lfse},'l’ ﬁtl)e&g?}gﬁmg?@%orﬁ ormationally

Constraigned” by Hr.uby: k. im " Mol ecul ar Bi ol ogy and Bi ot echnol ogy:
A Corrprgehensi ve %éggyﬂgeggrrigoﬁgh&’gh& Robert A. Meyers, VCH Publishers

(1995), pp. 658- %4‘81 %e??roin%t@%[?@ﬁeribWSPPrat ed by reference. In certain
u

enbodi ments, the subject conpound avé a structure of formula I or a

pharmaceutical ly t L, R} pANEH R i S

sel ected from Z&Ea%ﬁgg%ﬁ@@%‘?%g %Jﬂ@g@i Nﬁ,’ or Rl?a:af(elﬁu the s?lg? gﬁrﬂgfgﬁlyq Yis
g(H, ;\I-al kyl %R‘,CF,\,B?, a@{ ROy2 all pydrbgana b gertaineuidy¢mbagdiments, &Zﬁ)&;, amd Rsarg) or

R9) 2, preferabl : , , res kN CREN cted

from hydr ogélh({egeﬁlggrg%ré@%%dg fcdfaﬁnm 1§‘F6P9&g§>1e§f’(g?§ﬁ t3;16qR1 1%%?}& k%fégdrll% R4 are
al |t heosan®®andRbarpiretbpmdbitly (Rialkytapd R3andeRichr¢dadependeatly Chyedallden; 11 each
R5, R6, R7, R8, and RO is independently sel ect ed3from4hydrogen, G - 6al kyl,
G - hydroxyal kyl In @itaif préfaredaibpdimentsyX is QuRl, &S, R’ zand IRk pie alldwdiogest Rahi ch i s

optionally and R® are both isobutyl, R® is phenylethyl, and R’ is phenylmethyl.
In certain embodiments, R’ R® R, and R are independently selected from
hydrogen, C,.¢alkyl, Cy.¢hydroxyalkyl, C,alkoxyalkyl, aryl, 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, carboxyl ester, thiol, and thioether. In
certain embodiments, at least one of R’ and R is Caralkyl 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 CH,, and m and n are both 0. In certain alternative such embodiments,
Z is CH,, m is 0, and n is 2 or 3. In yet another alternative such embodiments, Z is O, m is

1, and nis 2.

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

0 (o]
H H (0]
N N N
OgH = H
o
ﬁ “ph

25 Ph ;



substituted with a group selected fromal kyl, am de, am ne, carboxylic acid
or a pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and

t hi oet herwopoefmarsabl y R5, R6, R7, and R8 are independently/isedsobsds f r om

C - alkyl, G- hydroxyal kyl, and C - aral kyl and each R9 is hydrogen, nore
preferably, R6 and R8 are independently C -6alkyl, R5 and R7 are

i ndependently G 6:ralky| and eac is H and R1L 1 are independently

sel ected from hy@rogen and, orYR1{ and 1ftogepher forma 3- to 6-nmenbered
carbocyclic or h & e i ndependently sel ected
from hydrogen, a netavécgtlan 't?a yE, and !0 - aral kyl, or R12 and R13
toget her represent G - Kyl thereby\TUrnlng aring; mis an integer from
O0to2;, and nis an integer fromO to 2, preferaply O or 1. In certain
enbodi nents, Xis Oand Rl, R2, R3, and R4 are all the sanme, preferably R1,
R2, R3, and R4 are all hydrogen n certain\such enbodi ments, R5, R6, R7,
and R8 are indep ently sele te , G - hydroxyalkyl, and G -
aral kyl, nore prEfeiany, nd R8Ha |n ep ently G "al kyl and R5 and

R7 are |ndepende preferred enbodi nents, Xis O
Rl1, R2, R3, and R4 are aél og , E@ andoR8 are both isobutyl, R5 is
phenylethyl and R7 is phenylhethyl. If"certain enbodinents, R5, R6, R7,

and R8 are independently sel ¢t ed from hydrogen,; G - al kyl, each of which
is optionally substituted with a group selected from al kyl, am de, am ne,
carboxylic acid or a pharnaceutlc | 'y acceptiabl e salt thereof car boxyl
ester, thiol, angd i oet her. rtai npenpodigents, at |east one of R5 and
R7 is ClAaraIkyI /Fa ti t mHQdJ\ re ?eferably substituted with
per hal oal kyl . In W&f%ﬁéu dhbo i ment is G -6aral kyl substituted

W th trifluoronethyl I nOcertain efbodigents? Y is selected from Nalkyl,

O and CH . In certain such egbodinents, Zis CH2, and mand n are both 0
In certain alternative such eﬁbodlnents Zis CH2, mis 0, and nis 2 or 3.
In yet another alternative such enbodi nents, Zyis O mis

O A A A R
\ 0 \Ph 0

Ph ; and

0

Ph
5 CF3

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

pharmaceutically acceptable salt thereof,

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



1, and nis 2. In certain enbodi nents, a conmpound of formula | is selected
fromn certain enbodi nents, the subject conpounds have a structure of
formul a 1w 2006/@78abar maceuti cal | y acceptabl e salt thereeCy/uskdoswbene X is
O NH, or Nalkyl, preferably O Rl, R2, R3, and R4 are independently

sel ect ed frﬁmﬂ*y@{éggfe A0 B AalY saé {ﬁ@g{h@m&g& sgfoga%%%m&n e, R,

and R4 are al’l R4 are al

hydr ogen; apdfdibly, RS, RRR, aachH RBa&tle samdemvmdefﬂrab}yBeIRe&e@lde@mﬁydrogen
G ~al kyl, Ck‘ %%drméyal kyl, G - al koxyal kyl, aryl, and G - aral kyl, each of
which is op Y‘% {1 substltuted with a group sel ected from am de, am' ne,

carboxylic acid gy har TRGEUL e gigj the f~ carboxyl
ester, thiol, an E{h’l oe‘%“h emh gllrldg 1’5&%&%%% gten(?lﬁélﬁﬂ (e:'

i ndepenglent glgydmyzﬁkyle(dl (,ﬁﬂcomaﬂhyl 6@41 lepfl C).@irdlkyl caolx yEavkigh is oatiehally . 6ar al kyl ,
nore prefer pen entl R7

i ndependent F'ﬁ?’ éhtedévé&aﬁ §EQHP s¢ Sa( ﬁte(i aal%néjé Caﬁj%f( 5% E?([hdor a(gh%gcﬁilcaIBZ R3,
and R4 are adckpthible saﬁﬁﬂ&eofpéaeﬁcﬁybéstey; tiRal, a1R2th105{&er areteridly BY, él6di|,arwy1b8 rogen. In
certain such e odlne e.in pen selected
from G - hy#ed B?Tlgff‘i“ y Sﬁl?ﬂte%&(’%'aqlé%t &l ‘?f'ﬁﬁx’ﬁﬁl‘éﬁl @ngl‘ Wa ana RS are

i ndependent x\éf&l ,Rkyd RBAE niaépealadxﬂa‘cl@myl|anmgbm7ruré ndgendmelalocyl . 1 n

cert ai n pre erre ‘enbodi nents, Xis O Rl, R, R3, and R4 are all hydr ogen,
R6 andl®R8 asdalkdt h i sobutyl, R5 is phenyl ethyl, and R7 is phenyl methyl. In

certai n enbodi ments ound f for b

st ereochemi stry: nlcﬁ“i‘iPé'F“gﬁr’T‘?’é‘ant%ﬁg’é&? ‘H‘éﬂ%l 3 kzﬁé‘nag"rﬂ L?ﬁdh%ség'eaprg@rra Yture of

fornula IV @t & RhardRtAEbI ﬁy?drégénamaambh@ a@Modinidhel RORS, RYand’raed n
independently selected from C,.salkyl, Cl.ﬁhydroxyalkyl, and Cj.¢aralkyl, more preferably,

R® and R® are independently C;.galkyl and R’ and R’ are independently C_saralkyl.

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 III has the following

stereochemistry:
F$1 o) RG I-l\:s o) R8 X
N
A Ny
- 1 |
o\) O RR R O R R O
20 - In preferred embodiments, the compound has a structure of formula IV or a

pharmaceutically acceptable salt thereof,

6 R3 o) RS
N

O/ﬁr\/”\)\m\)j\ X

<

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

wherein

-10-



Xis O NH or Nalkyl, preferably OR>1, rR>2, tR-,3 , andj rR>4 are

i ndependently sel ected from hydrogen and a group of formuWulla II,

pr ef erablwo 200122 R3, and R4 are all the same, nore prefrasaimsy2d3is R2,
R3, and R4 are all hydrogen; and R6 and R8 are independently selected from

hydrogen, G -6al %Q’%, I@ 5nd|’ﬁaqal}é)i§%(ﬂ)lgj§c%@ntly Qlécteﬁlf}%%ﬁc{jsﬁil\gm&t\éh andd g‘:loup gnd G .

6aral kyl, each o ich 1's optl y substitute a grou s§lected

from ani de, famuhd], pederidyyR i B, REjadd B awg aﬁh@qmemrie@sﬁfmbla&égt% prd sal t

t hereof, ca box%}lhﬁ%g‘{% alrtlcpi ol, and thioether, preferably R6 and R8 are
ecte

i ndependent yars?e rom G -6al kyl, G -6hydroxyal kyl, and C _6aral kyl ,

nore preferably, R8.are, | I - [

enbodi ments, X iIs{R%dg{nx r%nief%)e%?xHggge?e%%ggfbwﬁyg%gegﬁ&%ﬂbg, ds:gﬁrlrlg%%}%lle 1e’r ably
R1, Rzas R3, gagnﬂToRﬁalk{ylearall, ind§dewbkeh cachrof ghichas eptiovally substibtédwith $grom6 and RS
are independently. selected .fromd 5. al. i A g 1.~ar al kyl
more pref or SO T AR Aepihd SRblis Bl s plpieat ity Bt Hiftnireor?
preferred ephbehiyiresdrsthioX and tHidetted, prdR@ablRB amhR’® ¢ irelegendéritly sgldrtabom and R6

as the 1 ol PRy Cepetpbih F CapPaST R aar: & SR e RSt e o

structure ofc famymul a V or a pharnmaceutically acceptable salt thereof V
wherein X is O NH or Nalkyl, preferably ORl, R2, R3, and R4 are
i ndepenglent | y selnagitsifl eibedimbytslnOg@namdrRl, R?, @7 cinp RO brefatirtha dase) prefebbf er abl vy,

R1, R2, R3, and are,all the sang, nore preferabl .. R3, and R4 are

all hydroge®:> lﬁs,ﬁg’l%‘!ﬁ‘; ?a]éhlﬁd?%na %Cwlﬂéb‘gh%wm}engseﬁi@}dﬁ ¥% om hydr ogen,

G ~al kyl,  Cimdepandérpyysaledeyd fromiCy kalkyd Tl by dr&amaidyk whd Ceatdkyhfmasbhipeterdtdy,

optional ly sybstifuted wth (;;}Cgra]tgﬁ sel ected from am de, am ne, carboxylic
1-6 .

acid or a pRarRbR ctit indgpengentt

In certain preferred embodiments, X is O, Rl, Rz, R? , and R* are all hydrogen, and
15 R® and R® are both isobutyl.

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

H H (0]
Yam N N

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

pharmaceutically acceptable salt thereof

~ 1 6 3 8
Qg AT I R
B Y
20 O R R 0O R R O
v

wherein

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

-11-



acceptabl e salt thereof, carboxyl ester, thiol, and thioether, preferably
R5, R6, R7, and R8 are independently selected fromC - hydroxyal kyl, and

Ci - sar al kyb,20000res4pr ef erably, R6 and R8 are independent pgT@s2@alokszlic and R5
and R7 are independently C - aralkyl; and q is an integer fromO to 3. In

preferred enmbodi geptsy3 ;r&q%ggﬁa?a{gﬂdeﬁ{ﬁﬁéec\?ﬁdrm Wdtogkh ah®s %éh oMl or a

phar maceuti cal | y accepta . S¢ er eor, wherein Xis O NH ,or

N-al kyl , pr é&frenkdlpreratitg, R'RR’, RR3ind R drerdl thg smiermeis drefernbly R J8) Boedd from
hydr ogen andsa formula I'l, preferably, RlL, R2, R3, and R4 are all
t he sane, rr%rgre%p%?grrog%’y Rl, R2, R3, and R4 are all hydrogen; R6 and R8
are independent | ys sel of 1 'd-ﬁgﬁ; Hrocefd YA OXYal kyl, G -

al koxyal kyl , ar y?(,’ia’nlgn’: %ﬁ%é‘?ﬁﬁ%g&gg&%%@ I C i%geo’p(?ﬁt}q%%l’l ¥ substitut ed
W th a §rouphyselxeadkddCf.satkoxyatkyllarylamd e sarallylbescly bf whigl isbptipnadly

phar maceut i cal |. ccept abl e r . , i a

t hi oet her, 5‘?’3#‘%?%67@ %Olﬁ’nsgfé%& g%@%ﬁgéf)%lﬁl ’e%%yléc:%gﬁrg&}h r 7or%e uCt:]fl al kyl ,
Gi - hydr oxyatdeptable atltth&ieef, caradxiyyéster,thiok apd thicethab preferitgy RARRR’, amdR

i ndependently .G - kyl ;. a [ i pt r fmom . tain

enbodi nent sf‘yek%ege%eﬁ%aseﬁf{gg ng %%ﬂghg'%ggrgﬁéalghl aggtﬁ:g'ﬁag%{lﬁ%l’, l%mg){eef erably R1,
R2, R3, .andpf4erablg Rilahd RY ske agiependéntlya@saleyinng BE indRbmoel independentlRE1and RS ar e
i ndependent | el ected fromG - alkyl, G- hydroxyal kyl, and G ~aral kyl,
more prefer &3AYL 8 and R8 are independently G -6alkyl. In certain
preferred enbodi nents, X ifrs % , R2, R3, and R4 are all hydrogen, and R6
and R8 are both 9&55dt%s PR %8t ai n enbodi ments, a conpound of formula Vi

I's selected fr On}n preferred embodiments, the compound has a structure of formula VI or a

pharmaceutically acceptable salt thereof,
N R 0 RS R O

‘\/N\H:\g/l )\H/'i‘\/u\g4 $

N
RZ O 0

(-

15 VI

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, R, R2, R3, and R* are all the same, more preferably R, RZ, R® , and

20 R* are all hydrogen;

R and R® are independently selected from hydrogen, C;.salkyl, Cishydroxyalkyl,
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, preferably R® and R® are independently selected from

25 Ci6alkyl, C,.ghydroxyalkyl, and C,_aralkyl, more preferably, R® and R® are independently
Ci.¢alkyl; and

q is an integer from 0 to 3.

-12-



One aspect of the invention relates to a nedical device including
conposition disclosed herein that include an inhibitor having a structure
of any omwocbodiarsml ae | or 111VI. In one enbodi nent, tlreTaso@esRE2UON | S
incorporated within a nedical device. In certain enbodi nents, the nedica
device is a gel GATHEhIHBGiACRR!Y KRI af B RX ROTand R &Y 4 iPdabicXpraRebbBN
inhibitor. Said polynmer can be either nafurally occurring of synthetic. In
anot her enmb®diRfeRt, angR{ afe gt hydregone dn ¢estain suehembndpeants, Rnangdheldé ve, a suture,
a barrier or . t i j

medi cal devf%ep%§%%32%¥ﬁéyg&ggﬁg?§§§%6Rg%?%€ﬁzhgﬁf %%el #ﬁ%ﬁ&ﬁﬁgﬁﬁgﬁ

i nhi bi tor h&YiandRbars indepnderdly ¢isalkyl. one of fornulae | or 111Vl is disposed.
In one enbodi ment, the inhibitor is directlx dj sposed on a medi cal device.
| n anot fier enmbodlmerteip peefaodteimbgdimsnts,oX i @JbsRd R tand RC extalliydioeemardi ng a
pol ymer mat KieX0r €er am ¢ iXx wth an inhibitor having a structure of any
one of formu §§I$ %?%%%%?@ﬁ§%ispersed or dissolved therein. In one

enbodi ment, the i.cal ] .S : i pheral, or
biliary stent. rcgh%gre{nggaéhg&tf’ﬁcoﬁqga{sdﬁgﬁéﬁﬁg*avﬁg%%egefﬁ?ﬁi nvention i s an
expandabl e stent. Wen coated with a matrix, contai ning an inhibitor having
a structure of any one of fornula or |11 , the matrix is flexible to
acconmodat e conpressed and, expan edHiijLes of ch an expandable stent. In
anot her enbodinentr4ﬁN | AN NN ARG has at | east a portion
which is insertablle of ifplantabl ingp thhe thody of a patient, wherein the
portion has a surface Mthh~?F adapt ed #hor exposure to body tissue and
wherein at |east a part of the surface is coated, with an inhibitor having a
structure of any one of fornulae | or I11-VI, or a coating conprising a
matri x having an inhibitor having a\ structuré of any one of formulae | or

[11-VI is dispersquQ{ di ssol ved t in, An/exanple of a suitable stent is
di sclosed in U-S-lhsi- No. AHZ§§,6 S,Hmhlch IS cor por at ed herein by
a

. . .N . .
reference inits e reRy> rang 2 i > the nedical device of the
present invention is a surgical | nplement such as a vascul ar inplant, an

i ntralumnal device, surgical dealant or ™ vascul ar

; and

Ph
~
N (o] (0]
™ y " 0
K/N N N
WYY N <N
o . "1 g = s
\ ph

10 Ph

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 III-
V1. 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 batrier 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-



support. More particularly, the nedical device of the present invention is
a catheter, an inplantable vascul ar access port, a central venous catheter,
an arteriwb20@bhetser, a vascular graft, an intraaortic Ipethuscevspesrpe a
suture, a ventricular assist punp,a drug-eluting barrier, an adhesive, a

vascul ar W gpoerffic SatreW R4 1\‘15‘1%9&'1@%@9@@&'%&«3 ofariyloneer fohhﬁl@é’ TorQ-\vA filter
adapted for deploynent in a d vessel, coated with an inhibitor having a

structure oﬂlsmi§edmﬁélsﬁﬁ1quthPae | or I11-VI either directly or by a matrix
contai ning an inhibitor having a structure of any one of fornulae | or
I11-VI. In cert alnrpnesmbedimen: Ge mefisaldgyipeis dePioaptyn¥adswlal Pgigls2le® s coat ed

with an i nhbﬁi'aﬁ;ﬁ%&enhaiwgf%aﬂwﬁfaw%wt&n of tha BYes Qi GrvBiitionGE sAUx@Endablektehd | - VI or

a coating conprising 0ogi ca tolerated matri x and an inhi bitor having
a structur eWiTen&ﬂ%Ie(bwéh @)fnafr@rmtlab?élglancb‘?hlbltor hayjingsy sl any v pol yner,

sal d devi Cef 1289 oPfh1- thtl’?errln&)tﬁx %Lﬂe&ﬁ,@eetoamnﬂﬁbdseétc%bfegseauﬁé &@endehavi ng the

coating applied to at |&ast a part he interior surface, the exterior
surface, or sﬂatas bf sutmarcexpardahlestenbdi ﬁmih% embpdimantchf §$ indenvicahaaignt bes usef ul

L0 prevent Laglen gér!tn%n% {ofils AOGLARLA aﬁ%'anta-gﬂ%tg‘r?ﬂa' k 3%?44&1% WvetRe be

useful for vari ous eases ons by providing
| ocal i zed aﬂmtinh basraaduiface velfichais adapltndtfmt apodueati rgdsatiste ardiwheeeindt leaste one  of

f I Such _dis i
or B8 o bbb ol SRR FE M BPEGRNhp0ig B B PREAIRE 5
hyperprolif eIIIaztIJ ore odatagwemnsm@s/emmxmavnag hmnﬂltbxmr lmmglaaswauremﬁslm @ewast i ng

di s€ases, @BTQ gﬁt%ﬁéglsp?r lé%OIV gl g&egl?t n@)?e}]rrrl]?e Of-e S%ngqgst?rﬁ?qul tions

i nvol vi ng vﬂ o rEdhemc condi i ons, and

viral i nfecHisclosedidl UrB. @hi. Nerza'zams \mmllmrpnfataﬂmbﬁre&mcemm tions that
are subject tp a treatnment including the drug coated nedi cal devices of the
pr esent mv@?ﬂrP‘éSn i ncl ude at heroscl erosis, acute coronary syndrone,

Al zhei ner's di sease, nce f ever di.guse troph dener,vati on,
vascul & occl usi Othg’i‘?”(%? imey, | \}‘fﬁ‘ﬂ?‘fguéf &ed’?ﬁe Oﬁﬁ?\?ées%rﬁj“bvre t,“}/r&l%ﬁglfrglfgl lure
associ at ed WhplBmasisahds 8 . va@idr haak,ia6 idtaldnins deﬁe@ sur@ical seal@tlodb esisgylatuni t ed

States Patent No. 5,340,736. The t :
unsubst i t ut &¢PPeHt Moaq Mlﬁ%kyo@aferﬁgﬁglrgeviggoytﬁe 5 esent {nsén%{og 1staocashlétbe§ talnt uted or

implantable vascular access port, a central venous catheter, an arterial catheter, a vascular
graft, an intraaortic balloon pump, a suture, a ventricular assist pump,a drug-eluting

20 barrier, an adhesive, a vascular wrap, an extra/perivascular support, a blood filter, or a
filter adapted for deployment in a blood vessel, coated with an inhibitor having a structure
of any one of formulae I or III-VI either directly or by a matrix containing an inhibitor

having a structure of any one of formulae I or III-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 localized administration of an inhibitor having a

structure of any one of formulae I or I1I-VI. Such diseases and conditions include
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groups, including straight-chain al kyl and branched-chai n al kyl groups that
contain fromx to y carbons in the chain, including hal oal kyl groups such
as trifl uwwoammyhyss2and 2,2,2- trifluoroethyl, etc. Coal lpgir/uspalsozdres a

hydr ogen where the group is in a termnal position, a bond if internal. The

terms "C2. yalkaou!, infnthation HMéinaydiy hrihrftef kud igjuspiifits infla@ihatién, unsubst i t ut ed
unsaturated aliphatic groups anal ogous.in | ength and passible sybstitution

to the al kyhy¥perpiebiferasivg disenseseseveigor sIHMILC PeRHAs rnuCler wisting HRRASHOTEIE or

triple bond fEsRESHkMAELYabndiifal ifhihe BPoREY contiRbAY Bv10in@Ruibiébe pBgsdp havi ng
an oxygen attached thereto. Representative al koxy groups include rref;hoxy,

et hoxy, pr opaxses related tigehsiye eenditionfeand virgl infggtionsgndgrolifprationyExapapled ehr bons

coval ensl y | aked, oAl tre 0656215 BlHent ifSudHNRL by ekedhedial al Ky
t hat re%dergﬁsgﬁataalcﬁgﬂ/@tlgﬁr%%g‘?hrgrs_%s or reseer:rr{).l es an al ko;g(y. The term

" O - 6al koxyakwigds'of thefpegsenttinventiq) inglhdoAtheggselgrpsis asyteicorpna sypdreman al koxy
group, therg??ﬁ 1§ n T e tiondSsdiged herein,
refers to a .ekg{rqu?ﬁas%bﬁaggg’u 51 I?lsstc fg?qé\}\h %‘ﬁ%?‘%ﬁa‘r lgﬂ’p. S'I'.he_ter ns

"am ne" and otansioms; stmke, HIVtinfectinmgmarvesidjusn denabfdure nssobiated with geidess, ant ed and
substituted,am.nes, and, sal t s~thereof . e can be

r epr esent ed hﬁ&’/anfﬁaéluéeégsee i ’éﬁ'g'f%orlgrr%elr gfmt\e/\??grgtgls ﬁaﬁg%ﬂé“%zg’t R10 each

i ndepengdently represent.~a r . . , or R9
and ngﬁlt aken togé? %8? %‘%aﬂ(xﬁﬁgﬁﬁq%f%ﬁ?@ Sh\ﬁh?rgﬁ&tuﬁ‘lety %?{%at%({}% ac %@?ﬁpl ete a
het er ocycl e ghaps, ioplddinnstéightel@iratlkyiend bratndhed-changalkylrenatps that cor@in fpmasent s

an aryl, a cl oal kyl .. a. cycl gal.kenyl et e . clyl; and
mis zero o géﬁar?% Sé@glrc ¢ ?léﬁ]n%fdénggb ana}]kyg%@Fé)sr#@g%&hﬁ{ggﬁﬁgﬁyl@a %%%%%:/ one of
RO or R10 carfliaeoethyt,atdalyylkyl indigates aRydrogdidwheratie grdvgp inintartegeml pogednher do

pt i onal |y &M TaneRel BB RERBGOR G et Chrry dr e BRtad ) | “an
al kenyhs or unéuBkizne RisatukfiedAiphaticrpraupb askilopens i, lerigheardipomiblgsubstituiien tbasi c,
Teani ng L he or gL ongled, Lo mNas 2 PG 100 Bl 6 BBl b el " am "
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 alkyl that renders that alkyl an ether is or resembles an alkoxy.

The term “C;.galkoxyalkyl” refers to a C;.¢alkyl group substituted with an alkoxy
group, thereby forming an ether.

The term “C,.garalkyl”, as used herein, refers to a C;_galkyl 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:

RO RS
—N or _[lf“_Rm

R10 510

R R

wherein R®, R'® and R'® each independently represent a hydrogen, an alkyl, an alkenyl,

30 -(CHz)m-RB, or R? and R taken together with the N atom to which they are attached
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carbonyl and includes a noiety that can be represented by the general
formul a: wherein R9, R10 are as defined above. Preferred enbodi ments of the
am de wi Iwonods/dimaude im' des which may be unstabl e. Thectrarsooosapghé as
usedlhereln includes 5-, 6-, and 7-nmenbered substituted or unsubstituted
single-ring Gho §30Mhs A EYAL sthRfurk ¥ eprssch@bpon. The
term”aryl” %@gél nc eﬂ%gé{?ﬁadu&%}h c ?lg% Ss @tggrrés a@llrér;]ft\e/\% gr nore cyclic
\erh ngs i n whiagh, atcwoloaikylnmcselqaaqebyin@hWeCYthmpoﬂxyyclwb apdiingds MO 3 ngs

erein at ast 1 lic rings
can be cycl 6@?3? y t°§ | O Prﬁfmg‘l%mb%d"g rgg%&l'y%nf Sfﬁ’orx{ &nﬁ%? g?gg%(% S,
and/ or het ere(gcyﬁj B(‘P,&ndﬂreyixtrcggemtqgsthmnbl nmd@rlbenzrmde Ima/phmed meferred

phenant br ene enol ,..oani 1b: " and
"car bocycl ylembg‘gg‘eﬁ@e% /e b{ nd Opq eR g&ﬁg hn-ﬁarr?enheel{ﬂggepsf%%@?lq&ﬁfog
uns ubstitut ad a]kyhgn hlRen)io€ I:(Cela);nkR atIm mrtain dniitediments, ths amarolgwoup i basid, er ms

"carbocycle" and ' carboc al s ude polycyclic ring systens having
two or nore "EHETE the prqjgpaty der%Paéﬁp?ﬂﬂonfé m)re carbons are common to two

adj oining rings erein, at  l.east rlns IS carb e.g., the
other cyclic ri n@g e eaps 88“‘&/@%&’[“%5? sare% 5‘108%1"&‘3 yreameyet sﬁﬁkynyl s, gar yl's,
het er oar yl s ca®Bl/ @fid Melu@ssQaisibly ltisat cablte réesented by bﬁrgyﬂlerallfsmmﬂat recogni zed
and includes such noieties as can be represented by the general fornula: O
OX Rl1 r X Rl1l'wherein X is a bond @ represents an oxygen or a sul fur,

and Rl 1 represents a hydrogen, an al Kyl , _pan al kenyl, -(CH2)mR8 or a
phar maceutical ly acceptable salt, R171 rNapresents a hydrogen an al kyl, an
al kenyl -(CH2) m R8, where m and R8 anga as defined above. Wiere X is an

oxygen de R1' or R1l' is not hydrogen, the fornula represents an "ester".

V\her e Xis %e&g}’ﬁeﬁs e as dcﬁ%mé@ab@v@yﬁéi@ﬂ@d’emﬁo‘ﬁﬁnén@'dﬂﬁ@anﬁ@@%ﬂﬁ%t S a

“carboxylic aci herein enzyme" can be any partially or wholly
pr ot ei naceouum:lutblneuhﬂiwhmhn‘@hbeansﬁfibéfs out a chem cal reaction in a catalytic

manner. Such enzymes can be native
The term “aryl” as used herein includes 5-, 6-, and 7-membered substituted or

unsubstituted single-ring aromatic groups in which each atom of the ring is carbon. The

15 term “aryl” 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
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

)]\X/R11 or \XJJ\R‘”'
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enzynes, fusion enzynmes, proenzynes, apoenzynes, denatured enzynes,
farnesyl ated enzynes, ubiquitinated enzynes, fatty acyl ated enzynes,

ger anger anglhadead7@pzynes, GPlIlinked enzynes, |ipid-I|inkedTaszysmss246
prenyl ated enzymes, naturally-occurring or artificially-generated nutant

eNnzymes, engyOoRg azbo%d g?rﬁé@@én?s a%roxg%gl%pg RAATCHI R CRblONe a IBAZEBR 3nhavi ng

| eader sequences, nonprote ngceous mat eri al ,
suclh gs pr otlkgl hrya:lamyl (ﬁ”Hlbner Drmﬁ@meutEnlbym@td&msaBeRnﬂdﬁfei?ytsény means,

i ncluding n ral ex SSi pro dp€ 8 ous

sol uti onbasgﬁ‘ﬁ%e& Eﬁ{(y aasee YI[ID- d yﬁ?‘hlgzlzém gé %Hr%ﬂﬁed %%(I% hods known
to those of VsﬂeréxlsandxlygemﬂR hélfemmthﬁdregehemefmnblrk;ybsmtsas“Q}@éd her ei n,

f »
L ”ggf‘* i :eé%fjfmﬁfﬂgww o
. g a&gs ghIIDF fmé Gh %%] e‘y atllg o?w (PWE feing&eohs AlRcuNose

ring structures Phle olur term eteroaryl al so
i ncl udes polwhichhiries butraghenihlans:tibmin awgtal o nmmnctrmSeclccyuymcs qai hgsativa whi ch

two or nore carbons .are comopn to two adjoinin r t. | east one
o the 11 noS RERRATE L PRt apgite Tath, B bR Blrloed o

cycl oal kyl s engmfek,adldeaingles ensieh, datykachlted sn@meb,s@erahgermwmm/dmymesndpbr
heteroc%cl yllm( Het er oar yl ups inclu rrole, furan,

thi ophd flarones. e e aRPe d i el DMy, | o 0.

pyrazine, pyfifdanyaencdie RitahtBnefnkd, endfidles wigh diddhainn@adk@oma " het er oat ont' as
used herein neans an atom of any el enent ot her than car bOH dr ogen.
b g b

Preferred ha&todifisationssengymaestiaying fafer sequsprss 2nf A PITS Feraplexg The

terms "het enfyfdc¥dus nPhierial) Qi a8 pYoiddoly caHs OptBicoligdhbtes! EngyHisicah b ﬁdde(lfy
unsubstituted non-aromatic 3- to 10-nenbered ring structures, re

preferably 3ny means, inplading patural §XREFSSIOMRENEROtSd, e.:fgregsthmelpﬁlpg,svapﬂlasa %Bne to

four h?SerO%Lééﬁﬁnd JINE-th & Pe tﬁfemda&wa&&éfﬁhyﬂmetmds khewetoarsse bt skiwmoup” al so
i nclude polycyclic ring systens  having two or nore cyclic rings in which

two or norethearbons are common to two adj oi ning rings

The term “C)gheteroaralkyl”, as used herein, refers to a Cy.salkyl group substituted
with a heteroaryl group.

The terms “heteroaryl” includes substituted or unsubstituted aromatic 5- to 7-

20 membered ring structures, more preferably 5- to 6-membered rings, whose ring structures
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, phosphorus, 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-

membered rings, whose ring structures include one to four heteroatoms. The term terms
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wherein at | east one of the rings is heterocyclic, e.g., the other cyclic
rings can be cycloal kyls, cycl oal kenyls, cycl oal kynyls, aryls, heteroaryls,
and/ or hewenoeynhsshs. Heterocyclyl groups include, for examgsh@sopsperi di ne,
pi per azi ne,h pyrrolidine, norpholine, |actones, |actans, and the |like. The
term"Ci -6hy yl W ORE alel ' \ a
hydr oxy gr ou}g%’t&%éyge% Rgetfg%ﬁ]c‘fic %ﬁgﬁ?t %ﬁﬁé&#ﬁéo&%ﬁl‘g@mf@?%ﬁ%ﬁ% t\ggtsogri be a
conmpound t hatordxyobiksngsrin wbith ¢tes ommorg catboistaye esfmmen tefwy pdioiningringk anpl e,

inhibition Q roteal yti | . r ' tide
substrates g&%%maatst?egﬁ)ép E(é(}%f’ %\ﬁ‘%%@%i}%i}%k@%%é tgen{}hﬁﬁgﬁg%?&ﬁ%hi bition of
var ihous cat ayoldalkylcydloalkengs, cyéloalmyBOBYlsy ptaremsplseind/ophetérpdyiclyls or can act
with coppetitjve, .unconpetitiv or no et i tive 1 nhi it . nhi bi t or
can bi nel  evEar Y SPR ey B e RS bbbt Rpldhe Froafihd
conpounds t h@toney, acatisCindehesikest r at es of an enzyne. An inhibitor can nodify
one or nore sites on or near the active site of the enzyne, or it can cause
a conf or mat i onal TixhamytC ghgdwhalkel oefetshiea Engajkyt grods sulstutedavithiathydtong t er m
"peptide” includes not only standard ami de |inkage with standard
l—suEst i tuenf®"Pbut comonly utilized peptidoninetics, other nodified

i nkages, non-natural.ly occurrin i.de, .chali and si |

nodi fi cations, a SHsgfiggﬁegldﬁ’ﬁéﬁ%%lh%tg’rtléfnr?%lgi%gﬁsflrgbfcal c%%p&gr? tﬂ?)tgllof&/%rl iC
refer 10 tweedatesanaetivitygsn érzyge (focgamphel nliibitionef protwlykie richwge of

cycl oal kynyl s, aryls, heteroar and/ or heteroc yhS) L.ch, two or
more car bon§® q’aé‘{ ﬁ‘b‘?‘fﬂ%’ﬁwﬁp‘i‘%}{ﬁaﬁf Mg ?L}ngﬁg& é‘f%]éh?"lAngg and %’ "fused
ri ng; ". Eac héEfAK#bﬁinhibﬂgﬁ offvaridue caslhtycactivitieCofithdy20Ssprbisisotne). e4h Mmhibitor
unsubstituted. The term "preventing” is art-recognized, and n used in
rel ation t oS ‘%WHPF?IBPE““%(E‘H"O&'%I’CHSY%B%IPOHF@EQFF‘P %E‘h&’{t@}’g%’“ lﬂﬂm&ﬁ‘)ﬂca% di sease
such as canggd revdrsiif o PPerSBYPInthebdfb tisSteMeMETudéstolnpbendd thadiry seitider

nmedi cal condition, is well understood in_the art, and include

admi ni $2 r at FeTEEs of B GRHES: AIANRIEGICAN FedbE e qr fors filey B’éﬂrcfifa’b‘?‘? agivedel ays

the onset ofje SHAPLRPRE, QL itRaMBALER onfRHiidriaPEhahl AscSUbeREthd dbyphd.ve t0 a
subj ect which does not receive

As used herein, the term “peptide” includes not only standard amide linkage with

standard o~substituents, but commonly utilized peptidomimetics, other modified linkages,

non-naturally occurring side chains, and side chain modifications, as detailed below.

20 The terms “polycyclyl” or “polycyclic” refer to two or more rings (e.g.,
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls) 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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t he conposition. Thus, prevention of cancer includes, for exanple, reducing
t he nunber of detectable cancerous growhs in a popul ation of patients
recei vi ngwe 2pscaphgasbacti c treatnent relative to an untreacedSc@siops2ie

popul ati on, and/or del ayi ng the appearance of detectable cancerous grow hs

inatreate wgﬁgygg.g% avs%éﬁfay%n&@équggg@gsigﬁﬂéa&ﬂmm!' Frbllon Stk DY

statistical ni ca Si gni mount. Prevention of an

i nfection i ndéatidechides, facanmple, redugihg dhernymbreofiiiagheses of thelinfggtior B of t he
infection in reat ed popul at] r | | ati on,
and/ or del a%%f’:;& qug}agﬂ% efirpuc?fa gé’;}%{e\g%&ﬁ p&%é&@nfaglg{o? g%l%lgﬂé glgto rrl%gdtgfgd

popul ati on wansoms afthelinféctian ach totet! populpopyemes amintBated emtroopopulatigrai n

i ncl udes, far exanpl.e,. reduci t he .magpi t ude of . .o | t er.nag.i

del ayi né, pgfeﬁe'ii}?ﬁé)g{"ih{}%?“gﬁspg(%ieéﬂgpel%r V c%‘ﬁbjeerg%%m}léne o;f, ?rraiet% getgl\é o%ul ation
versus an udélayng, edinGemshticls epmepiahat by subjebhsan b éreared popntitiog Verasaonpasses
conpounds that, :ﬁjnder physi ol ogi cal conditions, are converted into
fthelrageuti lcéWtFe;'?‘;e EOPYRL PARIEAHIOZ: " A common nethod for making a prodrug is to
i ncl ude sel ected_noi etjes,that are hydrolyzed,unde hysi ol ogi cal.
conditions to reVEF™ RIOYHLE; ‘?I‘é%m%f%c‘f?ﬁl%.unﬁ%th& H‘é‘{pr El??%%qgg%ﬁ?og ?‘tlf) B

prodr Egl i's Qtéww&tﬁdiirbythaﬂpamizadry&i‘cﬁcb ageiits. VA tcgmedon ineeéhod dsit makingneprodripe t er m
"prop actic or therapeutic” treatnent is art-recogni zed and incl udes

adni ni 49 1 at FOR Melide ARleqisboigies ShaL ats AV shghae e RSSO RREAt R BB FVEHls, 1
it is adm niggtREifd ilédle. TR okl dhboaimeiBiht podalgiOcorértddty adrwamatid
condition (e.g., disease or_other unwanted state of the host aninmal) then
the treat meAstivity o hasiaBiEtdl-c, (i.e., it protects the host agai nst

devel opi ng the unwanted caondition), whereas if jt is ad.rri({‘uirﬁt.ere after

mani f est at i on of 1RHE™, RABRIEAGHC oFBsRReYHC” treatment s ATtiesaenzed Fnddpcludes i ¢

(i.e., it igdhiiapaeto kR 1sidfohs b mavBl iho k@@t cathpositiohd. I iZR atMmisttedst | ng
unwant ed condition or side effects thereof). The term "proteasone" as used
her ei n1§s mBEeRto clinird mantestationahibe uawntedseadifion (e 8pdisspsios QbghEwantele { or m

"subst i t ut edpelo?tiedstlafinid) Bid S trBANERG: FURFIAHY]IK. St HBRt@AeNBs@ghmr ogen

on one or nore carbons of the backbone. 1t will be understood that

"substit uti develaping the unwanted condition), whereas if it is administered after manifestation of the
unwanted condition, the treatment is therapeutic, (i.e., it is intended to diminish,

ameliorate, or stabilize the existing unwanted condition or side effects thereof).

20 The term “proteasome” as used herein is meant to include immuno- and

constitutive proteasomes.

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 cyclic, 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
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"substituted wth" includes the inplicit proviso that such substitution is
in accordance with permtted val ence of the substituted atom and the
substit uenb,20@snd7¢84bat t he substitution results in a stalplce/uscsmpsorsds €. g.,
whi ch does not spontaneously undergo transformation such as by
rearr a.”gemi‘gﬁbsnﬁ%{ftk biz(ﬁ'vé @conﬁJohﬁHsQﬁgc'n%H he‘?élﬁ whith shk%ﬁdthg%leﬁc@s ofithe term
substitute I's contefiplated to include al perm ssi bl e substituents of
organi ¢ conpetared®ms| Sulastlbllemadafa@?ﬂé@ﬁ; fOTtGWHi@rarﬁa@gflblaélYéfebﬁH ¢ARAYS i ncl ude
acyclic and f Legocyclic,
ot ¢ and Hit £oadRh I £ AR R AR ORI b o R € M cafboRR s e
per mi ssi bl e tlodstst,iatthieatette; ana m@fmtemmnﬁﬂqowlam@%mrﬁa#@%wam g¢ferent for
appropriate t
et er oat o PRUEILIE: fPRBEEHE. snincl b A6 3R, o IRHE N Al Aplt6. a0
per ni ssi bl eaubs,talshuhmm amfallqmga)na sulfateprp sulfodste dewmbfambdch $vdfordmidevai ch sati sfy
t he val ences heter ato Substl tuen nple, a
hal ogen, g)gquf( te%?c% ms]k)(l afonafic %? hege"%oar%)&lgtlxc 1%81,3?0)?{/ vgg)rﬁgonyl ' a
formyl, or aﬂdemzydd)by tBosk hkluecambhnemﬁ thétsthmﬂnomﬁesesubdﬂuﬂrb&lsdrethe hplrodattoacet at e, or
a thi of or mat an. al kox p 2 phosphate, a phosphonate, a
phosphi nat e’ E%{ﬁcwwegaﬁi’%ﬁﬁﬁﬁﬁumid Rilo(?fl an imne, a cyano, a nitro, an
azi do, sulfhyd | a | fate ul.f onat e, sul-f amoyl , a
sul foné& sth flﬁWF“ncéﬁ%%f%egb‘ééchflﬂ? ofggompat nawtfh &P ecgrtlo glre S%L%{c?c or
het er oar orratmeqloawf gtatment] refrd to ah@muind ef S oodpduyd(shivseprepardtion érhich, wm art
that the noieties s bStIt? gd. the hédrozarbon c ain.c thems | ves be
subst it ut ed 29PHISEIeT B PATLE & esﬂe foragesemen {g 2 ApRs ’epé?ﬁe g :fr%m?f‘ of a
conpound wi tahevﬁﬁésrhe@hqptdm tahielisrbtes Qedndi‘tﬁhhﬁdlo@ifs thier o184t I5€ tiseasé &dnditiond 0 an

amount of the conpound(s par a when, adm ni stered as part
of a desiredculinge cf 1@‘@?1%?&9 ‘t??ea“ ?ﬁ‘?rnu or ﬂﬁﬁ@%@ém Pnditing, i) Teaet 8V at es a
synpt oy angld &Erﬁétﬁﬁmﬁ)o@@@%‘ tat beasdﬂﬁb@bﬁiéﬁt/ﬁs]kQath&ie tdlapemsdicgiondi ti ons
according to clinically accept abl e standards for the disorder or condition

to be treat &@B¥nt he cosnetic purpose, e.g., at a reasonable benefit/risk

ratio applicable to any nedical treatment. The term "thioether efers to
an al kyl group, %8 tgen Yth@ﬁthﬁ Gters tharalky soupy asrdghined above, 8avmgasu r

moiety attached thereto. In preferred embodiments, the “thioether” is represented by -S-

alkyl. Representative thioether groups include methylthio, ethylthio, and the like.

20 As used herein, the term “treating” or “treatment” includes reversing, reducing, or
arresting the symptoms, clinical signs, and underlying pathology of a condition in manner

to improve or stabilize a subject's condition.

Selectivity for 20S proteasome

The enzyme inhibitors disclosed herein are useful in part because they inhibit the
25 action of the 20S 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 20S
proteasome over other proteases such as cathepsins, calpains, papain, chymotrypsin,
trypsin, tripeptidyl pepsidase II. The selectivities of the enzyme inhibitors for 20S
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

inhibition of the catalytic activity of other proteases such as cathepsins, calpains, papain,
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noi ety attached thereto. In preferred enbodi nents, the "thioether” is
represented by -Sal kyl. Representative thioether groups include nethylthio,
et hyl t hi owoaoeb/dih@2! i ke. As used herein, the term "trearcmgS2@s/oitneat ment”
includes reversing, reducing, or arresting the synptoms, clinical signs,
and_under |yl a@gm' OfipGht RONELLERB T T PRIARE chBodifBAO\R: Gizymé abi | i ze a
subject's cog?gn 1(Ialct Pg) 8“&21 rgtﬁeasofm Ql'ﬁe enzyrre&}l'rﬁﬁhl bitors

di scl osed hénhéhitorssshew aighalfition ¢fﬁhwﬁqutb@é@ﬂ§/@fﬁh¢e%ﬁs|Pﬁﬁ‘i=3@i>me EIFENGERERUMAS of t he
2CS proteas d S pitors, the
conmpounds diggigfvoﬁ\oglh RP%H%P%PSEN&%&W %nctlvedgga?vt\g%g edfg% pr ot easone,
Wi th respectprcitezascmtahmesemOMeaast@nenhwgsmofEmfem@ emﬂ@élmemst thaenzyowpounds show
selectiyitie r r a f50R0

cat heps? ns, %‘él?lp S S gw 111%1(:%3& &ttﬁ%éaga%lc%\{ﬁ\;lw%tf% 208'p% p ?rﬁ% gtscldﬁ% ﬁﬁgg% si dase
1. The sel eetbmabbutesd\d),fwliﬂeeloemymg mlnhhbn oﬁihescaftaiytlcmwpmfm@ws proteasgse such

that at concepntrations bel y4 nh| ow

i nhi bition &f tﬁ?sr‘?é?o?:cﬁf‘téqt?fl? ggv%?l 31”1660 as?% e % pc?llg'?} e%. cah §eln‘$1pnot

showi ng i nhinbbér@g/569748NExfailald yid Steiaet aly Bioghda. (nst%grss,pzrméa@aes such as
cat hepsi ns, cal pains, papain,chynotrypsin, trypsin, tripeptidyl pepsidase
11. In pref sekailite faatiyaayssin-1.ike Aetiziyre i nhi bitors show i nhibition of the
catalytic activity of the 20S proteasone at concentrati ons bel ow about 10

mM whild e not shpPatiqdarienibodintehef the ebdyemedaliibikiyg tcnnmndmescyibcd hatinere

pr ot eases at. these ncentrations..ln even r d enbodi.pents, the
enzyne i nhi ¥ ‘éseg‘ﬁg%a}’st‘?ﬁ#eﬁ’i ﬁaPSﬁTC fl{]WﬂgsS]SftgleFtl&é:lg%@}e Cﬁ?"fwm(r)bg fi qgg ZOS

pr ot easone a&uﬁt@mtﬂﬁtzosbtmsoxb@bowmmdtto the nalypsinvike, antGPHhowm@ iThéi bi tion
of the catalytic actl\{(it . g# roteassat tg se,conce tlons
Enzyme ki nethmefgesidikgp ‘Véﬂy 8 ?SI’?mﬁ‘ a?ﬁtﬁpf‘e g’t cbeﬁvasggrorf ﬂfﬁ’?ﬁer

09/ 569748, @%ﬂﬂﬁ{eﬁla?e vadiflity$fearBe B}tdr@dhoblc Bésiﬂﬁb@ ITh p4riiOdiér) the3hym@BHSin3IHO8.

Selectivity for not rypsi n- Li ke Act.i vj Parti uIar di nrents of the
enzyne !? nhi B?ttﬂlﬁgféméwﬁs %P@é’@rdFtﬁ’é’&f“?dethe‘ilﬁv%ﬁeé’ Flﬁ?af‘ﬁif‘é‘l?b §'§*ftﬁl because

they can ef fixghfied diuddibsieh@atd RBWH in MBRAI Forldi@mpiBydMTehdyIasihyltykdske activity
of the 20S proteasone, as conpared to the trypsin-Ilike, and PGPH
activities. dqpeative can be used. Enzyme kinetic assays are disclosed in U.S. application serial

number 09/569748, Example 2 and Stein et al., Biochem. (1996), 35, 3899-3908.

Uses of Enzyme Inhibitors

20 The biological consequences of proteasome inhibition are numerous. At the
cellular level, the accumulation of polyubiquitinated proteins, cell morphological changes,
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-kB activation and stabilization of p53 levels.
Thus, compounds of the invention may also be used to inhibit NF-kB activation, and
stabilize p53 levels in cell culture. Since NF-kB is a key regulator of inflammation, it is an

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.
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an anti tum)Preé?{’ééﬁ‘(?f%gg’&ﬁgﬁf’fa@pheé:ﬁb%'fs.se%@goﬁ H’lcﬁgi’ @:amtyﬁoé(g%m%gn%gunds are

useful for teaatdPProlAiGath asRyaln8AROIB, dndfiahictipAeh facsr ME-%B. been associ at ed
with inhibition of NF-kB activation and stabilization of p53 |evels. Thus,

conpounds of t heahstH&RhibeMinERYorMeSiBvdABoMB R §s8 of A bihpoublfis diBlked hetéihi on,
and stabilize §53 levels in cell culture. Since, NF- B is a key regul ator of

i nf | amh@t i ofor the trqagment ofsrenrodegenerativefigsates prgt coaitipns: Heludingetd Pyt iidapeut i ¢
i nterventi of, ItiSiscHRIPRMAGS tothe AdMeous BYsEM, inBikal Bt e. S Béretlssit@branh e
treatment of conditions associated with chronjc inflanmmation, including,
but not | i nidamege @RI injersyrdnd sirgmatisrdamess 1ithe NeEYRYR sk, MulfBlecy st ¢

{0 osi's. The. toSehRastk - sRRALALSER R Aol iR e L OGLIRRLBARIMdrbROSATRAI at ed
directly by the proteolytic function of the proteasone such as nuscle

wast i ng, or vaiuisatautk metdi axenal ingurepaihyp pewteinfemmptontdeapyeligtisg essed by t he

pr ot easpone -kB.: r i ' i
L e T T e o o

i nvol ved i nneebpatiyaParkingon’ edisease, Hentingtonssaliscassymhibiplegelatosisrtapisnali pt i on, and
met abol | ¢ pg‘ér%%éf %arigaf, Qrgcfa \lf’iﬁlﬂnlerlﬁlngi[is,%gégg}fﬁftﬁ,a\;agc%ﬁhr daﬁgmtanﬁul'tim{%? response

(e.g., anti

dementia, Lewy body dementia, frontal lobe dementia such as Pick’s disease, subcortical

dementias (such as Huntington or progressive supranuclear palsy), focal cortical atrophy
20 syndromes (such as primary aphasia), metabolic-toxic dementias (such as chronic

hypothyroidism or B12 deficiency), and dementias caused by infections (such as syphilis

or chronic meningitis).

Alzheimer's disease is characterized by extracellular deposits of B-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 (695, 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 3-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 rats contains about ten different subunits (22 kDa-32 kDa). The 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 Gln" --Lys16 bond; in the presence

-22-



presentation). Specific exanples discussed bel ow include b-anyloid protein
and regul atory proteins such as cyclins, TG~ b, and transcription factor
NF- kB. ArwoDhess/mamdaedi nent of the invention is the use ofcrhs:2asnps2uands

di scl osed herein for the treatnent of neurodegenerative di seases and

condi tions, .iogliud '1(919fheQH n{boatlsolc'lég\'és%@t}fe%etSLA%%ond %ﬁ@ﬁl@A@pWﬁgﬁn&@ t he
nervous system neura e.g., percussive brain damage, spinal cord

i nj ury, andta rekaseethé @ctdaﬂmg!ed@maltlhéﬁﬂé’r vous system), nultiple sclerosis and
ot her imune-nedi ated neuropathies (e.g., CQuillain-Barre syndrone and its
variants, acute 0ot cmbc&hmcm,lthmégreopatmgthodalf@'@@mgﬁlz@mtsdr@asdemlé(iln&at| ng
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scl erosf§ s, ba:ﬁpasttioa) dislevea fiertinC Suéhungechent fnahides reaicmgehn ngidfiBsAP

encephal itis, vascul ar denenti l$i-1 farct denent L ody
denmentia, f PERESINg %ﬁ‘&“&féﬁ%ﬁfq‘gﬁs‘ﬁﬁ lague Mlog rgmgd ra?t?%ﬁyabr‘]?i cal
dementias (gbitchatRf, i MdubGk B RhicR’sREE BBRINAmEMigRdc! ear pal sy), focal
cortical atrophy syndrones (such as prinary aphasia), metabolic-toxic

dementias (such @thefithdirhedtYsTAhd DRI FMtOlo cBdéxidahd ﬁlluﬁil'@W)istlngnd denment i I as
caused by infections (such as syphilis or chronic meningitis). Al zheiner's

di sease is diseasacteipriepserpe dearadge BpmPraeing dpyauias W‘CLBQ%(H? R4 OISt ei n

(b-AP) 1N SeBidpfast) ﬁ%ﬁ§d%@ed3&f1§§ﬁhﬁ'0r SERIR Qﬂlegratetbf'ﬁl%téo?ysﬁ R&Bf ddisleh.r agnent
of 39 to 42 am no acids derived froman anyloid protein precursor (APP). At

| east t hr ee Iihilfieg te protcagre rdusekprotRaly sisgherebpggducingdothmusslenigieindests) .

Al ternative,sphk Gitd erR)th 16584811 RRARSS AL fver! ﬂﬁﬁlﬂlt%f%fo? ¥ EnveR R BL uREAGSES ST NY
affects a portion o b- AP seduence, thereby preventing the generation

of b-AP. It tnedmlg@bn@m Stlfﬁlals catisaio chranic prfestiendifpasss cfedrmussle disvee pr ot easome
contributes f Opfgﬂeanél 9%%98 n8lve R’P faﬁl % nd?‘lfzﬁfﬁ?e' ciabddRbith ac@&ﬁs,

APP—processmg Zzyne in ra S con ns about ten ferent subunits (22
kDa- 321kDa) dlawttes,ﬁﬁdlhdbatlcsﬂabuml Seehesg., @ancrgrlmSnBaterEé@uéﬁ@bHﬁf

X- G n- Asn- Pro g}blvglmsﬁ Nhe nt-ll-({}lrth?rgtroteﬁn (l.nﬁ sé %etéggg}ht gq&iluggg tﬁe?ﬁtggiéSUb uni t of

human macr o
muscle protein degradatlon in a cell; reducing the rate of intracellular protein degradation;

reducing the rate of degradation of p53 protein in a cell; and inhibiting the growth of p53-
related cancers. Each of these methods includes contacting a cell (in vivo or in vitro, e.g.,
20 a muscle in a subject) with an effective amount of a compound (e.g., pharmaceutical

composition) disclosed herein.

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-3
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-
8 stimulation is regulated by proteasome activity (Xu et al., 2000). However, accelerated
degradation of the TGF-f signaling components has been observed in cancers and other
hyperproliferative conditions. Thus, certain embodiments of the invention 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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304: 57-60). The APP-processing enzyne cleaves at the G nl5-Lys16 bond; in
t he presenceof calciumion, the enzyne also cleaves at the Met-'-Aspl bond,
and the Asp2fl@2ssbonds to rel ease the extracel | ul ar dowerrusedoshz82is One
enbodi ment, therefore, is a nmethod of treating Al zheinmer's disease,

et uding agii il StAlel st fu .d&uﬁaegit Gl RE b B AERHDs ofEn RanfRABAGYN

(e.g., pharnmaceutica onpoSition) “disclosed herein. Such treatnent

i ncl udes r edibosisgthtdyen adiiteonalfentbodimept efdhsiiengion tsdbeiobisal arlsestanie e of b- AP

pl ague formation, reducing th j - Augkng the
clinical si Séfgmbs a{an L%gliler?g}ru})g&aFoiegggm%%$&§%g%¥%%lgg %’?ge{rﬁe i nvention
relate to casbeixied withdisfipatlgscagsitichgnai eqaswested P ehphittane{ Sibrasisddhvsades
many proteins in nmaturing reticulocytes. and ] j ln cells
depy i vel of Mssgamrogr e fit nRuRFEER B Up b blebB) SPichucrbl

| nhi bi ti ng bh&apingt easone reduces proteolysis, thereby reduci ng both nuscle
protein |loss and the nitrogenous | oad on kidneys or liver. Inhibitors of
the i nvention aranoti@fpubteih @roctssedhiby thg potaashinid io NE-1B) @mensbecafitbeRe¢l chr oni c

infectious di seagses, fever scl.e di suse trophy) .and denervation, nerve
0y, T as PG HaarToF Rl Y B St intat hF bR e SRS MO g
hepati c fai lgtjugs. BeMHirst@r@p reduiresip@teglytiblpSeestiag et ildtudeSp BANFAIAE, 105

Enbodi nents of the invention. therefore enconpass t hods far: reducing the
rate oft¥nus&Pa Fdpe ﬂﬂF'dévgﬁ)Qﬂfbﬁ?' oﬁ’ei Sﬁc"&gg@ug',ﬁo‘?sé‘(?g’%ﬂ?fée Rrﬂ%&?’g‘f e of

intracel | ul @focBdsRigeind iﬁ’&ﬂfe@ﬁ@ (RRTA, ReBRd]))@nd REBY. aB&h admolegd adkatodinrerof p53
protein in a cell; and inhibjti ngl?the rovath of p53- %‘fl&tﬁad ccﬁncers. Each
of these nethbRRsormY Ry et BEthey KBS 19T Pl 15 3 PR PORISEIPPRT o . a
nuscle in a qubhisblorythidh A8 ublghiBinition®f BIPMHAtp 104, tie (wOPRAEIAsart Begaded
pharmaceutical conposition) disclosed herein. Fibrosis is _the excessive and

persi stent PBd HREISERY. K5FPeSEYRLY. (9 RIeduse aettigING-#E) which trapsiecatsy Bemdhol i fer ati ve
growt hgf f ic?lﬁggélxﬁ‘ﬁ:tﬁe ARGk S U@ﬁﬁﬁlﬁht@& £1bs\k §15 A6tdsyeattly Piriféd prbRasbhdes / 3

signaling pa I brosi s i nvolves extensive deg}gﬁl tion of extracellular
matri x and ¢Batorakadlaret ali, Cpll AL 99# ) 18uEB ABS hrdctive BEud wrmag ptesespsdiier al

different tigSues coNplel@ithYthel Q&s&?ﬁf?halqgti\ja%g s b UHRIG g@?ﬁ’du'cﬂg protein

(Smad) that ‘activate transcription of target genes upon
selective expression of a particular gene.

NF-«B regulates genes involved in the immune and inflammatory response, and

20 mitotic events. For example, NF-kB is required for the expression of the immunoglobulin
light chain x gene, the IL-2 receptor a-chain gene, the class I major histocompatibility
complex gene, and a number of cytokine genes encoding, for example, IL-2, IL-6,
granulocyte colony-stimulating factor, and IFN-B (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-], IL-6, TNFc, IFN-B 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-«B 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 cell adhesion (e.g., cell

adhesion mediated by E-selectin, P-selectin, ICAM, or VCAM-1), including contacting a
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b stinulation is regulated by proteasone activity (Xu et al., 2000).
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a sterédspecifi CNET’FMWHQ‘:“GH%P@%“WW e B Yrephapgex/peqmaier: Wheg|compared 9 or s

and, e.g., lff%[fwf@{)hacﬂﬁdtﬂgklmre%ﬁiaﬁﬁ%bx‘b?eu??%ﬁ&%ﬁjl@ﬂlf&is@tﬁ@raiﬂnﬁiﬁcﬁfs igene.
NF- kB regul ates genes invol ved e immune and inflammtory response, and

nmtotic eveithegegiPwwhish apnitots prafrin kinapesbipdingi It iscpehigyied thapthe PEHER KNS of t he
I mmunogl obu lsfgﬂals the phosphorylation of IkB, triggering IkB degradation through the ubiquitin-

proteasome pathway. After degradation, NF-kB is released into the nucleus, thus

20 enhancing the transcription of HIV (Cohen, J., Science, (1995) 267:960). Two
embodiments of the invention are a method for inhibiting or reducing HIV infection in a
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 o~ and B-subunits of the 208 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 TNF« to prevent and/or treat

septic shock.
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of injury r é‘étﬂg’f’f‘?fﬁe fhﬁeaﬁ?pﬁé aéthg‘é}’n “19§Jd &38“835 Fimere gﬁédtﬂﬁ‘f%ﬂl fg?csﬁésle\cl)ﬁr Iof ya
pr ot easone laﬂlbhrhlor%mﬁlmgd @éscabed,he@)0; Bao et al., 2001; Pye et al.

2003). Therefore, certain enbodinments of the invention relate to a met hod

OL treating an Iﬁﬁcktﬁéflf@rtlfeeendbéduﬁéhdt&m hethed fohislt@iﬁglt}rqrepieﬁoﬂaﬁﬁrmlgmmg

adm nistering to a in need of su effective anount of

a conpound 8FRGEHRE Cﬁ‘lég th Profsasems ‘érs"ﬂEf‘F?\@h HEB‘(B‘H?Y ]ygﬁg"tmty' 'uri es

i ncl udes butxaffe, MOhe PGtha@@bnty@f2@s:pma§o@feqmaalecuswdmmed (a\thﬂfd”taftaélloe
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B e

arterial andntiggsicmrriidepd] Regreieyd byatpﬁgqogpggqnéerqyg,pgesm §eu 65| s,

coronary arLgkné Sfo§c%§§ﬁ)ells {n3h 3661 1bE PRodutdand plfcé”dn'tédreﬂherﬂﬂﬂ@ﬁtﬁhﬂy ehdymne
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inhibition, or with, for example, selective inhibition of chymotrypsin-like activity of the

proteasome.

20 Certain proteasome inhibitors block both degradation and processing of
ubiquitinated NF-kB in vitro and in vivo. Proteasome inhibitors also block IkB-o
degradation and NF-«B activation (Palombella, et al. Cell (1994) 78:773-785; and
Traenckner, et al., EMBO J. (1994) 13:5433-5441). One embodiment of the invention is a
method for inhibiting IkB- o degradation, including contacting the cell with a compound

25 described herein. A further embodiment is a method for reducing the cellular content of
NF-xB 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 vivo) to a compound
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suggesting that the S—ln naI u e..an . nportant
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al., Jiol rrméiaam;ﬁa&O@kllﬁ-?élate&&héeriﬁaﬁ)atonTétar ;elfrec @Natli AcadeSdiAUSA ergdoodi nent s,
conpounds of the inventio '

ed for the i ition of
prevent andB& Ot Ep)- s‘é’ﬂﬁqnéb”g’r?%?ekoyt ‘“t’t“éif&f’é‘lof‘ﬁﬂaarf‘etﬁ?‘{)gégfa)’?gé pﬁ)llkleé?atbtees snal |
pepti des f OlisBdse HdudlebO®.gf, Qanter, mesi@ Yt Bstehédis),Nadlednd\ddminiketsg to-tiedi at ed
i mune responses. The i mmune Sé(ﬁ?em screens for .autol ogous ceI s that are

viral l'y inf eeiesganetiostveampmatsligaoarerndtisiased ]Perr%{ﬂsﬁ’)erlﬁﬁ‘i‘ﬁt‘%a Stne enbodi ment

is a net hodeﬁ&ﬁnpm@g Dinbth B foR b ngcﬂfn%ﬁféH%ﬂaﬁﬁndanﬂq £8ibect, ildRliagdi Ng
exposi ng the cell to a conmpound descri bed herein. A conpound of_the
n

i nvent il nﬂ?mm@t%@é@ 2 wblqca@wr@mvﬂﬁ%lyreéﬁewéaﬂ@sm ¢ icompovad descrbedy) | er gy,
asthma, orggp.t ssue rejection (graft-versus-host disease), and auto-inmmune
di seases, | ncI uding, but not limted to, lupus, rheumatoid arthritis,

psoriasis, multiRh&H&Eh %9&111§ent§5"ﬂg nieﬁ)t)h@m&'hﬁg e WRlicadbrigagRAdehBUCh as
ul cerative colitis and Crohn's disease). Thus, further enbodinent is a
met hod for regulation of oncoproteins and methods of treating or mhlbltmg cancer growth, each

method including exposing a cell (in vivo, e.g., in a subject, or in vitro) to a compound
20 disclosed herein. HPV-16 and HPV-18-derived E6 proteins stimulate ATP-and ubiquitin-
dependent conjugation and degradation of p53 in crude reticulocyte lysates. The recessive
oncogene p53 has been shown to accumulate at the nonpermissive temperature in a cell
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). Furthermore, 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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long half-life of blood cells may provide prolonged protection with regard to

chemoprophylaxis against future infection.

20 It has also been demonstrated that inhibitors that bind to the 20S proteasome
stimulate bone formation in bone organ cultures. Furthermore, when such inhibitors have
been administered systemically to mice, certain proteasome inhibitors increased bone
volume and bone formation rates over 70% (Garrett, L. R. et al., J. Clin. Invest. (2003) 111:
1771-1782), therefore suggesting that the ubiquitin-proteasome machinery regulates

25 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
30 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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di scl osed herein. In another enbodi nent, the disclosed conpounds are useful
for théS5treat menMostfceRulpepratsing pre silpjeat &q protgolyteipiacessing ApEnetmaHatielised by
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i nvol ved prinari ferentiation an eplication
cellular, developmental, or physiological process or output is regulated by the proteolytic

activity of a particular Ntn hydrolase. One such method includes obtaining an organism,
an intact cell preparation, or a cell extract; exposing the organism, cell preparation, or cell

20 extract to a compound disclosed herein; exposing the compound-exposed organism, cell
preparation, or cell extract to a signal, and monitoring the process or output. The high
selectivity of the compounds disclosed herein permits rapid and accurate elimination or
implication of the Ntn (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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adjusting the dosage and/or timing.

20 The phrase “pharmaceutically acceptable” is employed herein to refer to those
ligands, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio.

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
“acceptable” 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 lactose, 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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di seases associated with bone | oss, such as osteoporosis. Bone tissue is an

excel lent SQHLEH dObichAChok & MbubANA shitsiftPatidsy (o) Biis, Sichalb@hing bone

cells. Thus, tracts of bovine bone tissue contaln not only structural
Erot ei ns whiod cottpeseedesih saffpwéroili epsammdiholivavih gomied, sdrsaxhean ail; (10t egrity of
one, but al i i cal Y I i SaNasi | mul ate
bone cells F?}'%%l?’oﬁg%lferp%@)g lléﬁiﬁ%%\%l @%E@d{lﬁl%g?&&a@g&?&xﬁg&gﬁg, rgghrngglé%ﬁ y

descri bed f aniykthylefic glyail;di2)=stenl duelladxiimd oteatephd gibpldauratepil St agham §14) BMPs) . Al |

of thesg gr h.factors have effect . ot 2l 1. S, el |
bone. cof | o SPHETBRENY- RPay mogreofin et M RAR R By e 25 ©°
g:afs]cc: (ra Ir gﬁtsi :;dbidﬂﬂ&ﬁpy&di@h-fh_emtemtn?ﬁgﬁwal ! . line;pr&)mhgegs ecﬂumml ) (19peteyl .

X esse | I r. 1.0 | C r-n evel o nt . rr , .
£ ot al - oVl @0 Pramaiabulisobins nib@T) ob R ubRIE upbEbS o
TGF-b on expmphyedn phimBbtidaldnchubitibey. 18 vbsinaneslihentd) phemaetical BVP- 2

expression in mature |licles also occurs dur.in turation and after the
period of c&PPPIHIORS Pé‘?q%?‘ieﬁﬁ’?t PREIGY f‘reé‘ton'é’P'r.ongﬁ)gg;’ Hgﬂf)tr"é‘%u.‘:e FRUEA onpounds

of thei nVel?éthjéthﬁfE—)!leﬁz{tﬁﬂs PRenlsiafiMbtert@to hwitientf ol | i cl e growth stinul ati on.
Finally, the disclosed conpounds are al so useful as diagnostic agents

(e.g., in f“ agnoshd lférnki‘}?ﬁnﬂd’ceﬁtﬁﬁll}uﬁo@eﬂt&bléﬁéaﬂm refark td thb elaivelyines YoxiaQr

screening for proteins (e.d., .enzynes, _transcription factor rocessed b

Nt n hydr ol adgganicfaf Qe aP‘Héd‘EeiP‘b‘t %&_%%‘é‘? 1 ﬁ’étoffgs ﬁ%é@‘%&ﬁ%%ﬁ‘ﬁ%e‘g‘ﬂ’e al sg

useful as regealfil} heRAERbRtIEPMMdPRAKEOE BF thy indibHdH(B)Jor UyeseperdBl): réautimpd t or

a-chain and inhibiting the proteolcfytl c.activities associated with it. For
p

exanpl e, t heuned iphibijor(s) inyits{epe bawdpmm with A gyiblegranisor Morgdc aldptisi ts of the

prot eagone ¢ANLRS HALIEMIE REfed. MaPtesafitlidsals iR1Riethd 18y dadbRorsidd)] ect to
proteolytic procéessing duri n% mat uration or activation. Enzyme inhibitors

di scl osed hévépehlerids. Heéfatgskishlfats, phosehois, Ridralensetitss valerate) ¢leaty palmitate,
devel opment ale, - Qr 1, I%SbRA M, ERlatd) pREEIRRe, MsyRiLl Aithte, Raléky WidiRe by the

proteol ytic
succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, laurylsulphonate
salts, and amino acid salts, and the like. (See, for example, Berge et al. (1977)

20 “Pharmaceutical Salts”, J. Pharm. Sci. 66: 1-19.)

In other cases, the inhibitors useful in the methods of the present invention may
contain one or more acidic functional groups and, thus, are capable of forming
pharmaceutically acceptable salts with pharmaceutically acceptable bases. The term
“pharmaceutically acceptable salts” in these instances refers to the relatively non-toxic

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,
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activity of a particular Ntn hydrol ase. One such nethod incl udes obtaining
an organism an intact cell preparation, or a cell extract; exposing the

or gani smwoebds/arepar ati on, or cell extract to a conpoumrdTdiss@sossds her ei n;
exposi ng the conmpound-exposed organism cell preparation, or cell extract
to a signal th?lggedﬁg?xﬂhé g{hh&ﬁarﬁihé JIRGEERiR! pifthAte, and e 1iRé @be, S&tlcREhAIVI LY Of
t he corrpounas I'sclosé erein permts rapid and accurate elimnation or

i npl i cati onBefgeetad., Mipma)( f or exanpl e, the 20S proteasone) in a given
cellular, devel opnental, or physiol ogi cal process. Adm nistration Conpounds
prepared as descWettind apantsepmulsifiarspand dehricants sugheag spdump daurd ulfatepnds

dependi ng op the. di r t,66ht@AGbakdrc A4 Sooa G WhbAt et OdY
wei ght of tﬁ’é&%’giuﬁlesﬁ%?a %sas %’gll%&oﬁ&ﬁ%o% a:?Ln tah.eggaert’. °For exanpl g?. vvﬁgere t he
conpounils aflevdringrmd perfaming pganésproseayatiyes anf eytioxidantssar dpgbd pieseat indhet abl et s,
capsul es, grcanqul S powders, or syrups; or for parenteral adm nistration,
they may be foF g?’ed as injections (intravenous, intranuscular, or

subcut aneous), op i nf usj ' hddR! 15 SateF Qiubl
application by t ’éa%d%ﬁtogﬁa%&%&%ﬁ%ggg&ﬁg@? 3%20@%&{32?&11%0%.6{/?”3; %ﬁeu feor nmul at ed
as eye dropsntinxidayts, sochndsmsettrisic adiheyseihohydipchidridassodiam tisulfpiecipdivad by
conventi onal a and i f ir t.he i ' j.ent yxed with
any convent Fﬁﬁg}s{}%&edis‘f(ﬁ% Slgﬁt%e§<n§iq%el lékrt%t (ﬁg{ljéﬁﬁgé chugtgqbl ﬁgfegﬁuQEXs | g(?r tlegr ating
agent, 1@ | upilinitae} butdatedhydrgganisola (B ) butlylard hydmggolueneg B3 denthinon ai d, an

enul sifying agent, a cqating, agent., . a.cycl Xtri nd/or.a bhuffer.
T T oaRge e AR R AR e PRl D SREA B s,
wei ght of t h@dpatylevdiamindeethadetit ecia (EDBE) sdrbitdl, taftaricheiddpleeptder atid, dnd

treated or E)re,vented, the route of adm nistration and the form of the drug,
in general, l’él’éf&ily dosage of fromO0.01 to 2000 ng of the compound is

recommended for an adult human_patient... and this ma e admnistered in a
singl e dose or it HH la%scfua?r)@“e@. OFFL%‘P“E%E%OH(S‘?W}H?%’S??WQ SHERYT which can
be conips nedcavht, plls @bletsglozéMbEtubiag a flovdiédishsis ausaallyi suglose ahdaeage dror m wi | |

general ly be that anmount of the corrpoE]?d whi ch eglr.oduces a ther adpeuti o
ef fect . The@ﬁ%"éé‘l@ep‘f"f'%’ SRNUlEHPHISA O RIPR AT H5YPEFO8 FuAAUEs Pz onposi t i on
that wll Yb&'deGus liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or

syrup, or as pastilles (using an inert matrix, such as gelatin and glycerin, or sucrose and
acacia) and/or as mouthwashes, and the like, each containing a predetermined amount of
20 an inhibitor(s) as an active ingredient. A composition may also be administered as a bolus,

electuary, or paste.

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 sodium 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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the nost effective results in terns of efficacy of treatnent in a given
patient will depend upon the activity, pharnacokinetics, and

bi oavai | apol20éeyp1ads2a parti cul ar conpound, physi ol ogi cal pconsbécsors2eé t he
patient (including age, sex, disease type and stage, general physical

condition, re i LYV, : f L ion), route
o adn ni st PARE RINFARRE ahdmBaltbd SRR R Al B O e aa ¢ he
basi s for ficamules)mblgs, aindpitls, deetpramaceusicyl comgesitéansimay alyo comprgtbuffenngt i me
and/ or amount of adm ni stratian, .. W i i . out i ne
exper mont atbalt SHITHGRR: hsitis ibe by olso S rpfoyAfucTHIcE h O
dosage and/ aardtfilleil pelatitupsyMsrame slighreacipeoe as lactabd or nicsgaratas avelliashighpl oyed

herein fo refer to those |igand terjal.s, conpositions, and/or dosage

f or s V\%ich"b??eé}‘l_awfflﬁ'i“rl"’ﬂm@%8%%‘3“@?a%%%‘ﬁh‘s‘%edi cal judgment, suitable or
ovcesaive toxi ci byabNt iy e TRy SrmARSRA of BoRith, BMGnA IR Saalh RREL
coLrpI i cati Oﬁcceiﬁslﬁm’iﬁgtﬁdiéﬁt.glcmprhssad tables oy ible @rdpered fusing bindér (fomexampléThe phr ase
"phar ma ti ) t jer" , i

pﬁar matcgﬁ;J i é%?m@@ﬁ%% gﬁ’yér%ﬁ%? ;CH@F’S,C)’?M%EE ‘P‘P‘ghl ‘Ile?}F ggeg%?aéﬁ'g’, such as a
I ?ui d Ior sé Gisiﬁﬁegfdnk {fefexaﬂbieuﬁiﬂium axch @liygiliztte os@bssdinkedsodRincapisitlyatthylg
material. Each carrier nust . "accept a " in . the sense of, bei .

conpat 191 e GFHOSEhET ‘Ffé?t“’ieﬁlj&‘&ﬁ“é‘?ﬂ eRft %%edfn%}?’lﬁﬁpﬁi’ S%Wag%l@' rﬂglg%gﬁljl uri ous
to the pati gRhiabRIARLAY ATHKAR TihdPoadbied ithibMat(§méistenedevitheandsert liquid

phar maceutically acceptable carriers include: (1) sugars, such as | actose,

gl gcose, agéﬂ%‘iﬁ‘érose; (2) starches, such as corn starch, potato starch, and
substituted or unsubstituted h- cyclodextrin; (3) cellulose, and its
derivatives, suchabtids sadipthensoid despemtorms suches F%S%féec,ap%’hlﬁyﬁ"ﬁﬁép‘ipul ose, and
cel | ul ose a%ﬁh@l%@,:maé]/%})timwgé edrdd R gRpABd With C&NinEPdrd sh€lf) sugkbdnieric (7)tal c;
(8) excipients, such as cocoa hutter .and suppositar vv?x,es; (3& oi l's, such
as peahdit oipatingpandsthes eeptingy welklgomndpde PB?’P’,aC‘%‘é‘g‘"ﬁTFé‘“B‘\ qung a1ty yReYIPY  corn

oi |, and soygalfdinhiated 103s BlpYEMeSlowHLIn@RS IR ORME 6¥8e Bdtive Rlgredient 1)
pol yols, such as glycerin, sorbitol, mannitol, and po] yethylene glycol;

(12) est er s thegain sieg fastehymple| wdrosyriprylwethylicelltlesedr ¥arying BIOPaIIARS to( 14)
gg; feri ng AgRRd medeedtRIcRRYRSL oSl Retirifi QR dipBLasds sy dr oxi de; - (15)
microspheres. They may be sterilized by, for example, filtration through a bacteria-
20 retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved in sterile water, or some other sterile injectable
medium immediately before use. These compositions may also optionally contain
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 commonly 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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acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's
solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21)

ot her nonwbasésmicsaopat i bl e subst ances enpl oyed i n phar meceuntse@alo2s246

formul ations. In certain enbodi ments, pharnmaceutical conpositions of the
present inv i P I Coilsh i 1. $3ivEd

Fempor at ur o ordar; e Ao MAE BRI ghoprsh RuIRu UM R B PR

" phar maceut glyadls.yand éxtypridishters ohparbitanesrdmixtugesttheeeafel ati vel y non-toxic,
inorganic and organic acid addition salts of the inhibitor(s). These salts
_caE_ g_e pr(epar ed Besidss ingrtdilngnty theiozal pompgsitiogssagtalseinclyfe adiyvayts 48 2on of t he
i nhibitor(s . r b Lo [ TN cY inits free
base form Wﬁeﬁﬁg agééﬁts‘?glgﬁlé%ﬁ %.nl’(lii Sg%g?&?%% Sgﬁv&?ug@?% ﬁhg% gltg(glélil%gl ng the salt
t hus f of nedperRepingswed pebsérvative agenss. i ncl ude t he hydrobrom de, hydrochl ori de,
sul fate, bisulfate, phosphate, nitrate, acetate, valerate, oleate,

pal mitate, stearSussnsicasimadditidagn theaciéve inkibiteatsbmay pidgim suspendingpgems e
citrate, maleate r.at e JC Gl Nat r soffRsy! at e,

gl ucohept onﬁ?’g?r eix%%@g%t%ﬁ%]?tg,ﬁﬁ%g%r agct? Ih%l%’o&r(l)gfb %9?3{1?1%5}5%#&?%%%0 acid salts,
and the |i kester§,Saierocfystallinx eeljvlass, aBarigen etetahydroXid@ bEjtotiRhagaragasand cal

Salts", J . _ Phar Sci.. 66:..1-19.) In other cases, the inhibitors useful in
t he net hodstr8$acfrﬁié'aB&@slxetﬁrtesfhﬁ{/egﬁti on nmay contain one or nore acidic

functional groups and.. t hus e l.e. . ] tically
?ccr:]ept I et sal tb fﬁ(\)m uﬂah%lglfrrrfaeg%&frig%ﬁ%%dﬁgng%allﬁﬁe}pﬁggg%%@%yt erm

phar maceut sgpbsitoryg exhixhitrady be pseplated by innixing emeorinms¢ ahibéter(s)efitdr anetoomiotee
relatively nan.toxic.)norganic and, organi ¢, base addil an.salhs, of an

i nhi bi tor (s)" ap é‘fé’g_“%tﬁmgs CRIFISi K SUPER CHRPTS S &Y & it ST "dUti ng the final
i sol ati on apélygtyledd gadol,@BupositdTe wiax bt dsallicyl§ts,) which is lsylidsa pamategipyratueact i ng

the purified inhipitor(s) inits free acid. formwth a suit.abl e.base, such
as the hyar By i s dttperutsangs bR atibml MR Shbe sy 28

accept abl e pRéaaé theattivedgenti t h ammoni a, or with a pharnaceutically
acceptabl e organic primary, secondary, or tertiary am ne. Representative
al kal i or al kal i P@nRRtibEs WidtH sre suiableder vabial ddininistratios eldd includ@pdsses®s,um

cal ci um magnesi um and al um nym salts, a}.nd tlhe | i k%.. .Reé)rﬁsent ative
or g ani C ampons, creams, ge S, pastes, oams, or spray ormulations con ming uch carriers as are

known in the art to be appropriate.

Dosage forms for the topical or transdermal administration of an inhibitor(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), excipients 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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am nes useful for the formation of base addition salts include ethylanm ne,
di et hyl am ne, et hyl enedi am ne, et hanol am ne, di et hanol am ne, piperazine, and
the |i ke weeaegs/dfizgs2exanpl e, Berge et al., supra). Wetti pgTAGLMEH28246

emul sifiers, and lubricants, such as sodiumlauryl sulfate and magnesi um

stearate, as wel fh@lﬁhﬁﬁ&ﬁ% 'cﬂ'goeaagt@fﬁﬁt?velf EInfRSRre 9§ S0l C PR MY

sweet eni ng, flavori fum ng dgents, preServatives and_antioxidants
can al so bebppepanirtg anmqudws mb@p@sombpremqwl @solid pasticlesreaplepingdhs | y

accept abl e ab Jkp(%)ﬂo?xamnon%{g %L&é‘lgg C)ﬁ&g o%o%r rﬁmlgﬁ Sseuf Elbf? $oRPE Sea SUCh as

ascorbi c aci roc sodl um
met abi sul f i Senic setlilivers s lptdféreed bacrdset they llnmnerze ¢2osiog Ithesagbrum sheamwhigki dant s,

such as ascorbl)é al mt%i tg at ed hydr oxyani sol e (BHA), butyl ated
ot

hydr oxy? ol uSHE} egrf‘ AR gal late, al pha t ocopherol, and the

i ke and. (3) mbfdéwiglagtg%ug forS%t N ?&C@’ f%ﬁmﬁ%t nga Og‘&hﬂs SO%J&X' ?I’l&dl am ne

t_etraacetlc aci d ari’c aci oric aC|d and t he
| i ke. For mukapemwivn of uieta@h{tmogkther wmaéonaehuonal%atatacmmwwm)tabh aatriers or m of

I
0t =, S, A 88 BN BB A

usual | y sucPB
sol ution Ol’ campPasROa/ it Wpldaﬂy Blﬁluaqu@ﬁmﬁc smlrfactamts (itwmm; $’ldrdnq¢sl, shrbiaan estsrsan

oil-in- [ er -j n-.oi ui d.enul si sru, or
SRR B A R R S L A e At et
sucrose and g?@@lcinﬂbcu@ﬂ@ér@tremaﬁkélMrﬂ\ﬂ@ﬁﬂﬂﬁﬁolei&l’hdldt &rinb bdids sue]ﬁiﬁd’lglydilﬂﬁ, a| n| ng a
predeterm ned_ amount of an inhibit

an t| ve in di ent
conposi tion® Hﬁ?s’éP%S"@éma‘HﬁPgﬁré"c"@i“gﬂ ‘%%ro Stﬁ?P?f% i Bf?Pifg‘ﬁ gomd?"t%’écst e. In
sol i d dosaggofigsds for oral admnistration (capsul es, tablets, pills,
dragees, powders, granules, and the like), the active ingredient is m'xed

Wi th one or nor emhﬁremwkhéaaweytha&me@amh@ ESprovedis ccsimhece@hs@ﬁbﬂm
citrate or dical cium phosp and/ or any o%

t he fol fill
Cxtenddi o, SueTIgeHEX R, Sirko9es arh i hegtals by HPb G SIS e
manni tol,  apg/Qtnt$h the ptdpeditdim ( AbsoRptiRaBancéib6dh A befudéd ©XidakEthe

flux of the inhibitor(s) across the skin. The rate of such flux can be controlled by either
providing a rate controlling membrane or dispersing the inhibitor(s) in a polymer matrix or

gel.

20 Pharmaceutical 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.
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car boxymet hyl cel | ul ose, al gi nates, gelatin, polyvinyl pyrrolidone, sucrose,
and/ or acacia; (3) hunectants, such as glycerol; (4) disintegrating agents,
such as agenre@garss2cal ci um carbonate, potato or tapi ocapstrarseds/o2d2gé ni c
acid, certain silicates, and sodi um carbonate; (5) solution retarding

agents, such as r9{&,'3&%@@'rﬁgbaﬁ&ro%famdg&ﬁ% SlAbObRseraHicl: ARudyat ernary

ammoni um conpounds agent's exanpl e, acétyl
al cohol andagmypanﬂhﬁnmpqsnmamdﬁspm@BgaamQOPbﬂwﬂsmC£ﬂmhmamcﬁaol|n and

Dot ont e ol Aok e RL 630k o BHRR kB 6 SRLELHTLALEF LR Gugpanest U

stearate, §ISSarum Iaur xtures
t her eof ; andgenisOfor exintple, Ip@ab@eciﬂ&obdtmoﬂ tphexmasceblofacldaqmlmlhedﬂge itaidyedls, and

pills, {he phar eut.ica osj.ti.ons conprlse fferl agents.
ol 1 d' cbnpob BrsUde byingods GRPRSisyBE RasoesEh FEw BEPUD R oF T e OF
SO}‘L and harige intd thiefb@ﬁisﬁlbm Iﬁadkﬁtid)re§roﬂ.lﬁ1gétgatsomt‘iorea(ﬁ1h¢:)mﬁntahleas | act ose or
m sugars, as we S hi ul.ar, wej ght. pol yet hyl ene, gl ycol s, and the
like. A tabP]é*t“nﬁ‘if)‘/‘“‘E?é y&?@?ﬂ%ﬁ?@é’gﬁ bgﬁL%WCIH%P‘HE{t?F& Xtﬁﬁ'ﬁl}cgﬁglﬁ'y with one
Or NDre accegssHivn bitdaedufituin mohiRbR%SAd gtlatd.et s may be prepared using

bi nder (for exanple, gelatin or hydroxypropyl nethyl cellulose), |ubricant,

inert diluent, PmeSMHEaes \Cordel t@lpfmmrtmﬁffe(cn‘ma X s desirstoeliostovsthar ch
gl ycol ate or_ cross- li nked sodi um car boxynet hyl CeIIuJosgﬁamsurface active

or di spersi Absomyen et thydrugdipn suhruencons gy rRmyEEHar gYectigny PAPS suitabl e
nmachi ne a Myxhd@bQptidA®r R pHERERy hdihinRictdrdnsy foffR issdcesigslisiéd By Agolvigr t

liquid diluent. Tablets, and ot her solid dosage forns, such as dragees,

capsul es, pPT$§Pﬂ@ﬁ@t@W$WbW@§°lﬁﬁ?c@pt|onalIy be scored or prepared with

coatings and shells, such as enteric coatlngs and ot er coatinhgs well known
Psrﬁf

in the phar maceulicsiblerdspenformsiargmagedy famming migjoersapsH Bgla?ts lated so as to
provide sl OYi’thfltoR‘s'))"iB 'bRJdEﬁQda'bﬁel &Pﬁ&r@ucﬁ RepoRgddide pbinglvestidenbepdngingoft USI NQ,

for exanple, hyd rogyprop met hyl” cel I ul ose i n, varyi ng roportlons tg

provi déS t he theaatioefdiryecto palymep apd the @atusrai e 936109%P°lh’§€rrq"83é%¥ed’l theygdtes,
and/or m cr 9&@@95&@ canTWnHa}édb@x%ﬁéé Aﬂoﬁﬁgblgbfegrffd‘aﬁle @SBRlnciidel tration

through a b erraretaining filter, by incorporating sterilizing agents
in the fornpof(osthegsiersy agcbpq»lg{anhydndes) Depot injectable formulatlons are also prepare

by entrapping the drug in liposomes or microemulsions which are compatible with body

tissue.

20 The preparations of agents may be given orally, parenterally, topically, or rectally.
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 other 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 intrasternal injection, and infusion.

3 66 T}

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

administration” and “administered peripherally” as used herein mean the administration of
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conpositions which can be dissolved in sterile water, or sone other sterile
i njectabl e medi umimedi ately before use. These conpositions may also

opt i onal lwocosw@isy2opaci fyi ng agents and may be of a cowpwoajstésnghat t hey
rel ease the active ingredient(s) only, or preferentially, in a certain
portion of ro el 1 e kdeXeent &1 s|pner .
Exanpl es oftahl Igggﬁlﬁ érr&}%?I(?Iél{létﬁ%ﬂootrtlse \%% ﬁ&ttg ge eusmtlaﬁ IP%X S%{ ol yneric
subst ances ahadltmmlsshe ﬁherltéSGV$tm an(h@)u%@h ssbiectdametabelisnhand qther like

m cro- encapsul at ed.f h one or nore of the

above- descr PD&d £X Eorﬁ rﬁle SU%B& %églbsgxﬁg]rrrs for oral adninistration

| net ude. phar macetd.¢ At &%mmﬁn R0 Rimarllafid 8EH-ShANRr aRBpY! | ONS,

suspensi ons, syrups, an fon to the active ingredient, the
| i qui d flosade atﬂ)omimblera;uta:mfraﬂmmstnanm, inctlidingemdlly, vasalipo n$ Yy, dereelampletahe art

such as, for_exa th | d
emul si fiers &fe ﬁe@%ﬁe{’lﬁa@g c%ﬁ’g ent%raus qlrl%%ﬁ e%ﬁlli'b%] %Aléatﬁk;ﬂ% b?%%%%%ﬁt Zn
et hyl acet abﬁmnhfmmdro;ﬁl molndihg bnhxealz;ydndbebimaalb propyl ene gl ycol,

1, 3-butylene glycol, oils (in particular, cottonseed, groundnut,corn, germ
olive, castor, aRekasHsapetheirduss of agmyieratdn selested athy thhibfitar(s)l Whilchoiay)b¢

pol yet hyl ene n tty acjd esters of.sorbita res
t her eof . Beé’?egégaFW%PP%&?E@S?%’,’ art’(k%” er%am%ﬁﬁlcgﬁqmc?ﬁ?g?zrésn&gp 5esle?1cl ude
adj uvamd s s usentasm, ae férmiitagato tpharmacautisdllyaccegtablrdiosigs fiermd by goragetiving]

sweet eni ng, flavo col or erfum ng, and preservative agents.
Suspensi ons mefhyd %‘tﬂ"‘gﬁ BH’%%oésﬁthg}f %% i nhi bi tor(s) may cont ai n suspendi ng

agents as, for exa hoxyl.at ed. |sost 0 t hyl ene
sgr bitol and sorff nglrii%éaﬁ’ §VEls of fhg Afive dagredi ff"it%lg ﬁ(‘:eéf%f’ﬁ’i’a(?g‘gfc aﬁoél O%{?] &

met ahydr oxi dethisigvinaon iney b@@ﬁtred @@ﬁd’to abgintanag@arof khe aatiek ingredivitedidhlier eof .
For mul at i ons for re glr adm ni st I’?.tl on be. present ed

supposi t or y STGRtVE f S‘F"‘b e g g‘é B‘pwlcﬁ‘?sﬂ”ﬁﬁ gﬁ@agwu’%ﬁ?@egﬁﬁ@ﬂ?oﬁgﬁﬂ”s) with
one or j4or eaﬁdlinbd’%f%dﬂﬂﬂétﬁu&lﬂﬁmt%ut%%ﬁl?Wéx@d’hb&hd}fauéﬁrrl ers conprising, for

exanpl e, cocoa butter, polyethylene glycol, a suppository wax or a

salicylate, whi cihd soné@hralorddf alddRIbsddeidRPo@idUn @ phittiacduticallychcadptabledy

tenperature and, therefore, will nelt in the rectumor vagi nal vity and
P mixture will vary depending on several factors, tincludgng the dosage of ah% compoun% y

be administered, the pharmacokinetic characteristics of the compound(s) employed, and
the route of administration. In general, the compositions of this invention may be provided
20 in an aqueous solution containing about 0.1-10% w/v of a compound disclosed herein,
among other substances, for parenteral administration. Typical dose ranges 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
treatment 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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rel ease the active agent. Formnul ations which are suitable for vagi nal

adm ni stration also include pessaries, tanpons, creans, gels, pastes,

f oans, orwepn@yifsaerul ati ons contai ni ng such carriers agcarus20050u8246 N t he
art to be appropriate. Dosage forns for the topical or transder mal

adm ni stration c@Halh @Jﬁb&iu}ngﬂtg Sd)co &Jnld%? tlﬁqmgﬁﬁw is ] d ad?ﬁlﬂlfsﬁﬁ'at S,

pastes, creams, lotions sol u ions, patches, al ants. The
active conpwmhtatchanqthdj@emux eﬁll@ﬁdehenyﬁlmraﬂe@tlcémd mthskmnammlrpr%ducts such

prar mace st | b MERSRLELLIRERL Sheridld o RoRBAIABRENAL | Voo, bufTers,

or propell aht g ‘be req I nt rren past €s, creans, and
gel s may compidipadophyllackdnst (i. e)rcthposxden Itnntposldc)( aytlbloemddmtmnmcmﬂf@horaﬁcnanl mal

and veget ab f at I h | ul
or i vars vesD fayanisgh smerifo S ARLRI Mt AleD itk ARRRE L, 1 0°C
talc, and zpm@n@xinc{euthﬁmyam)(indrmsomyeet euzfymeP(jmh@amglam véinhasysteromallicont ai n,

I n addltlon to hi bitor(s exci pi.en act os taI I|ICIC
acid, al um R glyzﬁ? g)?? g“}?a?lné dﬁﬂﬂ"g? Héﬁ’ﬁlécg do nﬁtahaﬁ%}he °'f‘11?a8§” t%emse

m xtures of tHehewa asw@mc‘aaﬁplat%f @;&ﬁtsmnpmdférattwaaﬁﬂdn};omandywtmg ag,wtso rrar y
propel | ant s, such as chl or uo ohﬁgrocarb uns |tuted

hydr ocar bon&ichas aitrogen Byas “}fﬁ ° 'Ei‘éff‘?ecy?ﬁ’(?ﬁ‘?sﬁﬂ‘}r‘ﬂ)‘\fli? %’}ad;aé‘)"l%g%ﬂle

alternggi Vebmoﬁmshal)settw]&ﬁknb&s AR AR Imehiks (Bxacappblaiedndhigempari ng an

aqueous aerosol, posomel preparation, or solid es containing the
conposi t i onalkd syl ﬁ‘ﬁéﬁﬁé@ﬁglﬁ(’& r{jﬁosoF‘leﬁﬁfF%‘&F%r(Bﬁwygé? ﬂ’ﬁl"ﬁs §H§%‘é‘7r?§1n§mgcoul d

be used. Soﬁhién&e-mdbdrgﬁhﬁnea(ml(@f ehtprIEekaRRIA Mo AYin{ElaBb e &icR ¥PPEE Ng t he
agent to shear, which can result in deglradatlon of the compound.

Ordinarily, add anpdess Gmethaiepatsh PYTigidineaalegs @lyeeptasii é“%f’d“eaa?fje@’lﬁ"ga@@ﬂ)ut i on

or suspensi g RfankiBgs AYFElhied RARIDBR mBlch Y eRbinnak, RARkEREAld1-cal |
accept abl e gar r |a<ralr sgsan st g.bl I zers(m ‘Ic' Iholgglr ri er%&and I?t abilizers varg wth

the redli r enlatodeaxtyadenesinsararoraaiasaintiliiopoignasirensle. BYamesiaps, ang leffozold) ande
noni oni ¢ su E)fa?n%rﬁl %o?dlﬁla-ll;m%gﬁple%st{&gﬂétﬁﬁ carﬁ&}ﬂgins,q;%cgﬁraﬁﬁé hydroxyurea,

mitotane, aminoglutethimide; histone deacetylase (HDAC) inhibitors (trichostatin, sodium
butyrate, apicidan, suberoyl anilide hydroamic acid); hormones (i.e. estrogen) and
hormone agonists such as leutinizing hormone releasing hormone (LHRH) agonists

20 (goserelin, leuprolide and triptorelin). Other chemotherapeutic agents may include
mechlorethamine, camptothecin, ifosfamide, tamoxifen, raloxifene, gemcitabine,

navelbine, or any analog or derivative variant of the foregoing.

In certain embodiments, a compound of the invention is conjointly administered
with a cytokine. Cytokines include, but are not limited to, Interferon- v, -, and -8,
25 Interleukins 1-8, 10 and 12, Granulocyte Monocyte Colony-Stimulating factor (GM-CSF),
TNF-a and -8, 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, fluocinonide, fluocortin
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| ecithin, Crenophors), pharmaceutically acceptable co-solvents such as

pol yet hyl ene gl ycol, innocuous proteins |ike serumal bumn, oleic acid,

anm no aciwe wemh7sxs gl ycine, buffers, salts, sugars, or psugsroozioc2hel s.
Aerosol s generally are prepared fromisotonic solutions. Transder nal

pat ches hav | di ad delinery of an

i nhi bitor( s%u%g%fl ﬁ%’gﬁg)ag’%gf}%ﬁq%&og%’g@p? %)Foqn% Q%éﬁggfgb%g%\g%y. di_s’sol Vi ng or

di spersi ng ftlopredgssitne] flurhinizerplidg dluticaseliepmopidiaten fopnpenmtak hilaimewides can al so be
used to increase the flu f, the inhiRi . t jn. The rate of
such fl ux c&ﬁogezasggpr{??%ﬁ)%%galﬁ?}etglsofnﬁ’g{ry B%’%%%‘%%%hlg&gggg?lggg%%? ol ling menbrane
or di sper si ngziphedond) hiebiys@e( myprednisang oleghpipredmisolong, nomagasone fateraceut i cal

conpositions of this invention suitable for.pare ral . admni.stration
conpri sé on&213pe ﬁDBe’ipﬁ?ﬁli“lfid‘tbﬁttﬁsr(rg(;mﬁoﬁ)n%’o"rrr% nﬁgﬁ’fl%gg'@ieﬁxlagﬁ%oa(%értgt%for e

phar maceut i gaddhigolascpiuabitesiha®] prednisvaelgoidnival, predmyfen) vimesabug, i ons,

di spersi ons,, suspensi ons, or enul.si.ons, or. steril.e govg:lers. ich may be
reconst i t ut SYOGORP tiameinojqge; tHameipoleAceigpide.  trigmacinglong bepetdmfle s i yst pri or
to use, Whi ghhniBibldHeMERIcE oS, iafX kaks BhPor detiidtResthedeat eri ostats, sol utes
whi ch render the formulation isotonic with the bl ood of the intended

reci pi ent or suspefRehiA@mBbdiinBhts, eenpeurRige Hesinvenianiglcegjoiafly sdthinakke aqueous
and nonaqueous carriers which may be | oyed i n the pharmaceuti ca
conposi? i onigRniRRupGhaRePiHAgeR IS}}H@ﬁ%‘@'?/@ﬂ@fmaﬁﬁla,ggﬁ%mbi@ﬁfl%’&% as

o] ycer ol, P%{%ﬁﬁb’t BRRe DY PIDR mEat6t Mk@_ﬂﬂﬂ})\‘a}’s@@ﬂdan Biﬂidoc_lah,&aﬂiqul'fcﬁ),, and

sui tabl e m xtures thereof, veget able oils, such a}%‘dol ive oll, anld

i nj ect abl e iaflaD: eslaspainesthlidopidestndymongriontl gnt E?_B'e}rh? pRglandl can be
mai nt ai ned, ffHodR¥ BiileRithiPhakdioresusthedsaat dsHiuimbE iostlimomasich as | ecithin,
by the maintenance of the required particle size in the case of

di sper si on_s,aleamumb,ten@%@a'@)ﬁbWPﬁ& t&ﬁ‘@@?ﬂ&?_@é‘@“@éﬁ’rﬁ%ﬁﬁ?ﬂ%s may al so
cont ai fs adj Yuant 55t Chudthab! RREH% AR ¥ARuzuMES LI Ng agents, enul sifying

agents, and dispersing agents. Prevention of the action of m croorganisns

may be ensu%gmB“ﬁ‘t'a%ni ncl usi on of various antibacterial and antifungal

Scheme 1: Synthesis of Example 1

[0} [e] o]
H
HzN\.)I\OBZ H\)O]\ BocHN N/¢N\)LOBZ
OH + : ——=  BocHN " OBz i H :
BocHN ~ : o X
Ph o N Ph
Ph Ph
(A)

0

l TFA/DCM

H Q H *
IWN\)I\H N\é)j\OBz
o] \ (¢} ~ph

©  pn

2) Nal, Acetone

o o) o]
H
1) c|/\/\/U\C| TFA-HZN\.)LNK;N\./U\OBZ
—_— :H H
: \ O Sepn
Ph g

1) piperidine
2) H,, Pd/C

NMN%N N Hon ¢ 0
o) 2 H o :\ TFA-NHZ
N Ph 0
) Ph

(E)

(o] o]
@ H\)LNQ:H\)LN/(’:@
\”g\(f)r i H o :H o
\ “Ph
Ph 1

-39



agents, for exanple, paraben, chlorobutanol, phenol sorbic acid, and the
like. It may al so be desirable to include tonicity-adjusting agents, such
as sugar swo0ek/um4ehl ori de, and the like into the conpo®ctriusn®sobszss

addi tion, prolonged absorption of the injectable pharmaceutical form nmay be
br ought aboggﬁéxw%g?4inclusion of agents which del ay absorption such as

al uni num noRost ear é and gelatin. In sone cases, in order to prolong the

¢f ¢ q ats, . . .
effect of a ruq}“cl)q % Eolﬁt§on%?ﬁ§r’0@?éﬁlﬁlg%g?&%&g.aﬁnﬁm,qr@éd.)?éf]2 %I%B@ang{eUQ from

subcut aneous or ranmuscu or exanpl e, h absor ption of
a par ent er abénzyldter (159t £18647 dme, §.Oeqy) in 0@ od cofMe(hwds weéll\sé%‘b(%%?gg, or
suspendi ng e.d jn_a i | i i ol nade by
formng m c&@grlfcé}g‘g%% nelmlgﬁ{;\t‘1 &ieggéggpg}lﬁﬁ?{?ﬁag(ré%@?& ?)n(pcg?@ gfgl;c(rga a ﬁrgq%gf yners
such ass5 pol yiacieivhe agdsd DR 6llsi Ae, 1 Deffenaioh §.6@nq) folewediby ByRIP (A 3g &t o

pol ymer, an nat yr f.the particul ar pol r | of
drug rel easgﬁ: mwgf,géﬁe(qﬁ)gppga\{a?g(&g%q Sggerglfpog%/%er%{Hgagé@lgﬁab g‘%@é"?‘m s
i ncl ude pol yaopldvdantaras htndsphepobdfiafgumiayd stirekeisyvernighp oThei viojatibss askee

formul ati ons are_ al so prepared by entrapping the.drug,in l. 0 or
m cr oenul si GRLVEHE ”?fﬁléce@(ﬂfﬁﬂ?? %'Idéﬁl e[“ﬁp t?‘f%é"ﬁ%.gkel‘h‘? 185@@3&“3% ons of
agents may BEOAK MRAWARRE With sap N28ITU0E, B0, Mnd bitxdi ahd ldtiyd over MeSOL.aThy. They are,

of course, given by forns_syjtable for each adm ni stratjon route., For
exanpl &0 't h@izSQﬁévaamw%%%aﬂwn@élm g@?ﬁrre’ﬂ%vﬁgﬁp r ‘?Sl:“Fﬁ% RPSYIR; £2 8 on,

i nhal ation, geyeobled idhition@f NOREHA/DSMARSG L PHMs added BS¢NHLcuPREOBAREY by

| otion or ointnent; and rectally by _Qrp05| tori gqs]t.o Oraltoadm' nistration is

preferred. ThaS prichdebedlaihe selation W%fcsfﬁ F adlipy LM FPREAME

parent er al | ¥yera%y 4SGMcINEME R HYRARSWAEREREnR te PLHA PhicEd Gitet Righ 04dae fbiaN
enteral and topical admnistration, usually by injectiqgn, and jncludes,

wi t hout | mhews Biging theitAsadiriiies dijpaetidgmdnsu Tarthe reprivingnit wasiadfed i nt r at hecal
i ntracapsul a6 NifdHR0, 11488 o,15955 2GR A1 36y, 550 MEdeMERN, ahdbIEBDEYIsgeneal ,
transtracheal, subcutaneous, subcuticular, intraarticular, subcapsul ar,

37.2 mL, 213.4 mmol, 4.0 eq.) and the mixture was cooled to 0 °C in an ice bath. To the

cooled mixture was added HOBT (11.53 g, 85.36 mmol, 1.6 eq.) followed by PyBOP

(44.42 g, 85.36 mmol, 1.6 eq.) which was added in several portions over five minutes. The

reaction was placed under argon and allowed to warm to room temperature overnight at
20 which time a white precipitate had formed. 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 mmol, 0.387 g) and the reaction was refluxed overnight. The reaction mixture was
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subarachnoid, intraspinal and intrasternal injection, and infusion. The
phrases "system c admnistration,” "adm ni stered systemcally," "peripheral
admi ni st rbi2oevio1283d " admi ni st ered peripheral ly" as usedpoernstevsieszie t he
adm nistration ofa ligand, drug, or other material other than directly into
the central Bﬂég%%{&ggﬁﬁ&f& Qg vaéﬁl&bar&ﬂﬂé ekihuﬁf(ﬂis%fv%d tGOARL Wiikd Witk wakepm and
thus, is subject to ne abol f'sm and of her 11 ke processes, for exanple,
subcut aneousndihirienarsitdriad bvar MgStks &h¢ MaS0: was wnoyediwyfilrationdai Hiesolatild t o
humans and gt her .anj nal.,s_f.or . any suitable route of

adni ni st r at f&HV°f H’&‘%%mdﬁﬁd(?feg%qq%@ﬁéég?(I y, as by, for exanple, a spray,
rectally, i RETAVa i @I |y, parenterally, intracisternally, and topically, as
by powders, BiH neﬁ or drops, including buccally and sublingually.

Regardl gss of the rouyte of 102 td GEFES m! L idtaideRhS) . Whi ch
may be Stised in af%ﬁlg(%hétgqneo%?ﬁ@g? gﬁog’rjr%%gﬁb or tggl LB%FQ' farace%tpitecall

conposi ti ong0.048 rinel, pr0esgnnd DikA (.04mmel; & 5 fmg) nmAlftat sidringnfon2 howas ataeaut i cal |y
accept abl e dosage forns convent i . t Kill in
fho art. Aot IR B e e for e g pREHABHEa S, Fpch O R B Shrcd

phar maceut i dfihe, andiirieslicveiovigSO4. TheiMgSM wen réncavedrby filimtivaandabe vadatdes t 0 obt ai n

an anount of the.active ingredie which Is effective t i

desired t hefepGe f"é&ef éegb%f‘ﬂg’éesf%?'nthepcﬂ Segia s %Se? 1:"8%{“,1'28%%({;% Wel%gfn{l%and
nmode oflo adminili)s3% RUACOB0.0whg) has hddee, and tHeaxix tird gladel @ngatl iaendsphekaof
concentration, of dj scl osed conpound..in har eutj cal l.y..accept abl e
mxture wil FQ‘YQI%?%H%%E%' n ed?f'cgg'{/‘g?sgtptefeél(aﬁ‘%}‘& Haﬁ%?'ﬁfcfﬁﬁj(ﬂ%ltﬂ%s 58 ‘éege of the
conpound t ouher adtddl préseure dffording (Phan wasgki netic characteristics of the
conpound(s) enployed, and the route of adm nistration. In general, the
conposi ti ongymhestshif Compmgatii on may be provided in an aqueous sol ution
contai ning about 0.1-1 0% w v of a conpound di scl osed herein, anong other
subst ances, for paseftcirsalutionof (B) ke Biodf. My phenlLettg38ox, 4/2283-2288 from

about 0,01 to about gg Lk f ~bady wei gt r..day, .giyen iin 1-4 %Svided
doses. [Each (4P%ABe! dg<a N@dﬁt“ﬁi Ve ﬁfg"% éﬂgﬁoorlgd‘%/‘??le¢'éﬁ g’é&ﬂ‘é’oralﬁ of the
i nvention. {ds &aese u 20 ecFﬁaﬂH@B’r@@.no MenoBIUW2N? g derea Me afixtteweisal
factors including the overall health of a pa{ i eBg, ﬂ)nsd .

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 MgSOy, and

concentrated to an oil that was purified by flash chromatography to afford compound 1
(5.1 mg). ICs0 20S CT-L < 50 nM, ICsp Cell-based CT-L <50 nM.

Scheme 2: Synthesis of Example 2
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the formulation and route of admnistration of the selected conmpound(s).
Anot her aspect of the invention provides a conjoint therapy wherein one or
nor e ot hewotzb@wapsawti ¢ agents are admini stered w t h t heppraise@sors246

i nhibitor. Such conjoint treatnent may be achi eved by way of the

si mul t aneou equ ial, or separate dosing of the individual conmponents
of the trea?%’et?] ssofa[;)certai n enbodi nents, a conpound of the invention is
conjointly adm nj | 0 B0 REFHP [ PHEFR N R RbBhbRHe(S) - | N
certain enbodi mﬁ‘?é?glg‘%é’?%@u@@ oﬁ{ntldg’gr@n\%nti onﬁl)s .gqn&jn%i nt | yggdrrieni stered
wi th a chemi.0rmampelit.0amg)8od DEEA €0.@49anmelhe s appuiitesstineng 3 hrar dd &0that ur al
products such as_vipca al ' ' j Sid; L Redshaitdi «&nd

vi nor el bi ne?e,mpﬁgc ¥ 5)?8@?&%%?%%%%%&5%?3% %Hg'?j (li;g)s(lé‘nsd 1? i%rt%).%’et Spe?s\?lgﬁ\?’ e _

t eni pos$ de) andirirebardtdried oteal dgSro e MzSQavhs reooyad by fifjratimand thebiotstites

doxor ubi ci n_and i darubi,cin), anthracycli . rQ RS,
plicanycin (YR H?f{ﬂ: feﬁl)’ceg R S?Hr?'(r;fr%lf c‘i\{lhd,e egt gé@%ﬂéésgﬁg&;@plapgbqﬁgéégg@éﬂ1(@ h
syst emi cal | ynllyps9apaid (3e.8 nig) added) agititemixnde pleqdivids 1atthdésphevbofhyddegenot have

the capacity tq synthesize their own as i ne): antiplatelet ents;
antiprolif e%%‘tzﬁl?@ysah?? FRAEHY V@Sﬂtﬁv}sﬁlr?‘f'@aécﬁgrﬁng)t@uve%%;% AP g&%%grrust ar ds
(mechl or et hagaubd présysrt apbraaglipnioe ng)d anal ogs, mnel phal an, chl oranbucil),
et hyl eni m nes and net hyl nel am nes (hexanet hyl nel am ne and t hi otepa), alkyl
sul fonabes (ShutsdslsfoiCpmpaintivosour eas (carnustine (BCNU) and anal ogs,

streptozocin), trazenes - dacarbazinine (DTIC);
anti proliferati ves astirddi sbhitibg o) [seetBadvet.i Mak Ciemlleas 1999, V228822888 nal ogs

(et hotrexat e rjm.dine flu [ fl i,di ne
cyt ar abi ne) (Oéﬁ}}rrﬁ%@f ?ﬁéﬂ%é’éﬁ&ﬁjﬁ%@)&%a&{eﬁ#)& toé? gmto%oﬁlgﬁ 5%??%%‘6‘
t hi oguani ne (0. peRLRS BB WLLN1 A&, 20d KOBTMARMNOHANas4, 667)eq.)aTheraiase wanhi bi t or s
(anastrozol e, exenest.ane, an | etr le): an | ati num coor di.nati on
conpl exes ( EPLp Bl ﬁ:,mé’éfcﬁgbﬁgéf‘&mgégﬁ%%da‘?‘@a Pﬂg gh@ﬁ%&?ﬁﬁ%&‘?&ﬁi t ot ane,
ani nogh yit et géyataglBortibihsS tTMB thidl@RGRs YAeAS8rréd DACL unbdtiahiatr@dspherd o6f mitfawhat i n,
sodi um butyrate, apicidan, subeé_f)%l ani | i de_hydrqan c %82 It‘lgr LSFBnes (1.e.
estrogen) anuerAghtrdie rerginm easdhen ilytedavithesal NAGLANA gk FOAGadn g
hor mone  ( LHBE), nR R whSwAHRBHHIE Whir ard e, Aribdl6ver BfhydfdupMuSel,iml. O her
chenot herapeuti c agents may include

concentrated to an oil that was purified by flash chromatography to afford compound 2

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

20 Scheme 3: Synthesis of Example 3

- -
IWN\:/U\N N\;)LOBZ
) \ Hoo Son

©  pn
1) N-methylpiperazine
2) Hp, PAIC
SN W o hwo° SN h © ho° o
K/NWN\:/ILN/Q;N\:)LOH . o K,N\Hg\rrN\:)LN N\)L”
o i " o XL TFAHN o Mo L Mo
Ph 0 N Ph
© Ph 3 Ph 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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mechl or et ham ne, canptothecin, ifosfam de, tanoxifen, raloxifene,

genti t abi ne, navel bi ne, or any anal og or derivative variant of the

f or egoi ngwol2n0epardg4ai n enbodi ments, a conpound of the i npemisemsioss246
conjointly adm' ni ster ed with a cytokine. Cytokines include, but are not

limted to, ron I I @m,lz
G anul ocytewle/?)nocyE wa&glagdbm%fl mu ae?lg‘r/]eé Sg“o?{ﬂ%(gg?géﬁé e‘JII%F aand - b, and
TGF-/3. I n Gratian mcbtht)miatﬂmrEmovesﬂ underpednaet] presstise Thevmde estan was disephyedi nt | y

i ed o, okt Ry Tk pANC RIFRR DGR d el P 00 e

becl onet has ander 1 hehaprtrdaftgydmgennfod @ hows.dEhe reition ops ﬁtlmd; thnagh Eebitoands ol ,
cl ocortol on r ednol rti,costerone,..cortiso cqrtivazol,
def | azatort ehed’é’Laﬂfﬁs af‘émva‘é%‘%f Frdpies: Qﬁeéfur%i%f;(%%é’% k@s@ggmggl fl orasone,

di fl ucortol ne di fgpr edngt e, enoxol one, fluazacort, flucloronide,
f 1 umet hason ”%‘Tsifr?f 8’[”4'"6‘(5’ 3t 1 uoci nol one acet oni de, fluoci noni de,

f1 uocorti nbut yl, fl uoca @b&ggfn(lEiLsuoeroorgl edo renoppgﬁy ?nﬁsgcﬁé te,

f 1 upr edni dene ack? ﬁftgr one ur an 1UtT €as
pr opi onat e, (d. wmmor Baleq)ﬂlﬁDMH(GmId&;as héded @) @030 npnapl hagel eqq)aDBEvm asone,

mepr odni Sond) SWBTR)PRACct S0t e ORbI?RBitE 17 arDaPd St ARACHME SRS,

pr edni gar bab@olecptbe)dm i @h @8 ®athfné HYBOP (M2Em25E, dues gyﬁ 2. neaceited i,

redni sol one sodi um phosphate, predni so i val redn i.dene,
erI mexol one, S§¥€ E‘HF‘?‘%? ThE F‘]"éfH’i?l‘%élﬂﬁﬁétm‘fd?qth@ 8 r&ﬁ@%‘%@?eéﬁ%/ trogen’

triancinol anerhigﬂtemelréiemoﬁwasam dialeanaihReXNGE DdiedeictaandisRbine. ahel/ or
derivatives thereof. In certain enbodinents, a co ound f the invention is

conj oi ntly étﬁ‘ﬁ“ﬁ|1§’FEWWW?%W%WPW&PH%@5‘&W&n BP3p)| e

i mmunot her a@@ﬁ&eht@atéﬁgg A Sil @thﬁ(}ﬂrﬂﬂi@@by Bakh cﬁfoﬁlaﬂ%iaphy fBeIfﬁﬁ'd Edmpolyh3
nodul at or s ésvera , val spor biricodar, tariquidar, |aniquidar),

cycl ospdrin IiCdbzﬁso%T'LaﬁﬁP WriSet Gilbaseht THod®@L The monocl onal

anti bodi es can be either naked or conjugated such as rituximb,
t osi t unomab Schamedt Syuthests, of E5pBPIS2unab, i britunonmab tiuxetan, gentuzunab

ozogani ci n,
A K;UL
FA-H;N N
N\)L \)’\OBZ __C' Y Iy o
N “Ph
Ph ®)

2) Nal, Acetone

1) piperidine

z) Hy, PAIC
o o
N\)L f: \)I\OH + ﬁ;@ @WHJNQJN@
TFA-H,N o = H o i H §
) N Ph
) Ph 8
Synthesis of (I)
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 collected 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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bevaci zumab, cetuxi mab, erlotinib and trastuzumab. Exenplification Schene
1: Synthesis of Exanple 1 TFA/ DCMsynthesis of (A) To a solution of NBoc
| euci ne (W:B.2806/078485. 67 nmmol, 1.0 eq.) and phenyl al ani neclrarszyosoester (25.0
g, 85.67 mmol, 1.0 eqg.) in 900 nL of MeCN was added DI EA (44.29 g, 60 ni,

342. 68 mmol . i : I L bath. To
thi o mi xt ur o NeRldh g VahRParl s GBSO ER LB y ByBi sl b P2
PyBOP (71. 3Brigg, adBdriecd@verS$O4l The dRSOatvias kemppyvsd byl filmtipmansldheyadatilgsor t i ons
over five mnutes. The .re i . on and
stirred overfi 0@’ ﬁ? Pndfﬁreedgcc??ihsﬁg% V&aﬁelrﬁggt?ogﬁ%vﬂé ﬁ{rﬁ?fgr ogé%%%ggzgod%(ﬂand

the remainigg material was taken up in 500 nL of Et OAc and washed with sat.
NaHCO , H2O, and brine and dried over MpSO . The MySO was renoved by
filtrat$on amdhdsher Wl atil es renoved under reduced pressure. To a 0 0OC
cool ed solution of 70% TFA/ DCM (150 nlL) was added BocNHLeuPheOBz (25.0 g,
53.35 mmol, 1.0 Ega yolufidnef §0(L@400nmpkad0.8 tig) msBHE (Pmb) Wasmdded pipeaiding t o r oom

t enperature r 2 hr at  whi i th } ke C d pl aced
under i gn (EEEmRPbE oBaath BTk (e Rel R RS RRESENAL So807 B, BT
To the resutdmpeginoe, thaantcadcet: Bacdibhieh eDlididlved i Bi®Ag, wiBedBHithweter 1. 0
eq.), 550 nL of . MeCN, . and D 27, 5 37.2 m., .2 4.mol,. 4. 0.eq.) and
t he nixtur ea\?\ﬁggn”@o%éla‘efl 8'9 I]\%Ol(“h%é%&ggg“ DAt Kmofy! ?y@ﬁ%%%]l T thr?ivf% lt}feg was
added HOBT ¢enlole® dndgr redbced Proasmd. , THe. coudester Wad disolved inyl : PREGR/ MbOHIA0g,

85.36 mmol, 1.6_ed. i.ch s.added i.n sevyeral portions ov five mnutes.
The react i owmgp)gc((\@gzﬁ ﬁhﬁeﬂiﬂa e&Hﬁ”@lﬂY%ﬁiﬂn#BE ﬁ}g}oﬁ?&l}e ¥ (ﬁr&gflﬁotg%h'per ature
over ni ght  aforHoaR. theBadtiontvds iltpree tirpighaletitevnd tHeorolmitks reieved emdzti on

m xture was cool ed and the solids were collected by filtration and then

washed wi t hT¢dyred Ruesete eordingd))( A) (24.86 g). Synthesis of (B) Internediate

A) (23.0 |, 14.5 ' i 9 i
(A ( mg)t))nthesisofcm%ouv’\ﬁ% m xed with TFA/DCM (80% and stirred

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 pL, 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 20S CT-L <
50 nM, ICs, Cell-based CT-L <50 nM.
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at roomtenperature for one hour at which tinme the m xture was concentrated
and pl aced under high vacuumfor 2 hours giving (B). Synthesis of (C) To a
sol uti on wb 208)01fsk26 nol, 1 eq.) in MeCN (100 nl) was adaas2@95/028246

chl oroval eryl chloride (1.9 mmol, 0.24 nL, 1.2 eq.) and DIEA (6.4 mol, 1.2
m., 4 eq.). . ed at room tenperature overnight and then
concentrate Iﬁb@‘le@'&%&é\gﬁé%bﬁg solid was col |l ected and washed with et her
to give the alkyl chloride., To a solution of the alkyl chloride (0.21 mmol,
0.134 g) in dry acetopeof ,mb) was added Nal (2.5 mmol, 0.387 g) and the
reaction was ref N ghfLOBzThe reaction m xture wast hen concentrat ed
under vacuum and theorési'due di,ssol ved in Et OAc, washed with water and
brine, and dried overo M3psSO4. The MySO was r enoved by filtration and the

vol atil es renoved und 1,m°$1q.,‘éced pressure giving (C. Synthesis of (D) To a
solution of (C) (O. 043 30.0 ng) in THF (2 nL) was added piperidine
(0.048 mmol, 5.0 ng) an DIEA(0.040 nmmol, 0.5 ng). After s |rr|ng for 2

hour s at rog errperatur the conten s wer e co entrat ved in
Et OAc, wash d \/rrne and @rjed over over s noved
byfrltratron a the N/o atli [%¥s FANR nder redu peas re crude

ester was di ssol ved ﬁn 171 BtOAc/ Me (10 nm.), 5% Pd/C ,:30. 0

added, and the mi & ur'é pl aced under 1%at nospher e of hydrogen for 2 hours
The reaction was filtered through Celite and the volatiles renoved under
reduced pre e aff rding (D) ( 11.0 ng). Synthesis of Conmpound 1 To a
stirred soI erf” ()E) [ see: Bioorg. I\/bd Chem Lett., 1999, P, 2283-2288]

(0.098 |, 5 2 %]‘ 019 4 9, 1
eq.), DPEA (0.50 %fd ‘}1““%’8"% d g"d{m iy{\%g #@p %‘g‘gbwgs adrra,m)%f”é’g‘}l g, 10.5
eqg.). The mMxo30r@meRsS. OGﬁ)g)laﬁdiDt[ElAQ) @10 rhinola.5ineg. Baiehstizuieg dwﬁi@ht 40o®0 nmol ,
0.105 g, 10.5 e added in sev ur.e s. t.hen
stirred at TR q‘ﬁ‘%{& © %ﬂ?tegfsﬁW§$W§F@ B%dhqo TSP]tola‘gWSEtOI‘C’ wathed With wiér and

brine, and dried over MgSQ,4. The MgSO,4 was removed by filtration and the volatiles

were removed under reduced pressure. The 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, 2283-2288]

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 €q.). 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 MgSQys, and
concentrated to an oil that was purified by flash chromatography to afford compound 6
(46.6 mg). ICsp 20S CT-L < 50 nM, ICsp Cell-based CT-L <50 nM.
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overnight. The reaction was then diluted with sat. NaCl and extracted with
Et CAc. The organic | ayer was washed with water and brine, dried over

anhydr ouswbb&6/e17s2d concentrated to an oil that was purchitsdodsp2éu@sh
chromat ography to afford conpound 1 (5.1 ng). 1C50 20S CT-L < 50 nM 1C50
Cel | - based gg Q%J%<65?€H% IS%qIEgggplg7 Synthesis of Exanple 2Synthesis of (F) To
a solution © Af 0.030 g) in THF (2 nL) was added norpholine
(0.050 nmol, 5.0 ng) and DI (0 040 mml, 0.5 ng). After stirring 2 hours
at roomterrperature th qpts wer e concentrat ed and di ssol ved in Et QAc,
washed with water I@griyipi‘\g NMpliodried over MySO4. The MySO4 was renoved by
filtration and the I\Hf*esa re ved under reduced pressure. The crude
ester was dissolved im 1pl Et OAC/ MeOH (10 nL), 5% Pd/ C (30.0 ng) added,
and the m xture pl aced Wﬂ pg,az%t nosphere of hydrogen for 2 hours. The
reaction was filtered ihnwg'ﬁ Celite and the volatiles renoved under

reduced pressure affording (F) (19.0 ng). Synthesis of Conpound 2 To a
0&3/—@288]
8

stirred sol LLtJ,\%n of (E) e, Bioorg. d. Chem v 22
(0.098 mmol , )/m DVEL(3 ni) ded ( A}%Wm LS , 1
eq.), DIEA(05 I, 880k, i?&ﬁ}u& d HOBT (0 : 2 hgl 6.7

eq.). The m xture vvas\cool ed™o 0 OC i r°? an ice bath and BCP (0’“20 nmol ,
0.105 g, 6.7 eq.) Was "hdded in several portlons The m xture was then
stirred at 5 0C under an atnosphere of nitrogen overnight. The reaction was
t hen dil ut eg V\’f z&é NaCl and extracted with Et OAc. The organic | ayer was
washed wit hWHESE @ brine, dried over anhydrous MgSO4, and concentrat ed

(6.0 o). 1 Co0 20Re Eion st ¥ ad fiRd, TR RRRRNL] Sufualfl- SRS 2
Synt hesi s ofmelyipiphazin (@950 hewml,S. mﬁg)(a@)i DIBA 0.840 miob 0.50hg) @ftef girfid® mmol ,
30.0 ng) in oIel_Jrlflgl(xt at roo)m tem%e at({ll(rje tﬂe con entsywe[%e 5t &l Ztra?e% and dissolved in EtOAc,
washed with water and brine, and dried over MgSO,. The MgSO, 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 L, 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
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 MgSOs, and
concentrated to an oil that was purified by flash chromatography to afford compound 7
(4.8 mg). ICs 20S CT-L < 50 nM, ICsq Cell-based CT-L <50 nM.

Scheme 7: Synthesis of Example 8
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(0.050 nmmmol, 5.0 ng) and DI EA (0.040 mmol, 0.5 ng). After stirring for 2
hours at roomtenperature, the contents were concentrated and di ssolved in

Et OAc, waslwecowd/diisspat er and brine, and dried over MySO pCcTh®20306%45\asS
renoved by filtration and the vol atil es renoved under reduced pressure. The

crude ester was dissolved in 1:1 Et OAC/ I\/EO—l (10 m.), d/ C (30.0 ng)
added and the m xture vvas Iaced un@}m 7 at mosphere ofg h og;en for
hours. The reaction wa gﬁed t hr @el ite an°d+zht\h1é athdaes rem)ved

under reduced @/s\ur % (G (31.0 ng). Synt hi sl*soof fonpound 3 To
a stirred sol ut f\(jE) fséen Bioorg. Med. Chem Letg,. ;999 P,

2283-2288] (0.098 mBl 3.2 eq.) in DM (3 L) was added,fG) (0.030 nmol ,
180rrg,1eq)DI E]OSOmmI 88 n, 17 eq.), and HOBT (0.20 nmol, 27.2

ng, 6.7 eq.). The mi xt'iFé"was cooled to 0 OCin an ice bath and PyBOP (0. 20

mmol, 0.105 g, 6.7 eq.)\was added in several portions. The, m xtune was then
stirred at 5 0C undes @n atormsphere/éignitrogen overmi\%;ef;[h reaggi on was

then di | ut ed i Nsaﬂlt\N GHand ext facked—with Erohg" g yer was
washed with wateo and” bei g, dri@doer anhydr cus’ M§SO~, ~ ahd ‘gpncent r at ed
to an oil that was rified by flashechromatography tomafferd conmpound 3
(3.9 ng). I1C50 205 CT-L <50 nM 1C50 Cell-based CT-L <50 nM Schene 4:
Synt hesi s ofsykanplfev)5 Synthesis of (1) To a solution of (B) (2.0 mml, 1
eq.) in MeCN (120 nmL) was added 4- chlorobutryl chloride (2.8 nmol, 0.32
m., 1.2 eq.) andCohpsunt BNIOB9, mxﬂlolylwm_dissélved]in)DMFr(émﬁ)mtxd:#mmﬁwlisctaicctioed at

s Got 1 ot atit 0% e R CINGRR BRE GoRythd 8 FrR0s o).
:;E) aw:lgﬁ ;Ej:jce[ge anfixthid evag kb&oléd o0l °Qrih deict Bat@ AndPFBOP (. Glﬁﬁmg) 0i30 gidwys aided one (10

0,86 nmol 0 g) ,and the reaction

over ni ght . st EY?H&‘B‘?‘FF@ moé@ﬁﬁ%%f AEECR Y FagRpe Wa@ﬁﬂﬁ?’ﬂﬁ%q?ﬁé’v?r@’sgﬁgue
di ssol ved i rthfthmwa@b afutéd ith BaAe50 ailg ald mectecawdh @t@@d(S&Y@melgﬁ@ The
MySO was renoved by filtration ae% he vol at | e [ ed
pressure. PQFgRic éaazﬂsm‘?rwmhl%féhw F‘%Wﬁ}t‘ S 36(1’51‘ b{‘gg @xég B’LB

and dried over MgSQ4. The MgSO, was removed by filtration and the volatlles removed

10 under reduced pressure to 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 placéd under an atmosphere of hydrogen. After 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
ovemnight 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 MgSQOys, and
concentrated to a paste. The crude material was dissolved in a minimum amount of MeOH
and slowly added into rapidly stirred, 0 °C chilled water (100 mL). Compound 8 was then
25 isolated by filtration (0.080 g). ICso 20S CT-L < 50 nM, ICsq Cell-based CT-L <50 nM.
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g). Synthesis of (J) To a solution of (I) (0.040 nmmol, 30.0 ng) in THF (2
m.) was added piperidine (0.050 mol, 4.0 ng) and DI EA (0.040 mmol, 0.5

ng) . Aftewovegioirsag overni ght at roomtenperature, the eomsnis YN
concentrated and dissolved in EtOAc, washed with water and brine, and dried

over MgSO4. [ oby filtration and the volatiles renoved
under reducsga%el\@%%t%?sfﬁ% ﬁge ester was dissolved in 1:1 EtOQAc/ MeCOH

(10 m), 5% Pd/C (0.020 Q) added and the m xture placed ynder 1 atnosphere
of hydrogen for 2 hours. reaction was filtered threugh Cebite and the
vol atil es renoved under r d c pres%r/él\caffordl n‘gi\'(zwg)L \hjés,i.es of
Compound 5 To a sCﬁ/Trrre T (E) [see: Bioorg. d.o Chgm Lett,

1999, 9, 2283-2288] gPO\DQ8 nrﬁfh 4 9 eq.) in DVF (3 nLp wgg added (J)
(0.020 nmol, 1 eq.), IFI":‘A(018mTDI 31n, 9eq.), and HOBT (0.074 mol,
10.0 ngy, 3. 7 eq.). Th 1)m:)/t'3|plgfraee/\ma§*Fcool ed to 0 OCin an ice bath and PyBOP
(0.07 mol, 36.0 ng, "‘P ”} Was added in several portlons The m xt ure

was stirred at 5 0C unhd an at nosphere of nitrogen overni reaction
was then dllutedvm| at a and racted with EtpA he\agr a foc | ayer
was washed with : me dr| dever—anhydn
concentr at edNLeJ aEh o4 t°hat\phwas FUfifled by fl agh)ch’ro at ogr aphy fo afford
conmpound 5 (18.2 (asg) ph | C5020S CT-L <&0 nM 1C50 Cell -ba'sedQCT L <50
nM Schene 5: Synthesis of Exanple 6 O O Ph (1) i Ph Synthesis of (K) To a
solution of (1) (0.040 mol, 30.0 ng) in THF (2 nL) was added norpholi ne
Synthesis of (P)
5 To a 0 °C solution of (O) [prepared by following the same procedure for the
synthesis of (B) except substituting phenylalanine methyl ester for phenylalanine benzyl
ester] (1.8 mmol, 1 eq.) in DMF (10 mL) was added chloroacety! chloride (2.7 mmol, 0.22
mL, 1.5 eq.) and DIEA (3.5 mmol, 1.4 mL, 3 eq.). The mixture 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;SO4. The Na,SO4

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
overnight at room temperature the contents were concentrated and dissolved in EtOAc,
washed with water and brine, and dried over MgSO,. The MgSO, was removéd 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,0O (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;SO4. The Na,;SO4 was removed by filtration and the volatiles removed

under reduced pressure to afford (Q) (20.0 mg).
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(0.050 nmmmol, 5.0 ng) and DI EA (0.040 mmol, 0.5 ng). After stirring

overni ght at roomtenperature, the contents were concentrated, dissolved in
Et OAc, wasbedooitdazwat er and brine, and dried over MySOpCT/UsS200NZ M6 WasS
removed by filtration and the volatiles were renoved under reduced
pressure. £LHAR Esh&labas dissolved in 1:1 EtOAc/ MeOH (10 nm), 5% Pd/C
(20.0 no) aB%’et g ﬁgﬁ ‘%uenm xture placed under 1 atnosphere of hydrogen for

2 hours. The rea%b%éef%luﬁbﬁsﬁﬁﬁ? ed: %wg%&ebhérﬁ L@Bdmdyes»vzzkaizzms renoved
under reduced pressure affordin K) . nt hesi s 6 To.a stirred

sol ution of (4682 mmele2.48addt GMFNE L) Grae added 49} (0- Oﬁéygnolggomé ) ddEA 0. 151

I, 1.2 3 m xfure
r[‘)TlmEA 0. SOemD?hHganﬂi 8%%])%§H%§|§) &10}81(?1§g@@!eq7) Orl{é%:?i & G\Qaesg(?I)) The

m xt ur e5 was cedeld ted °Con @n G€ bath ané BOPLO. &émoé,r&p%gs@}& ) “@E)qu@?ﬁrm SeV?I‘ﬂlOS g,
1.6 eq.) g gedm REVALA AL ORS och;a@grlrgnﬁM sBhA@se ﬁ&bée‘h%@exﬂ%h@ut c

under an at ere of nitrogen overni ght he reacCti on was t hen
with sat. Nage reactcbnem nmtdddtedmwum s&t Ii(cl. and gragied anthEtD Ay eTheerganigldkierd wi t h

wat er and brine, .drie hd S n oi |
that was pur®f Pagehy ltglwﬁg ror%éfia %eérog:%%ﬁdémgs?? %55(9 ﬁﬁ&g%%&l‘gg‘)@%‘?‘ﬁ%&
| C50 20S CTtdamoibatrivds plihéd K)‘eﬂldsh blasmatogipHy ta3fordMoBphete). 3Cs0PRtHeki s of

Exanpl e 7 Synt hesi (L) T |ytion of (1) (0.040 mmol, 30.0 ng) in
THF (2??1i L) ﬂ%ﬁdﬁ@?‘aﬂf%%%ﬁﬁéﬁgﬁne (0.050 nmml, 5.0 ng) and DI EA
(0.040 nmol ., 0.5 r.stirrhng overni ght at roomtenperature the
content s vvelsé—@%?rgggﬁtp%ﬂso Exprgp ‘8| sol ved in Et OAc, washed with water and
brine, and dried over MgSO— The MgSO4 was renoved by filtration and the

vol atiles renoveg undgg_f&duted pressure. e crude ester was dissolved in
1:1 EtQAc/ Me 10 n=—p%%+d/ C (207 a@eled, and the m xture placed
under 1 at m)sphere “of hycfr ogen for ours. The reaction was filtered
through Celite and the volatiles rem)uﬁdcqnder reduced pressure affording

(L).

o™ R) Tra-HN L N
K/N\/\ /\n/N\/(L \/ILOBZ . H ” I :\ OBz
“Ph

(S) pPn

l H,, PAIC

0™ o o9 o

o) H o H 0 k/N\/\o/\[rn\:)j\N/a;N\:/tkN/a":R

‘\/N\/\o/\n/N\:)LN N\:)J\OH . o E ion ]
fo) Z H 0 ;\ TFA-HN

(o] (o] ~ph
Ph o Ph 10
M Ph &)
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 MgSO,4. The MgSO4 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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Synt hesi s of Conpound 7 To a stirred solution of (E) [see: Bioorg. Md.
Chem Lett., 1999, P, 2283-2288] (0.098 nmml, 1.5 eqg.) in DVF (3 nlL) was
added (L)wbOQo@ffa7syol, 0.075 g, 1 eq.), DI EA (0.50 nmmol pc@fsndosods2es. ), and
HOBT (0.20 nmmol, 27.0 ng, 3.1 eq.). The m xture was cooled to 0 OC in an

ice bath an%n%éﬁg?e Sﬂmyag)gmeml&t 1@Re @actidn Wal Gunzed\diterdd dRsLghTetit\ead al

portions. The m xture was then stirred at 5 OC under an at nosphere of

ni trogen ovépifegrited urder vagum pistding RYRA7 @) 1 uted with sat. Nad and
extracted with Et OAc. The organic | ayer was washed with water and brine,
dried over aHHYHPSHEI/MySO , and concentrated to an oil that was purified by

flash chromat ography to afford conpoun < 50 nM
| G50 Cel | - baseg @Qa)éo lutsen ¢fi(B) @%%013"“1)@?&{%@%?22"8?0‘%&5%@6 hesi snof
(N Conpoung 10B)) &8s a’il%ed’mb\)ved’\@}sDFEAS@OM\éﬁqol' 0 351VEIL§ G'I'Hg-ﬁnxﬁal?éjwas cooled to

4- nmor phol i noacet1 ¢ acid dded fol | owed by DI EA

|
(3.90 ol , 0GC5pan ige beﬁh@gd HQ}BT (‘M@ “‘rﬁl‘%!{(m?é B(“i/agd Eﬂ%ﬁ’%@ Umeeb&4Pnehn ice
bat h and Py Bk a(dgecp%ldqﬂ%)tleactgn 34s SrdRndadd 8n ApkrS bt drg RCOVHRBIRIMAR to

at nosphere of argon € warmng to room tenperature overnight. The
m xt ure was refinh @U@draqu hvemlﬁhieTb%mlwy wandilusset wistbrang (34 mk) maagaqiek 20 ) .

The orgamc“ln@)»g%gc 3He§m@&§%m%§%¥wonlbﬁéa wd¥hed A ¥ MNano, and

brine (1x25 over O was renoved by fi ’tration
and t hé0vol &8x1besl)rapdbres(1x2fdnk), pedidrieddvprMeSQs: elheMgfiGrevas iangvad by nedi at e

? fo fﬁ”mé%tra*@?n%@fhf@ 8 ey e R 06 e mixt ur e wms

pl aced under L phere of hydrogen. After 2 hr, the contents were
filtered thr% ?1 ug of Celite and concentrated under vacuumto give (N)

0.12 Synt h
(0,02 00, Syt bt ol SONGUALShTi PR sohs L Bl st
eq.) i n Ve CRA/(G(0riLg) and theaisiwet laded (@det 7n atmobphe®. of bydrogen overnight. The

15 reaction was purged, filtered through Celite and concentrated under vacuum to give (T).

Synthesis of Compound 10

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

(0.164 mmol, 1.0 eq.) in DMF (10 mL) was added (T) (0.16 mmol, 0.100 g, 1 eq.), DIEA

(0.64 mmol, 112 uL, 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 MgSQO,, 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, ICso Cell-based CT-L <50 nM.
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eq.), DEA (1.73 mol, 0.30 m., 10 eq.) and HOBT (0.27 mml, 0.037 ng, 1.6
eq.). The m xture was cooled to 0 OCin an ice bath and PyBOP (0.27 nmol,
0.14 g, w6 2ee/0178¥as added in several portions. The m xtgrasseas/osdse red at
5 0C under an atnosphere of argon overnight after which, the reaction was
diluted wt d wth Et CAc. The organic |ayer was
washed wthrva%tB&&goef%%&@gégover anhydrous MySO4, and concentrat ed
to a paste. The cruge material was digselyed in a mninmum unt of MeOH
and sl ow y addegd," n,tJ‘Q)Hr api ‘dhoysnst i rrpe)deé OC cChipbehord wa*t2 @80 m.) .
Conpound 8 was t heri ol atraslm.Bcef i | t raty (0.08@ g). | OS CT-L < 50
nM |1 C50 Cell -based &, <50 nM Schenme &< gynthesis of Ex t-e 9 Synthesis
of (P) To a 0 OC solution of (O [prep&fed by follow ng tKe sane procedure
for the synthesis of (B) except substituti ng phenyl al ani ne, met hyl ester for
phenyl al ani ne benzyl ester] (1.8 mmol, 1 eq.) in DW D&DH ) was added

chl oroacetyl chloride (2.7 mml, 0.22 nL, 1.5 eq.) and” D (3.5 mol, 1.4

m., 3 eq.). The m xture was al | oned t o rmand stirred a roomtenperature
overni ght. The regchbi wa:s concent r at vacuum an sal ved in

Et OAc, washed winHxtha ~ard QIEeHE o an ﬂ@?"ﬂ\lﬁ?’s ‘Fﬁ‘e a2S0 was
removed by filtrat i\q)n &nd e utoat i | es °r enpvied Bfider redficég pressure to

afford (P) (0.64 g) ™ Synt hests, of (Q To a af ion of (P) (0188 mmol ,
0.10 g) in THF (20 nmL)swwas added Nnet hyl pi perazi ne (0.226 mmol, 22.0 ng)
and KI (0.04 nmol ,'p.ﬁnd.a ng). After stirring overnight at roomtenperature
the contents were iConcentrated and dissolved in Et OAc, washed with water
and brine, and dried over MgSO4. The MySO was renoved by (filtration and the
vol atil es renoved yn reduced pregsypg giving the crad sber (0.095 q).

The crude ester H(No)lq, rg)ika@s di ssaPeE jn 3: 1MV , cooled to
0 0C, and LiCH (1.§" 9.0 ng) wasyadded. 'f‘eo tlrred at 5
0C overni ght, quen@hed WI gat. NH A ? diluted with W&t(@g) ( ), and the

pH adjusted to 3 wit I N

‘ TFA, CHClp

H\/?L /&;\)L/KN:R DlEA, HOBT n\)‘i /8;“\/&
N OK\N/\lof \H ry o

(o} (o} \
Ph
Fs 0 (OD) ZNCF,

TFA-H,N

(E)

Synthesis of (W)

To a solution of Fmoc-Phe (4-CF3)-OH (2.2 mmol, 1.0 g,) in DCM (20 mL) was
5 added 1-methylimidizole (6.7 mmol, 0.370 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
10 resulting resin was allowed to air dry, to yield (W).

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
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HCl . The m xture was extracted with chloroformand the organic |ayers
conbi ned and dried over Na SO4. The Na2SO4 was renoved by filtration and
t he vol atwbesoamgaged under reduced pressure to afford EOI/US205028246
ng) . Synthesis of Conpound 9 To a stirred solution of (E) [see: Bioorg. Med.
Chem Lett. ﬁ&&g@ancﬂlhe 1%2183va2}%ﬂ&}1th(lﬂM@$ﬂ) iﬁll‘;ﬂMe@{ (R0agL)) lalilcﬂDMZ() mlL) ﬁhd vvas
added (Q (0 34 Mo 75 0.29 Mo

and HOBT (O. ilg"‘fﬁ%‘i’ air 4. 5% s %S%‘a ‘%ted Rihs #Y&ra?%lomgndemaéa@g tigieoc | n
an ice bath ﬁi’\}delB@ (0.13 mml 0.058 g, 3.8 eq.) was added in several
portions. The m xture was then stirred at 5 OC under an atnosphere of

ni trogen ovespilgs of (e reaction was then diluted with sat. Nad and
extracted with Et OAc. The organic | ayer was washed with water and brine,
dried over anhydrw)wmmd‘lwasaam DMF@(E@D)?%‘HIOE:%@-@)H@@%@M otm;alt was

urified b roma ra aord co ound |.C50 CI-L < 50
gM | C50 Cgl g ﬁi‘g‘%gf] rﬁﬁ/@%ﬂ‘?&“@nm@y P8 agldcﬁo%é’aﬁﬁﬁm@mi@l 8

Synt hesi s of gfdj tméqeza:uwhmtb@rwa@mm@aazw!shaze We@ﬂ@lﬁc%@-ﬁ‘ﬁct(ﬁl &ﬁmmis, 0 715
m.) and 4-(2-_ hydroxyethyl ) norphol.i neé 0. 466 in m.)
was added Nafy tf(“Sdaner%‘lesmd’ai@évﬁ M ( %@L}HW @Oﬂﬂr)r? %Méf“?m%tanﬁnder
an at rmspherg]dg,fedlm5lf@$et@yle]}h@y)r eaction was diluted with brine and
extracted with Et OAc he “organi c | ayers were conbi ned, washed with water

and brine, angmisedzpver MgSO . The MySO was renoved by filtration and the
vol atil es renoved under reduced pressure. The crude ester was purified by

fl ash chromat ogramW) (0L OSmpaY, |0f1|0§ﬂwﬁ%6éd2@§ HesaR/BRE b add MeOH / Et CAc
(10 M), 5% Pd/C( 100 g) was ad , and t?le m xture pl aced under

anat mospher ereSiting hetesogsReqhy splmiigya as a*l*ﬂ‘éedr‘ééb%kie &or 20eminpigs- g solufion wased
t hrough Cel i figer@&VhdGRICER WadHe8 Gith TSIGE (mﬁléyéme@f}f ?b%ﬂ) I{d'i)cr(«%olﬁli) Sd

Synthesis of (S) To a solution of (B) , conpound
(R (0.56 malowed tojairdny) T%@Slad@éeubﬂqﬂeldév\@a apgvempaERon Qonﬂnlom¢con®0@91 m) .

The m xjsure yWa%1£09! ed to
Synthesis of (AA)

To (Z) (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
20 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
25 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
30 (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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0 0OCin an ice bath and HOBT (0.90 mml, 0.121 g) and PyBOP (0.90 mol ,
0.466 g) were added and the reaction was stirred under an atnosphere of

argon whiwe 2eworrag to room tenperature overni ght. The wmCxtuseesoes246li | ut ed
with brine (50 nL) and extracted with Et OAc (5x20 nlL). The organic | ayers

wer e conbi ned, ..washed w i , and
dried over I{fgag@n.m ?uée %%%a&%agdr'}%#ogﬁé%%é%h@?ﬁgﬁﬁ%ﬁﬁyeﬁgaéﬁgi | es
removed undand PEMICiSanIY; asisilipwed © agridvg t¢ BEld (€t hesis of (T) To a solution
of (S) (0.56 muol) in 1:1MeOH / EtOAc (10 nmL) was added 5% Pd/C (0.1 g) and
t he m xt ur e Sprrdesescbf@Ber an at nosphere of hydrogen overnight. The reaction
was purged, filtered through Celite and concentrated under vacuumto give
(T). Synthesis ofoCo&pOWAnmE, o) g wasiadded$08oTEADSM 6 mLEnd] themixtpe oor g.

ves added (T (B RIS T2 A the gty SRgaBBley dPheliph il ghitEa (70,
eq.), and H@Bt’t])'thé@esﬁﬁwa’shed WitBBCM (19, mLY). GhegolptilesTere mimavad andeaseduesdl ed to O
OCin an ice _bath QP (.0. 25.. .. din
several por PfEHES a'%}ge %ﬁ?%ép"v‘%ssdlél |rv$1%133%@%é@61&}ﬁ% g’?p%ar#\g?%?%gﬁere of

ni trogen ovelired ghds to Tivld (DEActi on was then diluted with sat. Nad and
extracted with EtQAc. The organic |ayer was washed with water and brine,
dried over @ptryeisafCoddp&ad,/3and concentrated to an oil that was purified by

flash chromat ography to afford conmpound 10 (19.0 ng). 1C50 20S CT-L < 50
nM 1C30 Cel | - ba%ed stifed sokffion nf(ESfdeefiodt: M&Y Chbresiey., 3999239886288 Fnoc'

Froc- Leu- OH Pl ERA 190 o B MR 4 &) whédadkd to®) @8 hAbhDIEA (2.9 mmol, 0.5
mL), HOBT (0.2 mmol, 0.032g), and BOP (0.23 mmol, 0.103 g) and the mixture was
stirred at room temperature overnight. The reaction was diluted with brine (15 mL) and
extracted with EtOAc. The organic layer was washed with water, sat. NaHCOj3, and brine

15 and dried over anhydrous MgSO,. 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). ICsy 20S CT-L < 500 nM, ICso Cell-based CT-L
<50 nM.

Equivalents

20 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

25 reference.
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DMF TFA, CH2CI 2 cr r Synthesis of (W To a solution of Fnoc-Phe (4-CF3)-0OH
(2.2 mol, 1.0 g,) in DCM (20 nL) was added 1-nethylimdizole (6.7 nmol,

0. 370 mL)wodbesmivsae sol uti on was honogeneous, 1- PCT/US2005/028246
(rmesityl ene-2-sulfonyl)-3-nitro-1H1,2,4-triazole (MSNT) (2.9 mml, 0.870
g,) was adde_,ge gfl—%}nﬁ‘e t he MSNT di ssol ved, the reaction m xture was added to
Wang resin (O bl, 1.0 g) and the resulting solution was allowed to
shake for 45 mnutes. The resin was filtered and washed with DVF (50 ni),

MeOH (50 ni), ang DCMh(BRpsind-halifga k@Eulré bNOmids o dtarmdceativelly t o air dry,
to yield (W. Synthesis OP (X) To (W (0.40 mmol, 0.5 g) was added 20%

pi peri di ne/ ByePiably splt fheegffl t he resul ting het er ogeneous sol ution was al | owed
to shake for 20 minutes. The mixture wasfiltered and the resin washed with

DVF (20 niL), MeOH (20 rmi), and DOM 2R mi}® aRd Q| dved[ 0 air dry. The

resin was subjected to t a(b)&g i [ NZ g ond time to yield

(X). Synthesis of (Y) Tp ( (’.40 ) ppag adgedg (20 nmL), Fnoc-Leu-COH
(

(0.40 mol, 0.143 g), D 1.6 mol, 0.12 m.), HOBT (0.64 mmol, 0.086 g),
and BOP (0.64 mml, 0.178 g) and the reaction m xture was all owed to shake
overni ght. The reaction mixture was filtered and the resin washed with DVF
(40 m.), MeOH (40 nmL), and DCM (40 nmL), and allowed to air dry, to yield
(Y). Synthesttt® (2) To (Y) (0.08 mml, 0.1 Oy) was added 20%

pi peridine/ DMF (2 _nl) ar]d the resulting heterogeneous solution was all owed
to shake forX @M dakhe sol ution was filtered and the resin washed

with DVF (10, my, \WeoH (10 mt). and DOM (10 ni) and

Zis O or C(R%)y;
10 R!, R?, R} , and R* are all hydrogen;

each R®, R®, R”, R®, and R’ is independently selected from hydrogen, C).salkyl, C.
shydroxyalkyl, Cj.¢alkoxyalkyl, 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;

15 R!® and R are independently selected from hydrogen and C.salkyl, or R'%and R"

together form a 3- to 6-membered carbocyclic or heterocyclic ring;

R'? and R" are independently selected from hydrogen, a metal cation, Cj.salkyl, and C;.
¢aralkyl, or R'?and R" together represent Cj¢alkyl, thereby forming a ring;

m is an integer from 0 to 2; and

20 n is an integer from 0 to 2, preferably 0 or 1.
2. A compound of claim 1, wherein X is O.

3. A compound of claim 2, wherein R3, R®, R7, and R® are independently

selected from Cj_galkyl, C;¢hydroxyalkyl, and C,aralkyl; and R is hydrogen.

4, A compound of claim 3, wherein R’ and R are independently C;.saralkyl

25 and R® and R® are independently C.¢alkyl.
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allowed to air dry. The resin was subjected to the above reaction condition
a second tine to yield (Z2). Synthesis of (AA) To (2 (0.08 mmol, 0.10 Q)
was addedwOibog(@s4rl), Fnoc- hPhe- OH (0.40 mmol, 0. 143 gpcTiskRs(is266 Mol ,
0.12 nmL), HOBT (0.64 mmol, 0.062 ng), and BOP (0.64 mml, 0.178 g) and the
reaction mixture $as ahlcompdintiof shiké, veheesimR G IRE, R’T el R'eaeill bydragent ur e was
filtered and the resin washed with DMF (40 nL), MeOH (40 nli), and DCM (40
m.), and allowed to air dry, to yield (AA). Synthesis of (BB) To (AA) (0.08
mol, 0.10 g) wasbadded coopsysidpéelpih heylenn s selepted fiwmt Nealkys £, hod €H..

het er ogeneous sol ution was allowed to shake for 20 m nutes. The sol ution
was filtered and the resin washed with DMF (10 nL), MOH (10 ni and DCM
(10 mL) and al | owdd t cA&PTPRHNY of qinian ¢, ddiersind és Gllpprdmeand p arethiath Gibove
reaction condition a second tine, to yield (BB) Synthesis of (CC) To (BB)
(0.08 mmol, 0.10 added ollnoacetlc acid (0.10
mol , 0.015 g), ’SCT*?P?H?B ‘6&'&%{3} 9 apdmdg? orh 016 g), and
BOP (0. 11 nmol, 0 05 1 g) and t he reactlon mxture was al |l owed to shake
overni ght. Thereagtion ere i n.washed with DV
(15 ), IR (15§m_) A%ﬁ‘t"%&ﬁn‘)@é Wherelcdizgrt? R HES dry, to yield
(CO. Synthesis of (DD) To (CC) (0.08 mmol, 0.10 g) was added 50% TFA/ DCM
(2 m) and the m kg ur e Wpdh B ©nf] &eff&fopﬁ.%gyuauf es (the resin

turned purple). The reactlon was filtered and t esin washed with DCM (10
m.). The volatiles were renoved under reduced pressure and the resulting
oil was diluted with DCM m.) and evap ed at | of three tines to

ield (DD). Synthesis of [Combound 43 2
Y ( ) Y N\H/\H/L\/[L H\/u\ ©
:H
) \ o X, o)

Ph

11. A compound of claim 1, having the following structure

o/ﬁ L, 9 /a”j* 0 5

Ph

' 10 12. A compound of claim 1, having the structure

b ooyl o)
N N\)]\ N\/”\
\(v)z/\n/ -~ N Y
o " g "
Ph

Ph

13. A compound of claim 1, having the structure
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To a stirred solution of (E) [see: Bioorg. Med. Chem Lett., 1999, 9,
2283-2288] (0.1 1 mmol, 0.019 g) in MeCN (2 nmL) was added (DD) (0.1 mmol),
DI EA (2. Svommee/ 010842 L), HOBT (0.2 mmol, 0.032g), and Beer(U32&3/0psmé, 0. 103
g) and the m xture was stirred at roomtenperature overnight. The reaction
was diluted wth brine (15 m.) and extracted with B QAc. The organic | ayer

was washed with water, sa NaHCO3, and bp+ne and ied over anhydrous MySO

The MySO was renoved Itratw E nd thﬁ'\l/ﬂsat | e$5g enoved under
reduced pressure. The cr ash chromat ography
to afford 13 (12.6 nm). ICSO CT- 45 nM HCS Cel | -based CT-L <50
nM Equi val ents Those skilled i ntheNart w il lPecognl ze, or be able to

ascertain using no nore than routine mxperinentation, nunerous equival ents
to the conpounds and net hods of use thereof described herein. Such

equi val ents are considered to be within the scope of this invention and are
covered by the fodl owh sgneduad nBclaiM 1, hafing the stalmtwre- ci t ed ref erences and

publ i cations are hereby incorporated by reference.W Claim 1. A conpound

having a structure of forrmula | or a pharmegceutically acceptable salt
thereof, | wherein X ig NH, orN-al kyl ; I Nbi, arkyl, O or C(R9)2;, Z
is Oor C(R9)2; R1, R2| , and R4 ﬁ aII hydir o e R5, R6, R7, RS,
and RO is independently el\eft\@ yNTr ogeny Giifal gyl > G -

dhydr oxyal kyl, G _6al koxyal kyl , arwl \%n Cio- ar\g}! kyl ¢ each of which is

optionally I8

15. A compound of claim 1, having the structure

o

Ph
5 CF3

16. A compound having a structure of formula III or a pharmaceutically

acceptable salt thereof,

10 wherein
X is selected from O, NH, and N-alkyl;
R, R?, R3, and R* are all hydrogen;

R’ R6, R, and R® are independently selected from hydrogen, Csalkyl, Cy.s hydroxyalkyl,
C,salkoxyalkyl, aryl, and C.garalkyl, each of which is optionally substituted with a

-56-



substituted with a group selected fromal kyl, am de, am ne, carboxylic acid
or a pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and

t hi oet herwoRa@/amgi2Rl' are i ndependently sel ected from pgarusgesoasde

C . 6al kyl, or R10 and Rl together forma 3- to 6-nenbered carbocyclic or
heterocyclic rin Rk Rt nia6 G RUBRBSGRTLY b EIRERRGuIIM hydr ogen,
netal cation, grouI kyIc nd Cll- : y , or R12 iﬁ% R13 together represent
G . 6al kyl , therewent@iﬂmaﬁghqeqﬂqag}mxyh%r ol #nddhiesthér om 0 to 2; and n is an
i nt eger fromO to 2, preferably 0 or 1. 2. A corrpound of clalml, wherein X
is O 3. A conpound of claim 2, wherei R7, and R8 are

i ndependent |y sel%cteﬂc?m%“@if’fd%ﬂrk&ﬁ Wg?ﬁem)mfcﬁ oxyal kyl, and and R9 is
hydrogen. 4. A conpound of claim 3 wherein R5 and R7 are independently and

R6 and R8 are indepen entl ©Wnd 8 rein R1,
R2, R3, and R4 aE% al %‘%’8@8&8 TAwg%rﬁlﬁlgggg’%f’agﬁfgl %n}egh%éifﬁlﬁ Yis

sel ectesl fr egrededatirdely C; salRyl,and hﬂ'ﬂaxyaﬂcyl And Gnpedikyd. of claim 6, wherein Z is
CH2, and mand n are both 0. 8. A conpound of claim®6, wherein Zis CH2, m
is 0, and nis 2 or 3. 9. A conpound of cIa|m6 wherein Zis O mis 1,

and nis 2. 10 19. c ordp oempbund oﬁ¢lamﬂ8lwh¢ram|1hgmd Realfeomdemdnrglys@lrsar@tme 11. A
conpound of g _havi ng structure 12. A conpound of claim
1, having tﬁ% gt?qjﬁ} lflrreem‘_iﬁ’g éf ??k (ij of claim 1, having the structurel4.

A conpound of claim 1, having the structure 15. A conmpound of claiml,

having the strucjyre A‘t@orgﬁbuﬁg gstnéfﬁké‘kg‘f@mﬁtldfméwﬁlaﬂﬁacglﬂfcﬂmy alll or a

phar maceutical |l y accepta salt hereof wherein
acceptable salt thereof,

Ré RS

*m“% x

O\) Ej
10
wherein
X 1s O, NH, or N-alkyl;

R\, R% R, and R* are all hydrogen;

15 R® and R® are independently selected from hydrogen, Ci.salkyl, C;.chydroxyalkyl,
Csalkoxyalkyl, 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, carboxy] ester, thiol, and thioether.
21. A compound of claim 20, wherein X is O.

20 22. A compound of claim 21, wherein R® and R® are independently selected
from Cj_alkyl, C;.¢hydroxyalkyl, and C,_garalkyl.

23. A compound of claim 22, wherein R® and R® are independently C).galkyl.
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X is selected fromQO NH, and Nalkyl; Rl, R2, R3, and R4 are all hydrogen;
R5, R6, R7, and R8 are independently selected from hydrogen, G - al kyl,

G . 6 hydrweyaddobss2Ci - al koxyal kyl, aryl, and G - ar al kycyp/usaasoed4snhi ch is
optionally substituted with agroup selected from am de, am ne, carboxylic
acid or a phar utical l . e O (3 ® r; ester, thiol,
and t hi oet her. N%LF Aﬁcg%%%oﬁngggﬁslgﬁgf %ﬁ%léltn l%\l\:%gé gi %m)%S?xg&%@&![& A conpound
of claim 17, wherein R5, R6, R7, and R8 are independently selected fromG -
hydr oxyal kyl , angk G - m 2, GRARAHO b8 inglsBldirk8, Wherein RS and
R7 are i ndepende%ljst'l y %%‘rgédgl}{{j&f&%nd R6 and R8 ar en%i ndependently G “al kyl .
20. A conmpound having a structure of for a pharmaceutically
acceptabl e salt thereof, IV wherein i al kyl; Rl, R2, R3, and
R4 are all hydrogen; R6 and R8 art® i ©ed from hydrogen,

G -6al kyl, G - hydroxyal gyl ,N ahkyihy” a grand C - aral kyl, each
of which is optionally substituped agrqupselected fromam de, am ne,
carboxylic acid or a pharnaceutichplly accept sal t thereof, carboxyl
ester, thiol, and thioether. 21.2Asconpound okgfai m 20, wherein X is O
22. A conpound of claim 21, whe R6 and R8 are independently sel ected
fromdC - al kyl, G ~hydroxyal kyl, and G - aral kyl. 23. A-rconpound of claim
22, wherein R6 and R8 are independently C - al kyl.24. A conpound of claim

23, wherein R6 apnd R8 are bo i.sobyty] . A ound of i,m 20, having
the foll ow ng st?(gct u‘?‘80‘2%0.““&%‘6%%%%uﬁea?%?%ﬁnuéacgt°r LBTOH gcegﬁéa?lgr nula V or a
phar macgut i @édepidble salt thereof,

\D $1 0 RG |-|\;3 0 RB x
\ NP PSP %

N
R® RZ O R

A"
where X is O, NH, or N-alkyl;
R, R?, R, and R* are all hydrogen and;

10 R, R® R’, and R® are independently selected from hydrogen, Ci.¢alkyl, Ci.¢hydroxyalkyl,
Ci.¢alkoxyalkyl, aryl, and Cj.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; and

q is an integer from 0 to 3.
15 27. A compound of claim 26, wherein X is O.

28. A compound of claim 27, wherein R’ RS, R, and R® are independently
selected from C,.galkyl, Ci¢hydroxyalkyl, and C.saralkyl.

29. A compound of claim 28, wherein R® and R are independently C.¢aralkyl
and R® and R® are independently C.salkyl.
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acceptable salt thereof, V where Xis O NH or Nalkyl; Rl, R2, R3, and R4
are all hydrogen and; R5, R6, R7, and R8 are independently selected from
hydr ogen,wGi2e@aliksak, C - hydroxyal kyl, C - al koxyal kyl , parys008ne8246
C ~aral kyl , each of which is optionally substituted with a group sel ected
from am de, am nej3ocar hasmpbmddaiidg @stracnpb of FRAEN VI 624 phardskeadp! e salt
t hereof, carbox gf?stlﬁh, tgi ol, and thioether; and q is an integer fromO
to 3. 27. A @5?‘% G2l heteehi m 26, wherein X is O 28. A conpound of claim
27, wherein R5, R6, R7, qnd,B? are independently selected fromGC - al kyl,

ral k

o

G - hydroxyal kyl, and G - yl. 2. ﬁ of Rkl gign 28, wherein R5
N aLerg% ependently G -
al kyl . 30. A conpound having a stauftuce rmell atyl lor a pharmaceutically

f
acceptable salt thereof, VI wherein X s O, NH, N—aq kyl; Rl, R2, R3, and
cpendent @)

and R7 are independently

R4 are all hydrogen; R6 and R8 are ind |y ected from hydrogen,

C - 6al kyl, G ~hydroxyal kyl, G - al kox yl, aryl¥=~and C - aral kyl, each of
which is optionally substituted with aXgroup sel ected from am de, am ne,
carboxylic acid or a pharnmaceutically acceptable salt thereof, carboxyl
ester, thiol, and thioether; and q is anVinteger fromO to 3. 31. A
conpound _of claim 30, wherein Xis O 32. A conmpound of claim 31, wherein
R6 and RB ar &ewHependent |y sel ected

X is O, NH, or N-alkyl,
Rl, R2, R3, and R* are all hydrogen,

R® and R® are independently selected from hydrogen, Cy.¢alkyl, C).ghydroxyalkyl,
Ci-salkoxyalkyl, aryl, and C;garalkyl, each of which is optionally substituted with a
10 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.
31. A compound of claim 30, wherein X is O.

32. A compound of claim 31, wherein R® and R® are independently selected

15 from Cy.¢alkyl, C;shydroxyalkyl, and C,.aralkyl.
33. A compound of claim 32, wherein R® and R® are independently C,_salkyl.
34. A compound of claim 33, wherein R® and R® are both isobutyl.
35. A compound of claim 30, having the structure

SARCARG

N 0

Ph
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fromdGC - alkyl, G- hydroxyal kyl, and G . aral kyl. 33. A conpound of claim
32, wherein R6 and R8 are independently C _6al kyl. 34. A conpound of claim
33, wher ewo 206ands4R are both i sobutyl. 35. A conpound ofrcthmeens®ts24bavi ng
the structure36. A conpound of claim 30, having the structure 37. A
conmpound of cl ai mé0, Aayhm@nd becifigl JoOivitg 8BS éctuy € 38. A pharmaceuti cal
conposition conprising a conpound of any one of clainms 1, 16, 20, 26, and
30, and a pharnaceutically acceptable carril\er. 39. A\nethod for the
treatment of inflammati or, /Sﬁnprising %dni tergng her apeutical ly
effective anmount of a conqgg/d of amy @ne fof wlajns (1, [J6, 20, 26, and 30.

40. A nethod for inhibitin 8?@{@%0%} 0 ~ECtN0 nmpri si ng
admi ni stering a therapeutically efefecti Vv a Urt, dt a5conmpound of any one
of clainms 1, 16, 20, 26, and 30. 41. Alnethod fof" the treatnent of .

neur odegener ati ve di sease, conprising 8dm nistering a therapeutically
effective anount of a conpound of any one of clains 1, 16, 20, 26, and 30.
42. A nethod for the treatnment of nuscl e-wasting di seases, conprising

adni ni stering a tHer apetAmroand 9f dqimaet haymedhploHewing siucd8epound of any one
of claims 1, 16, 20, 26, and 30. 43. A nethod for the treatnent of cancer,
conprising adm nistering a therapeutically effectivelanount of a conpound
of any one of clains 1, T67 80, 26, and 3Q 44.
of chronic infectious diseas opjr i i nd._a
ef fective amount of a conpound’®f Jlany orfe off cE
45. A nethod for the treatnent of ?a hyperpr®lifegati V& condition,
conprising adm nistering a therapeutically effective anount of a conpound
of any one of clains 1, 16, 20, 26, and 30. 46. A nethod for the treatnent
of nuscle disuse, conprising admnistering a

5 38. A pharmaceutical composition comprising a compound of any one of

claims 1, 16, 20, 26, and 30, and a pharmaceutically acceptable carrier.

39. A method for the treatment of inflammation, comprising administering a

therapeutically effective amount of a compound of any one of claims 1, 16, 20, 26, and 30.

40. A method for inhibiting or reducing HIV infection, comprising

10 administering a therapeutically effective amount of a compound of any one of claims 1,
16, 20, 26, and 30.

41. A method for the treatment of neurodegenerative disease, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,
16, 20, 26, and 30.

15 42. A method for the treatment of muscle-wasting diseases, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,

16, 20, 26, and 30.

43. A method for the treatment of cancer, comprising administering a

therapeutically effective amount of a compound of any one of claims 1, 16, 20, 26, and 30.
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therapeutically effective anmount of a conpound of any one of clains 1, 16,
20, 26, and 30. 47. A method for the treatnment of inmune-related

condi t i ongo 20@sMr$43i ng admi ni stering a therapeutically ettastégeaaount of
a conpound of any one of clains 1, 16, 20, 26, and 30. 48. A nethod for
affecting the | eveld. of Aunethbdd fpetie tteanreesdicbmnicrinfacticmbj:iiséﬁses G(Qﬁljﬁ'l’sin‘gl ng

adm ni stering tlcaII ective unt of oun ny one
of claims 1, alc%n&gtgﬁgg eraﬁ‘altlﬁély eﬁécuvﬂ afﬂ?f‘ﬂ af?)lpp%ﬂngé’?f"wj R C]\‘?‘grLSl ety of
antigenic pepﬁid@ﬁGpmddﬂced by the proteasone in an organi sm conprising

adm nistering therapeutically effective anount of a conpound of any one of

clainms 1, 16, 20, 26, and 30. ‘
45. A method for the treatment of a hyperproliferative condition, comprising

5 administering a therapeutically effective amount of a compound of any one of claims 1,
16, 20, 26, and 30Q.

46. A method for the treatment of muscle disuse, comprising administering a

therapeutically effective amount of a compound of any one of claims 1, 16, 20, 26, and 30.

47. A method for the treatment of immune-related conditions, comprising
10 administering a therapeutically effective amount of a compound of any one of claims 1,
16, 20, 26, and 30.

48. A method for affecting the level of viral gene expression in a subject,
comprising administering a therapeutically effective amount of a compound of any one of
claims 1, 16, 20, 26, and 30.

15 49. A method for altering the variety of antigenic peptides produced by the

proteasome in an organism, comprising administering therapeutically effective amount of a

compound of any one of claims 1, 16, 20, 26, and 30.
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