COMPOUNDS FOR ENZYME | NHI BI TI ON Technical Field This invention relates to
conpounds and nethods for enzyne inhibition. In particular, the invention
relates to therapeutic nmethods based on enzyne inhibition. 5 Backoround of
the Invention I n eukaryotes, protein degradation is predom nately
medi at ed through the ubiquitin pathway in which proteins targeted for

destruction are |igateggMpOieNDS FOR ENZeME pPRHYBEPIONE ubi quitin. Once
targeted, ubiquitinated proteins then serve as substrates for the 26S

proteasone, a _nulticatalytic protease, which cleaves proteins into 10short
pepti des Teghmiegh Fidld action of its three major proteolytic activities.
Wil e having a general function in intracellular protein turnover,

pr ot easone- medThiséaventign sedated oreomipovngs andamethpdsyfor enzymerinpthiipnplacesses

such as mgj or -hi stoconpati i) i compl.ex cl l_presentation,

apopt osi s?%‘é‘f%’%%%‘% ?r‘%ﬁiﬁskﬁéﬁhf@gg%tClr\r}é@{?%r\l?as‘f%é&%@%erlo Pli¥e s a 700
kDa cyl ingdri.cal - shaped | ti,catal ytic protease 15conpl ex conprised of 28
subunit s gﬁé%%m&wi ngs that plays inportant roles in cell

growt h regul ation, major histoconpatibility con'ﬁ)l ex cl present ati on,

I
apoptosi s, ant Iy@Hkapiolserrgtoide qzsnmr@@%pir@w,yalﬁ@afeﬁzﬁ@a%fheon of

pro-i nfl awm& i . t r.Y.ot: L a
subunits Torm Pﬁ’g&fgﬁpg}rl%hllér}f erX%%% tﬁ%??%%%ﬁg@u%ﬁﬁg%gd %)otﬂ%?lggfent e i nner
ri ngs. Thacidpslypeptidesibigiitite @scdtbrpdiadgulsigtitinated pra2€ing then $&@8e @PA700) and 11S
(PA28) regul atory conpl exes, as well .as a .physical harrier for the inner

pr ot eol yt @_Sgﬁﬁ?r%’élihef Bteﬁff’nﬂ?aé‘ I’E‘%C%QIYEEB _?%Se,rwfﬂglé?leﬁﬁﬁafotﬁwsw‘tﬁ}o, t he
pr ot _eﬁﬁonﬁlo'@egghéﬁmgﬁ heachidh ofifts augeﬁéaﬁ%;dt@dlgﬁ& adii¥Rie8 6 iR me") .
In vivo experinents have shown that inhibition of the 205 formof the

pr ot easonegerenal fenativadi infracdivial oteih tumavehipbdteasomeshedigsd degradativone.

Cl eavage qf i nosterm nal 25prosequences of 3 subuni.is. duri particle
For mat | oreBaLEs ki 1% PUPAPRBIPSRRT o Aol M S itHb B g S ¢ he

cat al yti c(\iHC) 8RB preSentation, SRS Sell SRS bhd NFLEB addlagbyt i ¢ activity in
prot easone thus possess an am no term nal nucl eophilic residue,

The 208 proteasome is a 700 kDa cylindrical-shaped multicatalytic protease

15  complex comprised of 28 subunits organized into four rings that plays important roles
in cell growth regulation, major histocompatibility complex class I presentation,
apoptosis, antigen processing, NF-xB activation, and transduction of pro-inflammatory
signals. In yeast and other eukaryotes, 7 different a subunits form the outer rings and 7
different B subunits comprise the inner rings. The a subunits serve as binding sites for

20  the 195 (PA700) and 11S (PA28) regulatory complexes, as well as a physical barrier
for the inner proteolytic chamber formed by the two B subunit rings. Thus, in vivo, the
proteasome is believed to exist as a 268 particle (“the 26S proteasome”). In vivo
experiments have shown that inhibition of the 20S form of the proteasome can be
readily correlated to inhibition of 268 proteasome. Cleavage of amino-terminal

25  prosequences of B subunits during particle formation expose amino-terminal threonine
residues, which serve as the catalytic nucleophiles. The subunits responsible for
catalytic activity in proteasome thus possess an amino terminal nucleophilic residue,
and these subunits belong to the family of N-terminal nucleophile (Ntn) hydrolases
(where the nucleophilic N-terminal residue is, for example, Cys, Ser, Thr, and other

30 nucleophilic moieties). This family includes, for example, penicillin G acylase (PGA),

penicillin V acylase (PVA), glutamine PRPP amidotransferase (GAT), and bacterial
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and these subunits belong to the famly of N-term nal nucl eophile (Ntn)
hydr ol ases (where the nucleophilic NNtermnal residue is, for exanple, Cys,
Ser, Thr, and other 30nucle,ophilic noieties). This famly includes, for
exanple, penicillin G acylase (PGA), penicillin V acyl ase (PVA), glutam ne

PRPP am d f er as, T).. .and bac |
hadi £ on. SleoniBRanRIc e TP e Eeum aou Hstrestd ARBRLR, B2RSh: it es al so
Possess t hegrited ALEHISERnIB ISR LhIaUANE gtsab&rhﬂyﬁmmw&mdww ).

whi ch replace their normal counterparts, Z respectively, thus
altering Mi‘aCblé,t\alhlyh teplaxe thert naresl gcfuntdnwfpsr& é(aasldrferesm@tlwghthuhe use of

different pe strates, three m or roteolytic have been
et i ned t BTG ERAVYEHERAGE o5 BY SRBRESY. FirRbBr bl aibol fhal by

(CT-1)5 whitzhaeh @RNe Safdri2btebBtif activideaphe Bbéh dgmkd G@he ELﬂéépﬁit@?.d)S ke
activity (T-L), ‘whi ch cl eaves after basic resjdues; and pepti dyl gl ut amyl

pepti de  hywtessgmenehyaeatypsinylikercomty (GHiLohwhich slesvesafice argehivdirephobi dues.
Two addi tiangl.s mﬁqacﬁ%g%’%f/ ’Izv\ﬁ xﬁhgﬂ i,[leg\}egﬁftgraq%m s?@ué%e?xgi ascribed to the

10 prot easone: eaves Branch chai n am no

aci ds; angeptivgffutanil pdptie hydiotziny RaviRs (RGREY, whiel dles@sbftad acilit no aci ds.
The maj or proteasone proteolytic activities appear to be contributed by
di f f er ent resiugs. yFve additignal less sharagtanzad;achyidies g%)‘feri’ﬂsorﬁ?%ﬁf%#% ditgthes subunits

and. L1, C§RAa00Ee b ARBLELLE Mgl A0Hel DRkl RHBNIhLS ohdPLidDaTE

act|V|t|e to various degre ere are several exa es of small
nol ecul esSNAiAFhadtiaite, \bmeh] cleaest dfier sméll bexttra;b piireesdise ertma]mtprptelamma/er

t hese conpounds. gener al I | ack the C bi.li t ot enc
necessary W)eog’ﬁ?kﬂ a5HEItigs %wﬁ?etcwn@’pwﬁ &Béelyef‘h %VB? & oﬂ’éceaf t he y
cel lul ar ﬁaﬂﬁnm Eﬁfﬂk Autd:BUEin Iﬁlﬁl‘hﬁ %@the%ﬁ&@ha%&é‘%h?ﬁité‘rfé?&n SMRkin 'IP' ecul e

i nhi bitor(s) w th 1 ncreased SI te specificity, rnproved stabili ty and

sol ubi | i t sybuaitslalienthesaseivifies tervasiouy degh@sneeded to all ow t he expl oration of
the roles of the proteasome at the cellular and nol ecul ar |evel. Summary of
t he Itsventi on There arereeexiahMelnip'lcﬁsrbfrsﬁiaﬁtrﬁcﬂem)emh}ishhsvedfeerrmbf&i:mliﬂmbknovm as

g(ragt Iuﬁge?Erf’%?gﬁfgrggg%{V?fS[S}éqa\?gV@péﬁtslpgpgm%ound?é geggrlaﬁ;/ ?alc{g the spec1%cP }% rsgcaa%'ght}r;r’o lecul es

or 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
20  needed to allow the exploration of the roles of the proteasome at the cellular and

molecular level.

Summary of the Invention

The invention relates to classes of molecules known as peptide o’,B’-epoxides
and peptide o’,f’-aziridines. The parent molecules are understood to bind efficiently,
25  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
proteasome is now recognized as constituting proteolytic machinery that regulates the
levels of diverse intracellular proteins through their degradation in a signal-dependent

30 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

2.



25irreversibly and selectively to N-term nal nucl eophile (Ntn) hydrol ases,
and can specifically inhibit particular activities of enzymes having
multiple catalytic activity. Once thought merely to dispose of
denatured and m sfol ded proteins, the proteasone is now recogni zed as

constituting proteol ytic hi nery that requl ates the |evels of diverse
intracel | &F Sb‘??ﬁ‘& %g r«elﬁggf}@ﬁs FHFes Hblb‘P]é’&fta RCTSES) (Qrappyedy 3t ndent

30manner . tz}‘x‘g&qﬁe N?ﬁ*%}({?ﬂﬁs%sgf%eih AE&EBSA, shikhbdsdt b inRest, t%ge%ﬁtli\(éé‘nat can

speci fical pertur e activities of the proteasone and ot her
hydr ol asespaxidest dndpeptydetrzinidied that cappolonidy, tselestivetyy ahé areverseblyfintiibiése

enzynmes in bioJogical processes. ound hat .target the Ntn hydrol ases
are herei ﬁ%@&%{gwg ,SOTQ%‘FW&:%?S?&%‘%QH%F%FH@& Pt ed. Pepti de epoxides and
peptide aziridines that can potently, selectiyely, (iqnd irreversibly inhibit

partictl ar prot-dieseesat ofher P?@@e&aﬁd@%@it@@e@eé’ﬁﬂﬁ RORgs a%‘_lﬁ?ﬁt@é_ sever al
ot her pept)fRiRagatnbaltdbh AfSnorRERERDIsHS RN, iR Ath-BRALGRaPZ1 1 di nes
descri bed herein are not expecte o substantially inhibit non-proteasonal
pr ot eases psuedsesasich ay rgpsin, chimooypsypsathepsaBhpasim aBd cpapaiah, and cal pai n
at concentrations up to_5s0 p. . hi gher concentr.ations, iphibifion may be
observed, cBtrenE B 55 phE; Athighereluaator MpbiGrR s Pe P PREVEh bl 6. i 1
the i nhi bighld BELPkMed ROV RELREHVE 1l A1 SrrSrpSbIE A e iﬁﬂi%itﬁpﬁﬁ%fell\ﬁept i de

epoxi des and peptide aziridines are also expected to inhibit NF-ic.B

act i va i onompetes with thetsiubstrage. BB navebpeptida epeifesaudipgpiéde avinidineeare alshese

conpounds wou be .ex t to have antisi.nfl tory agtivity. Thus, these
corrpoundse%%eﬁ{egéo Efm%aﬁlgﬁfﬁ%c&yﬁté?n %}dﬁﬂégbﬂﬁ?ipngf e%tcﬁlg c%%‘?rgati lity to
expl or e NMbrefzy, Thesk Ubmbb@ilisiwbuld®béBlpebicah®Baveaintian fapatattel aglis).

processes. 15l n one aspect, the invention provides inhibitors conprising a
het er oat ofhus dirsacempryndh eaebaranities malecplagprobee sdichitave theoyessatidity fonhi bi t

exam! o, - £REvisgUen SIS BlorRUFYERRLL MM AL ASA FORUTES, [Phi o 1
e o B TR Lol U0 T TR i L1, 205, Pr ot casome
the 20S prgliSas@Eredheimbdial fifd)i Phds@inbilsitde$ EfeiRhibatcatORReIRtVAY bONS
terminal nucleophile hydrolase enzymes (for example, the 20S proteasome, or the 26S
proteasome) when said inhibitor is present at concentrations below about 50 pM.
Regarding the 20S proteasome, particular hydrolase inhibitors inhibit chymotrypsin-
20  like 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
208 proteasome when present at concentrations below about 5 uM. The hydrolase
inhibitor may be, for example, a peptide a’,’-epoxy ketone or o, -aziridine ketone,
and the peptide may be a tetrapeptide. The peptide may include branched or
25  unbranched side chains such as hydrogen, Cisalkyl, Cj¢hydroxyalkyl, C_¢alkoxyalkyl,
aryl, Cyaralkyl, C.¢alkylamide, C;¢alkylamine, C;.scarboxylic acid, C;_¢carboxyl
ester, Cpgalkylthiol, or Cy_galkylthioether, for example isobutyl, 1-naphthyl,
phenylmethyl, and 2-phenylethyl. The a’-carbon of the a’,’-epoxy ketone or a’,3’-
aziridine ketone may be a chiral carbon atom, such as an (R) or f configured carbon, as

30 these are defined herein.

In another aspect, the invention provides pharmaceutical compositions,

including a pharmaceutically acceptable carrier and a pharmaceutically effective
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bel ow about 5 pM and does not inhibit trypsin-like activity or PGPH
activity of the 20S proteasone when present at concentrations bel ow about 5
ri M The hydrol ase inhibitor my be, for exanple, a peptide GeV-epoxy
ketone or a',!3 -aziridine ketone, and the peptide may be a tetrapeptide.

The peptide may incl ude br.anched or ,25unbranched.si de.chai ns such as
hydr ogen, a@?ﬂ%@l&%}}y%ﬁﬁa% By RiPUSHy ameEpr S YRR T TCURQQABENGERY, | o) ey |

G . 6al kyl a&%&%’(s&ﬂxa§ﬂli‘{ﬁzﬁrﬁéﬁ I\@seald) m@%é@éﬂﬂg' Gis@séd carfobr, GRAMROXY| ester,

C _salkylthiol, or Cr.6alkylthioether, for exanpl e isobutyl, 1-naphthyl,
pheny| met mfectioan diseasph dener.antsele diguse, denervatippmenie injyey, dastingegdxy ket one or
a', 13" aziridine ﬁ\ﬁett(gne maquﬁbe a cot'ﬁ]ral carbon atom such as an (R) or 3
conf i gur e PHPEEated CODGIgnTAMONE AN’ i ned herein. In another aspect, the
i nvention provides pharnmaceutical. conpasitians, including a...

phar mateut i cal P}/ar%ﬁ’é@éﬁf%?ﬁﬁ’ g‘eclﬁ?“?qt’é’f’ PENaC® a}?ﬁé?ﬂﬁ@gﬁh% ﬁ?fﬁK}OSétﬁ?f&ct ive
anount of the hydrol ase inhibitor, which anel ié)r tes the effects. of

neur odegener at fvanothes egpest, tha iarention Aroidssasthedsfog g‘&sf%{)??wﬁﬁ‘ﬁ's AEbiRgt i ng

di seases, ofARGGhe HTYHRL o AI:3EHIOL ANELARARE Rovef AL clNIRLR AR RS,
denervati on, nerve injury, tasting, and rmrune-relat eé condi t1ons, anong
ot hers. Shubjemnodifesing dspecicty dilaatigeniepdrtias produceaddy thepiot¢asdinanmat or y
conpositions., n anot her a 1;])ect, t he i nventi.on. ?rovi des net hods for

|
the fol | ofEABiSTY ARPBRINMEGYRsthsr @ gL AL dey Jopmeiel PORRYSIPICEICA BFYREES Oaf f ect i ng
the | gyel s@butin' g'or%@%% RIOEASA BY thdbrdtedHicaetivinpblt £pdri@ihqmvar i ety of

antigeni c peptides oduced” by the proteasone inan organi sm deternmn ning
whet her ahydrblasé;dreatingeibrhoipmeistdiseasain apupisict redyicowgl thprade elsmusnle pdtaI put i n

an organi smis requl ated .t roteolytic.activity of. a particular Nn
hydr o?aseaeﬁr?%ﬁppg@aﬂflgﬁg‘s%ﬂ}gqge Eﬁt§8§’§lg¥1?ﬂﬁ15ar§ﬁ?ﬁelélc%é,gm|d%% 1|nnagé l'Je rate of
muscl e pr plagkig dRULRAFS9 PritBindegRldhtion RALSIINEhhitIEnE Ble@robthidTtpsacel | ul ar

protein degradation in'a cell; reducing the rate of p53 protein degradation
in a cel | relitechanicertsiiga sttieefr mhibiting ansizen presenfetion iBArreli SIDPFesaing iy ect ;

inhibjting antige resent ati.on, i.n elk: I ne. 151 1% syst em
of o Eub; Buins ARREPHEESBIEE iftolibetefS demRiNBh 8081 Adaliah, ARLGIYNE SYD .
content oforNmt%ERF-KB & £edll, muttiRcdigan of giecoraffotin@cyclinafepemdenng

cyclin-dependent eukaryotic cell cycles; treating, pr olfi ferative disease in
a subj ect g:ul@fyo@@topﬂgy@g%tt@atgw_ohferatlve disease 1n a subject; affecting proteasome-

dependent regulation of oncoproteins in a cell; treating cancer growth in a subject;
treating p53-related apoptosis in a subject; and screening proteins processed by N-
20  terminal nucleophile hydrolases in a cell. 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 tissue, an organ, or an

organism.

Other features and advantages of the invention will be apparent from the

25  following detailed description, and from the claims.

Detailed Description of the Invention

The invention involves compounds useful as enzyme inhibitors. These
compounds 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

30  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
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dependent regul ation of oncoproteins in a cell; treating cancer growth in a
subject; treating p53-related apoptosis in a subject; and screening

protei ns processed by N- 20term nal nucl eophile hydrolases in a cell. Each
of these nethods involves adm nistering or contacting an effecti ve anount

of a conposition co i sin e.hydrol ase inhib dISC|OS rein, to a
subj ect, &S, °r§“% "si}’(-ﬁ“lg‘ﬂs‘ﬁr]flj n- W‘“&ﬁc’glr lﬁOB{ﬁ‘?’C groups at t elr her
features @é}ﬂmﬁdé@maé%ﬁey&fmﬂl@%réte&ﬁﬁ Ogr%svar chrbeﬁ BPRaT@AkIsbemM t he

25f ol | owi ng det ai | ed descri ption, from the cl ai 5. Detailed Descri ption

of the | nvm%ﬁrﬂy inhibitedhg thelmymamwlmmﬂwsb@blmwunds useful as enzyne
i nhi bitors. These conpounds are generally useful to inhibit enzynes having
a nucl eophi | i ¢ Vgiibugmtdbuticiey Myt earticutarshedrpof epaatiire jt iabelieved ties swh enzynes

or enzyme_subunits havi er m nal Oam no, acjds wth nucl eop iles in
Cheir i db-Ermig nu%mﬂg%&k B feva %aﬂws Hith ?gﬁse&)ems

successf ubtohnl i e PihibiGs BEEHBEI h&BinbI 'Pfo?’ ERarfi1€ Gh 'tl%eﬁls/ﬁx%&%gﬂunit

ActivitieS of enzynes or enzyne subunits having non-amno aci
nucl eophi bf EOSgpmtqzasorae thédkterninalethreoning isbdteved o itoversibbnfolm,a pr ot ect i ng

bohydr at |.so b ful l hi bjted by.th
i bi t or BRRIGTAD 0EBGER O pan FSE TG Uy Py e Gralaaiehy of

oper at i ONgg fhbsd SesbEbddendsiy.t Badh Rdakt fohhdtRMIAAd lmweefqggdﬂeﬁﬁl gQfledvgd or m

coval ent adducts with the epoxide functional group of the enzynme |nh| bitors
descrlbedofespoxideor azisidinpl e, in the [35/Pre2 subunit of 205 proteasone,
the N-termnal threonine is believed to irreversibly forma norpholino or
pi perazi no addixcembqnﬁmemea?mﬂ\hcﬁmg wicﬂlrgrwmdmhﬂctbtoeﬁ@xnbdes dre aziridi ne such as

t hose describ bel ow, ugh t ion wou vol ve ri ni ng
cl eavage ?L%%”P%%S%BQ tha& S?r %'S’ia Qléo orming %P%#&g? r‘?% rliﬁ‘ileng such
groups bopdedah®eqR) 64, Ofrﬁe ifRBtist RAKN &P, bk 1R st%d&ﬁlrétfurféﬁbﬁon (that
carbon fornmi'ng a part of the epoxide or aziridine

information disclosed herein, which suggests the following preferred stereochemical

15  relationships. Note that a preferred compound may have a number of stereocenters

having the indicated up-down (or B-a, where B as drawn herein is above the plane of

the page) or (R)-(S) relationship (that is, it is not required that every stereocenter in the

compound conform to the preferences stated). In some preferred embodiments, the

stereochemistry of the o’ carbon is (R), that is, the X atom is B, or above the plane of

20  the molecule.

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 5-6, pp 177-178, which section is hereby incorporated by reference.

25  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 or more backbone units. In some embodiments useful

30 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.
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ring) can be (R) or (S). The invention is based, in part, on the
structure-function information di sclosed herein, which suggests the
foll owi ng preferred stereochem cal 15rel ationships. Note that a preferred
conpound may have a nunber of stereocenters having the indicated up-down
(or 13-a, wher ne. of the p

(R)- (9 el at i SHEHApopRaEsnsing Yopdhs BEebarmtisdas Hatilsparya et ghbiscent or

in the cogpaundié iRy Md Qal Bk @Jc%ra%'ﬂ%l%géﬁ ?éo?éﬁe) ﬂn@t PSS erred
enbodi nents, the stereochem stry o ar that '1's, the X

atomis lsppll@pyla(tvekv@ndee—bpt)dniweobﬁmﬁﬁ) ISh‘euth(llemee, phﬁeﬁmedlyhg the

st ereochem he n- d-Prelo es for . n Iute
st er eot he lélaﬂ g, Fgﬁ?pﬁ\ﬁé‘gg%ﬁ’e@é‘s?tﬂﬁ%%%ﬁ argead |p5§ %f’ in
Organig %{alﬁ both&braddhdd Whbhaedhed alpieis o@@fbnﬁ@'rctglr&lﬁs sﬁ’gbég émﬁr ﬁ-,
Boston, MA (1994); Section 5-6, pp 177-178, which section is hereby

i ncor por ap@Yby- -buéflet il andarybeybsiited desivativsssueh asehabanyisghyatkbone

structure bac General ly,

each backBon &Eﬂ??lldﬁh%gﬁ%y@m&é‘ﬁgal ng}étég@@?g gc} @nﬁm&)%ﬂ’ o('.zlgh in sone
cases, t hgaphtlde)etHydi2(li-SaphttiyRASY A 2adaphithylRthel,had sembe dompotisds. Mhe every
backbone un|t has an associ ated side chain. Peptides useful in peptide

epoxi des HV! HopPs ers befurthen sybstitiied avithRyarghedor E@fﬁ’é‘ﬁ‘@éﬁ‘e sglkyh&rounsnos e
nbodj h f
enbod] jrent g el LHlk e‘%ﬁ{ V\%é%g)l gh& 1H39ike é/r”@t%%&?gl;grl)gﬂﬁéor( SibstithtedGlfrvi ty o

t he prot easone, ght ba re present,” and in
some pr ef gionpy) s&ﬁb@d)elmbtl and dre 1KE- IHaterbaﬂyl tioaps cdnedl seetsnusedvas sidd chain
backbone unl ts are_present The si de, chai ns ext endi 8‘% fromthe backbone

units canSUPREgRis Risteroayl EPupsHatinde BIrogemn X yeeha At S At can@iiRe &hi ns,
such as hg‘x@ﬁﬁgﬁﬂh(ag kme&weammﬁ;ewi n Iﬂitl%{hi%ﬁ I, tﬂlmeﬁﬁ%’fur&lv Bliapg) . sec- but y!

(i sol eucine), isobut ’I eucl ne); phenyl net (phenyl al anine)’, and t he

si de cha| nOb@ueﬁnanyﬂlqhg)mml almmbllalmldaq@hdl p}ﬂezolﬂiheyl‘sd}dt@ytmsds 5can al so
be ot dalngheol olr unb ggﬂ ﬁél phatic or aromatic groups such as ethyl,
n- Ry flu‘l'f)‘ﬂy Ia @&yl substitut ed derlvatlves such as

1- phenylethyl 2- phenylethyl 1- napht h I)neth n h nethyl
1- (1- napht hy| ) Bx39pie embqdsn efﬁ&p}?ﬁ ﬁm?é/ residy ?fg@ﬁ@ ot
2- (2- naphy eeg)\( la) %h&ghes (ﬁ'ﬁ)@gﬁ&é@ﬂlﬁ%n&oWQQﬁlﬁpleTﬁ'ﬁuﬁﬂy 'oc&frﬁh'@in%rbchﬁ further

substi t ut ranc ranched G _eal kyl groups, or 10substituted
al kyl gr ossh as hy@toyy camtelintitee( Thir, Ky, Ser) dinﬂuifneporamyﬂngqt\/iﬁn,p@yS) ean baibst i t ut ed

o O O AR ST ARV A1 S SR, A S M SR of o be
oxygery , @tdnme! &yfing QRtidiin, 'ﬁGrlé\IcYﬂe and others. Non-naturally occurring side chain
substituents with charged or polar moieties can also be included, such as, for example,
C-salkyl chains or Cg.1paryl groups with one or more hydroxy, short chain alkoxy,
sulfide, thio, carboxyl, ester, phospho, amido or amino groups, or such substituents
substituted with one or more halogen atoms. In some preferred embodiments, there is

25  atleast one aryl group present in a side chain of the peptide moiety.

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.

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

-6-



groups such as thienyl, benzothienyl, naphthothienyl, thianthrenyl, furyl,
pyranyl, isobenzofuranyl, chronmenyl, pyrrolyl, imdazolyl, pyrazolyl,
pyridyl, pyrazinyl, 15indolyl, purinyl, quinolyl, and the |iKke. In
sone enbodi nents, polar or charged residues can be introduced into the

pepti de epoxi des or. peptide aziridines.. For exanple, natuyrall ccul ting
am no aci ags-cgaﬁﬁuragorh%%iv-c@mﬁ%iohPwablpﬁmms o teh @é#?or@ﬁ@ag?ysuﬁné%t ai ni ng
(Met, CyshufeRBmB&idhis OREGREno A3d URhInoASs ROBIRABMLAIRY RBLNAHALIS, for

exanple, taurine, camtine, 20citrulline, cystiné, ornithine, nrorleucine
and ot her sxanjia-anzincisehtyrioagdr n soesodbercneiodisenss tsideuobains awi lobalphar ged or

| ieti | Lacl , h,. N | Cl 6al.kyl chai
R L R s s e R S R R e A
thio, zar pfé&éﬂhbﬁ@ﬁéeﬁ"the PRREPRROMsITIEIOIQE cli, P f& KERPle BIASHCAF substituents

substituted with one or nore hal ogen atons. I n sone preferred enbodi nents,

there is g2Bdeprppdgnodifieatinnyin yhiclp cpelesreny! groumisgresenicivaveenote praadPept i de

noi ety. | n..S0O nbodi t t he .backbone unit [.e . de units

N G oyt R o S Y iay Bk 5 8T 88 P does ot
excl ude t h@inddadcidsahah Ye QS Mirfhgr fbdaimests ¢ap frehidegide@haidtiddackienat ur al |y
occurring cyclic secondary am no acids, which will be recognized by those
of skill Fyflizaom disulfalgbend foramatiendaetpmdataationnazclinkepemad oficrs are

N al kyd at ) i f. 0k tRyd: i olefinic
analog% (?%daﬁ%gﬁﬁ%ﬁ%%%ﬁhﬁgrg&gﬁgg%%Ugygggﬁﬁéh?ggﬁgégﬁn%§K%%g¥inic bonds),
t et r azol eCansitadgd” biyHruby aid Bofefi, ira2dbkcilanBidlogoariBiatechndegyomf | gur at i on
on the backbone), or_caonbi patigns. of such backb | i ges, In still other
embodi mentemPFEHENsiKT RETGRFERTE aPhAtPHER AddFTerad G ngﬁ%@m (198488 PPt ut i on,
for exanpkeg_ adnini I I urther enbodi nents, side chains
are IocalF%ggggb??gggq#%%&éﬁgﬁghg?dEgr%%ﬁ%féAz dehydro nodification, in

whi ch a doubl e i ] o si de
chain, or for 8§§§§¥€§%§h§ES%§E§&§%§%ﬁ§%P%%?Wﬁﬁgggﬁﬁééﬁﬁgﬁ§a?%“ ﬁ%h a

cycl off opgl) og4 pharmiasepicelde ndceprablasen thidienfa and 13 atons of the side chain

In still further enbodi ments enpl oying am no acid groups, Dom no acids can
be used. Further enbodinents gan gaclude side ghai n-to-backbone
cyclization, disulfide bond fiprmagi onH | acjam fior ngtiXn, azo |inkage, and
ot her 10 nodifications dﬂsﬁugqu/inﬂ} i ics, Design of
Conformational |y H H
R’ O R® O
)
wherein

each A is independently selected from C=0, C=S, and SO,, preferably C=0;
20  each B is independently selected from C=0, C=S, and SO,, preferably C=0;

D is absent or is C;_galkyl;

G is selected from O, NH, and N-C_¢alkyl;

K is absent or is selected from from C=0, C=S, and SO, preferably K is absent or is
C=0;

25 L is absent or is selected from C=0, C=S, and SO,, preferably L is absent or C=0;

M is absent or is Cj.salkyl;



Constrai ned" by Hruby and Boteju, in "Ml ecular Biology and Bi ot echnol ogy:
A Conprehensi ve Desk Reference", ed. Robert A Meyers, VCH Publishers
(1995), pp. 658-664, which is hereby incorporated by reference.

One aspect of the invention relates to conpounds havi ng a structure of

cach A i s U HBHOHBEREASOELEBE BN o7 tlp vl raabCars BFenePadl y oo 20

each B is mdegg{tq%t#%fé%lg gddbggngm C=0, CS, and S, preferably C=0; D
is absent or is O _sa is selected fromO, NH, and N-Cl_6al kyl; Kis

glr)s:agt Cg(r)xégﬁlg&gghgglér@rﬁﬁrmwé%&gsmeg%g@g% preferably Kis absent

sent ’or 1's selé C=S, and SQ2, preferably

L is absent .aor.C= t _or Kk | t.or is selected
From 0. NBRChoh i Rater s PSR os Risplefiey gt O KoMUY s
prefergably Qi §regé}§1ggtv isAbsert@tected fromO, S, NH, and N-d _6al kyl,
preferably O; each V is independently absent or is selected fromO, S

N, and Nyl b is BRERIGEAD! Mool SroPOSOINAL ot NI Gatwp;%ttragry s

i ndependently selected fromO H, and 6al kyl, preferably 07 Y is

absent or yi ﬁﬁ%h?(?}l?g%}é&gd’ggmt%ﬁvggﬁk&g!;)fys! SCHSRREREY R 0. and

CHCO2RI ; eac rom 0 NG ol kyl,
preferably 0: CHCOR;

each Z is independently selected from O, S, NH, and N-C,.salkyl, preferably O;

10 R! R% R? and R* are each independently selected from C;galkyl, Cighydroxyalkyl,
Ci.¢alkoxyalkyl, aryl, C;¢aralkyl, and R14DVKOC1_3a1ky1-, wherein at least one
of R' and R? is R™DVKOC,.salkyl-;

R®is N(R9)LQR’;
R® is selected from hydrogen, OH, and Cy.galkyl, preferably C,.galkyl;

15 R’ is a further chain of amino acids, hydrogen, a protecting group, aryl, or heteroaryl,
any of which is optionally substituted with halogen, carbonyl, nitro, hydroxy,
aryl, C;salkyl; or R is selected from Cisalkyl, C;ealkenyl, Cygalkynyl, C,.
caralkyl, C;_¢heteroaralkyl, RSZA-Cl_galkyl—, R! 1Z-Cl_galkyl-,
(R*O)R’0)P(=0)0-C.galkyl-ZAZ-C,_salkyl-, (REO)R’0)P(=0)0-C, salkyl-Z-

20 Cp.salkyl-, R*ZA-C)_salkyl-ZAZ-C_galkyl-, heterocyclyIMZAZ-C_galkyl-,
(RO)(R’0)P(=0)0-C; salkyl-, (R'),N-Csalkyl-, (R'®);N*-C; salkyl-,
heterocyclylM-, carbocyclylM-, R''S0O,C salkyl-, and R''SO,NH; or

R® and R’ together are C_alkyl-Y-C,.¢alkyl, Cyalkyl-ZA-Cy galkyl, A-Calkyl-ZA-

Cisalkyl, A-C;alkyl-A, or C¢alkyl-A, preferably C;,alkyl-Y-C. alkyl, C;.

25 salkyl-ZA-Cjsalkyl, A-Cyalkyl-ZA-Cjalkyl, A-C,salkyl-A, or Cj4alkyl-A,
thereby forming a ring, preferably R® is hydrogen and R’ is Cjgalkyl;

R® and R® are independently selected from hydrogen, metal cation, Cy.¢alkyl, C,.
salkenyl, Cj galkynyl, aryl, heteroaryl, Cgaralkyl, and C;gheteroaralkyl,



10RI, R2, 123, and R4 are each independently selected from Cl_6al kyl,

C _6hydroxyal kyl, Cl1 6al koxyal kyl, aryl, G _6aral kyl, and

Rl 4DVKOCI _3al kyl -, wherein at |east one of RI and 12.3 is

RI 4DVKOG _3al kyl -; R5 is N(R6)LQR7; R6 is selected from hydrogen, OH, and
Cl_6al kyl , preferably G _6al kyl; 15R7 is a further chajin of, am no acids,
hydrogen, a pr &teablydrom bwog%n, yetal gatioie ead Gasafkyl, %rn%/ a5 Ryrpgeihergre

optionally sub [ e . carbonyl, nitro, hydroxy, aryl,
G _sal kyl ; % éﬁ&l e}%?@d&?hg 6a| kyl , Cl 6al kenyl Chéal kanI Cl-

baral k %ofﬁ?ﬂ%‘hete”’ar ?@?9 ﬁz}&ﬁR?%’?f%%}*@PQn L Y

o R I it L Sl

het | ylM R6 d
R(7a '? (r)g%%/ﬁe?/ ar eal 6’a kyw@frcllletg}g cké?? %E%éf&ry} C%R&}aﬂﬁ&l %%?HGalolr(yl o

A- C1_6al kyl - A, 61mter@rgl$al kyl - A, preferabl y Cl_ 2a| kyl -Y-Cl1_2al kyl, C't
25A- C1_3al )/I-A or Cl1_4al kyl - A, therebyformn a ring, preferably R6 is
hydr ogen &iAdisReleétsd ﬁﬂ)nﬂwﬂkqg’bn, R’ Q)R ROPE®W-n it ketedogycel-o@ BgNS r om

hyd | i yl |
hgt re(r)ggpyl ,rretoag% aﬁ}tﬂ’ R z§%& F\%dt %@éﬁ@?‘y Whﬁfeeﬁlég’é%g%fm%‘ﬁ{yﬁdr ogen,
metal cation, @Bﬁjonglly Slskinlted AenSH @%a@lwqgﬁﬁdﬂﬁﬂ%l HtidiePRidgy! . thereby

forming a ring; each” Rl iI's [ ndependently sel'ected Trom hydrogen and
Gi sl kiQ, prefehabgsn, @Ejﬁablkﬁqonae)c hryﬂ?mtersaryhdapem;hqterseymit adl €r.om

hydrogen, ORI, Ga%]ggflifgrlefer%ly%ﬂeggc%le ’occ%rrence of R is other than hydrogen;

15 and R'¢ are independently selected from hydrogen, metal cation, C;_¢alkyl, C;.
calkenyl, Cialkynyl, aryl, heteroaryl, C,garalkyl, and C;_gheteroaralkyl,
preferably from hydrogen, metal cation, and C)alkyl, or R"> and R'® together

15 are Cy.¢alkyl, thereby forming a ring; and

each R is independently selected from hydrogen, ORIO, Ci.salkyl, Cy.¢alkenyl, C;.
calkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C;aralkyl, and C;.
¢heteroaralkyl;

provided that when R is H, L is C=0, and Q is absent, R’ is not hydrogen, Ci-¢alkyl, or
20 substituted or unsubstituted aryl or heteroaryl; and

D, G, V, K, and W are selected such that there are no O-O, N-O, S-N, or S-O bonds.

Suitable N-terminal protecting groups known in the art of peptide syntheses,
include #-butoxy carbonyl (Boc), benzoyl (Bz), fluoren-9-ylmethoxycarbonyl (Fmoc),
triphenylmethyl (trityl) and trichloroethoxycarbonyl (Troc) and the like. The use of

25  various N-protecting groups, e.g., the benzyloxy carbonyl group or the t-
butyloxycarbonyl group (Boc), various coupling reagents, e.g.,
dicyclohexylcarbodiimide (DCC), 1,3-diisopropylcarbodiimide {DIC), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC), N-hydroxyazabenzotriazole
(HATU), carbonyldiimidazole, or 1-hydroxybenzotriazole monohydrate (HOBT), and

30  various cleavage conditions: for example, trifluoracetic acid (TFA), HCl in dioxane,

-9.



56al kynyl , carbocyclyl, heterocyclyl, aryl, heteroaryl, C _oaral kyl, and

Cl- 6heteroaralkyl; Ris selected from hydrogen, (R150)(R160) P( O)W

R150B-, heterocyclyl-, (R17)2N, (R17)31\1-, R17S02&BG, and

RI 5GBC _8al kyl - where the Cl_8al kyl nmoiety is optionally substituted wth
substituted wth 10hal ref

o o0t oS b CORE HOPRI 1y SHESE bt e he ORS00 PLELSEABL e it

pr ef er abl yisatifhgRatetRABL aﬁ& EWnE)gé}P@roQ{ldéQjaﬂd keﬁc@&rhﬁrsohﬂﬁﬂ WIHOO888h a5 and
R16 are independently sel ected from ydro netal cation, G _6al kyl, Cl_

6al kenyl , p@i @&bkyﬁgnltem)adgates amawelﬂﬂliamyn in Eaﬁalfaplekwe syathgsis, and are
Cl_ 6heteroar from h lrndogen nmetal cation, and

G ol kyl, ﬂ épleﬁhleﬁﬁglﬁgﬁ%ﬁrﬁté%(%g?e ¢t AR thereby formng a ring;

10X T L 00 R i
G _6ar al kithm @ngglkgﬂ-'(h@@@i%{ﬁl Kyl koxyalk?l%%‘&% it (%altanéi}tl MedROKiceH L s

C=0, and Qis sent hydr o , or 20substituted or
unsubst i t wlled- wherkingt ldaettcmeoﬁr&/lapdaﬁdsm DY KQC, talksdﬂdln\meﬂeee@el ected such

that there 0- 0, - N t I
prot ect i ng™ g‘?‘ﬁ ngtskmlﬁ ﬁmfl%\e %FS 236? kg‘ aaﬁqgeéotgywtsﬁéﬂkb%ﬁégl&'gg %f%rd[)nu? gxy
carbonyl rBggd R4 hen En({eﬁﬂilclf Jnuglr qm&mbﬂqﬁaew&ehbmﬁﬂen& bh®eI R’

tri phenyl met hy trlt | ) and triehl oroet hox carbq VISg)ﬁ:roc) and the |iKke.

The ukke 04Hd215v1§r2r1619§}’ ietelcenlwhgetlgylcmééheet e is K Ak 8%y car bony!

group or h ycanbanyb U various coupling reagents,
e.g., di c{;c \ﬁ{e?&ﬁébglo’c? ?rblr%?rﬂﬁe( Qre% %(Ylll soprowyl earbodi i m de (DI Q),

N hydr oxy ez abelo SRR D Z“? PP RIS ETE e frg hydrogen, C.
1- hydr oxyhesz at r aieryiecpmemy iR c(diBhiter D6y, aryl, heteroaryl, C_saralkyl,
and Cj.¢heteroaralkyl.

15 In certain embodiments, each R'7 is independently selected from hydrogen, C,_
salkyl, Ciealkenyl, C;.¢alkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C;_saralkyl,
and Cj_gheteroaralkyl.

In certain embodiments, L and Q are absent and R’ is selected from hydrogen, a
further chain of amino acids, Cy.acyl, a protecting group, aryl, heteroaryl, C;.¢alkyl, C;.
20  ealkenyl, C¢alkynyl, Ciearalkyl, and C;.¢heteroaralkyl. In certain such embodiments,
R® is C)galkyl and R’ is selected from butyl, allyl, propargyl, phenylmethyl, 2-pyridyl,
3-pyridyl, and 4-pyridyl.
In other embodiments, L is SO,, Q is absent, and R’ is selected from Cy.¢alkyl

and aryl. In certain such embodiments, R’ is selected from methyl and phenyl.

25 In certain embodiments, L is C=0 and R’ is selected from Cyalkyl, Cy.
salkenyl, Cigalkynyl, aryl, Ciearalkyl, heteroaryl, C;_¢heteroaralkyl, Rng-CI_galkyl-,
R!'Z-C, salkyl-, (R®*0)R°0)P(=0)0-C _salkyl-, (R®O)R’0)P(=0)O-C, galkyl-ZAZ-C,.
salkyl-, (R®O)R°0)P(=0)0-C,.galkyl-Z-C, salkyl-, R*ZA-C salkyl-ZAZ-C) galkyl-,
heterocyclyIMZAZ-Csalkyl-, (R'%),N-Csalkyl-, (R');N*-C,_salkyl-, heterocyclylM-,

30 carbocyclylM-, R”SOzcl_galkyl-, and R''SO,NH-. In certain embodiments, L is C=0,
Q is absent, and R"is H.

-10-



30various cleavage conditions: for exanple, trifluoracetic acid (TFA), HCl
i n di oxane, hydrogenation on Pd-C in organic solvents (such as nethanol or
et hyl acetate), boron tris(trifluoroacetate), and cyanogen brom de, and
reaction in solution with isolation and puri fication of internediates are

the pr epar at | ot e aoiBis Eortoatin: Kot caolid et s R’ R
le, and Ré¢gy ermeafhinl sB&?&ﬁﬂ&ﬁﬁ%M ’ek %ﬁiyﬁdsag&%&@ Z,QJtKﬂﬁoroQ\lAqZV@E Qxyal kyl
Cl_6al koxyal kyl’, aryl, O 6aral kyl, and Rl14 3al kyl- wherein at | east

one of RI(meidiybatforyd)eRiytDVKOC _3al kyI In preferred enbodi ments, one of Rl
and 123 is Cl6aral kyl and the other |s R14DVKOC1_3al kyl-, and R2 and R4 are
i ndependent | y Gi othat dtybaditants Heisn@rsd, (pﬁmbeentemdeﬁfrﬁedllm]kyl.omeceﬂhinm 10 and

12.3 is 2- nyl et hyl qr, phenyl pet hyl and, th ther is 4DVKOCH2- or
Ri 4DVITQ( @E‘%‘)@h"d IEEYS, ggtlg %Cy%fi%o‘ﬁ@ }g}egy}eggfﬁﬁnf,pﬁmethﬂ? 1n certain

embodi ﬁenhfetho%g@ke Eﬂ)ﬁleﬂﬁll '(ﬁ%ﬁ%&ﬂﬁﬁ%lb%eﬁ?i ahd @dﬂw@mlaw ., Cl_ 6alkyl,
Cl_6al kenyl al kynyl ;" ‘carbocycly erocycly , aryl’, heteroaryl

C _6aral kyl, a ggg Wk 6 3 RL7 | S

i ndependent I y Qg?@% 4#%%&%%1;30%&]&&%&%% E {g@%‘g%g‘ c@r}y _bal kynyl ,
car bocycl yértaiheichrenshodingénts, R yi$ subhemleerdaﬁnmhubsﬁﬁlteﬁm}&hylyl and

Cl_6het er oar al kyl . In certain enbodi nents, L and Q are absent and R7
is selected frmémdf@ﬁwuimant&msf@eoo@aé ébs@ﬂitoal@ nad &Ciigds, G _6acyl, a
protecti n? I_gIr oup, aryl, heteroaryl, G 6al Igl%/ 20 6al kenyl , G oal kynyl,
Chéear H ky(C aﬁﬁyr@w@mbtlércsaalmsush embcrdn@éntfs n15§M@1HP@Hﬁ]dH|°éf@ﬁ’¥l§XY IR6 is

Cl_6al kyl and R7 is selected from butyl, allyl, propargyl, qenyl nmet hyl ,
2-pyridyl, 3-pyréatiin embmﬂlmemy;hdlydAareC =0, (nis ebsrat, ZeiwkbandRits, L is SCO2,

Qis absen e 1f 1 rtansch
enbodi menfe;é t‘??{;g? Rs%%e@t éagkﬁ gnér@f ﬁ%ﬁaﬁﬁ§%hgh§fﬁ(ﬁl%z Clééalgyil n et
enmbodi nen(rng)bRﬁ@P@f—@(ﬁcdgaﬁZyumwl@ﬂkﬁd (Rrgomé‘@ aD§oLC, selkyl-gat kenyl ,
Cl_6al kynyl , aryl, Cl_6aral kyl, heteroaryl, Cl _6heteroaral ky],

FEZA 1 Selg ahd hetemionayBAEAIC, saliBbojte RotsiPCEdY QR TaRTRy i

E }_%83 RgR%%f%&f%&%%%ﬁ %g% %@5@%% is F&bs ituted or unsubstituted

het er ocy cbxddisaTerSi oﬁHtlk‘s%)(R )(\Riéré’ihl-}(ﬁ al&aR!éybgethegraie) GNgalIGH- YOIk yhlkyl,
het er ocycl y1M, 30 car boga{ é{ M, RISORC _sal kyl-, and RL1ISO2NH-. In
certain e%&‘d?%rglsa yI-Y yl, @qr%b.‘/a@gl@mga% R7 i sH.

In certain preferred embodiments, L is C=0, Q is absent, and R is selected
from (R®0)(R°0)P(=0)0-Csalkyl-, (R'®),NC_alkyl, (R'®);N"(CHy),-, and
20  heterocyclyl-M-. In certain such embodiments, R’ is -C].galkle(RlO)z or -Cy.
galky1N+(R1°)3, where R is Cgalkyl. In certain other such embodiments, R’ is
heterocyclylM-, where heterocyclyl is selected from morpholino, piperidino,
piperazino, and pyrrolidino.
In certain embodiments, L is C=0, R® is Cisalkyl, Q is selected from O and NH
25  and R’ is selected from C;galkyl, cycloalkyl-M, C,araalkyl, and C; ¢heteroaraalkyl.
In other embodiments, L is C=0, R®is Cisalkyl, Q is selected from O and NH, and R’
is Cjalkyl, where C,.¢alkyl is selected from methyl, ethyl, and isopropyl. In further
embodiments, L is C=0, R® is Ciealkyl, Q is selected from O and NH and R’is C,.
¢aralkyl, where aralkyl is phenylmethyl. In other embodiments, L is C=0, R®is Cy.
30  galkyl, Q is selected from O and NH, and R’is Ci.¢heteroaralkyl, where heteroaralkyl is

(4-pyridyl)methyl.
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In certain enbodinents, R6 is C_6alkyl, R7 is Cl _6alkyl, Qis absent, and
Lis C0. In certain such enbodinents, R7 is ethyl, isopropyl,
2,2,2-trifluoroethyl, or 2- (nethylsulfonypethyl. I n ot her

enbodi nents, L is C=0, Qis absent, and R2 is Cl_6aral kyl. In certain 5such

nmbodi ts, RY | ted f 2-ph | et hyl , | h
oy Phemy bk Si7iein QBN BATILaE Fi-Ciad T 40K, oA 6 et i
In other eghgdy '@?nélﬁ%l E n%aﬁ%% &641%961&8@%1@8@ kiser&py Bahitgla rif@dnl2. 2 i's

aryl. In Eertai n'€uc I's substituted or, unsubstltuted
phenyl . | pertex praferred reobdidimeets L ik GFO, Q=d Yarsatabgeatd R ard R'aogethdr i s - 10

yel bhexy i ek Y advialotbon etiesprerer ppogaent e e felhind §° ¢ o
and R7si s, seRe %@tﬂexf z{rQ@l %ﬁ @Q%glk?yllnangﬁaé @?em%@'eﬂbbdhment L is C=0,

R8ZA- &t _sal kyl - ZAZ-C1_8a ( R90) P(=0) 0 % 8al kyl - ZAZ- Ct _8al ky! -
( R80) ( ROOLHS ab}s)eﬁt, E’llsSellektyd ﬁzan @Q|N('§al-631kﬁn@nd’|% @Eo%yt@ggtmwmcm gal kyl -

In certain,s rocycl I wher e
het er ocycl‘a§1f lngcegfﬁgﬁ {{E h?frprffﬁgﬁ% E?(ﬁ y% ég\% g%?e%t (3512) (R 3),
wher ei n Rig] RN@oBhér 4ro g tdIRyl- wcg ;8kyBah Isnbtha/r }%fdﬁ@ﬂ Ienibodm@ft ar add X

Cl 3al kyl-Y-C1 %al kyl, thereby formn certal n preferred

enbodi mentrg C10,jasd 8=pnd § t@eﬁws aretCi 2&&6’1 ﬁ?x Cszaél‘é‘)ﬂe& %‘H’therf drgferred
(R80) 0 Ik N 11CH2) .-, and
20het c%ﬁnﬁ ‘P‘)"%\?&“‘%‘aceﬁeg - éﬁ%%ﬁ %%df’%e P &B}ﬁ_@kgd A C1, 8al kyl N(R1) 2 or
- Cl- salkyll\r R153, ere R 14 C her such
enbodi nent s, Geta ‘r’i‘eettvﬂ?oggyﬁtft%f{/l lsl(%h%@\( Qb@r g)sycr }'10 A%t ed from
nor phol i ”é}nbcﬁlilfﬁ@ﬁt‘sCiJD Y, K Pfdewazt Besen@ e ot s0¢H ethbslimbiits Ce ah@Krare
enbodi nents, L is C=0, R6 is ClL 6alkyl, Qis selected fron10 and NH
absent Dis C.. galkyl and Wis O. In yet other such embodiments, D is C;_galkyl, K is

C=0, and V and W are O.

15 In certain embodiments, R' is R'*GB-. In preferred embodiments, B is C=0, G
is O, D is Cjgalkyl, V is O, and K is C=0.

In certain embodiments, R' is heterocyclyl-. In preferred such embodiments, D
is C1salkyl. In certain such embodiments, V is O, K is C=0, and heterocyclyl is
oxodioxolenyl. In other such embodiments, V is absent, K is absent or is C=0, and

20  heterocyclyl is N(R®)(R"), where R!® and R" together are J-T-J, J-WB-J, or B-J-T-J,
T is absent or is selected from O, NR'7, S, SO, SO,, CHOR!?, CHCO,R", C=0, CF,,
and CHF, and J is absent or is Cysalkyl.

In certain embodiments, R is (R”)zN- or (R')sN"-, and preferably V is absent.
In preferred such embodiments, D is C;.salkyl and K is absent or C=O. In certain
25  embodiments where V is absent and R'* is (R'"),N-, D is absent K is absent or is C=0,
preferably K is C=0.

In certain embodiments, R' is R'’SO,GBG-. In preferred such embodiments, B

is C=0, D, V, and K are absent, and G is NH or NC, ¢alkyl.

In certain embodiments, R"is RISGBCI_gaIkyI-. In preferred embodiments, B
30 is C=0, Gis O, and the C.galkyl moiety is optionally substituted with OH, C;_salkyl
(optionally substituted with halogen, preferably fluorine), C;.salkylW, aryl, heteroaryl,
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25and R7 is selected from Cl_6alkyl, cycloal kyl-M C _oraal kyl, and

Cl 6heteroaraal kyl. In other enbodinents, Lis C=0, R6 is Cl1L 6alkyl, Qis
selected from0O and NH, and R7 is Cl_6al kyl, where Cl1_6alkyl is sel ected
fromnmethyl, ethyl, and isopropyl. In further enbodinents, L is C=0, R6 is
Cl1_6al kyl is selected fromQ and NH and R7 is Cl- 6aral kyl, where

aral kyl i §a’§ﬁé¥F9Yln%?t?F§’FYCIYlna‘%ﬁ heqaralie o i AetAiR sugh gmbogipentizahg Gi-glkyl

306al kYl , .Q:is  f 3 iis) Cl. 6het er oar al kyl, where
het er oar aln%}%ﬁié%%ﬁggg}tﬁt&?@n&(ﬂw.mm%gd%llﬁi@lértai n enbodi ments, L is
absent or is Cx n nd R7. toget her e XY= G 6al kyl ,

Cl _6al kyl - ZA- a%g%r?%g F&%&W?B%ft’%g/ﬁqu&, Otfﬁ(éxr?%‘%/%?%ﬁh‘lg?\%rog’lr ng. In certain
pref erredsesedénsiys, L is C0, Qand Y are absent, and R6 and R7 toget her
are C _3alkyl-Y-C..3alkyl. In another preferred enbodinent, L and Q are

absent, and R6 5and R7 togethgr g Cl_3alkyl vsg.aCi 3al kyl . I'n anot her
preferred enbodinent, L is , i s &bseni, IS IXected from NH and
N-Cl, 6al kyl, and R6 and Rakﬁe&‘ ﬁk\;ﬁ%k!ﬂ\h)ﬁél_?)alkyl. | n anot her
preferred enbodinent, L is 3C=0,4Y i § absent,qand[/[R6 and R7 together are
Ch3al kyl -Y-Ci _3alkyl. In afther préferR¥d enbodOment, L and A are C=0, and
R6 and R7 together are Cl _2alkyl-ZA-C 2alkyl. In another preferred 10
enbodi ment, L angreforfiiCnfbodia@ds, B ARMifdr hdC0RERAIe 8f Rrkdlad@dky 1- A
In certain enbodinents, R14 is (R150)(R160)P(=0)W. In certain such
enbodi menpbamBeentically acosdtaWessalt thdvemint . 1 n ot her such enbodi nents, V and K
are absent, Dis O _salkyl, and Wis 0. In yet other such enbodinents, Dis
C _salkyl, Kis C=0, and V and War¢ 0. 15In certain enbodinents, Rl4 is
R15GB-. I n preferred enbodi nents, (s C0, Gis Dis G _salkyl, Vis 0O,
and Kis C=0. In certain enbqdine f clyl-. In preferred

| Kyl .

o)

such enbodi nents, Dis %_Sa rtajjn sgch e dinents, Vis 0, Kis
C=0, and heterocyclyl i L '~ enbodi ments, Vis
absent, Kis absent or is G0, gnd !i20 he3t ergcycl is N(R18) (R19), where
R18 and R19 together are J-RJ-J, J-WatJ, Bt B-J-TQY, T is absent or is
selected fromO0O, NRL7, S, SO 502, CHOR17, CHCO2R18, C=0, CF2, and CHF, and
J is absent or is C _3al kyl. (I
10  wherein
each A is independently selected from C=0, C=S, and SO,, preferably C=0;
each B is independently selected from C=0, C=S, and SO,, preferably C=0;
D is absent or is C;_galkyl;
G is selected from O, NH, and N-C,_galkyl;
15 Kis absent or is selected from from C=0, C=S, and SO,, preferably K is absent or is
C=0;
L is absent or is selected from C=0, C=S, and SO,, preferably L is absent or C=0;
M is absent or is C;_galkyl;

Q is absent or is selected from O, NH, and N-C;_¢alkyl, preferably Q is absent, O, or
20 NH, most preferably Q is absent or O;

X is selected from O, S, NH, and N-C;_¢alkyl, preferably O;
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In certain enbodi nents, R14 is (R17)2N- or (R17)31\1-, and preferably Vis
absent. In preferred such enbodinents, Dis C _salkyl and Kis absent or
C=0. In certain 25enbodi rents where V is absent and R14 is (R17)2N-, Dis
absent K is absent or is C=0, preferably Kis C=0. In certain

enbodi nents, Rl4 is R 7S02GBG . In Preferred such enbodi nrents, B is C=0, D,
V, and K #a ‘alssadependenily@bpent Rrisselesicd fwam @y B, NH, and N-Cyealkgbr t ai n

enbodi nment s, ' 1-. In preferred enbodi ments, B 30is C=0,
Gis 0, and t%ﬂégr@gﬁ%%%?g%w s optionally substituted with OH,

Cl_8alkyl,(optionally substitut wi. t.h hal , feraply fluorine),
CLsal ki W Aot B istadepaRgtet Y sEieibt fen O SHSEH: afUSLEr SR arBEELER o1 yr
In certaip .such enbodinents, t i _sal kyl ety is ynsubsti t ut ed,
nono- , oerﬁé QY?rtlﬁltS‘JéBCtﬁﬁi %PW;A;QNI? N-&-qaﬁ(y&glsg},ﬁ()én%gg),%ﬁpg, a conpound
of forgmula I hagddg!d.ol | owi ng stereochem stry: In preferred
enbodi nents, the inhiBitor has a structure of fornula Il or a

phar mac eu&ieﬁ% stn@e%gﬁd%%ﬂ?lsglea@Ji %ro}rp&r §,%H, and N-Cj_galkyl, preferably O;

R! and R? are each independently selected from C;_galkyl, Ci.shydroxyalkyl, C;.
salkoxyalkyl, aryl, C;¢aralkyl, and R14DVKOC1_3alky1-, wherein at least one of
R' and R? is R*DVKOC 3alkyl-;

10 R’ isNRYLQR;
R® is selected from hydrogen, OH, and C,alkyl, preferably C.salkyl;

R’ is a further chain of amino acids, hydrogen, a protecting group, aryl, or heteroaryl,
any of which is optionally substituted with halogen, carbonyl, nitro, hydroxy,
aryl, Cysalkyl; or R’ is selected from Cisalkyl, Cyalkenyl, Cisalkynyl, C.

15 saralkyl, Cj_gheteroaralkyl, R8ZA-C1-galky1-, R”Z-Cl-galkyl-,

(RO)(R’0)P(=0)0-C.salkyl-ZAZ-C salkyl-, (R*O)R’0)P(=0)O-C; galkyl-Z-
C1.salkyl-, R®ZA-Csalkyl-ZAZ-Cgalkyl-, heterocyclyIMZAZ-C; galkyl-,
(RBO)R’0)P(=0)0-Csalkyl-, (R'*),N-C,_salkyl-, (R'®):N"-Csalkyl-,
heterocyclylM-, carbocyclylM-, R''SO,C galkyl-, and R''SO,NH; or

20 RSandR’ together are Cyalkyl-Y-C;alkyl, C;¢alkyl-ZA-C,.galkyl, A-Cy¢alkyl-ZA-
Cisalkyl, A-Cgalkyl-A, or Cjealkyl-A, preferably C,.oalkyl-Y-Ci.alkyl, C;.
salkyl-ZA-Cyalkyl, A-Cialkyl-ZA-Calkyl, A-Cyalkyl-A, or Cjalkyl-A,
thereby forming a ring;

R® and R are independently selected from hydrogen, metal cation, Cyealkyl, C;.

25 salkenyl, C; galkynyl, aryl, heteroaryl, C,aralkyl, and C;heteroaralkyl,
preferably from hydrogen, metal cation, and C\_salkyl, or R® and R’ together are
Cisalkyl, thereby forming a ring;

each R' is independently selected from hydrogen and C,salkyl, preferably C,.salkyl;

and
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10wherein each A is independently selected fromC=0, C=S, and SQC2,
preferably C=0; each B is independently selected from C=0, C=S, and SQC2,
preferably C=0; Dis absent or is G _salkyl; Gis selected from0O, NH and
N-C _oal kyl; 15K is absent or is selected fromfrom C=0, C=S, and SQ2,
preferably K |§ absent or is C=0; L is absent or is selected fromC=0, C=S,

and 502, pctifer #yngenendentlyisslegted dronchyyirogan; QRabé%nﬂlkblﬁ Gigaliegnyh £ iky | ; Q
bsent | | ey b
2o 205et O T SURFHRSAACIOO, Beo b0 Mool o ROELRERRLY Qe

S, NH, and hkcugmﬂ@kmkylpreferably 0; each Vis |ndependently absent or |s
selected fromO, S, NH, and N-Cl.6al kyl, preferably V is absent or 0; Wis

absent orRMss gas@&e&dﬁwdyog%ﬁl @Cf©ﬂRf609m=@))W5 RNGB- amech@l;dGe(RmN-
preferably O; bsent or is, selected fromO0O, NH N Cl 6al kyl, S,
SO, 502, CHORI( Ra)aH 5 HOORRBS-, ankR @HCs salisle piiercthe Cy-sakylapeigd 18 r om 0, S,

N and N CL_Sebn BUSLELREL Y B B NSl pafip Sl pspenont ¥
Cl_6aral kyl , ahslofnd W Cﬂilbklylé)- aryWieteeddrylatarbeagtyl dreeerofydRil, ardCR3 i s

Rl 4DVKOC1, 3al kyl - ; 10 R5 is N(RB)L )
g/aralkyl preferably at 1(east)on9§ccurrence of R is other than hydrogen;

15 and R'® are independently selected from hydrogen, metal cation, Ci.salkyl, C;.
10 salkenyl, C;.¢alkynyl, aryl, heteroaryl, C; ¢aralkyl, and C,.¢heteroaralkyl,
preferably from hydrogen, metal cation, and C;_¢alkyl, or R'® and R'® together
are Cjgalkyl, thereby forming a ring;

each R is independently selected from hydrogen, OR'", C\alkyl, C,.¢alkenyl, C.
salkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, Cyearalkyl, and C;.
15 ¢heteroaralkyl;

provided that when Rg is H, L is C=0, and Q is absent, R’ is not hydrogen, C;-salkyl, or

substituted or unsubstituted aryl or heteroaryl; and

D, G, V, K, and W are selected such that there are no O-O, N-O, S-N, or S-O
bonds.

20 In certain embodiments, R' and R® are each independently selected from C;.
salkyl, C.¢hydroxyalkyl, C,.¢alkoxyalkyl, aryl, C;saralkyl, and R“DVKOC, salkyl-
wherein at least one of R! and R® is R14DVKOC1-3a1ky1—. In preferred embodiments,
one of R! and R®is Cisaralkyl and the other is R14DVKOC1_3alkyl-. In the most
preferred embodiment, one of R and R? is 2-phenylethyl or phenylmethyl and the other

25  is R¥DVKOCHS,- or R“*DVKO(CH;)CH-.

In certain embodiments, each R'! is independently selected from hydrogen, C,.
salkyl, Cjealkenyl, Ci¢alkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C, ¢aralkyl,
and Cj_gheteroaralkyl.
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R6 is selected fromhydrogen, OH and Cl.6al kyl, preferably G _olkyl; R7 is
a further chain of am no acids, hydrogen, a protecting group, aryl, or

het eroaryl, any of which is optionally substituted with hal ogen, carbonyl,
nitro, hydroxy, aryl, G _salkyl; or R7 is selected from Cl_6al kyl,

Cl5al kenyl, Cl6al kynyl, Cl_ 15aral ky] , G _6heteroaral kyl, R8ZA-Ci _8al kyl -,
RI | Z-CG _8al kyl In cerfrpoymirsionentscpoh & _@é}}d@ppndza%wgfé%‘r ég% hydrogen, C;.

(R80) ( ROOURTO affen PR Y51 WERZLS G AR b, €0 By

( R152N- ClasbCkyheterodr®kyI3N het er ocycl y1M, carbocycl ylM, RI 1 SO2C _gal kyl -,
and RI'1 SO2NH;, or 20R6 and R7 together are G _ol k)/l -Y-Cl_6al kyl

Cl6al kyl - ZA- Clib@driait] smbydizhitk Ky hndZ@-ar&hbsend 4MIR ' idsdlect@bdrbayl hylrogen, a
Cl_6al kyl -A, preferably Ci, 2al kyl -Y-GC _2al kyl, Cl1- 2al kyl-ZA-C1 2al kyl ,
A- C1_2al kiprtheichein obgmipp acids&1-@8ayikg profectipe grguiafids helkrodr et e ¥lof i ng a

ring; R8 raui e | I m i on,

1 Bty S SR B CERER, S REERATIRYEE0 o FHRmE, D"
/

Cl6het er oRf &l Gyalkypamf R Blklected donhyatylhgiivi, prophuglyl, phtiybmethah @-Giridghl kyl , or

R8 and R9_together are C_olkyl, thereby formng a ring; each Rl is
8 ¥l

i ndependefPV)d¥epbt-83¢Yom hydr ogen and C1_6al kyl, preferably G _6al kyl :

and each RH is independently selected from_hydrqgen OR16, G _6al kyl ,
G _6al kenyl, Cn other geyhagimentalpiscS ( is ahwenk ené Re isselectedyirom Rawdkvar yi |

Cl_6ayal k d.C, . L R1L4A ogen,
(ol bt B o Rpre RIBUELAB Bl Holebiel Bl BRIINGL J0°
R17S02GBG, and RI5GBCL 8al kyl - re thesd _sal ky, i ety s optionally
substituted wi th°EA" %@Wﬁ%‘ﬁw %‘f‘?&ﬂ%ﬁ 3‘;5?3"6&“tdi%°l}?w§d-6%¥¥lhéﬁal ogen,
pr ef er abl y1tdnyD 13, REkynyAS k1, NEABIKGR hi¥eroae Al boghetdrydralkPle REZACY Clalidyl-, and Cl _
6aral kyl, preferably at |east one occurrence of ;R14 is other than hydrogen;

R Z-Cysalkyl-, (R°O)R’O)P(=0)0-C; salkyl-, (R*O)RO)P(=0)0O-C.salkyl-ZAZ-Cy.

salkyl-, (R®*0)(R°0)P(=0)0-C; salkyl-Z-C.salkyl-, R*ZA-C) galkyl-ZAZ-C  salkyl-,

15  heterocyclylMZAZ-Csalkyl-, (R'®),N-C_alkyl-, (R'®);N"-C; salkyl-, heterocyclylM-,
carbocyclylM-, R“SOzcl_galkyl-, and R"SO,NH-. In certain embodiments, L is C=0,
Q is absent, and R’ is H.

In certain embodiments, R%is C¢alkyl, R’ is Ci.¢alkyl, Q is absent, and L is
C=0. In certain such embodiments, R’ is ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-
20  (methylsulfonyl)ethyl.

In other embodiments, L is C=0, Q is absent, and R’ is C,.¢aralkyl. In certain
such embodiments, R’ is selected from 2-phenylethyl, phenylmethyl, (4-
methoxyphenyl)methyl, (4-chlorophenyl)methyl, and (4-fluorophenyl)methyl.

In other embodiments, L is C=0, Q is absent, R®is Ci.salkyl, and R’ is aryl. In

25  certain such embodiments, R’ is substituted or unsubstituted phenyl.

In certain embodiments, L is C=0, Q is absent or O, and R'is -

(CHy)pcarboceyclyl. In certain such embodiments, R’ is cyclopropyl or cyclohexyl.

In certain embodiments, L and A are C=0, Q is absent, Z is O, and R’is
selected from R®ZA-C galkyl-, R!'Z-C) salkyl-, R®ZA-C, salkyl-ZAZ-Csalkyl-,
30 (R3O)R’0)P(=0)0-Csalkyl-ZAZ-C_salkyl-, (R*O)R’0)P(=0)0-C; salkyl-Z-C;.
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R15 and R16 are independently sel ected from hydrogen, netal cation,

C _6al kyl, C1_ 106al kenYl, Cl1 6al kynyl, aryl, heteroaryl, Cl _6aral kyl, and
Cl_6heteroaral kyl, preferably from hydrogen, netal cation, and Cl_6al kyl,
or R15 and R16 together are G _ol kyl, thereby formng a ring;, each R'7 is

I ndependent |y sel ected from hydrogen, OR16, C _6al kyl, C _6al kenyl, Cl_

6al kynyl ,saéka)flb@éé/bﬁtylroFy‘HékMZéé;@-@lkyi-arlfg/ certaip FEhFRUAAIMRHS, &38| kyl , and Cl-
156het ero ) ide 1 ' cod ~ i s absent,
7 15 not g5 LOUNPEEY Qo St Bl st AR GRBING ey or

het er oar ybsodambl @yl G NR KR “andhdrdiaRe’ sel RCttegttisuate €hatkylfeCesakd, no 0-0,
N0, S-N, or. 5-0 bonds._ 20In_certain enbodi nents, RL and R3 are each

i ndependehief a@@lcéé‘ﬁgﬁl‘ﬁ%ﬁ?]éﬁiﬁ tl%?é?h%’yfg,rm’@g_aé‘ll%roxyal kyl, G _6al koxyal kyl ,
aryl, Cl_6aral kyl, and Rl 4DVKOC _33. 1kyl wherein at |east ;one of Rl and R3

i s” RLADVKOC! . 3Hi sgytein prefersd embedideenisrbdel Creh (Xis absfat. ond By 1h3rdectes | s

G _6aral k d ] her i 4DVKOG1,3al - it L preferred
enbodi nenﬁ%)mg(r%eoﬁ)@ g%(aﬁéo%’ggsl(yg’-ﬁﬁ%?éﬁ%)}h%{r )gﬁle(?%%? ?/I and the ot her
25di s Ré4ﬁl§(&66yﬂl |y1-101r.. giéda\dﬁq\ﬁhk&bﬁ&hnents;R&éﬂlcaigaikﬂME&)m&, each Rll is
I ndependent sel,ected frgm hydrogen, Cl . Ch6al kynyl, carbocycl yl,

het er ocyc*a}lfy?{Na@}ﬁ%» W‘é?\g}?ﬁ d—?al@%-_é‘éfs?ﬂa@ pt e‘é?’rt?%é%‘_b@ﬂ‘é‘?eé‘%géﬁ Kyl .

In certai L1RgeN Ik Seel Pes I rom hydr ogen,
1, Gl ey o o B I
het er gar ypipe@zinbaaral tyytolidarwd Cl1_6het eroaral kyl . I n certain enbodi nents, L

and Q are absent and R7 is selected from hydrogen, a
In certain embodiments, L is C=0, R® is Cy.¢alkyl, Q is selected from O and NH

and R’ is selected from Cy.galkyl, cycloalkyl-M, Cj.garaalkyl, and Cgheteroaraalkyl.
In other embodiments, L is C=0, R®is Cialkyl, Q is selected from O and NH, and R’
is Cyalkyl, where C.galkyl is selected from methyl, ethyl, and isopropyl. In further

15 embodiments, L is C=0, RS is Crealkyl, Q is selected from O and NH and R’ is Cy.
aralkyl, where aralkyl is phenylmethyl. In other embodiments, L is C=0, R®is Ci
salkyl, Q is selected from O and NH, and R’is C,.gheteroaralkyl, where heteroaralkyl is
(4-pyridyl)methyl.

In certain embodiments, L is absent or is C=0, and R® and R’ together are C,.

20 salkyl-Y-Cygalkyl, Cialkyl-ZA-C,.¢alkyl, or Cj.¢alkyl-A, thereby forming aring. In
certain preferred embodiments, L is C=0, Q and Y are absent, and R® and R’ together
are C3alkyl-Y-C;salkyl. In another preferred embodiment, L and Q are absent, and R®
and R” together are C;jalkyl-Y-Cysalkyl. In another preferred embodiment, L is C=0,
Q is absent, Y is selected from NH and N-C, ¢alkyl, and R® and R’ together are C;.

25  3alkyl-Y-Cjsalkyl. In another preferred embodiment, L is C=0, Y is absent, and R®
and R’ together are C;.salkyl-Y-Cy.;alkyl. In another preferred embodiment, L and A
are C=0, and R® and R’ together are C;alkyl-ZA-Cjalkyl. In another preferred
embodiment, L and A are C=0 and R® and R’ together are C,_3alkyl-A.

In certain embodiments, R' is (RISO)(RMO)P(:O)W-. In certain such

30 embodiments, D, V, K, and W are absent. In other such embodiments, V and K are

-17 -



5 further chain of am no acids, Cl_6acyl, a protecting group, aryl,
heteroaryl, Cl _6al kyl, G _ sal kenyl, Cl_6al kynyl, C _6aral kyl, and
Cl. 6heteroaral kyl. In certain such enbodinments, R6 is C _6alkyl and R7 is
selected frombutyl, all yI propargyl, phenyl net hyI 2 pyri dyl, 3-pyridyl,

and 4-pyridyl I n_ot her. embodi men S, %el S absent and
R7 is sel 8ksenaDris Greadityloandc} is {daliarehptpr sue eE@Pfhé‘i‘eﬁlt Qc‘ﬁ wtlbdh Fept s, R7
i s select @dof BQBPWIM d phenyl . In certain enbodinents, L is C=0
and R7 is sefl ecte rom _6al kyl, C1l- 6al kenyl, G _6al kynyl, aryl

G . 6aral kyl , r hejier ky

RI 1Z- C1_8al ky |-n Ce{‘%gb‘%‘% E&G‘ 8§ <GPRy “pﬁﬁﬂ%ﬁég{‘%‘k oS &0 G

( R80) ( RO0)sRY @)&Q&u&al\kmleZanGJK_ﬁ;aH@I -, RBZA-Cl1. 8al kyl - ZAZ- G _sal kyl -, 15
het erocycl y1MZAZ- G sl kyl -, (R1)2N-Cl_8al kyl -, (R1531\1+-Ct_sal kyl -

het er orycl y1M 1y Gatbhogysddyhdbts, Rlsﬂgerg@cyl -In p?é"l@rr&h suB@Mddimés, Q?r tain

enbodinents, L is 0=0, Qis absent, and H. I'n certain
enbodi mentssCl sa@yl dncertea srghemmrinents1V @a@klpills CeO, gncbb@ern@yclzlnel L is C=0.

In certain RY7, i t hy ) 2-41rdfluoroethyl,
or 2. 20 PREHON %&F Olg‘n;;%eétsﬁ‘*? BhoddimERINY s ARERL RO bpscft 6 Qs d.5h -0, Qis

absent , amderBzydl;al @N@éy@‘%y\merb R'E&id R nogaedr apnb0di MWBY, oR3-JiB-Jsel ect ed
from 2- phenyl et hyl , phenyl net 23/ 64- et hox heqyla net h}¥1|5’

(4-chl or th%@hFFl)tr?éﬂhiﬁlleCte&irfém{l lei;o,r%&%@Qz) [, CHCOR™, C=0, Cha, 0t her

enbodftd*rengrﬁic Flﬁbq_gabs P{gr g?s j R6 is Cl_6alkyl, and R7 is aryl. In

25certai n suc di en ubstltuted or unsubstituted phenyl. In
certai n enbodi frent.s

(CH2) car bocycl 1 STHR e@&@&f‘?ﬁ%d@?ﬂ%@bﬁéﬁ r@m) %57’ b péeng%B’r Y8/ osgpt:

cycl ohexyin preferre@ ktichi dinyIRACKEEM ST, 8la1k@n@hd°1<a§ @os@n@or Qbsimbsent , Z is 0,
and R7 is sel ected from R8ZA- CJI‘(LSaI | - ' Z- Cl. 8al kyl -,

R8ZA- Ci _sehkadimeniy whiere Bag abpent and®R (REB) ﬁé’@})ﬂe abge@t&qabq@w AL,
| kyl 0018Ik|ZCl | kyl -, d
hgt e)r/ocycl%R%W% 8§g%<y1- Iﬁ c)értal n suchaem);odl rrgzts R7 is
het I al kyl - t |y sti.t ut.ed
uﬁsﬁ[) ?/'f u%/ecl;/z@i?% bé’ﬁ e} %{\l( ﬁh@) ?‘%&%& V\ﬁ‘ gf‘ilha%’agﬁiﬁe?t&g%t her

are C _6aikkHo, D, &, salkkyre abiinefm6ab] swﬁblmlgwkyiv- Cl 3al kyl, thereby
formng a ring.

In certain embodiments, R is R’’GBCsalkyl-. In preferred embodiments, B
is C=0, G is O, and the C;_galkyl moiety is optionally substituted with OH, C;_salkyl
(optionally substituted with halogen, preferably fluorine), C,_galkylW, aryl, heteroaryl,

20  carbocyclyl, heterocyclyl, and Cy.¢aralkyl. In certain such embodiments, the Cl_;;alkyl

moiety is an unsubstituted, mono-, or disubstituted C,alkyl.

Another aspect of the invention relates to compounds having a structure of

formula (IIT) or formula (IV) or a pharmaceutically acceptable salt thereof,

R" R O RS O RS
N X R* X
R N N
O R R® O RZ R¢ O
25 (111 (V)

wherein
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5In certain preferred enbodinments, L is C=0, Qis absent, and R7 is

sel ected from (R80) (R90) P(=0) 0-Ct _sal kyl -, (RI')2NC _8al kyl,

(R1) 31\ 1+(CH2)tr, and heterocyclyl-M. In certain such enbodi nents, R7 is
-G _sal kyl N(R152 or -Cl1- salkylNA(RIN, where RI is Cl_6alkyl In certain

ot her such enbodi nents, R7 is heterocyclylM, where heterocyclyl is

sel ect ed €acBr\idinskepeidgntly pi proriatic apheteppromeatisArenp, ondivaalby substifugidno.

In certain enbgdj t .Js.C=0, R6 is Cl.6alkyl, Qis selected fromO and
NH and R7 i s sgﬂle‘gﬁgéss%@%‘r%{’%ts_’o| kyl, cycloalkyl-M G _oraal kyl, and

Cl_6heterparagal kyl .. 1 n other emhodi nent Lis.Cs is_ G _olkyl, Qis
sel ect ed F%%?Sﬁnktyé’ﬁds WC?%%O%%%Eéﬁ? §9[2,,pr9\§%a]bg> @85 ‘1?378 i s sel ected
fromnmethyl, eth and isopro .. In further 15 enbodi nents, L is C=0, R6
is ClL 6al i?gﬁﬁtgdsff%@l%c%éﬂga %‘Qﬁﬁlaﬁqwlmegeﬁiﬁblh‘?;i s C _ 6aral kyl, where
aral kyl is phenylnethyl. In other enbodinments, L is C=0, R6 is C, _ 6al kyl,
Qis skl e¥tizabsehithissdemediomLemO rrd 892G _shet er oaral kyl, where

het eroaral kyl is (4-pyridyl)methyl. In certain enbodinents, L is absent or
is C=0, ahds RGenind iRZitablgdt her are Cl. 206al kyl - Y-C _6al kyl ,

C _6al kyl - ZA-C1_6al kyl, or G _olkyl-A, thereby formng a ring. In certain
pr ef er r edRESodidRhirs eadh indeprbently setedted foome Cabakeylt C, diydrdR§alkgtd R7 t oget her
are C _sal kyl - Y- sal . I.n anot he referred enbodi ment, L. .and Q are
absent, and RGga 7@&{3@%@@% nes?reﬁg@aanmf -“%-W_da 1S 3piiegAly SPhstisd ner
preferred embogiBhAt or hotSofanPlde, @nlifie, 2RHBRlic Acidl For3&aR Ehebt) Feafy NH and
N-Cl_6al kyl, and R6 and R7 together are Cl- 25salkyl-Y-C _salkyl. In
anot hdr pr ef er leduding 6disatkyltestet Cii.s alRyDestey, arsl aplsester), thnld oRGicatherR7 t oget her
are G _3al kyl 'Y'bél Batl kyl. In another preferred enbodinent, L and A are
C=0, and R6 an¥’B¥FSFet her are CL_2al kyl -ZA-CL_2al kyl. In anot her
preferred_g i t., L and A are C=0 and R6 and R7 together are

FR Tera

CZ_SalkleA. Pn enmbodi nents, R14 is (R150)(RI60)P(=0)W. In certain

such 30 enpodinments, D, V, K and Ware absent. In other such enbodi nents,
V and K aRels selected from hydrogen, OH, Cj¢aralkyl-Y-, and C;alkyl-Y-, preferably

hydrogen;
15 RCis selected from hydrogen, OR’, C,alkenyl, Ar-Y-, carbocyclyl, and heterocyclyl;

and

R’ and R® are independently selected from hydrogen, C;_¢alkyl, and C, ¢aralkyl,
preferably hydrogen.

In certain embodiments, L is selected from C=0, C=S, and SO, preferably SO,
20 or C=0.

In certain embodiments, R’ is selected from hydrogen, OH, Cj_aralkyl, and C,.
salkyl, preferably hydrogen.

In certain embodiments, R® is selected from hydrogen, C;¢alkenyl, Ar-Y-,

carbocyclyl, and heterocyclyl.

25 In certain embodiments, X is O and R', R?, and R? are each independently
selected from Cjgalkyl, C;¢hydroxyalkyl, and C;_earalkyl. In preferred such
embodiments, R' and R? are independently C,.¢alkyl and R%is C¢aralkyl. In more

preferred such embodiments, R and R? are both isobutyl and R?is phenylmethyl.
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absent, Dis Galkyl, and Wis 0. In yet other such enbodinents, Dis

Cgalkyl, Kis G0, and V and Ware O. In certain enbodi nents, Rl14
is RIGGB-. In preferred enbodinents, Bis Cz0, Gis 0, Dis Calkyl, Vis
0, and Kis C=0. 5In certain enbodinments, R14 is heterocyclyl-. In
preferred such enbodinments, Diss;Calkyl. In certain sych enbodr ments, Vis

0, Kis C=0, aHucai@ineerakadimgnts;®’ @M@ﬁoﬁﬁ%ﬂeﬁﬂ -0 ppS@rRers 4ioh. arbesshnent s,

R15 and RS Daapar g rglefled Soni k@ JAaclel BEOENEIL d R LA, vhere

sel ect ed fuiaotofyl, tﬁléﬁﬂ,,pyﬁdylS@,yraSﬁEand]ﬂaﬁkE I[CHEERRAsh eﬁ‘zb@dm%ﬁs Ak¥Oand CHF,

and J is absent or 3al kyl. In certal n enbod) ts (R17) 2N- or
(R17) 31\ 1maY§ﬁ&“‘b§F€*Ft%4‘é(BFy’“\Q'iséth&ffs@hi selgqtedyrem gy ré’an%’é‘ n%(ﬁflnents Dis
G  al kyl 1K absent
and Rl% [ gﬂ?le % éeré??%ﬂ%rsﬁ%%ggl%? dlln{brngse‘g ‘?lé %tlggir? %ﬂéﬁe C=0, “pr efugﬁta 3 Kis

C=0. 15l npméeraldyrw@rmndrgrrmhbsyl R14 is RI7S02GBG. In preferred such
enbodi mrents, Bis C=0, D, V, and K are absent, and Gis NH or NCl 6a1ky|

In certain enbhﬂctdﬂ‘llaﬁiémbdahﬁemts IRI@@@ogéﬂg)er abidmtﬂrtst%F(D edsegbadiRfaat s,
is C0, Gis 0, and t g:h sal k noiety. is optrocglly substituted vvrthO—l

G al kyl (%?qt%ﬁw%rmy‘\rs‘éﬁg 1@{(@@01\)4 t 1% 9gEpiggusferpd tcbreatiofimenidr i ne)
G _8al kyl Y 0, ral kyl .
" cort ai Ao S UOR it R ARG i RETBLRE S‘hé‘ bineRRE R B oo
nono-10 or cerftaﬂu&mheﬁ frafeedd Gicll dybadiments, Aisatleeted fiopegliengt, indoéyli nvent i on
relates t a_.structure of .fo royla (1V) or
L phar macBTEPELRI THeRDy AgRlRY; tipary hientypaa pyrayl fnd BT
In certain embodiments, R is hydrogen, L is C=0 or SO,, Z is absent, and R® is
Ciealkenyl, where Cj_¢alkenyl is a substituted vinyl group where the substituent is

preferably an aryl or heteroaryl group, more preferably a phenyl group optionally
15  substituted with one to four substituents.

In certain embodiments, R’ and R® are independently selected from hydrogen
and Cjealkyl. In certain preferred such embodiments, R7 and R® are independently
selected from hydrogen and methyl. In more preferred such embodiments, R’ and R®

are both hydrogen.

20 In certain embodiments, a compound of formula (III) or formula (IV) has the

following stereochemistry

R’ R’ @) R3
J\WNV‘L RQLNW
RZ R O

O O

(I11) Iv)

In preferred embodiments, the inhibitor has a structure of formula (V) or

25  formula (VI) or a pharmaceutically acceptable salt thereof,
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each Ar is independently an aromatic or heteroaromatic group optionally
substituted with 1 to 4 substituents; L is absent or is selected from C=0,
C=S, and 502, preferably SO2 or C=0; X is selected fromO, S, NH, and
N-Cl1_6al kyl, preferably 0; 5 Y is absent or is selected fromC=0 and SQ2; Z
is absent or is Cl_6alkyl; R, R2, and R3 are each independently sel ected
from C1_6al kyl , Rt _6{ydr@xyaRRyl ,~G _6al koxyal kyl , afyl, Rihd @._6aral kyl ,

any of which isJoptipnallly slibstildted with oneor nge . anmi ne,

carboxylic ag a~gal INfhe , ester 10(inchudi ngN"G | ester

Cl_5 al kyl ester, fand aryl  gst thiol, or thioetherg§ub ituents; R4 is
| -

N(R5)L-Z-R6; R5 is selested from hydrogen, OH, Ch6aralk , and
W hydrogen, OR7,

Cl_6al kyl -Y-, preferabl Jr ogen; 15R6 is sel ected

Cl _6al kenyl, Ar-Y-, car\ |yl , and heterocyclyl; X7 and R8 are

i ndependently sel ected from hydrogen, C _6al kyl, and G _6aral kyl

pref erably hydrogen. In certain enbodi nents, k%is sel ected from
C=0, C=5, and S, 6YEferany 502 20 or C=0. In ég ai n enbodi nent s,
R5 is selected fromhydrogen, OH Cl_6aral kyl, and Cl- 6al kyl, preferably

hydr ogen. WBeTeIl | n certai n enbodi nents, R6 is selected from hydrogen,

Cl_6al kenyl, Ar-Y-, carbocyclyl, and heterocyclyl. ) )
each Aris independently an aromatic or heteroaromatic group optionally substituted

5 with 1-4 substituents;
L is absent or is selected from C=0, C=S, and SO, preferably SO, or C=0;
X is selected from O, S, NH, and N-C,_alkyl, preferably O;
Y is absent or is selected from C=0 and SO;
Z is absent or is Cjgalkyl;

10 R'and R’ are each independently selected from C.galkyl, Cyshydroxyalkyl,
C,.salkoxyalkyl, aryl, and Cgaralkyl, any of which is optionally substituted
with one or more of amide, amine, carboxylic acid (or a salt thereof), ester
(including C,_s alkyl ester and aryl ester), thiol, or thioether substituents;

R*is N(R>L-Z-R;

15  R’is selected from hydrogen, OH, C)_¢aralkyl-Y-, and C;.salkyl-Y-, preferably
hydrogen;

R® is selected from hydrogen, OR’, Ciealkenyl, Ar-Y-, carbocyclyl, and heterocyclyl;

and

R’ and R® are independently selected from hydrogen, C.salkyl, and Cy.saralkyl,
20 preferably hydrogen.

In certain embodiments, L is selected from C=0, C=S, and SO,, preferably SO,
or C=0.

In certain embodiments, R’ is selected from hydrogen, OH, Cj.saralkyl, and C,.
¢alkyl, preferably hydrogen.
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251 n certain enbodinents, Xis 0 and RI, R2, and R3 are each independently

sel ected from Cl_6al kyl, C _6hydroxyal kyl, and Cl1_6aral kyl. In preferred

such enbodi nents, RL and R3 are independently Cl _6al kyl and R2 is

Cl_6aral kyl. In nore preferred such enbodi nents, R and 123 are both

i sobutyl and R2 is phenyl nethyl . In certain enbodinents, R5 is

hydrogen, L i slnceegtagy engpglimpgsi R inselycted fam hydeagens Ci@lkerdle parttent | y

sel ected Ly , benzofuranyl, naphthyl, quinolinyl,
{:z{rgwgﬁ,%fl he{e?gc?)?w,l.

qui nol ony[l", pyTi pyrazyl, and the like. In certain such

enmbodi nent s, may. be supsti.tufed.w Ar - wher e i S selected, froma
direct bond, - -?eﬁ}éﬁ’der@io. uggn(s, Ils.olaﬁggéraf%&%et%g?1@%‘?@5‘%@68@?@%s wher e
Z is Chéalkil ¢, AR DBy & BRIk WrRds, af8iyer abpferteld RudsemBodmenteRNY! .
In certain e lo%i%ntlgéy%bﬁ }Eydr ogleGE, igbgbser?t uL ?rrsl ngwrér $O2, and
R6 i s Sel et Rakrindeppedentls fu-callsile o syese preferrad sveh embedipeatseRr ael Blich

enbodi rrengr%,iso%eWrocycl yl is selected fromchrononyl, chromanyl,
nor phol i no, and yp'i peridinyl. In 10certain other preferred such enbodi nents,

Ar is selected. f henyl., i.ndod yl, .benzofuranyl ht hyl. ., .guji nol j nyl ,
o et oot PPt L by RSB T b sOSRRE Rp ATy ™
enbodi MeNi$ is iRRepeRddNTseRBRd o Phdayh iRdolydHBenz&firnydR&ehthyl, @ﬁﬂloﬁﬁ%ﬂ, s

e

G _ol kenyl, where G _olkenyl is a substituted vinyl group where t
subst i t ueatinplonply dfienvhipyyidsh prregyl, and thedikeoby gartagy wg embpfingpteér ably a

pheny], gr oup,Qpt, L ly.15substi.tuted with e to. ubst i nts. In
cert a1 On e]f%gg ¥ ﬁ%thiﬁg&eck%’lé%d% Wé’re%e @ﬁsdseepl)%crt%lgf?n?mf dé%?&({ngdtt?f %llri#ﬁiidr ogen and
Chéal ky! . gallleylC @t Eddtaih hef fich egibsdigteney gt PERTS calkYl, ZmthyRR @bstituted,
i ndependently sel ected from hydrogen and nethyl. In nore preferred such
embodi men¢-§, Preferably wath Ar.enersreipspblyoydhpheayl-n certai n enmbodi ments, a
conpound of forrmula (I111) or for;rula(l\/) has the 5.

In certain embodiments, R’ is hydrogen, Z is absent, L is C=0 or SO,, and R” is

selected from Ar-Y and heterocyclyl. In certain preferred such embodiments,
15  heterocyclyl is selected from chromonyl, chromanyl, morpholino, and piperidinyl. In
certain other preferred such embodiments Ar is selected from phenyl, indolyl,

benzofuranyl, naphthyl, quinolinyl, quinolonyl, thienyl, pyridyl, pyrazyl, and the like.

In certain embodiments, R’ is hydrogen, L is C=0 or SO,, Z is absent, and R®is
Ci.¢alkenyl, where Cy_galkenyl is a substituted vinyl group where the substituent is
20  preferably an aryl or heteroaryl group, more preferably the substituent is a phenyl group

optionally substituted with one to four substituents.

In certain embodiments, R’ and R® are independently selected from hydrogen
and Cjealkyl. In certain preferred such embodiments, R’ and R® are independently
selected from hydrogen and methyl. In more preferred such embodiments, R’ and R®

25  are both hydrogen.

In certain embodiments, -L-Z-R® is selected from
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foll ow ng stereochem stry

t he i nhibitor

(v

has a structure of forrmula (V) or

In preferred enbodi nents,
25formula (VI) or a

pharmaceutically acceptable salt thereof,

(V) (VI) wherein each Ar is

i ndependently an aromatic or

het er oaromati ¢ group optionally substituted

5with 1-4 substituents;

L is absent or

preferably SCQ or £=0; X is sele

MeO

is selected from C=0, C;S%%and SQO2,

s 0 x ¢
| ;
\s
O O\\j";
S
o)
N™ ls 0
o A0 l/)—/<
\s* i
s %l
o

n
o
.

One aspect of the invention relates to a medical device including composition

disclosed herein that include an inhibitor having a structure of any one of formulae I to

VI. In one embodiment, the composition is incorporated within a medical device. In

5  certain embodiments, the medical device is a gel comprising a polymer matrix or

ceramic 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 barrier or a sealant.
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10RI and 125 are each independently selected from C _6al kyl

C _6hydroxyal kyl , C1_6al koxyal kyl, aryl, and Cl_6aral kyl, any of which is
optionally substituted with one or rore of ani de, anmine, carboxylic acid
(or a salt thereof), ester (including Cl. 6 al kyl ester and aryl ester),
thiol, or thioether substituents; R4 is N(R8)L-Z-R6; 15R5 |js selected from
hydrogen, OH, @mogher asnegt ofith Cmé(ﬁ’éf“@lrcb&sk‘glPmP-dlcabii%‘I‘@rcé)H}PFSH&&ﬂ ogen; R6 is

sel ected fy; RIS
het er ocycl y?gga@%& u@i‘:@&}}o%@ar%ﬁ%@%ﬁlﬁa gn 3%%&?%%%1 & om hydr ogen,
G sl kyl , doinTde Bandl ik dispos20p ireder alibodithydy thgémhibitor is diréatlyakspoa¢dion a

enbodi rrents L.i.s selected from C=0, C=5,. and eferabl S2 or CO.
In cert ai r’im’é]ﬁ%é?‘f@nt§anﬁgeq§nm@ﬁqteﬂcqqt@ﬁ1’%§%$§§égé }Eﬁ—Foa@ﬁT 6ar al kyl, and

CL 6al kyl cophafiaLa bW%a%«er trix WAHCA ihBbloRKRA IRAicRure B 1S
sel ect ed fcgo?% 1% ? <encyelraml,§\rn-1%(1:1),( carb c}cyclgll and heterrgcycl yl .
In cert ai ranyenb@dfﬁmanuls¢lbthd1®p@[5ﬂdl RidissplyeRtheagie. each i ndependent |y
selected from C _6al kyl, C _6hydroxyal kyl, and Cl1_6aral kyl. In preferred

such enbodi nentis onﬁm&ﬁiiﬁeﬂf{atmrr@edidmdiémmﬁs ntdoyon@ry, Gasdaldr, peripheml, @r pr ef err ed
such enbodinents, R and are_i sobut In.certain e ment s,

i s hydr ogghharl’_s teat. ééwe@@rt%@r Yaiha stept ?éL?\\PreWm IRVERHOTAS "inseXP'ﬁ‘%ggndent ly

sel ected ff.gm m@ﬁ"t%ated wﬂgbﬁatnpemapm@%ﬂxhhlbﬁmmga st RO Yo of.

qui nol onyl, "t hi eny pyri pyrazyl, "and the li1ke.” I n certai’n such
enbodil@rentfmnu&ae I to V1, the matrix is flexible to accommodate compressed and expanded

states of such an expandable stent. In another embodiment of this invention, the stent
has at least a portion which is insertable or implantable into the body of a patient,
wherein the portion has a surface which is adapted for exposure to body tissue and
wherein at least a part of the surface is coated with an inhibitor having a structure of

15  any one of formulae I to VI, or a coating comprising a matrix having an inhibitor
having a structure of any one of formulae I to VI is dispersed or dissolved therein. An
example of a suitable stent is disclosed in U.S. Pat. No. 4,733,665, which is

incorporated herein by reference in its entirety.

In another embodiment, the medical device of the present invention is a surgical
20  implement such as a vascular implant, an intraluminal device, surgical sealant or a
vascular support. More particularly, the medical device of the present invention is a
catheter, an 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 barrier, an adhesive, a vascular wrap, an extra/perivascular
25  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 to VI either directly or by a

matrix containing an inhibitor having a structure of any one of formulae I to VL.

In certain embodiments, the intraluminal medical device is coated with an
inhibitor having a structure of any one of formulae I to VI or a coating comprising
30 Dbiologically tolerated matrix and an inhibitor having a structure of any one of formulae

I to VI dispersed in the polymer, said device having an interior surface and an exterior
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10 may be substituted with Ar-Q, where Qis selected froma direct bond,
-0-, and C1, 6alkyl. In certain other such enbodi nents where Z is

Cl _6al kyl, Z may be substituted, e.g., preferably with Ar, nore preferably
wi th phenyl. In certain enbodinents, R5 is hydrogen, Z is absent, L
is C=0 or S@2, and R6 is selected fromAr-Y het er oc cIyI I n certaln

pr ef er r ed S4ifeds, Babraingeptte apghied torah &?éti 4 parf ‘gfng"e}né‘?ﬁoédu e ERORY | |
chromanyl epglpé gpo, and piperidinyl. In certain other preferred such
enbodi ment's 'S seI ected from phenyl, indolyl, benzofuranyl, naphthyl,

qui nol i nyl, qudmod:rtmyémbcbdlmemyj the pwdlodycﬂqviqwn@zlyd ysefirido prementirkstendsis cert ai n

enbodi nents, R5.is h ogen,. is C0 o absent, and R6 is
Q1 bal Kengiter sislst el draegmenale Beaset b M g MRarts he
substi s uenisehRs %Qd)&ﬁlfdﬁro%@ lb?r pRSVidthy 0c@ﬁzé&lecfdﬁ{lf?@fréﬂongdfcﬁﬂF?nhlﬁﬁér%aﬂ{r%faer ably
the substituent is ap g&é group optionally substituted with one to four

subst i t uentrgcture of any pre efdfotmilac EtebBHi FruchtdiseaR? and domBtiensdnélnde p endent |y

selected fromh en Ci n.cert.ain refer ed SH

Srbodt mon e hAtRR AN omilulhnet) SEH R BB EIAGIBIE and ety
In more ph &ﬁfoﬁ@er@t%mlmdéeﬁ@r@o? arthidtiepebriadis; 215&50& ﬁ@ithlghﬁwa@@en I'n
certain enbodi nents, -L-Z-R6 is selected from One aspect of the

i nvent i on chiehistiafectiensalispagsiscamoraaliimanung s panyry ceshiiRisiinYdringi scl osed
ooV ot ' Shipellif Al RO fLa. Jaqrah@gu@caldrﬁa% Ul Vi) FRYCORGNAT T or mul ae

In"one e ncor por at e n a medical

deVI ce. | prddifeetiéni Bxaipiaciiivthses ahdileorrrﬁdmmhatdaee/mb@edm atregtmegoNpPri sing a
pol ymer matrix or ceramc matrix and a tflnhl bitor. Said | ymer can be

ei t her natistusting ths drig Goeieg medic) deviessiad the PreserbiYSRiNBEW Fent, sai d gel
serves as,@od ngogﬁpﬁztute @U?or?ag? ?ﬂdY&ne,%l%HélleeP s dReRRT Ednlr, RiveR naRRleant .

disuse (atrophy), denervation, vascular occlusions, stroke, HIV infection, nerve injury,
15  renal failure associated with acidosis, and hepatic failure. See, e.g., Goldberg, United

States Patent No. 5,340,736.

The term “Cy.yalkyl” refers to substituted or unsubstituted saturated
hydrocarbon groups, including straight-chain alkyl and branched-chain alkyl groups
that contain from x to y carbons in the chain, including haloalkyl groups such as

20 trifluoromethyl and 2,2,2-trifluoroethyl, etc. Cpalkyl indicates a hydrogen where the
group is in a terminal position, a bond if internal. The terms “C;.yalkenyl” and “C,.
yalkynyl” refer to substituted or unsubstituted unsaturated aliphatic groups analogous in
length and possible substitution to the alkyls described above, but that contain at least

one double or triple bond respectively.

25 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 substituent of an alkyl that renders that alkyl an ether is or resembles an alkoxy.

The term “Cj_salkoxyalkyl” refers to a C;¢alkyl group substituted with an
30 alkoxy group, thereby forming an ether.
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Anot her aspect of the invention relates to a nedical device conprising a
substrate having a surface onto which an inhibitor having a structure of
any one of fornulae Ito VI is disposed. In one enbodinment, the inhibitor is
directly disposed on a nedical device. In another enbodinent, a coating is
so di sposed, the coating 5conprising a polyner matrix or ceramc matrix

wi th an i nhi bi ThstemavCneralk e rasatsed geréma ETs e Cosalkd ironpaaibptityteg

di sperse i d therein. I n one enbodi nent, the medical device
is a corgﬁgéﬁgaéig%%'ar, peripheral, or biliary stent. Mre particularly,
the stent of the present. i,nvention. s an expandabl nt...Wen coated with
a matrix contéfﬂ?%ﬂn%ﬁmPﬂﬁi%} 3FHW5¢¥ESR36(ﬁ?ﬁ%aﬁPéﬁﬁﬁﬁoéﬁglof 10 fornul ae
lto VI, thuhRinitbd ahdsubk@idalenih& AAcamMdRbE e PmeRksethabdig lexpanded
states of such an expandable stent. In another enbodi nent of this

i nventi oreprenented entheiggreral formaalee: a portion which is insertable or

i nplantable into the body of a patient, wherein the portion has a surface
which is adapted for exposure togsody ti ssg® and wherein at |east a part of
the surface is coated with an_LgE%bitGy hgﬁ%ﬁgoa structure of 15any one of
formulae Ito VI, or a coating c Lising armatrix having an inhibitor
havi ng a structure of any one of ornul ae RI® W is di spersed or dissol ved
therein. An exanple of a suitable stent is disclosed in U S. Pat. No.

4, 733, 665whakindly, RS ind 0P pactainddpdndest yrepyeserfadrydrupen) an dlkd, amtlkemstly. | n
anot her enbodi mept, the di cal device of e present, invention is a

sur gi cal '@Hﬂmn%glr: @ﬁB%\ 9nc§§§ﬁal§§ tag‘?ﬂé"srém}h?heﬁﬁf’ghtﬂw%ﬁl they ALq atke devi ce,
sur gi cal 18085 HferGtyYRIGYIR it BROB atorhPinGhPANS bittth@e! X redphRentedh cal
device of the present “invention is a catheter, an iInplantable vascul ar
accesld poaryl, azydealkylah cydnaienyd,at terecyclyor ampobyrciyellyl; @ad hetserero er apascul ar

graft, an_intraaorti al |l gon punp,..a suture, a trieul af assi st .punp, a
dr ug- el ut ‘inf?éerbg?l?“i 1etf:’_%' ?{ﬂ p&%ﬁ%gqo%n&dém\?%tét(fﬂl%?nwg%rﬁ &XY f)%? & Pidscul ar
25suppor te o arBIE0dinfiithd Sifrog @ toBethbr dffiot F8@P bR fndder IleRhaise Prefbited bl ood
vessel, coafed with an inhrbitor having. a structure of any one of formlae

Ito VI eieherdinentedtTanddt tandaoptianalln® coseci iderpndentlikpissedie having a
oLt e BB F Ol [RERLSL 0, s i oo S sgragd ront e, (he

intralum an1n or having a structure

of anys ongo@p isf kIFN_SihE the\Protohatdd Eat had@ pIOPT.06i ng 30bi ol ogi cal |y
tolerated matrix and an 1 nhibitor having a structure of any one of formnulae

Ito V{ di sper segk fefind BEniROt ¥ amid@! &e dRMEESENNRYIa8 8n aMindIbBKkiikedsur f ace and
an exterior
carbonyl and includes a moiety that can be represented by the general formula:

O

/U\N/Rm

RO
wherein R®, R'? are as defined above. Preferred embodiments of the amide will not

20  include imides which may be unstable.

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 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

25  of the rings is aromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls,
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surface, having the coating applied to at least a part of the interior

surface, the exterior surface, or both. In certain enbodi nents, the
nmedi cal device nay be useful to prevent restenosis after angioplasty. The
medi cal device may al so be useful for the treatnment of various 5di seases

and conditions by providing |ocalized adm ni stratjon of aIn ith bi t or havi ng
a struct uckclealkuis, arids, beterogryis2ad/or hejergeyclyge Kyl eursdaclydeib#BAw-t i ons

i nclude r |.S i d .00 L idaarthritis, tissue injury due
to infl anﬁgéh?%ér?l?dehg%éer%ro |Te}{re§?lf (a/elngéljlrsgggg&eégl}&réevere or arthritic
psoriasis, nuscle-wast.ing diseases. .chroni.c i nNfeaGti . S€ 5, abnor mal
i mune responsg,ile ESmgi ‘Ealr@(hc ¢ en@B‘?v?aﬁ%oc 81\)/LI’ ﬁselrlsaegl%gkg ’Za%%ag), gﬁ(ﬁfuri es

rel ated t grdnsgildeubstingonei drsabisitutddany i whichRh&citbmrofalndring Bldafbenat i on.
Exanpl es of diseases and conditions that are subject to a treatnent

i ncl udd ng Thirteras ligprberyrelsd and deaskacyalel) dessinghude palypydisaite YHEBRIRYHE ncl ude

at her oscl er osi e . : , i ' I capcer,
fever, nugvgz e %Prseu%fl?gﬁ%)%hy I;Xh @%&n%ir\flig%cgﬁoﬁgg%g%ﬁﬁorgﬂgiﬁgzﬁxﬁ%ogg@ st roke,
H V i nf eczih?mwhaefn\w 1daBi dne)of tHdbxieusds cdraddyelie, eas sthe otitee dyalictrimgachlbsi s, and
hepatic failure. See, e.g., ol dbergi, Unlited Stat es Patent No, .5, 340, 736.
The t er m crsioafaylgyaveloplkeryls cygloalkpaylianylsdhetsroaryis e oriisieseryehisr at ed

hydr ocar bon groups, including straight-chain alkyl and branched-chain al kyl
groups that comhatemnficaibonylt & art-taspdeired and inpladesarh moigiics adirHybhal oal ky!
groups, such_as .20t r i.f | uor onet .and 2,2,2-trifluoroethyl, etc. Coal kyl

i ndi cgq esreé)rff'?f/%F%é%ﬁhe eéolf:rea Qnntl‘yli;ar'oup isin atermnal position, a bond if
internal. The terns "C2_yal kegyl" and "C2- yalkynyl" refer to substituted

or unsubstituted unsaturated j@aliphati G,r9r oups anal ogous in length and
possi bl e substitution to th d>léyFR§1 de¥cr b gve, but that contain at
| east one double or triple bond*respectiveldy. 25The term "al koxy" refers to

an al kyl group having an oxygen attached thereto. |,
wherein X is a bond or represents an oxygen or a sulfur, and R™" represents a hydrogen,

an alkyl, an alkenyl, -(CHz)m—R8 or a pharmaceutically acceptable salt, R'" represents a
hydrogen, an alkyl, an alkenyl or —(CHz)m-RS, where m and R® are as defined above.

15  Where X is an oxygen and R'' or R is not hydrogen, the formula represents an
“ester”. Where X is an oxygen, and R'! is a hydrogen, the formula represents a

“carboxylic acid”.

As used herein, “enzyme” can be any partially or wholly proteinaceous

molecule which carries out a chemical reaction in a catalytic manner. Such enzymes

20  can be native enzymes, fusion enzymes, proenzymes, apoenzymes, denatured enzymes,
farnesylated enzymes, ubiquitinated enzymes, fatty acylated enzymes, gerangeranylated
enzymes, GPI-linked enzymes, lipid-linked enzymes, prenylated enzymes, naturally-
occurring or artificially-generated mutant enzymes, enzymes with side chain or
backbone modifications, enzymes having leader sequences, and enzymes complexed

25  with non-proteinaceous material, such as proteoglycans, proteoliposomes. Enzymes
can be made by any means, including natural expression, promoted expression, cloning,
various solution-based and solid-based peptide syntheses, and similar methods known

to those of skill in the art.
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Represent ati ve al koxy groups include nethoxy, ethoxy, propoxy, tert-butoxy
and the like. An "ether" is two hydrocarbons covalently |inked by an
oxygen. Accordingly, the substituent of an alkyl that renders that alkyl an
ether is or resenbles an al koxy. The term " Ct _oal koxyal kyl "
refers to a Cl _6al kyl group substituted with an 30 al koxy group, thereby
formng an et hBhe term “Cigheterpasalkal nes used berert, kgfprs to 38 16kH HeYRi n, refers to

a G _oal k%)'bstgﬁrugeﬁﬁyiﬁi’%)@égérto%@%rgwgth an aryl group The ternms "am ne"

ang tatmtn | _ glnl hd refer to both unsubstituted and
substituted am.nes angd salts. t.hereof 0., a_noiet t

5r epr esent ed gthqqqgnﬁg}?éqrgqrylf dpﬁﬂﬁ?‘?feg.hb%%@d f@g@l%@%@naﬁ%ﬁﬁg} wher ei n
R9, Rl a (e%h%r)eﬁ?i%g striEBRENEER I Mef B8PS £96Btmambyed eiggs) whase elhgkyl , an

al kenyl , ' or R9 and R taken together with the N atomto which
they & e situchreridclodephetodonr atereatomsciThe rami ‘hgtereasyh 41span@udsSons in t he

ring structure;. R represent.s an 10aryl . |, a
het er ocycli"i}icyézp? E%SY@?{’%&/‘?@ g“ﬁo Rk ‘lgl)sé < 81?%8%% 1§$’}ﬁérﬂ %@%&gﬁ%ﬁl gy& I'n
prgf ﬂ\ r Edarté@bﬁdidﬁ't&@ft&qt) ﬁﬁ?j@irgng)ﬂﬁgsﬁfhd?&nm 1Rkt cnef e ingsas haaybronetig,, R9, Rl
an e nitrogen together do not forman imde. In even nore preferred
ﬁm(:j)odi ment-§., tRpthgigyslic waab?msﬂa?lkylsmycsoaﬂ%wi W&éﬁgﬁf&@{ﬁt fl‘r&{srepresent a
ydrogen, I I S - | kments, the
i no 1551 SR iy BihRibeivs BrcratiahonShactpd, B @l pRade o 0h.

The twy nsfuraiyildepheasdmidrothpdx@oke, dritzote ttgole pyraasle aryridmenpysaipss i t ut ed

carbonyl and includes a noiety that can be re
f or mul Zl: pyridazine and pyrimidine, angtheqﬁ(e. presented by the general

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.

15 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 “heterocyclyl” or “heterocyclic group” also include polycyclic ring systems
having two or more cyclic rings in which two or more carbons are common to two

20  adjoining rings wherein at least one of the rings is heterocyclic, e.g., the other cyclic
rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or
heterocyclyls. Heterocyclyl groups include, for example, piperidine, piperazine,

pyrrolidine, morpholine, lactones, lactams, and the like.

The term “C.¢hydroxyalkyl” refers to a Cygalkyl group substituted with a
25  hydroxy group.

As used herein, the term “inhibitor” is meant to describe a compound that
blocks or reduces an activity of an enzyme (for example, inhibition of proteolytic
cleavage of standard fluorogenic peptide substrates such as suc-LLVY-AMC, Box-
LLR-AMC and Z-LLE-AMC, inhibition of various catalytic activities of the 20S

30 proteasome). An inhibitor can act with competitive, uncompetitive, or noncompetitive

inhibition. An inhibitor can bind reversibly or irreversibly, and therefore the term
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0OA.",1. RO wherein RO, Rl are as defined above. Preferred enbodi nents
of the amde will not 20 include imdes which nmay be unstable. The term
"aryl" as used herein includes 5-, 6-, and 7-nenbered substituted or
unsubstituted single-ring aromatic groups in which each atomof the ring is
carbon. The term"aryl" also includes polycyclic ring. systens having two or
nor e cycl ingludemepmpavingp thahanewyiciste substeetesafispsazame Ao ibgHor 21 WOdHH] oi ni ng

rings wherein at | east one 250f the.ri lﬁ al.0 | , the other
cyclic rié§%§63%38§6%§%‘8§Pﬁ§%§?8Q§%%baj %%y sf’&§§% égﬁﬁg% ls, aryls,
y y

het er oar ytsnfoiaitdiosl dhehgs c1savileyd on thlleyikyrge.oups i ncl ude benzene,
napht hal ene, phenant hrene, phenol, aniline, and the |like. The terns

"carbocycl e” apdus&PHPaaYhE Yérm “REtidSeRcIN@I s @lohonlky §faBHarl AnAdéRikagdl OMat i C
substituted or unsubstituted ring in which each atom of the rlgg_ls car bon.
1Hie

5 The 1 er with'staadisd oynibstituamts, bug spbowpbi yilized pepsidomdmaties, pory@géitied ring
systens h re cye

ving two 0o lic,rings | | Gh. t O re..C s are
common: t o kS BrTR Forl e, Ml Sl BB GRidRea
car bocycl bglowe. g., the other cyclic rings can be cycl oal kyl s,

cycl oal kenyl's, cycloal kynyl's, aryls, heteroaryls, and/or heterocyclyls.
The term "car b@Rylermb Sp@YdydAe BIPARY ROk G HASS BUfTHIRI(EE] es as can be
10 represented by the genheral fornmula: or O _
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls) in
10  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, 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

15  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 of detectable cancerous growths in a population of
patients receiving a prophylactic treatment relative to an untreated control population,

20  and/or delaying the appearance of detectable cancerous growths in a treated population
versus an untreated control population, e.g., by a statistically and/or clinically
significant amount. Prevention of an infection includes, for example, reducing the
number of diagnoses of the infection in a treated population versus an untreated control
population, and/or delaying the onset of symptoms of the infection in a treated

25  population versus an untreated control population. Prevention of pain includes, for
example, reducing the magnitude of, or alternatively delaying, pain sensations

experienced by subjects in a treated population versus an untreated control population.

The term “prodrug” encompasses compounds that, under physiological
conditions, are converted into therapeutically active agents. A common method for

30 making a prodrug is to include selected moieties that are hydrolyzed under
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X FO wherein X is a bond or represents an oxygen or a sulfur, and R
represents a hydrogen, an al kyl, an alkenyl, -(CH2)mR8 or a
pharmaceutically acceptable salt, Rl represents a hydrogen, an al kyl, an
al kenyl or -(CH2)",-R8, where mand R8 are as defined above. 15 Were Xis

an oxygen and RL' or RIP is not_ hydrogen, the f | a represen
est er”. Phsidostrd capdigysylereveshiicgesifed %Olﬁ%]F ogb&ﬁe&%@@atﬂtmﬁ éﬁ‘? epresents

" car bOXY R A Lihver pYSEULAGE Rl BEHIE ho G, any partial 1y or

mholly pr 0t ei maceous nol ecul e |ch carries out a chenlcal reaction in a
catal yti ¢ mann Such e S 2 e [ ynes,
proenzynmnes, ié%%fﬁ?‘egm Mﬁnf 'ufe tg‘era %ﬁeéﬂé%\rﬁﬁ& at e l%aé;ﬁl;ﬁ rc%glgd&&gs

ubi qui ti nadrﬁﬂumﬁw&snhetlatttoyoaeyi abatbfahe wikst cgapasimmsaifydiat ed enzynes,
GPl -linked enzymes, |ipid-linked enzynes, prenyl ted enz

nes,.

nat ur a? | ya@at;uﬁttr%gn@woetmwﬁt @alaqughﬂ@eﬁél’fh&t@af &AR lawz%% disgass PFres wi t h
si de chai Qggh f " & der (Seawences, and
enzymes CQ%% exe %ﬁﬂﬁfﬁ?ﬁ%%k% ]Bgiggggﬁ%gﬁgFe@tap p@?%h aé pr ot eogl ycans,
pr ot eol i ppsostesthe Eaﬂyagmastaﬁnelbplngnhifumyanmdycomdﬂms) vitrecdas dff ih nat ur al
expre55|o pr.ono expr ssi.on, .cl oni ng, .var ous sol u based and

sol i d- bas&¢m B’ésé?rf:é]ég%ryﬂ%qﬁ fgkion gf, eé‘PWF‘%ﬁﬁi éh%ﬁt?\tm ’tﬂd those of skill
in the artperapeutic, (i.c., iR ihehd tgd-nﬂhﬁéheﬁﬁéﬁﬁja l)r stalfiBzd B8 exiBeh refers to
a CLé6al kyl }bup sJEstltuted wth a héteroaryl group. e terns
"hetet@arthmuﬂtuudasneubskuﬁ&tedh@mﬁMnsubst|tuted aromatic 5- to 7-
menbered ring structures, nore preferably 5- to 6-nenbered rings, whose
ring Sstructur @he tonl ‘peeeaomet as bwdhehet Brmahonsincliieimenno-"4ndt er oaryl "

al so includes polycyclic ring systens having two or nore cyclic rings in
whi ch t wo CHStifbve PEX#a56MES-ar e conmon to tmo ad10|n|ng ri ngs wherein at

| east one of the rings is heteroaromatic, , the other_cyclic rings can

be cycl oal kyl sTh@%moéPb@élﬁ!}ﬁP(? reﬁey@to@a@t@@g}taynmthuerﬁ%{eér}a@w s, and/or
e 00y hydidped B IO ILBURS of AE biliBond Oft vl BRI EersBY R © 10fur an,

t hi ophene, dazo I azo triazo pyrazol e pyr|d|ne
pyrazife, “substitution” or “substituted with” includes the implicit proviso that such substitution

is in accordance with 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

20  substituents of organic compounds. In a broad aspect, the permissible substituents
include acyclic and cyclic, branched and 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

25  hydrogen substituents and/or any permissible substituents of organic compounds
described herein which satisfy the valences of the heteroatoms. Substituents can
include, for example, a halogen, a hydroxyl, a carbonyl (such as a carboxyl, an
alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thioester, a thioacetate,
or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a phosphinate,

30  an amino, an amido, an amidine, an imine, a cyano, a nitro, an azido, a sulfhydryl, an
alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl,

an aralkyl, or an aromatic or heteroaromatic moiety. It will be understood by those
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pyridazine and pyrimdine, and the |ike. The term "heteroatont as used
herein nmeans an atom of any el enent other than carbon or hydrogen.
Preferred heteroatons are nitrogen, oxygen, phosphorus, and sul fur. 15The
terms "heterocyclyl"” or "heterocyclic group” refer to substituted or
unsubstituted non-aromatic 3- to 10-nenbered ring structures, nore

pr ef er abl skiBed inghg art thathe meictierbstitwed 9a the hvdrecarkmn draiscan frgmygbvesne t o

four het eBQ?ﬁb%HﬁltedTﬂea %por m.terns " het er ocycl y1" or "heterocyclic group"
al so include po yc?clp ing systens having two or nore cyclic rings in

whi ch two or re, carbons, ar ommon to two 20adj.Qi.ning ri erein at
| east one of {Tﬁe%qrg%egafélyhegfeé:ﬁg%%wr& ot?&‘?r,np? %I{t}hreegpeé:;cqgt?](%s? Jﬁéés can be
ﬁyfl oal kylhfélthoq%?@dn&@ﬂwffélrs t6)éﬁ|a9ﬂ>klhb’(5ll}th%corﬁ Mind(s) ed prepaeibs w_hgi_h(,j/ or

et erocyc S. erocyc roups include, for exanple, piperidine,
pi per a%?/néfi/lerpgfﬂm@ﬂst@bchgs, pa);b@ @ers?rﬁé dogage reghaen (tp ééﬂﬁ%?la arf%ég@m al j ke.
The WIli. " ehv.dr T s 0 . 6a pfuted with a
25 hydr oxlflmgé uaEl.%gla%éX%%]{Ol%éig’{%é)?aé‘%sn% &tnﬁ:éro éJr)#n%Y&viV%ﬁfglé?%%??a%%&S%eant to
descri be eoriitiganuocbriingtio blitiek s akeptativcridads e thedisordaforaonditiayre (for
exanple, inhibition of proteolytic cleavage of stan a{(d fl uor.ogeni c peptide
subst r at eBe Serted ersthe gesmatigyoumpise, G x it reajonalls henefitnsk faite anpNRIRS 19 on of
vari ous C%{ﬁh)éctliic&l iRGlhMities of the 20S 30proteasone). An inhibitor can act
with conpetitive, unconpetitive, or nonconpetitive inhibition. An inhibitor
e Rt R R IR R B SRR
one or nNoARicty biekhedthefetf eRY prefegred @hibv@inSdntsg tief“thibethefldyrepresedted by can cause
a conformational change el sewhere on the enzyne. As used herein, the term
"pept i de” SiaelluBerrestatiysithiosthangrares apivde metikhige cduithin, andthalike
a-substituents, but commonly utilized pepti dom netics, other nodified

As used herein, the term “treating” or “treatment” includes reversing, reducing,

or arresting the symptoms, clinical signs, and underlying pathology of a condition in

15  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 action of the 20S proteasome. Additionally, unlike other 208 proteasome inhibitors,
the compounds disclosed herein are highly selective toward the 20S proteasome, with

20  respect to other protease enzymes. That is, the instant compounds show selectivities
for the 208 proteasome over other proteases such as cathepsins, calpains, papain,
chymotrypsin, trypsin, tripeptidyl pepsidase II. The selectivities of the enzyme
inhibitors for 20S proteasome are such that at concentrations below about 50 uM, the
enzyme inhibitors show inhibition of the catalytic activity of the 20S proteasome, while

25  not showing inhibition of the catalytic activity of other proteases such as cathepsins,
calpains, papain, chymotrypsin, trypsin, tripeptidyl pepsidase II. In preferred
embodiments, the enzyme inhibitors show inhibition of the catalytic activity of the 20S
proteasome at concentrations below about 10 uM, while not showing inhibition of the
catalytic activity of other proteases at these concentrations. In even more preferred

30 embodiments, the enzyme inhibitors show inhibition of the catalytic activity of the 20S

proteasome at concentrations below about 1 uM, while not showing inhibition of the
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| i nkages, non-naturally occurring side chains, and side chain
nodi fi cations, as detailed below The terns "polycyclyl" or "polycyclic"
refer to two or nore rings (e.g., cycloalkyls, cycloal kenyl s,

cycl oal kynyls, aryls, heteroaryls, and/or heterocyclyls) in 10 which two or
nore carbons are common to two adjoining rings, e.g., the rings are "fused
rings". ES¥RLYSE aethatyqfipdfer proteases ohgpeyeneentraionse Eglaﬂ@@ kingtie @ssays are

unsubsti t T erny:" V, i g’y i ' used in
ror at; on HsesetiysTicB R e 20R6h 4 EAMLROLnNALMED 2°01 sease
such as c&neéenm. @99¢)n85,BRIISBI0R] ex such as heart failure or any other

medi cal condition, is well understood in the 15art, and includes

admi ni st r 8klcotiviBf for CEOMPRSHdin-DikeddtBiiryr educes the frequency of, or del ays
t he onset of, synptons of a nedical condition in a subject relative to a

subj ecs whi ch ¢9eRuRPEMbEGRIME Jrig &%%@%iﬁii)i%% cdPSundR I8N EMBEA ABreff cancer
i ncl udes, for exanple, reducing the nunber of detectable cancerous grow hs

i n a popubetiogherofefshbéaansesthey can affinigntdy prdoyshactiselyiichibit 8wtamymotnypsiat i ve to
an untreat.ed contral ul ati on, 20and/ or,del aying the a nce of

det ect abl QE% 3%8’@?’@3@%&% agqe, ay prmpargd goo%ﬁl %Pgaﬁlk&e?@m unt r eat ed
control peguligdsl Ahe cBy@otrypin-Bkéhaivitslof 088 pyotadigmelis lardbidialel ysi gni f i cant

amount. Prevention of an infection includes, for exanple, reducing the
nunber of clgreagses peptisies ithibeiimmediateoyicinity af targslysonhopis rasiess. Jor sus an
unt r egt ed r | ation,..and/ L ayi onse . onms of the
i nfec .onpﬁﬁgéhﬁ?5%?@%“@%%%%ﬂ#g?%%ﬁ5v§ﬁ$§§0§ﬁﬂ%%?F%Q@@%ﬂ%%ﬁﬁ%g? popul ati on

Prevent i obleafagpaif @ siaRddrd dabstrated IEx@x gl of suctedibsiritgs 4 &nowg i thedet. afor or
alternatively del aying,. pain sensations experienced by subjects in a
treated pERREWRIGEYdgEltyRsing deavativg canbe ped. FogymgKingHe assays are The term

" prodrug” 4RBGENPASS §SahArR %@ﬁaltherBQ§8§74§?§§hﬁh%g %'Stﬁiﬂ(f}‘{‘%ﬁj ons, are
converted 1 nto therapeutically active agents. co n met hod for 30 naking
a prodrugBichtm. (1826)udlE 380D860&8d noi eties that are hydrol yzed under

15  Uses of Enzyme Inhibitors

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

20  antitumor therapeutic strategy. The fact that epoxomicin was initially identified in a
screen for antitumor compounds validates the proteasome as an antitumor
chemotherapeutic target. Accordingly, these compounds are useful for treating cancer.
Proteasome inhibition has also been associated with inhibition of NF-xB activation and
stabilization of p53 levels. Thus, compounds of the invention may also be used to

25  inhibit NF-xB activation, and stabilize p53 levels in cell culture. Since NF-«B is a key
regulator of inflammation, it is an 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.

30 The disclosed compounds can be used to treat conditions mediated directly by

the proteolytic function of the proteasome such as muscle wasting, or mediated
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physi ol ogi cal conditions to reveal the desired nolecule. In other

enbodi nents, the prodrug is converted by an enzymatic activity of the host
ani mal . The term "prophylactic or therapeutic" treatnment is
art-recogni zed and includes adm nistration to the host of one or nore of

t he subject conmpositions. If it is 5admnistered prior to clinical

mani f est atridgmcthyf via peoteinsvarhichdre piedéss¢bby the pgoteasgmessieaoiFahethauinwant ed

state of the host aninal).then the,. ' hy] I Coci ] €., It

ot ot ects PiEeendes PATsRlst S et AR R b SR RGPSt s
i s adni ni ptotdiedeaf te@bymey)idwsteadtih @alhnir repelation@ny. adllegeld) ganen, t he
treatnent is therapeutic, (i.e.,, it is intended to dim niigj, anmeliorate, or
st abi | | zetraperipbiqns endaerbahnarhway.datsrel Bler spmaiugicatien, apd deipununst )

The term . or QLenso ey a8 HaEHaRENSPedific TRAMIC! Mshiichilfd MOiRRT and

. T&Sponse (€. 2. . . .
constitutl V% pr ?%350 e termsu ers letles

havi ng SU%?iOWEeEn ERPeg6lafdgy BrofdiAl Q@R As 1@@,@@3%@&&@&@2&5} of the

backbone. | e understood that 15"substitution” or "su tuted with"
i ncl udes fdetorNIpkBcit proviso that such substitution is in accordance with
permtted val ence of the substituted atom and the substituent, and that the
substi tution rAsothtisermbodimettalfltiee inoenpmurisitheaisg of thetvomipodmisglisvbased

spont aneously undergo transfornpti on such as by .rearrange t clization,
el i mi nat i BHCIPThe A& atﬁ}%eé‘ﬂoi‘éei”‘é‘?‘%,ge‘?q’i@“fe ?ﬁaﬂe:?@égtcf"?‘{]{l%@’l %Eu%%f)étfm| ated to
incluge ahdy 1RGEN 8. 5{HRkE, i2GRHRS LA ARG Sher O BANHEMEARA R, (3,2 broad

aspect, the perm ssible substituents include acyclic and cyclic, branched
and unbr apabedive baaibdapagd, spiaaldcondingurycansl traymagic dranee togthe npryausir omat i ¢

substi t uent f o ni ¢ _conpo s.. The perm ssi bl e substituent,s.can be one
or nore aﬂﬁ? emé‘gﬁze erﬂ?’??‘é¢]‘2t e W“%%’BP%F ?Qte ‘émg?tég?\k%g'c (?E)}rlﬁ)%ﬁrﬁds. For
pur poses Birré Hindrdoly &M itPVhriahREadhed @62 RGE] AEGOpaRy, NichfedgdmiNayrnave

25hydrogen substituents and/ or ané_ t;3erm ssi bl e substituents of organic
conpoundsdaexstinptiespdereiropaiity, epd Eighershipdiareeh/HIWHdDS demepHa compkXoat ons.

Subst j ¢ uent incl f | agen. . a hy; . bony!
oo BRIy 85, PARTEL S ohs L o U e b

t hi ocar bogydrodis batredsl, parbditioduii@il, and vifal meai@paiseencephaditishwaséudamat e) , an
al koxyl, a phosphoryl, a hosghate, adogi)sphqnaée, %lfhé)s hinate, 30 an
ani no, andemgnga, makii-wfarel dementip, LewsnRodydegieatia, froptailobedemgntig Spefas o

sul t hydr yp: : 1,9; ; f0ab Ldi QR ranuRl

sul f onam %Sk’@gl%h f %‘%H;F&Cgp%e?gggfrng%%gfgﬁéHg% ar afﬁry}?r,o éllgr 1an ar%nnateflr(: or
het er oar opaidyi) cfonalicettical attophiylsindremes ¢eick hopdmbsy dphesie), metabolic-toxic

20  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 amino acids derived from an amyloid protein precursor (APP). At least three

25  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 3-AP
sequence, thereby preventing the generation of B-AP. It is believed that abnormal
protein processing by the proteasome contributes to the abundance of $-AP in the
Alzheimer brain. The APP-processing enzyme in rats contains about ten different

30  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
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skilled in the art that the noieties substituted on the hydrocarbon chain
can thensel ves be substituted, if appropriate. A "therapeutically

ef fective amount™ of a conpound with respect to the subject nethod of
treatment, refers to an amount of the conpound(s) in a preparation which, 5
when adm ni stered as part of a desired dosage reginen (to a mammal,

pr ef er abl yagropaimgKpjinial S\at at eda Ly Bseakain. ol (i188%)t3é)§1 -@OndibeiASR: or sl ows

th t of di diti die -Clai i
St andar dsPROF-TRErarasaereoal TRaHa Lo PhBes PRy MRERRad B

pur pose, enFme Mo AedveasanaMee banSftond)drsikhe Akp'o-sdpPhindaty eldase ey nedi cal
treatnent. 10The term "thioether” refers to an al kyl group, as defined
above, havktrageBulenddmein pbBetR attached thereto. In preferred enbodi ments,
the "thioether"” is represented by - S-alkyl. Representative thioether

gr oupss i ncl udeOnetmpbdinient, tiedréfpte, i omethnd of hreatingkdlzheimer's diseaAs, used her ei n,

the term"t i pcl udes revegrsin uci ng, or

eating” or "treatnent" e r
arresti ngm_lci‘r@lwlﬁﬁi?}mg 9 i’\?‘gg?aé‘ilﬁ Ec,tlv_gr?ﬂmt‘,l‘ﬁb%éar %ﬂ"?%ouﬁgg?l&’ ogy of a
condi ti On{)f;/ RS ondBsitioR) AYGoRH h%?e%p' Sicharatetlfifides rédidfigthOn.

Sel ectivi or 205 proteasone The enzyne inhibitors disclosed herein
ar e usef utaté of pAP proessing gretindyg thematbiof PtAR phgté tmmefion, ied 0B the tateasone.
Addi tionally, unlike other 205 proteasaone i nffli itors, the conmpounds

di scl osed© | gengragion, agd|rgducaisdhe chcal g @ SR Spsf‘%?@%%sorre, with 20

respect to other protease enzynes. That is, the instant conpounds show
sel ect@ vities Otrer embodioEnisraftecioyensionvelatedp isaehesiaand aaesslesyanings

cat hepsi ns, cal pai ns apai chynot r i.n, .t | i i.dyl pepsidase
T he oGt Ut R0t BRAR el EhY HRRUP: it DYRERD sl bIRERE ST PEPS' CUeh
that at cpRGemt figlbRes. Detaw rpawd &QntiMn drRervan ziyntd ofiprétiedlgsis nsdrbw
inhibition of the catalytic activity of the 205 proteasone, while 25not

showi ng i eevbiest ilefbisiheiheprotesnye redueastneieelysissthefehyredyrinedatvausdien as
cat hepsin i i i ihBy; i Ay si dase
T RS or BB AR WP AR Rou AT LRSI by WY PRI bio}d HRRE L SRS, A0 e
cat al p3 i cu€ilifvi trsatiaf codtidSuph at easenehmhicdofecBos disdasess fdvet, awseleout 10

jtM while not showing inhibition of the catal yti ctivity of ofher
pr ot eas esdigesei(AERhY aE BHEFAPBAETVE WWY-ASHRS nﬂffélf B’Peraéff’%?ﬁ%‘irﬁg i ments,

pr ot esor A e e ARt 1 R B C e oy ge. L e 209
i nhi bi ti oBmbbdinteats of the invention therefore encompass methods for: reducing the rate of
muscle protein degradation in a cell; reducing the rate of intracellular protein
20  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., a muscle in a subject) with an effective amount of a compound

(e.g., pharmaceutical composition) disclosed herein.

Fibrosis is the excessive and persistant formation of scar tissue resulting from
25  the hyperproliferitive growth of fibroblasts and is associated with activation of the
TGF-B signaling pathway. Fibrosis involves extensive deposition of extracellular
matrix and can 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-§ stimulation is regulated by proteasome activity (Xu et al,,
30  2000). However, accelerated degradation of the TGF-P signaling components has been

observed in cancers and other hyperproliferative conditions. Thus, certain
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catalytic activity of other proteases at these concentrations. Enzyne

ki neti c assays are disclosed in U S. application serial nunber 09/569748,
Exanple 2 and Stein et al., Biochem (1996), 35, 3899-3908. Selectivity for
Chynotryosin-Like Activity 5Particul ar enbodi nents of the enzyne inhibiting
conmpounds descri bed herein are further useful because they can efficiently
and sel ecﬁmb@dlylemﬁ 9if Brer invensionnglatstte pmesthed fos trgetinatypgrnseliferndve0s

pr ot easong,, g eﬂaﬁe‘&c %{%%,é%gf cdlz!uj% efiighi %Gﬁ)%ggctﬂeﬁg}&pgélyt-rhe

chynDtrypS|n easo IS thar acteri | eavage

of pepti dgﬁ)memlbmerbmrﬁgAaithmp@thy,l ditth@is, bitageathasth;, opipeblive agifdues, | n
10parti cul ar the chynotrypsin-like actjivity of Nt.n hydro] ases can be
det er mi nedf! ?59 %Tr@avégaéwaﬂn ced SRepsisgand Jyae figresis (ESiopadhie SUBIONENEh subst r at es

are Knowngi i h@okﬁ%én vasOllaFXATRE E‘sarcgdo@écﬁﬁ gél a H%'gtélYJeQ% 0fid @byt | ve can

be used. Enzyne etic assays are 1'Sclose 't cation seria
nunber 09hibgdTsbd8lerdix ip treathenndf Biraivictiats iabften mmpehedﬂ)y ﬁbﬁ)@ﬁ) thu85n

3899-3908. , 15Uses of _.Enz | nhi bi.tors, The. bj ol oqi cal nsequen
pr ot easongddt %‘PﬂagFl?llg%‘Hm&Pé rﬁbﬁ%ﬁ%om fhe tﬁewet%sa fgmig @@Plst@w %@@am ati on

of pol yubjibifokd¥8ltRMt BirAs EWdRind %%Ehre'f@l'id%%@%gﬁ@ is6RBN &S ciaRQvidPoPt 0Si S
have been reported upon treatnment of cells w t'h vari ous proteasone

i nhi bi torélsﬁglmmgnsnwhlchmamha wavints! tyl isbibiseeroidigeds t Buisain @ripiossi bl e
20ant | t Th t tiall
dont 141 oRmpodi5eRR it S eRhO i g Reb R b R s S PRt casome as

an antit ugefrifghenot her apeutic target. Accordingly, these conpounds are
useful for treating cancer. Proteasone inhibition has al so been associ at ed

wi th inhibiti Oﬂn%ell\{'frofelﬁﬁpt%%éﬁéﬁ)y B2 gﬁ‘&t@as%?&qg NS PReRbaRi3nd RYE! . Thus,
conpounds of the inventioh nmay also be used to 25inhibit NF-KB activati on,
and st abi prioteen ES1Y. elte &ellfamdg lof trendctiptienal Sitivator FotkiBs ican e disrided into
two groups. The first group requires proteolytic processing, and includes p50 (NF-xB1,
15 105 kDa) and p52 (NF-kx2, 100 kDa). The second group does not require proteolytic
processing, and includes p65 (RelA, Rel (c-Rel), and RelB). Both homo- and
heterodimers can be formed by Rel family members; NF-«B, for example, is a pS0-p65
heterodimer. After phosphorylation and ubiquitination of IxB and p105, the two
proteins are degraded and processed, respectively, to produce active NF-xB which
20  translocates from the cytoplasm to the nucleus. Ubiquitinated p105 is also processed
by purified proteasomes (Palombella et al., Cell (1994) 78:773-785). Active NF-xB

forms a stereospecific enhancer complex with other transcriptional activators and, e.g.,

HMG I(Y), inducing selective expression of a particular gene.

NF-xB regulates genes involved in the immune and inflammatory response, and
25  mitotic events. For example, NF-kB is required for the expression of the
immunoglobulin light chain k 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-3 (Palombella et
al., Cell (1994) 78:773-785). Some embodiments of the invention include methods of
30  affecting the level of expression of IL-2, MHC-I, IL-6, TNFa, 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
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regul ator of inflanmation, it is an attractive target for anti-inflamuatory
therapeutic intervention. Thus, conpounds of the invention nay be useful
for the treatnment of conditions associated with chronic inflammuation,
including, but not limted to COPD, psoriasis, bronchitis, enphysenma, and
cystic fibrosis. 30The di scl osed conpounds can be used to treat conditions
nedi at ed ®iefiatars 9f appteinBapmetasy pyd inmpgrespasesofThares, Br srkMesitisslich as

nmuscl e wast j aedicajed indirectly via proteins which are processed by
t he prot e%%?rg”ssgg%gggls%l K. B. The proteasone participates in the rapid

el imnation ang_pqst-translational processi of ot.ei ns . ._enzymes)
invol ved in ceﬁfﬂ@?ls? B%Fﬁ’?{eﬁw 8.681?{6856(5} ?ﬂg%‘?lla,‘h‘&@% gf?%ﬁg%repﬁ?&on, and
net abol i CERalebi@PSIelectinl RIAMI bt WCAQ@RLER! T ONab. ANkst. MEIG3YBBAO9ST esponse
(e.qg., antéﬁg)en presentation). Specific exanpl es di scussed bel ow i ncl ude [ 3-

amyl oid pP@DeiOnesmbodisernt af heyinynspeissmsihe fersnkipitingpsll adigsiors(e.gand
transcript | f r -x13. . r odi of . J.pvention is
t he use o#élf%%l eé’égér%oeg{rélgéi )%Ji?%(szflte)%tlend P%Iél%tecpﬁ Iﬁ?rrmt %e@?‘&e\%? Lrélrrl{{m% Q

neur odegeg@itating @ cdil HEAYOF ad@nihitandith aguSject) Be bffedtivg amouht dfth not | m ted
to, stroke, ischem c damage tqo the nervous system neural trauma (e.g.,
per cussi VEOTRRONA (Qzhihyemacsyticgl comppeitipn) dissjosed hareit aumat i ¢ damage to t he
nervous systen}ﬁ, mul tiple sclerosis and other inmmune-mnedi ated neuropathies
(e.qg., QGuill ai Ischemia gy tperfasian dhjitysesdisimhyroxia ewoadition 8 whicbrilgre is

neur th cut e i-nfl ammt or e Ll nati . nd Fi sher
Synd?lclgjSl ne) %dﬁ?%nﬁyﬁgoé‘@%r{ ?Cgm}c/gotg% F%S;l,e > 3@%1)% (@%%,&%gi%g%gﬁﬁp%gasfopat hy,

Par ki nsoningredictiaRgdatibiné i RB@Rh&elly ety inthk ativation off diFosB sKobacdter i al |
parasitic, fungal, and viral neni ngi tis, encephalitis, vascul ar denenti a,

mul ti - i nf@rdP9Hedehasibgen demonstgtpg thet s savarityrgiowiey regHBe Jehwwxiatasuch as
Pick' s di rti . i -as { n essi ve
supr anucl }Zegrr%ag%ﬁdéa) ) {?IF %ggﬂlgtgaﬁ{gﬁc% glaq)z?t%%gﬁ% I@ng Q? gll'f c@bggg%%tnar y
aphasi a) , alpebahdyeet 10X3003 R OTlebesfory, cataif smbbdiasntshuf oind invéntpatrbiptedbdi sm or
B12 deficiency), and denmentias caused by ipfections (such as syphilis or
chr onic n‘@ﬁ‘ihﬁé of Frgf)t% gan lscqleml%?@x%&&n & %ﬁ’%g‘é@é‘ IP%‘%H&F%EESE%% i zed by

extracel | 4dh;Hemasd 5§%15]Ect[i§ n8db1Qheh REQhRhfar éff?e‘cﬁ% alBuf&Tial Bnbagyes and

cerebral vessels. [3-AP’is a peptide fragnent of 39 to 42 ami no acids
derived fdistiosed harop. oExhmples ef such cemditiemror (lPRys indlude.dax arettot deni8 i sof or s

of APP arge known (695, 751 nd 770 am no.aci ds). ternative splicing of
TRNA gencPat @l forears syipine NidpdhaRle BRsBRU SRl oot & SRk Fodfidst ' e
p- AP cerebral, peripheral arterial and vascular occlusions), atherosclerosis (coronary

20  sclerosis, coronary artery disease), infarctions, heart failure, pancreatitis, myocardial

hypertrophy, stenosis, and restenosis.

NF-kB also binds specifically to the HIV-enhancer/promoter. When compared
to the Nef of mac239, the HIV regulatory protein Nef of pbj14 differs by two amino
acids in the region which controls protein kinase binding. It is believed that the protein

25  kinase signals the phosphorylation of IkB, triggering IxB degradation through the
ubiquitin-proteasome pathway. After degradation, NF-xB is released into the nucleus,
thus 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

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

herein.
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sequence, thereby preventing the generation of -AP. It is believed that
abnormal protein processing by the proteasone contributes to the abundance
of [3-AP in the Al zheimer brain. The APP-processing enzyne in rats contains
about ten different 30 subunits (22 kDa-32 kDa). The 25 kDa subunit has an
N-term nal sequence of X-A n- Asn-Pro-Met-X-Thr-Qy-Thr-Ser, which is

i dentical to tRvempzodigHompf llpﬁp%ﬁ@ﬁhan%&%an@ce%ﬁphﬁes wichgs TAFa.is Fed.

Eur. B OCQ Sefglc%)g)ﬁag:}g?%)t? ﬁ%dprgges&g)assozp? e\t Qé%gggﬁédkn %?tﬂéﬁfﬁ@ Cll eaves at

the G nl5-- e ‘presence o |CIU nzyne a
cl eaves ais gelnerah@faedepteésbat thofick stapch thh acw@}mbn Al adllshhyrids 1Ts(Dhelr mh&mgef t he
extracellu n of p-AP. 50ne enbodi therefore, is a nethod of

treating Ab’gﬁ%ﬁm wsmarlé@agéecemq&% Jhery 28 Sﬂ«}bgm&srqfﬁlge pS HOKEMBEt an
ef fect§ vecaﬁmsatha% bén GRIREA s Lpsgnnmﬂ@ﬁro@&segﬁgg%akngqﬁﬁnﬁé bk qmucga scl osed

her ei n. treat nent includes reducing the rate of processing, reducing
the rate e@nﬂAﬁmﬁhaﬁuenﬁgmmmnummpﬂmﬂdMEmngnchegﬂaméwdkmum$uAP generati on,

of 't he | rOBNEHER PPN QBN b hA ISP Tolg W Sbadbeeothe

pr ot easong, dLQHAERSodREMs RIoRIRUAS dMhERkEAtdHtnhEbé ﬁééHQWthE%ﬂﬁmﬂoﬂ BPW' ng
fibroblasts. In cells deprived of insulin or serum the rate of proteolysis

near |y doWbiFedo pravhntsingd/ondreatreppie shoskisone reduces proteol ysis, thereby
reduci ng both nuscle protein | oss and the nitrogenous | oad on ki dneys or
| i ver1Q nhi bi t ofraoélluléveproteviysisi ganeraﬂee 51115111 pefftideb fdrgresentation togIcondi ti ons

such as ¢ chraonic i t.ioys dij. ses, fever, cl.e disuse atrophy)
ond doner DRGHYenE guse N HES CtaR Sl FEmne REPoisFS | DB e

aci dosi s, sdiiée?&l@%%tol@%s%ﬂ@fﬂa?aﬁe%ﬁﬂaﬂ& %fe&@&@r 18rv8 und PRb B gerik S. Pat ent
No. 5, 340, 736. Enbodi nents of the invention therefore enconpass nethods

for: redu&&ms@mm@onaﬂee@fnbndmmnelqﬁm@pd f‘areghléumgla@hg¢n13rase@@|tﬂon imeduci ng

the rate of ceIIu ar rot in 20 de dat.i o r.ed C|n e of
ey hedat i BL BRABES el Bl 1R SR gHE BRHb Aok B P b ol Bie
p53- rgd at pEeaiCREFbe TRANO GbatilfedeBlaAdBntifiohs i Sleh a@@ﬂér??tdsﬂﬂnaﬁl cell (in

vivo or in vitro, e.g., a nuscle in a subiect with an ective anount of
a conpoun@lrg@’é/tlgsue rpisetiare@Ealt v eraps-keshBissase) 6ny adpsemyLedissases; inclugingr osis i s

the excesﬁlk £t Hﬁ'tel?‘?c! ; v&ﬁ.{%a{i&% ;}191{) %jlet °£s0§ ?ilgsxk{élzl Hcle ?c?s(&jﬂ %ﬁdpg from 25the

hyperprolrieri |ve 00|a h activation
of the TGﬁﬂé&nsat@yaiomgdlpedsMuch Esdﬂmsn@e ¢dhi\t1@lan@€nﬂxfedns¢ase) demesd ti on of
extracelluylar matrjx and can occur within virtually |s ue or acr oss

several d ERPOGIMERT S melpRdiier SypPTesiEg (B BRmyRe mt%@ %t (&§-gnal i ng

prot dq (RRfn % l%ﬁh‘ e%h@ n LRSS LatbLifMa e &id &@tarltgg%%dj'ﬂﬁaulﬁg: 13

stinmu atlon is Tegu Pated y proteasone activity
administering to the subject an effective amount of a compound described herein.

Another further embodiment is a method for altering the repertoire of antigenic
peptides produced by the proteasome or other Ntn with multicatalytic activity. For
example, if the PGPH activity of 20S proteasome is selectively inhibited, a different set

25  of antigenic peptides will be produced by the proteasome and presented in MHC
molecules on the surfaces of cells than would be produced and presented either without
any enzyme inhibition, or with, for example, selective inhibition of chymotrypsin-like
activity of the proteasome.

Certain proteasome inhibitors block both degradation and processing of

30  ubiquitinated NF-xB in vitro and in vivo. Proteasome inhibitors also block IxB-o,

degradation and NF-kB activation (Palombella, et al. Cell (1994) 78:773-785; and
Traenckner, et al., EMBO J. (1994) 13:5433-5441). One embodiment of the invention
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30 2000). However, accel erated degradation of the TGF-13 signaling
conponents has been observed in cancers and other hyperproliferative
conditions. Thus, certain enbodinents of the invention relate to a nethod
for treating hyperproliferative conditions such as diabetic retinopathy,
macul ar degeneration, diabetic nephropathy, gloneniloselerosis, |gA

nephr opat kya method Harsinkibitisig) [ikBr ¢ degradatioa, inchdgesonizetinedecel aiithur e,

scl erodenna, radj atign-i.nduced fi.brosis,. and.|ung,fibraosis.(idiopathic

pul monar y “SPPEYES eg?l%fglhieﬁ?&ng\}cﬁ%}beﬁlegﬂbo dabe mgtg?zégqrg‘g%ulscég t%ﬁt erstial

| ung di seagsifgaradddtefk b WAKBCnlabR, Bus, @edam) or sUBRect, irdidiBnNtomictignhe/i cti s
is often hanpered by fibrosis, thus, an additjonal enbodi nent of the

i nvent i oncelb mysele; oigae.air sabjedysithehemprimid diesibsd heisilof the inhibitors to
treat buns. Wund closure followi ng surgery is often associated with

di sfiguring sc&tisr enkirgbtimteansteptipneaetntsadbiatiygquiretpirpliceliytn prsfcessingy iosiude  Thus,

in certain 10 enbodi nents, . the_Lnyention.relates met hod far. t he
preventio ecﬁenFrgBE?ﬂSF’aﬂtl%’f fagt(?ﬁrt}é‘gﬂerpes Sump Ffovtnfli‘étr\ﬂ)dgd‘]f %?3%0%%@8%‘ sed by the
pr ot easongydsécdNtaliBr), FiriERecibRIFNhegRabrPfagloed Prdtaif] dnd thd henfeind anmi |y of
transcriptional activator proteins can be divided into two groups. The
first grobpundesierolwegulptony elsingni-eindimg®eefsinng, and i ncl udes p50 (NF-x131,
15105 kDa) and p52 (NF-k2, 100 IcDa). The second group does not require
proteol ytic pr Qtlessmbgdingmts dfiibé indrestiqneBe (RE1ods fRrelffecitngReiclin-dgpendrat B) .

Bot h r(grm and hetero irrerc'j (ﬁan be forrreﬂ ﬁy el f.arrilyt menbers; . NF- KB, for
exanpl @,  pakaryQlissesEclfs iR uingerPosingagell( o‘ggﬂé’ﬂﬂ VPSR 2ERHPIB i ti nat i on
of 1KB angdispibO& hedr&if. CYBlIRY 26 BioiSnPin@oRed AekEIdyaRLoRI6C ERRgilotchRERECt i Vel y,
to produce active NF-x.13 which 20 translocates fromthe cytoplasmto the
nucl eus. Diitigivates frathe deprrd@idnsofgyelinsp fixemwias @f yclipg indudegnisptit @stinses

(Pal onbel et..al. Cell (1994) . 78: 7¢3- 785) i E- a

st ereospek{?fclygh%snﬂ%%%bméj ?%%(d%\ﬁop r?%é"{/%lg‘? N ?@%%%?eﬁlpt{gieé#;&%ég%@ ?5:2? ors and,
e.g., HVGtagNe.g.i MitoGs)nad ealceaidiNg (€xRHessbON [0is balipaxtallaychns gene. NF-icB
regul ates genes involved in the i nmune and infl ammatory resg,o_nse, and

25mi t bt i caseeiated with3deseassarleproiin rinase oraelated kinases. f BE RIAKOBRIST essi on of

a%ig o nlifio g&@f@-meAILdiNgSnE;}@g@RH&Em@ﬂ%?@éﬂ. gene, the

the | mmungel ol Al £ab !
class | major Histoconpatibility conplex gene, a nunber cyt oki ne

genes encOHemds evidence dapydin ik keerted 16a figmavnuhaehle & T obignyindigasabrat i ng

factor, and I FN-E3 (Pal onbella et al,,. Cell (1994) 78:773-185). e

embod renti8! BFY SRR Ve PO bERBRs g Techarover, &, €8 19578
79:13-21). Inhibition of the proteasome inhibits cyclin degradation, and therefore

20  inhibits cell proliferation, for example, in cyclin-related cancers (Kumatori et al., Proc.
Natl. Acad. Sci. USA (1990) 87:7071-7075). One embodiment of the invention is a
method for treating a proliferative disease in a subject (e.g., cancer, psoriasis, or
restenosis), including administering to the subject an effective amount of a compound
disclosed herein. The invention also encompasses a method for treating cyclin-related

25  inflammation in a subject, including adminstering to a subject a therapeutically

effective amount of a compound described herein.

Additional embodiments are methods for affecting the proteasome-dependent
regulation of oncoproteins and methods of treating or inhibiting cancer growth, each
method including exposing a cell (in vivo, e.g., in a subject, or in vitro) to a compound

30 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
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30 affecting the |l evel of expression of IL-2, MHCG I, IL-6, TNFa, |IFN-P or
any of the other previously-nentioned proteins, each nethod including

adm nistering to a subject an effective anmount of a conpound di scl osed

herei n. Conpl exes including p50 are rapid nediators of acute inflanmatory
and i mmune responses (Thanos, D. and Maniatis, T., Cell (1995) 80:529-532).
NE- KB aIsﬁmgmmﬁmenmabéhhmmwﬂhenaxmﬁéﬁsmmnbbﬂeEheEbEdeéahégﬁdﬁ3g@%es t hat
encode E—ﬁa%ectln | nvest .

(1993) 68lA¢Y a@%’ébs @Pkﬁﬁéﬁ&f“g@%c%’f" s ‘F%f\?% -‘/ot%‘e ugfq&m“ Vi H‘ f or

i nhi bi ti ngcrek - RMNdde-%in. GR dmBingentana FReH AL fBfltrfitingpSetelatadn,
P-sel ectin, |CAM oOr VCAN$1) i ncluding contacting a cell with (or

adni ni st eapqu)stson@hslmg asoripistaningfté & eehjees an wHiapivesMaAInE shbeAIRRPYEr a
osition) disclosed herein. Ischemi a and reperfusion

phar

inju?3$ éﬁﬁ dﬁﬁ¢%§pOXIa a condition in which there is 10a def|C|ency of
oxygen reaching the tis s of Thi s ond|t| uses |n ased
degr adat i on ofﬂTW°§§reWﬁ@$EEPtﬂﬁgﬁﬁﬁgﬁ CPHWPW%fé%?FvﬁquH ERIEIRECY Koong

et al., 1984kitit InfO@DnPERA ad BIBARIE dhRdd b???ot&ilﬁn paraSitdst th‘éfprétedt%ﬁhé
resulting 1n hypoxia can be reduced with the administration of a proteasone

i nhi bi t or of tBess perases is cgm@erecstandoeemvdlved piperily ipyell diffegentiatiopam] |
Therefore erta he [ i €5 a 15net hod of
treating EWFF§§WéﬁV@pg%&%P¥?Bﬁt 3}£5§?§n9@%{3?§5c6%%?%3|ng
adm njst ephigrinOred estbib et spe&e@m bé%n ShigAn forlesd diepitatioh @bﬁ@gt wheén anount of
a conpound di scl osed hereij n. Exanpl es of such condjtions or I$|ur|es

€

i ncl ude, ®wosed e nreteasome inkidtitets, (Gae%ﬁl%sa el o ety Mg &eonid 27140, feFabiPe
pl aques) , | &f { &5 Vas 1 uf;&‘?a% H?‘c:hve%bq;dﬂ?@rﬁg tt)&? &’i%éib QrcofipbffdsHre ufEhl fgpﬁr eal

arterial and ar occlusions erosc erosrs (coronary 20scl erosi s,

coronary gfedteent dipapaie)infettidariahumass cdueat by 4 pratesoen ppnasnm ehdctadi s,

nmyocardi al %ﬁertrophy, st enasi s %nd restenpsis B a&so bi nds
g

speci fi caftP§ Hlasmadiumisea. &npdng - Selswards. P- Was, & Indanas a‘?‘l) tHE ' Nef  of
Mac23g; t&ﬁlcﬁlcé{}%legﬂéigﬁ%ﬁ%'?%&%ﬁia NeincRididPr sl %ﬁ%ﬁ%a@ésbﬁ@ Am no aci ds

in the region rote n ki nase bi ndi ng. i's belleved t hat

t he prot edmea%é,ldndéi’sbns:egwhich c’allms pHosqmsbeopingt sickmess), ILEKBHH&HM @gerl ng | KB
degradat i gh the ubiquitin- at hwa atlon
NECKB s (arudegt Pneenss dodhbdeht dh de S ety e Sl aha RS AR, of i v
(Cohen, JearingiQqh $RAEz0ab kBSWh t& @z?usg BRdum IR ireATDY hi®bther MimbhBupfreeedi on are

a method for inhibiting or reducing H'V infection in a subject, and a
met hod fopatd:atsb élécsmplgsmhgomcbu@ntmoebahsﬁtolg@aeE@s@pm@b%Wﬁder@a@wl Gerdiad 30

! f cl lamg)ﬁnéln hﬁsgzee ain gngodlgn%gtsst'}llbldlsc ose&.l cc?r}cl;;oeu%tdk e 1%%‘1"%1‘ tﬁ’é tréatfBRPou nd

di scl
of parasitic infections in animals and livestock caused by a protozoan parasite selected

from Plasmodium hermani, Cryptosporidium sps., Echinococcus granulosus, Eimeria
tenella, Sarcocystis neurona, and Neurospora crassa. Other compounds useful as
proteasome inhibitors in the treatment of parasitic diseases are described in WO

25 98/10779, which is incorporated herein in its entirety.

In certain embodiments, the disclosed compounds inhibit proteasome activity
irreversibly in a parasite. Such irreversible inhibition has been shown to induce
shutdown in enzyme activity without recovery in red blood cells and white blood cells.
In certain such embodiments, the long half-life of blood cells may provide prolonged

30  protection with regard to therapy against recurring exposures to parasites. In certain
embodiments, the long half-life of blood cells may provide prolonged protection with

regard to chemoprophylaxis against future infection.
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Over production of |ipopolysaccharide (LPS)-induced cytokines such as TNFa
is considered to be central to the processes associated with septic shock.
Furthernore, it is generally accepted that the first step in the activation
of cells by LPS is the binding of LPS to specific nenbrane receptors. The
a- and 13-subunits of the 20S proteasone 5conpl ex have been identified as

LPS- bi ndi ng prhthéfi 180 beanglsawnpimjed tat lnhWétor_SliSatlmléfh@éEe 3Py REAteasPRAfsduct i on

may be an tant th tion of
sepsi s (d]rn% ?\te ORFfO %{l %%Ongotﬁ%ﬁ&%ht&fgogﬁ%% %ﬁ g%ﬁﬁﬁgr efore, in
certain elﬁaaz@%eieﬁurﬁmzs@@e@mmcmy fohgice I’bv&ﬁmlhlpmteaimmeb&hih'ﬁmd ifiaeasede
inhibition of TNFa to prevent and/or treat septic_sho aﬁ d é%})}Iiné?r acel [ ul ar

|

pr ot eol ys‘i’@eg’@m%l@f@s @ﬁﬁ?@%’@ﬁﬁﬂﬂ%@vqﬂpybﬁ%@ﬁt L& ghalt Hhocytes to
d f
e WL T e e, e ge, o a7

aut ol ogou vViTa ve under gone oncogenic
t r ansf or negilates oflaeblestidiffiiramtiztioh and bomt foodati@r. Thendfoiet theglisthaseden

presentation in_a cell, includin 03|n the cell.to a compound descri bed
her ei n. AC%@?P&B%@%}"G PPFéQlllﬁlt gﬁt ’E }QéeVﬁgtéjS ‘ffoc{l?eiaﬁcitas%?‘fg- rel at ed
condi ti ong;:&HGH fSs, @héhea[sgﬁéteré}ﬁ)trm or gan/ tissue rejection

(graft-versus-host ‘di sease), and auto-imune di seases, including, but not

limted to, | EBB'&T tls{ingﬂ%t&b 18f %]Ji'ﬁ&etfo facRR O Rl Bve fﬂél g&&@ t%?l erosis, and

i nfl ammat ory I Seases (such as u ceratlve colitis and"Crohn' s
di seage) . stfﬁhlusun@bdmrchrT}&mbadran&mf bosgina boet hisde tmtalsuppoelssstmgtutdhe i mune

system of a subject (e. hibiting transpl ant. re al |l ergies,
aﬁt 0- i mmupiet eéﬁss‘j@lé@éére rﬁs‘rpﬂ’n%%g]celf RaraintHg ﬁ(ﬂli‘%ﬁ“gaﬁ? Hp@gétryl &OPS’ b[ulgél%ggb] ect

an eff eCtl!)Mﬁ)g?égﬁxg&h bo?\owlﬁ'&o@%ﬁéﬂ BRAHRANAE BonH Ok e prdlifshier

enbodi ment ering the repertoire of antigenic peptides
produced Ayohpehese bittenfctoes are aotdratly Nescrilved fanpaly oﬁmatealswall@d bend vity. For

exanpl e, he PGPH acti of, .20 rot ea C el hibited, a
G T or entmaBloSaest Py A AT B g S ol €l UF et RBESL o1
and presest s, i43 wdiGsmRlIRaH cass, fllddige Hbidyave $1. ot apeTAaas Geas (\Mml)d be

pr oduced and present ed either w thout any enzyne i nhi bi t i on, f or

exanpl e, %65 &dtdesasibienhyidendedhat bone mprphoggriicireteins (%MRSQmaffg/dléferftnﬁéﬂy

pr ot easone. Cer i,nhi d nd
pr ocessi ngPoF" mdﬁf‘%r ﬁltC?ﬁatugag ﬁ&ve@gﬁ%ﬁ%\{/%?gé('aér?\d& P b ‘&géo eryl#egpe eegsorre
i nhi bi t org9edsnghi-86kdbreBbés e affadabi DOFR0M ekbrexdich atBMPa2 hmhothBal onbel | a,

et al. Cell (1994) 78:773- 785 and Traenckner, et al EI\/BOd] (1994)
13: 5433- Sudstpncasne benfysils mBMP-gexpreasiphypmaiughollicles also occurs durin

20  maturation and after the period of cell proliferation (Hardy, et al. (1992, supra). Thus,

compounds of the invention may also be useful for hair follicle growth stimulation.

Finally, the disclosed compounds are also useful as diagnostic agents (e.g., in
diagnostic kits or for use in clinical laboratories) for screening for proteins (e.g.,
enzymes, transcription factors) processed by Ntn hydrolases, including the proteasome.
25  The disclosed compounds are also useful as research reagents for specifically binding
the X/MBI1 subunit or a-chain and inhibiting the proteolytic activities associated with
it. For example, the activity of (and specific inhibitors of) other subunits of the

proteasome can be determined.

Most cellular proteins are subject to proteolytic processing during maturation or
30  activation. Enzyme inhibitors disclosed herein can be used to determine whether a

cellular, developmental, or physiological process or output is regulated by the

proteolytic activity of a particular Ntn hydrolase. One such method includes obtaining
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is a method for inhibiting | KB- a degradation, including contacting the
cell with a conpound described herein. A further enbodinent is a nethod for
reducing the cellular content of NF-1(13 in a cell, muscle, organ, or

subj ect, including contacting the cell, nuscle, organ, or subject with a

conpound rihed herein.,,5Q her eukaryetic transcription factor,s that
oqui re. propash Bt el B Bl PrbiRef PR E Sact e RRRTES B BT SRI7 act or

TFI 1 A, heppparasivnr €l ¥xtédes toPddnmna e dsolodedr@tial ékp@biaﬁkhec&inhpd‘uﬁai or),
virus-inducible IFN regul atory factor 2 protein, and the nenbrane-bound
sterol re§¥osedpigampBngsht PIBPA Qg Opeedk @itactto acignal andrawaitpmng theof t he

i nvention . i | 1.0- tic cell

cyol s, 1 RAF LS UBUE LR LGl o oSBT Msed R i

di scl o$edrdpéd @idacciyt] dlingnation qprimpBeationiofitiel N@dfdrexaaple, hgcbs control . The
proteasone partici.pates in the degradation of cyclins. Exanples of cyclins
i ncl ude nPIOMREFUNEAIR Bjgheen ‘GE“]@?@FY%%PH‘%FH@’ es/msw)(@cabewsﬁau on of cyclins
enables a cell to exit one cell cycle stage (e.g., mtosis) and enter

anot her (Adgunistgtignsi on). It is believed all cyclins are 15associated with
p34. sup.cdc2 protein kinase or related kinases. The proteolysis targeting
signal is | ocafpmpounds pseriared ascleshsibad hevain GNIbBENGDstedsh vareusdumgx) .
There is gvidence that. cyclin is converted to a formyulnerahle to a

Ut qui t§ roPBUaE OB Fisie toyhe RaEE Bl eiee) Ppdius® Do) e 4tk ng
mtosics (patRahaonpwedl kdwn iwahé art.( EGMhmpSs, hdelhe bohpdinds ot B8fhet he
proteasone_ inhibits cyclin degradation, and therefore 20inhibits cell

prol i f er atdmaipisterest orallwihesemay he Eratuiated as tabled, eanmeles, graomlesspardersior al . |
Proc. Nat C ' A . 87; - e i ment of the

i nventi oniyimsﬁaé agprr%){ E%]gmfe%é?a?‘&lﬁ%%lgﬁ’athé?%ﬁjayé g%(g%qué@ge](g?sslg eggorilsn a subj ect
(e.g., cafimesven@spintrasiuscul@l o wbt@mEDLS) dropriafusidngepachtions,sreri ng to the
subj ect an effective amount. of a conpound di scl osed herein. The invention

al so encofipaeuiesies, Frrapplicatign by taeenhiplmycmpeeys anerplaanomuls theymaasn in a
subj ect, ' ' [ SR : ' ffective
aoUne of Pnaaaon <E oS bR, TRk RO S e S o e
met hods fonvaftionel meapst e ifdetiredstheectiepegddicht meybe atitealnvioh amncopr ot ei ns
and net hods of.treating or i.nhibiti n%gﬁgn er g.r.owt h, . each met hod i ncl udi ng
exposi ng @ug}tiong de&f excigient, spchAsa pinder, a digintegratipgaggyt, & Joxcagmpound

a corrigent, a solubilizing agent, a suspension aid, an emulsifying agent, a coating

agent, a cyclodextrin, and/or a buffer. Although the dosage will vary depending on the
20  symptoms, age and body weight of the patient, the nature and severity of the disorder to

be treated or prevented, the route of administration and the form of the drug, in general,

a daily dosage of from 0.01 to 2000 mg of the compound is recommended for an adult

human patient, and this may be administered in a single dose or in divided doses. The

amount of active ingredient which can be combined with a carrier material to produce a
25  single dosage form will generally be that amount of the compound which produces a

therapeutic effect.

The precise time of administration and/or amount of the composition that will
yield the most effective results in terms of efficacy of treatment in a given patient will
depend upon the activity, pharmacokinetics, and bioavailability of a particular

30  compound, physiological condition of the patient (including age, sex, disease type and
stage, general physical condition, responsiveness to a given dosage, and type of

medication), route of administration, etc. However, the above guidelines can be used
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30 di sclosed herein. HPV-16 and HPV-18-derived E6 proteins stimulate
ATP-and ubi qui ti n-dependent conjugation and degradati on of p53 in crude
reticul ocyte |ysates. The recessive oncogene p53 has been shown to

accunul ate at the nonperm ssive tenperature in a cell line with a nutated
thernol abile El. Elevated |evels of p53 may |lead to apoptosis. Exanples of

pr ot o- onc 8pHEthasip @réggrta@l@_a th treaaentpne §u fi?tplﬁniﬁlip&tb‘?rPPtHE‘lnﬂd’éﬂ%am, c- Fos,
and c-Jun am%ﬁncﬁg?gl%im%)gl v;vhi%h W5 POk ¥ fn}.é;r@ ?ﬁdnrlgutﬁ’xgbséxﬁ)@%@teﬁﬂti&? optosi s,

i ncluding a ring subject” an effective anmoun a conpound
5di scl osedorsistiag of monitoring theanlpettend adjnetii gthntdpsdghendlosmdoged conpounds are
useful for the treatnent of a parasitic infection, such as infections

caused by prot Gaeghraparpath&Sutiddlly RtPtMdsdremdloyed BsRinarafet tethobs
considered to be 1 nvolved primari )/ in cell differentiation and replication
activi¥i ebisgpsugaterials empositioah dad/pafesage Sirmsydodh arggyhin thassapgy of 10

Fur t her no j j capacity
when exposaf it AR ERE LRI CRY B RTAnRooHn 1R J-05R IRKER LR “Rre.
1997, 23, aﬁpaﬁmlhh]:cwilillﬁ)?t éﬂt@%\mi ﬂaxib?y,ti&ititati;&u@ﬁe@d)mb' b 'cm_se;]Eos p;ﬂehpraﬂ)@laﬁ Eos ed
conpounds are _useful for e treatnmen parasitic infections in humans
caused byC%fnblﬂ@%‘i’dé’ﬁl%%{‘rs‘é@?ec‘@ﬂ%éF@é‘?@@%b%‘ﬁf‘%‘%&%ﬂi um sps. (including P.
fal ciparum P. vivax, P. malariae, and P. ovale, 15 which cause malaria),
Trypanosona spdhe phragq {nherpacputieally accepigble epraer g6 ysadhiggeis magnsdase, and T.
brucej, whj [ ' I.ckness) ' 1,.8: rncl udi ng
[ e on i SRR LAt AR oA St vl ST iR Vet T
carinii (aller dilosoarcipitaysolvencaleheaRoRting niageriah PadiSaaid noidnde

i mmunosuppressed patients), Toxoplasma gondii, Entanpeba histolytica,
Ent amoeba dHUAAIAI A dETes F BFIAE SRMPAR WL th%OtE%‘rlP%‘ieﬁleEﬁ‘b’é disrents, the

di scl osedfamPRUAYRY AEEnERT, HODatOR SHRBLARANIObHAREASELifcH Ghections in

ani mal s and 11 vestoc y ‘a protozoan parasite se1q rom
Pl asnodi usarheasgnimadotiellysioentaile narsips. incladhi( homgas usichralagtossus, Ei neri a

tenel ] a, Sarcocystis neurona,. and Neurospora, crassa her co nds usef ul
gt Ea: i T g T R g S R e R e R

descri bedyhbiea PeAERE&RrinWY) CBIliISsel RSPAPRlaBeN SR A sbdiuhf S entirety.

In certain enbodi nent's, the discl osed con})ounds i nhibit proteasone activity
i rrever si girhoymethy) seldgloses ethgliedilulase candrosilploge aqekatdsi(#) mwdeses! been shown to

i nduce shut do iR, enzy act.i vi W thout .recovery inr bl od cells and
whi e bl oBtEER ) Fﬁﬁc@%ﬁhnsﬁi@%ﬁ%ﬁm?ﬂ ENEG ooBa SR B of bl 0od
cel I's maysupposicde wakes, 0Nael, 3hRE péaat 61 toWohdbed 00adag 1 Werldie bepine@gai NSt
recurring exposures to parasites. In certain enbodi nents, the

hal f -3Q f eolssfe dil, 6o ik pné sevlpamp bl Aeslpedls.cHeeas proprleee glyeolnf k1 'pé’Q/S@; dto
chenopr Opgxﬁl 3§ igﬁ/cggr%isgﬁ}itoi,%éfﬁlﬁoi, QB(? 851iygﬂﬂylene glycol; (12) esters, such as ethyl

oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide

and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic

saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and

25  (21) other non-toxic compatible substances employed in pharmaceutical formulations.
In certain embodiments, pharmaceutical compositions of the present invention are non-
pyrogenic, i.e., do not induce significant temperature elevations when administered to a

patient.

The term “pharmaceutically acceptable salt” refers to the relatively non-toxic,
30  inorganic and organic acid addition salts of the inhibitor(s). These salts can be
prepared in situ during the final isolation and purification of the inhibitor(s), or by

separately reacting a purified inhibitor(s) in its free base form with a suitable organic or

-42 -



It has al so been denonstrated that inhibitors that bind to the 20S

prot easone stinulate bone formation in bone organ cul tures. Furthernore,

when such inhibitors have been adm ni stered systemcally to mce, certain
pr ot easone inhi bi tors increased bone vol une and bone formation rates over
70% (Garrett, | Cin. Invest. 5(2003) 111: 1771-1782),

t her ef or el@{@@@s@t%@n@ rﬁa%atlpa&m%@itqm&ﬁomﬁ oRepiewhistivasalisirilyde bgul at es

ost eobl ast, blglfoﬁﬁ@éﬂ'hy fﬂentaﬂ%umg%lglﬁfa@@gh ha{ghﬁ'frﬁieoﬁc%taté 1egét§0| osed

conpounds y be use in tHe treatnent prevention’of di Seases
associ at edleatef Ilmhinﬂme sltemsts, lauiate, Benzostepkaofate; ph;o$hat3cmsylate,scsunﬁe; S an
r factors which have the capaci for 10stimul ating bone

excel | ent s urc 0 a
cells. Thﬁ’é &%@tg, PECIBi REOREP i gléﬁeméf)‘ﬁ?tﬁa HUCRPEPOARS st ruct ur al

prot eigs Yé(@!o%lbn@(eelaﬁﬂéﬁmn%%alf@ n&fﬁfnﬂ{oadc'iu &@tsteih%tﬁé ﬁk!&t(lsfé@'fof ntegrity of
bone, but also bi ol ogi cal active bone growth factors which can stinulate

bone cel | sxmlu)lpmlrgef@raht(w77ﬁ)\r‘r‘8hgmahesgal SeltsBrJ. PaetmrSsi.f6eldOrecent | y
described fam |y of proteins called bone norphogenetic proteins (BMPs). All
of these grow h dthatoases, ma\rﬂnbﬂtcireakefulan tlmé ﬂmemotiyp’fe&e j)EaSéntdE\l'dnsion amywel | as
on bone cells, including 5Qa , Trans Ge (1992) 8:55-61
descri besCAIREAE " PRERA @%9%@&&1@?@ % RS BN BIPDFmIng o

di fferent ris,
R S et R ?b%dfg*gé&é%%%é‘%cﬂﬁ%eé’gﬁﬁiﬁé b B

TGFI 3lon a)tpnequallgfachﬂ?abze sahid” ot these insthisteancfers to thehrelatvelgnbs-toBM/P- 2
expression in matyre follicl

| Omat yr at ft
The por | ooBRniant et sk TR Filsrtgh oL 1063 it Gk

conpoundspeparkd s Jzﬂ:Vcﬁz?l%FQl'i’e B 1§Hl§tfbnth%d lﬂ)ﬁﬁﬁh‘z!ltlcanff m@inhlbﬁt@}(ls) o Bygrow h
stinmul ation. Fi na he di scl osed conpounds are al so useful as

di agnost i @pa@éahx reagtingthe punﬁdd a@mMGS):mkItSt feeemacid frmywigh ¢ puitabietasel
| abor at or j es) creenin ns, ( tran i ption
tactors) BraestBiRERRRE okt RERarl e Fabiyr TRy AR bl

di sclizsedcationp@idingignidhne, ot Wh%%ﬁ%ao%ﬁhéa@l@%@é@ﬁaﬁl@@@@ﬂk%mﬁx%y specifically
bi nding the X/ MBl subunit or a-chain and inhibjt] ng the ﬁroteol ytic

activiti esecondan os fesdanyjanHng. t Repreyentagiyppikali of Hlé(ah’éft ¢agihsg %mck"eﬁlﬁ(ﬂh% pecific
I nhi bi tor gy, ffi)| BEREL pSHBHEL! Sa1Qlimt RS RIS 3R8 TrunfiRlm 61 She i f&ed-

Representative organic amines useful for the formation of base addition salts include
ethylamine, diethylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine,

20  and the like (see, for example, Berge et al., supra).

Wetting agents, emulsifiers, and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring, and perfuming agents, preservatives and antioxidants can also be

present in the compositions.

25 Examples of pharmaceutically acceptable antioxidants include: (1) water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,
sodium metabisulfite, sodium sulfite, and the like; (2) oil-soluble antioxidants, such as
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents,

30  such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid,

phosphoric acid, and the like.
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Most cellular proteins are subject to proteolytic processing during

mat uration or 30 activation. Enzyne inhibitors disclosed herein can be used
to determ ne whether a cellular, devel opnental, or physiol ogical process or
output is regulated by the proteolytic activity of a particular Ntn

hydr ol ase. One such net hod .in Iudes obt.ai nj ng orga |srn an intact cell
preparation, of Ogn‘éléq“i’nséi&t?béég ﬁlﬁar%tWQ%arg%”WélFﬁ o8| Cﬁ?%lﬂf’ér ation, or

cel | extrag efs Br sqgmgbﬂ%ger{ge§ﬁlsg1§|§ﬂﬂ£ﬂ?)?§f WhsisCARARY E\Q;n}éa%n& ERypd- exposed

organi sm ce eparation, or cell extract to a signal, and nonitoring the
process ortragzmapﬂub .powhlershgmhulegloeas b woltgiorbr ethJspgmqmamadsquhosls loosexdt herein

permts 5ra nd .accurate elimnation or l.ication of the Ntn (for
Exanpl o, _fAGEo2B B orra B Ay nrHAe G ATl ki SRus R St oy
physi o4 Og'sﬁx%}) o £(ﬁ)§§ﬁ}es AR IUSThERT A%, such as gel@%@%nﬂr&%El%ge &Rl
descri bed herein can be adm nistered in various forns, dependl ng on the

di sorder teacks and/ensssoathwashes, anddhe lom daahi eonfaizing ammdlytevmmgﬁtammnt he 10

patient, n the For exa ounds are
o be aanhiElElersl A cle iptodiins o Pamiil et AR RRE A e,
granul es, ppRWESuar@lor pyételps; or for parenteral adm nistration, they may be
for mul at ed as injections (intravenous, intranuscular, or subcut aneous),
drop i nfusion mmrﬁga@%mgfor%maam@fdu%ﬁ(céfgme@@atﬂlétg%mw@r&xeg he

opht hal m ¢ mucous nenbrane route, they may b fornul ated as eye drops or
eye ol(t npowders, irasiesf anchible dike)p e astive bgrqsh@pa?md(edwlﬁmm:emmwnal means,

and i f desjred active,ingredie vent| onal
20 i ve: BrATEReEa SocktiEnte B, P S0 SliE s Mep BT hndhecy

| ubri cant ancaomfyrdf@eé%uomrfgokgmlldr%rr&t@ﬂex@t such a$ HBRABS |c9ﬂo@¢>dmn§m

emul si fying agent, a coating agent, cl odextrin, and/ or a buf fer.

Al t hough tan@s@@ygrgée,\gmcpswmaylnu@lpémfm igp agife(22 bindgrptushes, fage and body
ht of the t t r.d
T e R e S e

treated or e\fen route O

in gerer ahnd/@r atabiby(3ybamedant, shelom LlyCkol; ¢4)2NOMkepm@ting agdnes, sodipauIRdr-i S
recomended for .an adult human patient, and this may be adm nistered in a

singl e do%&afa(ﬁalql?fn(??wa@& RASR{E ST taprea shtin pledic agid; GrEIYiesedtd whi ch can

be combin r 6 ospge formw ||
general | yﬁglelmtltﬁgrtbg%%gu ?Jwﬁ@@dég%%g rg§ V\,E pr%gu’cdez xIﬁuter apeutic
effect. accelerafts, spmcbas qmtemany anrﬂmaldmnmomfroan&s; 7 )anetfiog agamm,l smchofs fone
conposition that w st effecti Its i of ef ficacy

| d. the
of treat n®H AR aaetgiﬂ %?yhoga?# gh{Eer] PongRSEAE: GpaRortRatoaaty 5 &p0n &
phar nRe ok QeddieSolay (8 1RHPBNA Silid thicy ciuf fkdtk GHAGesium stearate, solid

polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; and (10) coloring

agents. In the case of capsules, tablets, and pills, the pharmaceutical compositions may
also comprise buffering agents. Solid compositions of a similar type may also be
employed as fillers in soft and hard-filled gelatin capsules using such excipients as

25  lactose or milk sugars, as well as high molecular weight polyethylene glycols, and the

like.

A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethy! cellulose), lubricant, inert diluent, preservative,

30 disintegrant (for example, sodium starch glycolate or cross-linked sodium

carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets may be
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30conpound, physiol ogical condition of the patient (including age, sex,
di sease type and stage, general physical condition, responsiveness to a
gi ven dosage, and type of nedication), route of adm nistration, etc.
However, the above guidelines can be used as the basis for fine-tuning

the treatnent, e.g., determning the optinumtime and/or_ amunt of
admi ni str ﬁltaii‘%)h},’ UW?Q’%HW suitaplegpachmnegniwgie of FerPavsigrsdiBhiBYNES) ment at i on

consistin I i . i.ect and adjusting the dosage and/ or
timng. 8%%ﬁ§g§g&&%ﬂggﬁgggg?ﬁggﬁly acceptabl e” is enployed herein to
refer to those, 5l gands,, material COnNposi.ti a r forms which
are, within thla%@%ﬁggé¥m¥8%% d%%’?gh S]%%gﬁ%n%%m§uggéﬁféq$%$gﬁge in
contact Wahuleflendy stieasiobe svsradoripedpagsl witll coningghisd shiellhicuth exatesd ve
toxicity, irritation, allergic response, or other problemor conplication,

conmens ur erasings el etherecaaiinasty <l nower intthe pharmaggutisal-tpHaulsipgag. They

"phar maceyt,| I . er r.ei .10
pharnaceu#%g§EF$¥£@%g%§%g$£§H%3%§$§§ﬁﬂgﬁﬁgggggpgﬁ?kgfqgé |%$%% such as a
| 'i qui d oringmddieht fHekdig singli foretimpl e hyipixgptopybwdthvdrntlldpseincapgng at i ng
material. Each carrier, must_ be "acceptahle” in the sense of . bein

conpat i bl BFORPEIRNE feprayide the 4?@%&?6@%@@13@%1% GEheF BPHTICE TR FeariPoRORE

to the paﬁﬂcﬁ@qxicﬁ%@ﬁe@& z'gl})elﬁ%)?l?e ﬁaril?ieh%ly,sfo%k&%ﬂ%aﬂtﬁﬁ&’{ fhr a

phar maceuti cal 'y accept iers inclhude: ( %u%;rs, such as | actose,
15g! uldbs ebactarth-wtainiog lter; 2) by inmpploesingstarttizang agents i therfemm opsiertesobd ar ch,

d substituted, 1subst i tut 3-cycl odextrin; | | ul dit
dor i vat: vEPEiss AR A s e e Pl B¢ vERTR Sce, | and
cel | ul oseppgRhPtGnedidtlyRRISENLSS THREBEAPSMiodsThayBéd optiodhilgedmhinn; (7)

talc; (8) excipients, Such as cocoa butter and suppository waxes; ég) oi |l s,
such as perasifyingiagents end mas bedf aicompeufisn baktheprgleass rwaetveingreden(s) ve oil ,

il d il: (10) gl | : (11
ol yor s, " SHGroraER e it » in PR e b o AR A B E PRI Pl e Lo
(12) et eddaycdufidhnes Eitdwypledfantrdaing cotppbitibadwhick cal BSpsedgacndd 14)

buffering agents, such as magnesi um hydroxi de and al um_num hydroxi de; (15)
al gi ni c apelameria sybsipeespad-waxee Wae agtive ingrediprtnap glse bedn pHEro- (18) Ringer' s

sol uti on; er(cjclgs)ulﬁé(b%lrm?lf(éBBI%Ipnat(e,z&)/}th BHQ ﬁpgl%}eeoibtﬂé E‘&fve%@&%ﬂe‘a@ﬁp@éﬁ%.

’nj uri ous

Liquid dosage forms for oral administration include pharmaceutically

acceptable emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In
20  addition to the 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, corn, germ, olive, castor, and sesame oils), glycerol,
25  tetrahydrofuryl alcohol, polyethylene glycols, and fatty acid esters of sorbitan, and

mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

perfuming, and preservative agents.

30 Suspensions, in addition to the active inhibitor(s) may contain suspending

agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
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25 (21) other non-toxic conpatible substances enployed in pharnaceuti cal
formul ations. In certain enbodi nents, pharmaceutical conpositions of the
present invention are non-pyrogenic, i.e., do not induce significant
tenperature el evations when admnistered to a patient. The tenn
"pharnmaceutically acceptable salt" refers to the relatively non-toxic,

30i nor ganPAbH#HesHg anictocastallinarellviose aluningmapetaledroxids, beplonite)agarfhese
salts can i i i the final isolation and purification
of the anﬁ?%aaf’%?‘?%°?9%r5‘bd§*“§§%f§?%i%% reacting a purified inhibitor(s) in
its free base formwith _a suitable.o nic of. inorganic acid, and

ol at i ng the CammIFhdd fpsEHal Rl eBRn i Rhen P PEPRNENEERS o

hydr obr onkggosifrgrwkith 8fay ®R.pr&jakddadyamixph Soid Glifore RRIISIRIEY Qithbdel Rt €,
acetate, valerate, oleate, palmtate, stearate, |aurate, benzoate, |actate,
phosphat emoroyytablesioniztitating excipighie ot earriptsraomprisingsfoc ekample, cacar buigare,

napht hyl l.uc te, . [ e, 1: | sul phonat e
salts, aﬁ%ﬁz%ﬁﬁ%xégfyg&sgf#@%ﬁ%&’q’{ge&lai Sgié%ﬁ%tgg‘beﬁ@?os rS,OIelg %ﬁ{ﬂ%én Berge et al.
(1977) " Phatpepmed] bt diquidadt bedy tehpeRitde ahd, abrefodé will 1ddt h the rectunt opt her
cases, the inhibitors useful in the nethods of the present invention may
cont ai n o¥REIA cabeandaeigase theAstiviesdedt gr oups and, thus, are capabl e of
form ng pharnmaceutically acceptable salts with pharmaceutically acceptable
bases. The t er hermodgivas wddehare suitdble e veginalidmirisiration alse intlude i nst ances
referg, to .relativel y non-toxi ¢ inRorgani n rgani ¢ base. addi.tion

ol toitor RO BRGNS eanTnats bafid 25500} el B BROL TR BRI T
during t herfiereak aieﬂ@b%iiﬁﬂl@dtﬂtomﬂdpﬁfdp@hid)n of the inhibitor(s), or by
separately reacting the purified inhibitor(s) inits free acid formwith a

sui tabl e base, DssHph f&ens B HANEFIEN o8 Gran&RFAANRANEis@4tidd FRhBBL&(Of 2
phar maceutical ly acceptable netal 15 cation, with ammonia, or with a

phar maceulclide Pywdersegpras) einbnepdsn ipastes; creamy, loderso gelarsplutions.tpatdhiear y ami ne.

Represent gati.v |.kaly or. al kaline earth salts include the.|lithjum sodium
ot assr unf o rhe S0a@iet e g SR Aot Bad P e erifiont gl

Repr eigent gHarvecedtigani dccegihible Sartee fatll Wit antyiredeplatines, Biffers, d1ga6padaist i on
salts include ethylam ne, diethylam ne, ethyl enediam ne, ethanol am ne,

di et hanol WhRich&aydiegeqdizidne, 20and the |ike (see, for exanple, Berge et al.,
supra). Wetting agents, enulsifiers, and lubricants, such as sodi um

| auryl sul f at eTkmeinireents pasies, steemsaind, gelssmepe bontais, inaidditiondo inéhitas(s),r el ease
agents, cgQati.ng agents, .sweet.eni flavorin and rf um.ng _agent.s,

r eser vat OO En At upaeRS el is S Bl Piissarte it M REEERT ons.
25Exanpl esllafosp berivais ey poBattyYend GhrplsaBiliCordR! beaxd R sgididadidldglc, ) wat er

20  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 mixtures of these substances. Sprays can additionally contain customary
propellants, such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons,

25  such as butane and propane.

The inhibitor(s) can be alternatively administered by aerosol. This is
accomplished by preparing an aqueous aerosol, liposomal preparation, or solid particles
containing the composition. A nonaqueous (e.g., fluorocarbon propellant) suspension
could be used. Sonic nebulizers are preferred because they minimize exposing the

30  agent to shear, which can result in degradation of the compound.
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sol ubl e anti oxi dants, such as ascorbic acid, cysteine hydrochloride, sodium
bi sul fate, sodium netabisulfite, sodiumsulfite, and the like; (2)

oi | -sol ubl e antioxi dants, such as ascorbyl palmtate, butyl ated

hydr oxyani sol e (BHA), butyl ated hydroxyt ol uene (BHT) | ecithin, propyl

gall ate, al pha- tocopher ol, and the |ike; and metal chel ating agents,
30such as ci t r Pedipasily, ancadngousraseisahis mrade by rf@‘élé}é%tif}g HAYCPEBPIONDE  bi t ol |
tartaric h ui tabl e
for oral Aapeisi AR HchbiBetr AR SRR Bpormaceuticall UM Ble ARt

t abl et s, hmk@ﬁtgﬁier{ UEhertgmaerfs hadsnetizdasuy, w1tlsthalréqun$nmntssﬁt}m1phramﬂm a or

tragacanth), powd granul es, or as a sol u“&[,]% su ensiaon in an
aqueous oFowlt&tﬁlu@btdxplf:‘iﬂbiﬁnﬂlud%Po%gmﬁﬁ“‘if?qtar}t?l P | | quid
enul sion, o %rs 61@01@15& ebib h(gg) Fardbdiical®f a@Sp tQ@l%tcblsb%nt@‘é%}P& an inert

matri x, suc atin QPycerl n, or sucrose and acaci a) and/or as

mout hwas hpcslyethnldndz blgcdlj inapcueas prateing hkmemgnalhzmmd,eqlemmndednmmrds of an

i nhi bitor(s) as.an ve ingredi ent sition al so be

i ni 5t et BRSPS S PRy O SHEeBAEPBO AeGBP R ERBEERERY or s f or
oral adm ﬂeﬁg&gtﬁlogﬂs&ggg%hﬁ%ns tablets, pills, dragees, 10 powders,

granul es, and the like), the active |ngred| ent is mxed with one or nore
phar maceut i cal i | ci um
phosphat e, andllr%)é‘rn Q%%@Qfoﬁa? éhﬁes ﬁ?\“ﬁ]g\%\né%eg%?%@% e!r)‘?simo cggt?%lﬁeépd eh@b@ﬁc h as
st ar ches, of:a;tmhhﬂetnt(s)l tashe balyt Gmeh desage 6wens ogh be mzadp byrelmsolvolg, orand/ or
silicic a gg% bi nders, such as,. for, . exanp car box | ul ose,

al gi nat es IS%FI agﬁ%ti196bwpp?fﬁ?%?md&?éorp§88FBlgaélcerfgﬁ 81158:% Pa: (3)
hurect ant ﬁlcreﬁé@ﬂﬁe @%x O WeShBbitod($actiss HRARE. afidateadRESuS ébﬁf'beas agar -
agar, cal cium carbonate, potato’or tapioca starch, alginic acid, certain
silicat escormmdie@byiﬁmhnr@mmdxngmeate(CBI)tr@lbhgumembmr@tQird@ﬂpﬁ@llmjém@lblm@h as
par af fin; G%Iabsor t| on cel erators, such as quatenmary ammoni um
corrpounds tﬁ‘ éi 8 ts, such as, for exarrple acetyl al cohol and

gl ycer ol nonos earate absorbe such. as n and 2Qbentonite clay;
(9) 1lbricantst @W@FF“&‘C?I ORIPOgiLiPRS ?ﬁ]‘?‘égtlg‘é?né‘f’g Smﬁ%’g‘ﬁ L Pa S ¥Bar ate, solid

pol yet hyl mn&krﬁﬁ&{ SomPRdi Aok aY {nh?dfdo;s"{‘;‘)ﬁn c@ﬁﬁglrﬁhiﬁﬁ WiontherRed; and (10)
coloring agents. In the case of capsules, tablets, and pills, the

phar maceuphaabcatingbsiccemaisle mylltaacgl@omrplon@@ebuﬁ $(é‘41t|101)g, @g@rﬁ%lgns Sol i d

conpositions of a simjar typ e,e ed as ers i.n soft and
har d- i | | SHEPYEIOFS oh cylsins e fféﬁqaé‘“@ W&e&%?yeﬁ%%g%s g etils i |
sugars, aﬁgé@?&ble @uthing Br ARp&SIh R ustBrichb u@@Wﬂéﬂmhﬁﬂ@ﬁ&h}aﬁﬁbﬁdaﬂﬁld t he
i ke. A tablet may be made by conpression or nol ding, tionally with
one o030 rmblefqu;(béstgmvatﬁ,rﬁghéﬁﬁ whick rendenibe despadatiaibiseiosicyedh the &oé dr ed usi ng

bi nder -(fﬁlgﬁl‘ft ‘%ﬁé&%? gt{c%ts'ggpe%{h hyogrﬂ;l)1 lyeqlrlgl)goé/ée%'g hyl cellul ose), |ubricant,

inert dil
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
25  mixtures 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.

These compositions may also contain adjuvants such as preservatives, wetting
30  agents, emulsifying agents, and dispersing agents. Prevention of the action of

microorganisms may be ensured by the inclusion of various antibacterial and antifungal
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30di sintegrant (for exanple, sodiumstarch glycolate or cross-linked sodium
car boxynet hyl cellul ose), surface-active or dispersing agent. Ml ded
tablets nay be made by nolding in a suitable machine a m xture of the
powder ed i nhibitor(s) noistened with an inert liquid diluent. Tablets, and
ot her solid dosage forms, such as dragees, capsules, pjll and granules
may opti ofgantsy fexamplecprgicnpehdprobuigngl Pll*Fn@b%rblﬁgj‘@daﬁ‘%fl balkesltmeh as
enteric 5

phar rraceufgllg@{)% H@?@Eﬁ%ﬁc ﬂgreé@?a&%’ﬁgﬁs‘[ﬁ%%ge{ﬁgo be %l%glﬁaﬁl’ ?ﬁdé sc(})ﬂoélsd e‘t o]

provi de shrm/\theMkeﬁmm tlmldoﬁdmmebfmsla adﬂltlbh,eprahmg&cbahsngxtmdloéﬁte ihjeetablen usi ng,

for exanple dro | me I e.nvary r tions to

provi de tﬁléar’d‘é uflﬁ E’é%’e%ﬁr‘éﬁhf gbo% Ylg?e gf‘?ﬁ’éf’%ﬁ%flfsl‘ﬁlgg dF]Ia?SOSOWES
and/ ors m %s@%ﬁ fisEch as-gﬁ?r}ilnﬁﬁymeﬁos%a?zﬁé haZgdathy, for exanple, filtration

t hrough a 10bacteria-retaining filter, or by i ncorporat| ng sterilizing
agents in the f0(Mha! Gdhé Lalﬁnegc@,@%ﬁ%at | 8ReGABINS SHipgRl ved I
sterile water, soneb |nject Ium i nmedi ately before
use. Thesﬁ:s@fpﬁpﬁmf tHealtsg fram @bs@amzmns Oﬂmh’amusmuréhyectupamdhexmgphgent s and

may be of 05|t|on that they rel ease cti.ve in nt(s) only, or
pr ef er ent ?@‘T‘X absgptioneha %ﬂr?PtB‘@ﬁ %l%?terleﬂéh"&?aéf‘%? ?ﬁ%@"g’ ﬁmﬁ’t % act ,
opti onal ldlgso'l\ﬂn Ollélsgfﬂdg.)e/ poI Glan oBSAARYES of embeddi ng conposi tions

whi ch can din r| c subst ances and waxes. The active

i ngr ent can ricate, with one
or nneﬂje of t helniébcﬁa\%é)%ggﬁ F%ggpelﬁgfegﬁzﬁbﬂ %anfcf’cfeglz ng{sﬂggggglg%Tdsfaf or oral

admi ni st rlahibdbr(shnlbutd&gmhahslwogmdmaichms @ckymntlaé}belygmcbhdeo I”Bependmg
m cr oenul si sol utions, suspensions [ ups d eﬂ i Xirs.

to the actt r@tﬁg? febpg i polymer, Pndmedlaa%% aé%lefpamﬂsl AEROLYRSH ERPIPYE ﬁég

diluents pae of drug release can be controlled. Examples of other biodegradable polymers

addi ti on

include poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also
15  prepared by entrapping the drug in liposomes or microemulsions which are compatible

with body tissue.

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,
20  eye lotion, ointment, suppository, infusion; topically by lotion or ointment; and rectally

by suppositories. Oral administration is preferred.

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,

25  intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,

subarachnoid, intraspinal and intrasternal injection, and infusion.

2% 4L

The phrases “systemic administration,” “administered systemically,”
“peripheral administration” and “administered peripherally” as used herein mean the

30 administration of a ligand, drug, or other material other than directly into the central
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commonly used in the art, such as, for exanple, water or other solvents,
sol ubilizing agents, and enulsifiers such as ethyl alcohol, isopropyl

al cohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propyl ene glycol, 1,3-butylene glycol, oils (in particular, cottonseed,
groundnut, corn, ive, castor, and sesane |Is%%P%%¥cero

m
25tetrahyﬁ?8?%ﬁ P%HH§%%HLM1b%F?§pﬁVPﬁﬁ%t5%9531@“1 HY ! ®id esters of

sor bi tan, nﬁ&@omrﬁﬁhﬁ §@et &Y R8Eesses, for exﬁﬁﬁl‘edﬁﬁcﬁtﬁﬁé’cﬁm dihiitasiont he oral
conposi tions can al so |nclude adj Uvants such as wetting agents, enulsifying

and 5“5pe”d'”9T‘&£2&ﬁ@8§&§ bQQdmmh&&%gdP%PnﬁﬁkﬁﬁbﬂﬁzaRﬁ&ﬁyﬁkng’ and

preservative agent |ons I'n a to the active 1 nhibitor(s)

may cont athlar@ysbgemgl smgabekgﬁmt&faslmlﬁleﬂrat&mannlwmgedrbkbyg ylasdlkydas spddear yl
al cohal s, Iﬁoxyethylen sorbitol and sorhitan esterﬁ m_crocrystalline
cel | ulbs XA R dgRyagenaliyentrepredy hasstsmally-And terggleant h, and

m xtures Ehg&?@érs ointmefiQIddt ﬁ@ﬁld[}r&[‘?g&&ﬁ nd%ﬁbl\{l?ggl'aﬂﬁl adm ni stration may

be presented as d suppository, whic prepared by m xi ng one or nore

I nhi bi tor(s) mk%ghrﬁ)l@& ogithegg({)gl%:p?fsa"d!n{lgllg!r:?u(ﬁlos%{ec{edt ﬁ%'lrﬂglglﬁ%%rs'gp\bﬁ@ Tha r

carriers conprisrng, cocoa ol'ye ne glyc
supposi t obg/ussein @suitabiahydeyted f@m, ahd/chthie phahdceutidal campositap et dteur e but
liquid at body.tenperature and, therefore, will nelt in the rec%un1or

vagi nal cBiR inyBioTe pEAEMHIRESd dptoi nharmggeniically aerapiablg dasagsrms by e
suitafy e é&&eﬂ@&iaﬂﬁlletkﬁgmq%\% h%bé%’bf%k?ﬂntﬂféﬂt‘de 10pessaries, tanpons,

Creans, gel S, pastes oans, Or Sspr ay ations containi ng such carriers

as are known | Rehifublc KOuD8 ARALANL LBl icms in e FRBARGLIGNT for the

topi cal or transderna nlnls Fatt on |nclude powder s,
sprays, o¢dnipmBitichs opasd msfsntizfneﬁaissbe ‘{/aﬁeld&fi %s tgebtsin a&@lrrl.ﬁuht)cmﬁthe paiwhes, and
|nhalants The active cgnponent m. xed under. sterile condltlons wth

a 15phar nR&EGignE whioh 1 elfeqivare éc}é%‘ferth‘éiiem&ﬁ dheprreHtia FRpPpRSE ot 3 BartiGear
buf f ers, PMtieht, Qgﬁbbﬁﬁ%rﬁ and mode of administration, without being toxic to the patient.

15 The concentration of a disclosed compound in a pharmaceutically acceptable
mixture will vary depending on several factors, including the dosage of the compound
to 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 in an aqueous solution containing about 0.1-10% w/v of a compound

20  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 the formulation and route of administration

25  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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whi ch may be required. The oi ntnents, pastes, creans, and gels may
contain, in addition to inhibitor(s), excipients, such as animal and
vegetable fats, oils, waxes, paraffins, starch, tragacanth, cellul ose
derivatives, polyethylene glycols, silicones, bentonites, silicic acid,
tal c, and 20zinc oxjde, or mxtures thereof. Powders and rays. can
contain, in adHidrian WWF@%%W@%‘; PFé‘Q&‘ﬁPEWNe?CQHE’H“g&dPéB’E%@ talc,
silicic agifla cﬁkxﬁgﬂh@féghg)’c‘.j "R chERbhbtTbGId htAtiRdud ARdnp Yaftce powder,
or m xtures of these Substances. Sprays can addrtionally contain customary
pr opel | angwh as uika akkaloidsai.of Yinldrsimgdviocastinermdambrelbing), ipaditaxd ubst i t ut ed
hydr ocar bons, 25 sych as butane .an ropane. ... .. e.inhibitor(s) can be
al ternati %3‘9@%“?@%@?@& BVPS@ﬁﬁgﬁrgpo%)’saqt@O&&ﬁgdr’!ﬁg?l?cgﬂ%cdn by preparing an
aqueous agkRRRhycih DY ARRHTRhbIBIERKAIHI6R an@idapeHidifl), RAhHAGtggescONt ai ni ng the
conposi tion. A nonaqueous (e.g., fluorocarbon propellant) suspension could
be used. Biakantieebbl¢aneyainsaphcamysine(mightabyeialawl mHepyennenzymes Bxposi ng t he

30agent to_shear ich can. result . .in degradatiaon of, the c ound.

& di'mar 1| PRz WBE S PBieh PelapaBe TR Rl P e SBIEBHE 481 e on
or suspensitdavéethetchfacagen byritRgeicReir vivh Rspaedpned)i dmtipiitelphgeneceut i cal |y
acceptable carriers and stabilizers. The carriers and stabilizers vary with
t he requi #ndipepiiferapye/pnfnitetiaalylpiing easassusch aomtrogammusiydsal |y i ncl ude

noni o € s ( Pl ur onj r.pi ci thin,

Cr errglg)| hor@?c%ﬁéégﬁn}é%&égﬁoiﬂﬁs h&@!%ep@g%ﬁglogg-@%#%aﬁ?gﬁltgg%:rﬁougg ?’pol yet hyl ene
gl ycol , isthgleniatisespndhesthdmel dafinsn(huxanadthylmetamint endcthéutersh), alglno aci ds such
as glycine, _ buffers, salts, sugars, or_ su | cohol s. Aerosol s generall

ar egpryepa%@n?%fhuﬁ%l%mltfow%@ (grmRustine aﬁé@&ﬁé&f@ﬂ&%ﬂ@%e addedy
advant ag eIVINF .ed: del:i ;@0n i ARLHY o the
body. Su?ﬁ&ggga?éb%g?ﬂng&gg%ﬁg@’ ﬁgtgg@ Ex;/e\‘ﬁ{vé/saé Rr\??ﬂ(rcl)tgl ort d?glgdeﬁrt%{%gﬂ ta §he agent
in the priopercidadalogs (mdibatreticpemndmeanslogaflaravadik floseidine andcr ease t he

flux Qf the inhibitor(s). across the.ski.n. The rate of such flux can be
cont _rl e #goie)y AFn &ieh reia*‘if‘i‘%g)ﬁi %?IF?pﬁ%p%’?b&lb(}%aWPe’di sper si ng
the i nhi bid,@ystatih and z?chﬂl%&@ad{@%ﬁihé); Qfon§iRdse iHBHGHE (BaSHdAfal conposi tions

of this invention suitable for parenteral ' '
exemestane, and letrozole); and platinum coordination complexes (cisplatin,

carboplatin), procarbazine, hydroxyurea, mitotane, aminoglutethimide; hormones (i.e.
estrogen) and hormone agonists such as leutinizing hormone releasing hormone

20  (LHRH) agonists (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 steroid. Suitable steroids may include, but are not limited to, 21-

25  acetoxypregnenolone, alclometasone, algestone, amcinonide, beclomethasone,
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

30  butyl, fluocortolone, fluorometholone, fluperolone acetate, fluprednidene acetate,
fluprednisolone, flurandrenolide, fluticasone propionate, formocortal, halcinonide,

halobetasol propionate, halometasone, hydrocortisone, loteprednol etabonate,
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adm ni stration conprise one or nore inhibitors(s) in conbination with one
or nore pharnmaceutically acceptable sterile agueous or nonaqueous

sol utions, dispersions, suspensions or emnulsions, or sterile powlders which
may be reconstituted into sterile injectable solutions or dispersions just

prior to use, i ch contai n.antioxi dants, .20buffers, bacfcriostats,
Dol bt o5 Wi ERTSRGaR TR P OP AP, TR BRI RH: B BETRUBI he
i nt ended ﬁ@rﬁfn@ﬂﬁmne, redMeReRNdi ﬁ}gdrﬁﬁol_@nm, %Kéﬁ {sBBnedsi&hylaminoab&ap! es of

7
sui tabl e aqueous and nonaqueous carriers which may be enployed in the
phar mac eupiedaisolooerpabiun ipbasphefe, piednisence predorval, peddoslkedangt mnexadopanol |

polyols (such a | ycer.ol ropylene glycol , .pol.veth col, and the
li ke), an x%%lrttoggﬁgx%g%o%,dﬁ@rg&%ﬂ@lgg%tgl}}g%é{l%ﬁ‘g@é&&n?é?ﬂ%gol%@fas olive oil,
and i r§ ectrabl@ndbPHbxEcetsti @, and Sal&hndfr abivdtived getedf. Proper fluidity can be
mai nt ai ned, for exanple, by the use of coating materials, such as lecithin,
by the maint engnGe e erhttfihety 4 &FhRARE bF R it fioh s ddifoif@P &dihistered

di spersions, and by the use of surfactants. ~ These conposi tions may
al so cont with aadjpumanthsrapeatic zgsnprBsebledmmewthempeniinggedbaganinsludenmitsi f yi ng

agents, and dispersin ents. Prevention.of t cti.on..of 44 croorgani sns
may be en?ﬁf’@hﬁgﬁtegﬁégyﬂgmﬁ’&&ﬁﬁﬂf e Gd %WP?‘S’&%%‘P?%‘?@% “nt i f ungal

agents, fRlon6X8AM aRsibdddsas Be cfiQfRELbLER|ugaRASNEN as@fuRiabaci d, and t he
like. It may al so be desirable to include tonicity-adjusting agents, such

as suldhr stossenpusb.cidnofuireaab, gpeptuzyeapi jbatymeraal Wexctampeaiezieas. | n

addi tion, praloenged absorpntion of .the .Inj lg RQ rmaceutical form may be
brought a Zgol%?mtlﬁ}g’t Yo {HE %sf%thlx%%abaarg%t%r{s}b\%ﬁ %EA e a%'S absorption such as
al um num nos,Farate and gel atin. In sone cases, in order to prolong
t he effecﬂgkﬂui¥4ﬁﬂﬁ% it is desirable to slow the absorption of the drug
from subcut aneous_or intranuscul ar injection. For exanple, delayed

absor pt i onchsmeliynghesis of Bxpppledi ni stered drug formis acconplished by
di ssol ving or suspending the drug in an oil vehicle. 10Injectabl e depot

forns are ﬁ?%fﬂq% f or m ng nic%?ﬁggépsgle matrices o&iinhibigor(s) in
tN

bi odegr adahl ¢J pol ymgyspSsideh as [@ol ¥l agti de- pal,xgl yc ilde .} Dependi ng on the
ratio of druf,to pohyﬁEWf and theln ;uPMeoﬁgaﬁe partﬁbuoar;pGWyner
enpl oyed, Hp&\ji O Spy “ph

NS ome A (B)

“Ph

BOP, HOBT
DIEA, MeCN

0
HoN

O
©

N
S NG
N
0] \Ph (@]

1

15  Synthesis of (A)

To a solution of phenylalanine methyl ester hydrochloride (2.31 mmol, 0.5 g) in
25 mL of DMF was added pyrazinecarboxylic acid (2.31 mmol, 0.28 g), DIEA (9.24
mmol, 1.19 g, 1.61 mL), and HOBT (3.70 mmol, 0.50 g) and the solution cooled to 0
°C. To the cooled solution was added PyBOP (3.70 mmol, 1.93 g) in several portions
20  and the mixture removed from the icebath and allowed to warm to room temperature

while stirring under an atmosphere of argon for 6 hours. The mixture was diluted with
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rate of drug rel ease can be controll ed. Exanples of other biodegradable
pol ymers include pol y(orthoesters) and pol y(anhydri des). Depot injectable
formul ations are also 15 prepared by entrapping the drug in |iposonmes or
m croemnul si ons which are conpatible with body tissue. The

ti t .Qi terally, topically,
Cectal 1y, DG0LE) oo B g oR (6511 i TR PEaBR ey Y Eeh

adm ni str géhoRed dsfied FRH HEOATR! $m1 b BEY bARERITHI)SLRN §bdidvet RiYse),S or
capsule form by i1 njection, inhalation, 20eye |otion, ointnent,

supposi t ol Mg¥usvasnembopi afilisptioy ahdthieonlatitessemovadnindemeducedct al | y by
itories. | injstration.d f d. Th
T RIG AL T R EIE TN — T T

nmeans grodgs of administration other than enteral and topical

adm nistration, usually by injection, and includes, wthout [imtation,
i nt ravenoyﬁithé's- Jrggyscul ar, 25intraarterial, intrathecal, intracapsular,
intraorbital, Intracardiac, intradermal, intraperitoneal, transtracheal,

subcut aneous, j Kot rgi , b id,

i ntraspi nal an?"?;‘sﬁr}a}gﬁ?‘%é}'b?%‘@@t ?.g%?’é)gﬁésﬁ%gg@%ﬁb{}%@ol@%@ﬁggﬁhr ases
"syst em caduidilAOSE (16131 @nmol, Oadmigh dBbelvedinsy sl eHaCr al ttyr, 4 hdyreati pherthé

adm ni stration" and "adni nj stered perjpher used .herein nmean the

[1y" _ a
30adni ni stergtiqroiasAueachadguity20 arlug!- N, rtbqywlﬁil Q?Fhélfe'flfflﬁ’éfm{‘%% directly
into {fne genttfs 2 &ﬁh‘{?@ﬁcﬁyﬁ%ﬁﬁlaﬁ% efeh@ltno’v%d LRl die P& LMY tBe SYST EM

and thus, I's subject to neta sm and ot her [1ke processes, for exanple,
subcut anesisls adiieaddsthy Altiaton toTgies B) @RMig)or s(s) nmay be admi nistered to
humans and other aninmals for therapy by any suitable route of

admi ni st r Srickdis dmpdiung 1or al |y, nasally, as by, for 5exanple, a spray,
rectally, intravaginally, parenterally, intracistemally, and topically, as

by powders, oi mbRBHEEd SlubsPORC)I[ St Biiongl NasE Clely 1 31h¢t 1999 9, ngBRIsRY -

(0.08 mmol) in MeCN (2 mL) was added (B) (0.08 mmol, 0.021 g), DIEA (0.320

15 mmol, 0.055 mL), and HOBT (0.128 mmol, 0.017g). The mixture was cooled to 0 °C
in an ice bath and BOP (0.128 mmol, 0.057 g) was added in several portions. The
mixture was stirred at 5 °C under an atmosphere of argon overnight. The reaction was
then diluted with H,O (15 mL) and extracted with EtOAc (3x5 mL). The organic
layers were combined, washed with water (2x5 mL), sat. NaHCO; (2x5 mL), and brine

20  (2x5 mL), and dried over anhydrous MgSO4. The MgSO4 was removed by filtration
and the volatiles removed under reduced pressure. The crude material was purified by

flash chromatography to afford 1 (0.017 g).
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Regardl ess of the route of adm nistration selected, the inhibitor(s), which
may be used in a suitable hydrated form and/or the pharnmaceuti cal
conpositions of the present invention, are formulated into pharmaceutically
accept abl e dosage forns by 10conventional methods known to those of skil

in the arg. . Actual. _dos | evel s of the active ingredients in the
pharnaceu%ﬂgﬁ?e%Sﬁﬁgg?Ffﬁﬁgmﬁggﬁhis i nvention may be varied so as to obtain
an amount of the active ingredient ich is effective to achieve the
desired therapeutic response for a particular patient, conposition, and
node of admnigtration, wthout bei gg foxbc to the patient. 1gThge o
concent r aBb@ @H ch N4 har#ﬁ%@%}gicamw~ nt abl

m xture w || Hvarly depending on sewer factéw%,'wnc uding t sage Of° the
compound to be admi ni stered, the phanmacokHnetic characteristics ofot he
conmpound(s) ema oyed, and the route &) administration. In gene®l, tiErs
conpositiony\gﬂ\égis i nvention may be provided in an aqueous sol ution
cont ai ni ng abbut ~0° 1-10% w' v of a conpound 20di scl osed herein, anobng ot her
subst ances, foOwHparenteral administration. Typical dose rangeéJFADEM [ om
about 0.01 to about 50 ng/ kg of body weight per day, given i5gbpididsryi ded
doses. Each divided dose may contain the sane or different cg®fdupds| of the
i nvention. The dosage will be an effective anount dependiﬁg n severqa
factors including the overall health of a patient, andBedfie ¥or@l ati pn and
route of adm nistration 250f the sel ected conmpound(s). Anot her | aspect
of the invention provides a conjoint therapy wherein one or\%pre ot her
t herapeutic agents are admnistered with the proteasone inhibitor. Such
conjoint treatnent may be achieved by way of the simnultaneous, \sequential,
or separate dosing of the igdiyidgal conponents of the [ 7 eat ngnt 306l n
certai n enbodi ment s,H,R. é\gﬂ\the i nvientdrpa, i s comoiht Ly alui Ai st er ed
wi th one or noreTther Pprai easone i Y bi tor{s)— Boc™ ™ |t rtlai g OMe
enbodi nents, a conpound>pf tHE i byeppkon i s conjointly adnnisteredowith a
chenot herapeutic. Suitabbe clgnot herapeutics may include, mat ugsl premshect s
such as vinca alkaloids (i.e. vinblastine, vincristine, and vinorel bine),
pacl it axel, epidipodophy%lotoxins (i.e. etoposide, teniposide), antibiotics

(dacti nonyci n 5(act i nonydiAt2®pydatinor ubi ci n, doxor ubi ci n and i dar ubi cin),
ant hracycl i nes,

i Hoq ridine-HF, pyridine Ho uoq
\m/N\;Jk” Nﬁ{ﬂ\OMe P \T(N\;ka N\{J\OMe
© N © Norsops © N © ok

Ph  (H) Pho (1)

LiOH, H,0, MeOH

Ho 9 H § BOB DME | o § Ho 9
\er\kaN AN D \7rN\rJLN N Aon
o .M o M o o "1 o %
N OH o OH
B 0 (C)
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m t oxantrone, bleonycins, plicanycin (mthranycin) and m tonycin, enzynes
(Laspar agi nase which system cally netabolizes L-asparagi ne and deprives
cells which do not have the capacity to synthesize their own asparagi ne);
antiplatelet agents; antiproliferative/antimtotic alkylating agents such
as ni troggn %}Jst 10 (mechl oret ham ne, cycl ophospham de and anal ogs,
nel phal an®¢HSEr cil), ethylenimnmnes and met hyl nel ami nes

(hexanet hyl mel am ne, and thi ot epa), al kyl sul fonates (busulfan),

ni t r osour eas (Ea@ﬁe@flpﬁ@fNB@@&u@ﬁe(%@ﬁ%z 9.47 ebptdorrEs MEth fétsenes -

dacar bazi 'dl?mﬁBT'&%zﬁ%ﬁﬂ%ba%ﬂ M@W&A@%@S&H@ﬁ?g&o ﬁiﬁ?dl”@.&é‘g%ﬁ& es such as
folic acid anal ogs thotrexate), pyrimdine anal ogs (fluordguracil,
fl oxuri di DEEAED.A bayd] 22068 BB, mpur Theemaxtarde ogs caoldd teld &€ adan meivateor s

(mercaptopurin hi_oguani et ostatin and 2-chl or odeoxyadenosi ne);

S ot b e DHthANG POSTE! Qniteh P21 W i SR S T EP BN tRd o] at i num
coor di nat 0 LA WaEadefvBBEBH dimo§RRAR REdTund BERE VEAZILRETHAY dr OXyur ea,
m t ot ane, am nogl utet'hi m de; hornones (i.e. estrogen) and hornone agoni sts

such as | eattion wasndjlutesk withn brine(1688 imdg and exvare@{th HEPH.c 4gE00s0k). (Guser el i n,
| euprolide and,triptorelin). Oher .chenptherapeut ] ent s .may, iL,Agl ude
rechl or et HEATRAYELGE S RBlen e Foefdantin seahi: PERTS B B birel6

genci t abi pe), JHd\igledbi& MESOANYhANRBKOY wak rélBbvedalyl fVealieH arithe Oblatite

f or egoi ng. In certalrn enbodi nents, a conpound of the invention is

conj oltht | semayed pider sedagediprepsuze ot @yollY). (18651%bl e st eroi ds may include, but
are not limted to, 21- 25acetoxypregnenol one, alcl onetasone, al gestone,
anci noni d§nthesislopilet hasone, bet anet hasone, budesoni de, chl oropredni sone,

cl obetasol, clocortol one, cloprednol, corticosterone, cortisone,
cortivazol, deTdazelatoi of wednicde9.3denol bITBig) $0DMF (B0ank) Wwasatled

di fl orasone | ucortol one, difuprednate, enoxql one,. fluazacort,

fI ucl or onf GorSel Wﬁg@@hé}ﬁﬂ&)ﬁpg 15 TR e SITEE F g SHBUISE BRg PR et eon
fI'uoci nonatﬂl%spﬁekw@aﬁw&gf@&myé maldIUOCO LS FaPRRicd ohi BB te LARe

fl uper ol one acet at e, ene acet at f 1 upredni sol one,
f 1 ur aridr emeidet, Thieunixtas vae dipwtogpivithariae (7 mbe ond attractedl vweitinBiD Ale,

ot abonar Lo 2hIR Y Bt e G B Combi daragisnar g PP tone,
nonet as OrlﬁirfeL(QQ?d(ﬁnLﬁ%héﬂﬁTe@ @wmq?sé@x. el KBS0 Rs reth&FHAI 3k 1888en and

pr edni sol one 25-di et hyl am noacet a pr edni sol one sodi um phosphat e,

pr edni sortée vplatlenireradvedpmdedrrgiiatd peessiendhglcore, matpnal owstorified by dlash nol one,

trianci nol,one acetonide, .tri | ol one benetoni de, 5triantinol one

hexacet onﬁhﬂ(g?atgﬁr&p}g\é?&%fdmwdggbati ves thereof In certain

enbodj meg# S, a czggound of the invention is conjointly adm nistered with an
heVAfEst i

i mmu gent. Suitable inmunot herapeutic agents may include, but
are not limted to, cyclosporine, thalidomd and nonoc| onal anti bodi es.

The monocl onal LanpPBbed &S cealsd selutipr H@%O%QFQD&Mé’%ﬁﬁjafJ%@d (Bt as

rituxi mslbmmol, 7.0 g). The solution was stirred and allowed to warm to room temperature over

2 hr. The volatiles were removed under reduced pressure. To the oil was added
BocNHhPhe (12.26 mmol, 3.42 g), 125 mL of DMF, HOBT (19.62 mmol, 2.65 g) and

25 DIEA (49.04 mmol, 6.34 g, 8.5 mL). The mixture was cooled to 0 °C in an ice bath
and BOP (19.62 mmol, 8.67 g) was added in several portions over five minutes. The
reaction was placed under argon and allowed to warm to room temperature overnight.
The reaction was diluted with 100 mL of DCM and poured into 600 mL H,O. The
organic layers were separated and washed with H,O (1x100 mL), sat. NaHCOj3; (1x100

30 mkL), and brine (1x100 mL) and dried over MgSO,. The MgSO4 was removed by

filtration and the volatiles removed under reduced pressure to give (F) (8.14 g).
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10 tosi Mromab, al entuzunmab, epratuzumab, ibritunomab tiuxetan, gentuzumab
ozogam ci n, bevaci zumab, cetuximab, erlotinib and trastuzumab. .
Exenplification Schene 1: Synthesis of Exanple 1 0 (O 15 Synthesis of

(A To a solution of phenylal ani ne nethyl ester hydrochloride (2.31
nmol , of DMF was added pyrazi necarboxylic acid (2.31 nmol,
0.28 g) 5%}%5&5@905(8’JTL 1 19 g, 1.61 nL), and HOBT (3.70 nmol, 0.50 @)
and the sol utiagn cooled to To the cool ed sol ution was added PyBOP

(3.70 nmol, 1. 98 4P ‘ﬁ“ﬁn@@@r(élé Beekildhe 12@%19%)@% (& & aeisphel, from t he
o Dttt R RODASTMT M N DT, 7,

at nosphere o ours

m.) and exbm&wuednmnthnfkﬁﬁmn@ﬁxm&iﬂhyn@hegﬂrghawcbhayewxem&mﬁwdonblned
, and drjed over MgSat. The

hed. with,1-120 (2 bri ne 2x15
MNISZO?L %SU?Me“éﬂméﬁdrl ti?f?%ﬁi dﬂluéﬁ@dm }hlé ?\ra@graf%%éd’fbﬁa?épltmgduced

pressure. oJ%sf@[a@&Puﬁ@e}ﬁ{ghadacﬁvﬁﬁfMllufs't@sileRy(d)' ash chromat ography to give
(A) (0.64 5g). Synthesis of (B)

Synthesis of (H)
To a solution of Intermediate (G) (1.6 mmol) in pyridine (10 mL) at 0 °C, in an
ice bath, was slowly added acetic anhydride (10 mL). The resulting solution was
10 allowed to warm to room temperature and stir overnight. The volatiles were removed
under vacuum and the residue was diluted with DCM and evaporated. The resulting
solid was dissolved in hot EtOH (20 mL) and slowly poured in to ice (200 mL). The
solids were collected by filtration and allowed to air dry, yielding (H) (0.735 g, 1.3

mmol).
15 Synthesis of (I)

To a solution of pyridinium hydrofluoride (109 mmol, 2.2 g) in THF (10 mL)
and pyridine (5.7 mL), was slowly added (H) (0.36 mmol, 0.20 g,). The resulting
solution was allowed to stir for 2.5 hrs then quenched by the slow addition of sat.
NaHCOj3; (10 mL). The mixture was extracted with EtOAc (3x10 mL) and the organic

20  layers combined, washed with H,O (3x10 mL) and brine (10 mL), and dried over
MgSO4. The MgSO4 was removed by filtration and the volatiles removed under
reduced pressure to give (I) (0.22 mmol, 0.095 g).

Synthesis of (J)

To a heterogenous solution of (I) (0.12 mmol, 0.050 g) in MeOH (1.5 mL) and
25  HyO (0.5 mL) at 0 °C was added a solution of LiOH (1.0 mmol, 0.024 g) in H,O (0.25
mL) dropwise. The resulting solution was allowed to slowly warm to room
temperature and stir overnight. The reaction mixture was diluted with sat. NH4C1 (10
mL) and poured into ice (10 mL) and the pH of the solution adjusted to 2 with 1N HCL.
The resulting solution was extracted with EtOAc (3x15 mL) and the organic layers

30 combined, washed with H,O (1x10 mL) and brine (1x10 mL), and dried over MgSO,.
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To a slurry of (A (1.03 mmol, 0.298g) in 15 nL of MeOH cooled to 0C was
added Li OH (10.31 mol, 0.247 g) dissolved in 5 nL H20. After 4 hours at O
C, the reaction was quenched with 20 nL sat. NH4Cl and the pH of the
reaction mxture 10 adjusted to 2 with 1IN HCL. The volatiles were renoved

under red ressure sql i ds oIIec ed by filtration to give (B)
(0.200 g) ﬁlﬁ@s&a% fesas rsw%%&yoﬁﬁanqn o the aplafifos deradysdungfr 15fU9ed) [ see:

ghgg&g B'\/ﬁx‘éssu@%@wé@ Eérﬁ’i[sol-lgg 9lhe %emlz &ﬁ%‘ By (})l&&d%dm%ﬂ VaicrﬁuMBi‘o"11'\l g%sd nLH)OB\'/I'vaS

(0.128 mrt@lyleld(I)](@@)Z?: gTﬁQSmmoll)Lre was cool ed to OCin an ice bath and BOP
(0.128 mmol, 0.057 g) was added in several portions. The m xture was
stirred aSyrBhdiislmf(dbmpannMrrosphere of argon overnight. The reaction was
then diluted with H20 (15 nlL) and extracted with Et0Ac (3x5 nL). The

organix | ayer ST&\@rsﬂrr@m)htﬁ‘&ﬁofC@gﬁ:@dBWoEé’l M‘@i @heﬁazﬁéttéﬂ-ﬂ)% ,SBDogNBRICOB (2x5
m.), and brine 20 (2x5 nL and dried over drous hﬁ;sm The MJSO4 was

removed bl 5fql$>t0r 9 merwDand ME42 wdhavas added @Mﬂ/ BH I EL (@r@s sure. The
e B P LT B R B

an ice bath and BOP (0.07 mmol, 0.035 g) was added in several portions. The mixture

was stirred at 5 °C under an atmosphere of argon overnight. The reaction was diluted

10 with brine (15 mL) and extracted with EtOAc. The organic layer was washed with

water, sat. NaHCO3, and brine and dried over anhydrous MgSO4. The MgSO4 was

removed by filtration and the volatiles removed under reduced pressure. The crude

material was purified by flash chromatography using 20 to 40% EtOAc/hexanes as the

eluent, to afford 2 (3.6 mg). ICsy 20S CT-L < 50 nM, ICsy Cell-based CT-L < 500 nM.
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0 TRI PSCLBoc, N OMVe i mid, DMFOVeE OH(E) TBDPS 00 HH H2NTFA, CH2Cl 2 Boc N . N
TFA 'z, OMez: OMe hOTBDPSh- - NO Ph( G Ph( F) TBDPS

Scheme 3: Synthesis of Example 3

O O
H piperidine » H
- - Fmoc-Leu-OH
FmOC/N\:/U\ DMF 2N\)J\O A - FmOC\N N\_)J\O
z DIEA, HOBT H o z
“Ph “Ph BOP, DMF “Ph

(K) (L)

l piperidine, DMF

O H 0]
©)]\N N\/U\ benzoyl chioride | N
H : ~ 2 :
o =
“Ph

DIEA, THF O _\Ph
(M)
TFA, CHZCIZJ
O
o) e HN
6]

©)\ N N\i)J\OH [j/lL \/”\

O ~p DIEA, HOBT

BOP, MeCN

Synthesis of (K)

5 To Fmoc-Phe-Wang resin (4.0 mmol, 5.0 g) was added a mixture of 20%

piperidine/DMF (50 mL). The heterogenous mixture was allowed to shake for 20
minutes and was filtered and the resin washed with DMF (100 mL), MeOH (100 mL),
and DCM (100 mL) and allowed to air dry. The resin was subjected to the above

reaction condition a second time, to yield (K).
10 Synthesis of (L)

To a mixture of (K) (4.0 mmol) and DMF (40 mL) was added, in order, Fmoc-
Leu-OH (7.9 mmol, 2.82 g), DIEA (13.3 mmol, 2.23 mL), and HOBT (8.10 mmol, 1.24
g). To the above mixture was slowly added BOP (7.98 mmol, 3.53 g) and diluted in

DMF (40 mL). The reaction mixture was allowed to shake overnight. The reaction
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1 Ac20, pyridine Synthesis of (D) To a solution of NBCOC | euci ne
(40.0 mol, 9.25 g) and serine nethyl ester (40.0 mmol, 6.22 g) in 400 nL
of DMF was added HOBT (64.0 mml, 8.65 g) and DI LA (160.0 nmol, 20.68 g, 28
mL). The m xture was cooled to O Cin an ice-water 5 bath and BOP (64.0

mmol , 28. 30 was. added i n several r f|ve es.. The
reaction Wé’gg%ﬂ‘ﬁ%?e@t%?fg@ﬁtgﬁreétwgs&ﬁ P’Vétthdg r(gg Pﬁaéér@@erni ght. The
reaction m@ﬂ@ﬁ]gﬂ atll blloREd RSk 9O yikiy (Bd extracted with Et 0Ac (6x200
m.). The organic | ayers were combi hed "and washed with water (10x100 niL) and

bri ne (SXOJF;Q éI%s) ( d dried over MgS4. The MgSH was renoved by filtration
and t he vol at éf renoved under reduced pressure to give (D (13. 65 g).

DU (330 ) bt Cfdmrabpeir s SRRk ! A0A BB TR g, e D '

stirres fBbéterbpedtud wiRGirdESAllAedad §RikedbNDSG BRI, THRNPRIDH wWab)iltedd. 10 nmol ,
11.0 g) was added and the m xture stirred 15 overnight. The m xture was

di | ut ed wrtdtheFesiewestsd viith DXHH(18Q olac Me@Hy 1R ekl aed PERS 0P%m}) ache

organic | 4 ne (2x200
g and %I’I e t%gﬁr%g&&%%w%%%g&rQﬁ@%@&%?&ﬂ@ %@o‘ﬁ{ and ghe

voI atil essdcendiirg tolpided (Mpduced pressure. The crude nmaterial was purified

by flash chromat ography affording (E) (13.78 g). 20 Synthesis of (F)

To a S0nLsyMndsiscepghed sol ution of 80% TFA/ DCM was added (E) (12.26 nmmol,

7.0 g). The solution was stirred and allowed to warmto roomtenperature

over hr. The r I T he oi l

s aned BocNmBrE L N e RO oeior 20562 mvot

2.65 Q) am&),mdmemm 4Blofide (thi¥ mn®l1,3U04mlg. FThekgsultifigeniriuxe waeal\lwsedcool ed to

0C|nan| dBCP 19. 62 mol was adde I

Dort 1 ona sk Ry do BfuEse TheairationiR el fhe 1oh REETAPGRRIEE o1 1 ove
t o warm t @) Gedtet @OREIRMECH eMehD), ¢l DA 20 eA0tdnaRlIvRed & ditésdioM th 100 nl
of DCM andU)our ed int o)a600 mL H20D The o%an?ggl ayers werelselg’gtr ated and

washed wi YBIHDD. (1x100 nml), sat. NaHOOB (1x100 30 mi), and brine (1x100 ni)
and dried over MgSO4. The MgSO4 was renoved by filtration and the volatiles
renmoved ubjderesisedf@ed pressure to give (F) (8.14 g). Synthesis of (G

To (N) (0.10 mmol) was added 50% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes (the resin turned purple). The mixture was filtered and
the resin washed with DCM (10 mL). The volatiles were removed under reduced
pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a total of

20  three times to yield (O).

Synthesis of Compound 3

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]

(19 mg, 0.11 mmol) in MeCN (2 mL) was added (O) (0.1 mmol), DIEA (2.9 mmol, 0.5
mL), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmol, 0.103 g). The mixture was

25  stirred at room temperature overnight. The reaction was then diluted with brine (15
mL) and extracted with EtOAc. The organic layer was washed with water, sat.
NaHCOs, and brine and dried over anhydrous MgSO,. The MgSO4 was removed by
filtration and the volatiles removed under reduced pressure. The crude material was
purified by flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to

30 afford 3 (13.8 mg). ICsy 20S CT-L < 50 nM, ICs¢ Cell-based CT-L < 50 nM.
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To a solution of (F) (1.6 mml, 1.0 g) in DCM (10 nL) at 0 C, in an ice
bath, was slowly added a solution of 20% TFA/DCM (20 nml.) The sol uti on was
allowed to slowy warmto roomtenperature and stir overnight. The

vol atil es were renoved 5 under vacuum and the residue diluted with DCM and
evaporated (3X). Th | ting ojl was placed under high vacuumfor 2 his
to yield géém‘g;}‘/rﬁwg‘&i%?o £x ‘P%lef{) a solution of Intermediate (G (1.6 mol)
in pyridine (10 nL) at 0 C, in an ice bath, was slowy added acetic

anhydride (10 @L), _The re uItingti n ®as 10 al | owed t rmgt o @oom
t enper at uHgN S Mﬁﬁm‘f he MO g i Mo A &feied ?hM@QlLL%ngand
the residue was dil ut edbwi trheDCM and dvapor ated. The resul ting lsol id

di ssolved in hef, EtOH (20 nL) and sIo@Iy peHred in to ice (ZOOQrL) e
solids were collected by filtration and allowed to air dry, yielding (H)
(0.735 g, 1.3 nrpl). 15 Synthesis of (lgp)To a solution of pyridigyum
hydr of l uoride (109 mmol, 2.2 g) in THF (10 nL.) and pyridine (5.7 nL), was
slowy added (H) (0.36 nmol, 0.20 g,). The resulting solution was allowed
to stir for 2.5 hrs then quenched by the slow addition of sat. NaH (10
m.) The m xture was extracted with Et0OAc (3x10 niL) and the rgani
| ayers conbi ned, washed with H20 (3x10 nl) and bri ngygslQomlk

over MySO4. The MySO4 was renoved by filtration and BoreMeoN tl'['@s riemoved
under reduced pressure to give (1) (0.22 mmol, 0.095 g). Symthesis ®f (J)
To a heterogenous solution of (1) (0.12 mml, 0.050 g) in OH (1.58cpl) and
25 H20 (0.5 nL) at OC was added a solution of LiOH (1.0 mmWF, 0.024 g) in
H20 (0.25 L) dropwi se. The resulting solution was allowed to slowy warm
to roomtenperature and stir overnight. The reaction m xture s diluted

with sat. NHAC1 (10 nL) and poured into ice (10 @:;d thtgz p
|

=

solution adjusted to 2 with IN HC1. The resultin | utd o exfoact ed
with EtOAc (3x15 nL) and the organic |ayers 30 coO -
(1x10 nL) and brine (1x10 nL), and dried over MySH%. o0 <. H o

Synthesis of (P)

5 To Intermediate (K) (0.10 mmol, 0.130 g) was added THF (2 mL), DIEA (0.40
mmol, 0.08 mL), and benzoyl chloride (0.34 mmol, 0.04 mL). The resulting mixture
was allowed to shake for 30 minutes. The reaction was filtered and the resin washed
with DMF (20 mL), water (20mL), MeOH (20 mL), and DCM (20 mL) and allowed to
air dry, to yield (P).

10 Synthesis of (Q)

To (P) was added 50% TFA/DCM (2 mL) and allowed to shake for 20 minutes
(the resin turned purple). The reaction was filtered and the resin washed with DCM (10
mL). The volatiles were removed under reduced pressure and the resulting oil was

diluted with DCM (10 mL) and evaporated a total of three times to yield (Q).
15 Synthesis of Compound 4

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(19 mg, 0.11 mmol) in MeCN (2 mL) was added (Q) (0.1 mmol), DIEA (2.9 mmol, 0.5
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The MgSH4 was renoved by filtration and the volatiles renoved under reduced
pressure to give a sem -solid. The sem -solid was placed under hi gh vacuum
for 2 hrs to yield (J) (0.023 g, 0.05 mmol). Synthesis of Conmpound 2 5To a
stirred solution of (C) [see: Bioorg. Med. Chem Letter 1999, 9, 2283-88]

(15 ng, O. 0.02 , DI EA
(0.02 mol™ OP@%’P ﬁ?m“é%@@)?wg??’ms “(“Ei%b%ggg _'Fﬁg Wf‘%‘ﬁ’r s cool ed
to 0 C intigh stieRd RefddnaeehpBRRIré @v&ﬁlgmm’rhe Ra&i¥p Wis MRgedasitieBrihd(1sever al
portions. The m xture was stirred at 5 C under an at nosphere of argon

over ni ght mpradestaetebwithdsOdic Thedrgpoiodpyds vinsivrashqdisithrivpteafat.ext r act ed

w th Et OA and brine
and dri ed(f\fov-e@rt§ gégﬁ%eu%nd%%&%m%gw\as reﬁo%%%ﬁ‘g&’a%gﬁpggl dn and the
vol at i § es filteationed tindeslatil edicart e el teédiced psgiiel dEhe"R&tl@d? inaleridbwagpuri fi ed
by flash chr %r aphy using 20 to 40% Et 0Ac/ hexanes as the eluent, to
afford 2 psng% hebgomggenby vsing 26 g 44% 560 As(hex s avitheFlyent tg 0o nm
Schene 3: ﬁ’éﬁfﬁb %“Fmg Exanpl e 3 Synthesis of (K) 5To Fnoc-Phe-Wang resin
(4.0 nmol g) ‘added a mixture of 20% pi peridine/DMF (50 nL). The
het er ogen t to shake for 20 mnutes and was filtered
and thg rggﬁex{%% St%fa“iﬁﬁ‘/ﬁ'mf 0 mL), MeOH (100 ni), and DCM (100 ni) and
allowed to air dry éfﬁgl n was subj ect ed to the above reaction condition
y

a second tine, otoy| em\dﬁ, ndel §yn hesi s_ (L) To a mxssure, ofo (K) (4.0
" ' FmSEA Ciz;- 0—1@\ ¥ 82 g),

mol ) and ' N r 2.

DI EA (13.3 miol,” 2. 23D'ﬁ'ﬁ)THFand (8. 10 mol, 1.24 g) Towthe a%'é)

m xture was smeIy added BOP (7.9 mmPr; 3.53 g) and di | uted |nPB|\/F(40
mL). The reactflon mixture was all owd® to shake overnight. The reaction

m xture was filtered and the resin washed with DVF (150 nL), MeOH (150 ni),

DCM (150 nL), and allowed to air dry, to yield (L). DIEA, HOBT, BOP, MeCN

0
H,N
O (c)

7 Son § o)
Qké,NJNﬁ;R
o < :H o)

10
Synthesis of (R)

To (K) (0.10 mmol, 0.130 g) was added THF (2 mL), DIEA (0.40 mmol, 0.08
mL) and 2-thiophenesulfonyl chloride (0.34 mmol, 0.064 g). The resulting mixture was
allowed to shake for 30 minutes. The reaction was then filtered and the resin washed
15  with DMF (20 mL), water (20 mL), MeOH (20 mL), and DCM (20 mL) and allowed to
air dry, to yield (R).

Synthesis of (S)

To (R) (0.10 mmol) was added 50% TFA/DCM (2 mL) and allowed to shake

for 20 minutes (the resin turned purple). The reaction was then filtered and the resin
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Synthesis of (M To (L) (4.0 nmol) was added a m xture of 20%

pi peri di ne/ DM (50 nL) The 5het crogenous m xture was all owed to shake for
20 mi nutes. The solution was filtered and the resin washed with DVF (100
m.), MeOH (100 nL), and DCM (100 niL) and allowed to air dry. The resin was
then subjected to the above reaction condition a second tinme to yield (M.
Synt hesi swashed \gith1REM (IymLp . T velailes were 3emeyedimslenigdeced prpsspe aptl) | DI EA
(0.40 Mo ni.. a ben i ) . e
resul ti nglhriaﬁrgstuggié O\kavgasa‘ﬁ?ué%g‘gﬁgy%lﬁgL@@ggnégvﬁ%ﬁ%ésFOta?ﬁgﬁ}rg%?éW%% was
filtered gl (She resin washed with DMF (20 nmL), water (20 nmL), MOH (20
m.), and DCM (20 nL) and allowed to air dry, to yield (N). 15 Synthesis of
(0) S dsNof (BmpBun@®l ) was added 50% TFA/DCM (2 nL) and the mixture
was allowed to shake for 20 mnutes (the resin turned purple). The m xture
was fidtered a J i 1%0%1 ) P s Q¥er e
rem)veéd under ’?g E@‘Z%‘Iﬁ{étg%nﬁaﬁsé\%ﬁgor ésuel(dt' ?%?o%%%g%ﬁ 3%%%8 th DCM

(10 nl) affdl lemaypdred e, pint Me@N (BimI20vdsradded (Se8. 1tomyl)eDEEA (0.9 nSyol; hesi s of

Co d ti luti f . B Med, Ch
Cotror 108 mig. Bkl e ki 0037 ! s oo SmnRE BN o8 5 fid dEhted (o)
(0.1 nunofvlis Sot%]_egl%t g?ong _tl_éri:ﬁﬂ%lratm@-o@eﬂﬁght. ieBleatfordwhsiiheh dillte@33thDrineand BOP

(0.23 mmol, O. ). e mxture was 25stirred at roomtenperature
over ni ght (15Thk) andzaxtriactad wakh BtRéve. dihewrgadiclayér was wiashed withiwaterngitext r act ed

wth 0AC, e or.gani c_lLayver was he LR at chﬁ and brine

and d |egﬁ3§§b3’a &F‘S&gd%‘ Yer‘?ﬂﬁﬁﬁ@g%gé' ‘rfgérrg)iv?es(&iﬁ%/asfr?'\’%f)r% Yn and the

vol ati | esfilteBy esd thedelatil&demeteduirissiet 8ced Hiesstfdl dthertaidehabrivasaspur i f i ed

by flash chromatography using 20 to 40% Et OAc/ hexanes as_the eluent, to
purified by flash chfomatography using 20 to 40% EtOAc/hexanes as the eluent, to

afford 5 (13.1 mg).
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30 afford 3 (13.8 ng). 1C50 20S CT-L <50 nM 1C50 Cell-based CT-L <50 nM

4 Synthesis of (P) 5To Internediate (K) (0.10 mmol, 0.130 g) was added THF
(2 nm), DEA (0.40 mol, 0.08 nL), and benzoyl chloride (0.34 nmol, 0.04
m.) The resulting m xture was all owed to shake for 30 m nutes. The reaction
was filtered and the resin washed with DMF (20 i), water (20nmi), MeOH (20
nL), and Pheniexy Sypthesingf Exammed to air dry, to yield (P). 10 Synthesis of
(Q To (P) was added 50%TFA/DCI\/I(2 m.) and allowed to shake for 20 m nutes

(the resin tur ned ﬁﬁ?‘pl : Thepﬁ, on wag filtered and the~resin washed
with DCM (10 ) Ies wer ijQvL sngler reduced pre suFe neglat he
resul ting ol e enmaioe. #MED a of™ ee

times to yiehg (Q. D'%H@;Trﬁ%é%!\’i‘:s of Coftpotpg 4 To a stirred soltigg, of (O
[ see: Bioorg.«Wed. Chem Letter 1999, @) 2283 88] (19 ng, 0.11 mmuol) in
MeCN (2 mL) was added (Q (0.1 mmol), DIEA (2.9 mmol, 0.5 nlL), HOBT| (0.2
mml, 0.032 g), and BOP (0.23 mmol, 0.103 g). The m tur was then stirred
at room tenperature overnight. The reaction was dil utZek it i BY FHE (15 nL) -
and extracted with EtOAc. The organic |ayer was washed with water, sat.
NaHCCO3, and brine and dried over anhydrous MgSO4. The MgSH4 was renoyed by
0

1

S.

It
S _S. s
AN o TFA, CH,CI I
\ || O H » CHClp \ | O
N\E)J\OH
O Spy

o | DIEA HOBT
BOP, MeCN
HoN
o}
©
Q
N\ /] O H 0
OYN\;)\N
o} :\PhH o}
6
Synthesis of (T)
5 To (K) (0.8 mmol, 1.0 g) was added DMF (20 mL), Fmoc-isonipecotic acid (2.8

mmol, 0.320 g,), DIEA (4.8 mmol, 0.445 mL,), HOBT (0.9 mmol, 0.140 g), and BOP
(1.0 mmol, 0.450 g) and the reaction mixture was allowed to shake overnight. The
reaction mixture was filtered and the resin washed with DMF (150 mL), MeOH (150
mL), and DCM (150 mL), and allowed to air dry, to yield (T).

10 Synthesis of (U)

To (T) (0.8 mmol, 1.0 g) was added a mixture of 20% piperidine/DMF (30 mL)
and the heterogenous mixture was allowed to shake for 20 minutes. The mixture was
filtered and the resin washed with DMF (150 mL), MeOH (150 mL), and DCM (150
mL) and allowed to air dry. The resin was subjected to the above reaction condition a

15  second time to yield (U).
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S filtration and the volatiles renmpved under reduced pressure. The crude
material was purified by flash chromatography using 20 to 40% Et OAc/ hexanes
as the eluent, to afford 4 (12.7 ng). Schene 5: Synthesis of Exanple 5

2-t hi ophene Osul fonyl chloride / ..-- .ODIEA, THE D EA, HOBT, BOP, MCN
H2ZN 0 (c 10 Synthesis of (R} To (K) (0.10 rnnol, 0.130 g) was added THE
(2 m.), DbheMesy.oA6Vmol, 0.08

To (U) (0.10 mmol, 0.130 g) was added THF (2 mL), DIEA (0.40 mmol, 0.08
mL), and 2-thiophenesulfonyl chloride (0.34 mmol, 0.064 g) and the resulting mixture
was allowed to shake for 30 minutes. The reaction was filtered and the resin washed
5  with DMF (20 mL), water (20mL), MeOH (20 mL), and DCM (20 mL) and allowed to
air dry, to yield (V).

Synthesis of (W)

To (V) (0.10 mmol) was added 50% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes (the resin turned purple). The reaction was then
10 filtered and the resin washed with DCM (10 mL). The volatiles were removed under
reduced pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a

total of three times to yield (W).

Synthesis of Compound 6

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
15 (19 mg, 0.11 mmol) in MeCN (2 mL) was added (W) (0.1 mmol), DIEA (2.9 mmol, 0.5
mL), HOBT (0.2 mmol, 0.032 g), 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. NaHCO;, and
brine and dried over anhydrous MgSO4. The MgSO,4 was removed by filtration and the
20  volatiles removed under reduced pressure. The crude material was purified by flash

chromatography using 20 to 40% EtOAc/hexanes as the eluent, to afford 6 (7.4 mg).

-63 -



m.) and 2-thi ophenesul fonyl chloride (0.34 mmol, 0.064 g). The resulting

m xture was allowed to shake for 30 m nutes. The reaction was then filtered
and the resin washed 15 with DMVF (20 nm.), water (20 ni), MeOH (20 nL), and
DCM (20 nmL) and allowed to air dry, to yield (R). Synthesis of (S To
(R (0.10 mml) was added 50% TFA/DCM (2 ni) and allowed to shake for 20

m nut es (Beheme?;Synthesised Egamples) . The reaction was then filtered and the
resin washed with DCM (10 nlL) The volatiles were renoved under reduced
pressure and the_resulting oil was diluted with DCM (10 and evapor at ed

a total of thr epines oyleldrrr@&ll Synt hesis of Co ugld w'oastlrred
oorg. Med. on Letter % gg,ig X0 (0. 11
H

sol ution of ,_(2 el €

mol, 0.019 '§,) -Me&\l(z m) was added (S) (0.1 0 moi |
05rrL) HOBT(OZn*ﬁ’DI 0. 032 gmBOD(OFZ‘SC 0103g‘)“andthe

m xture was stiried at room t enpeoaiomre over ni ght. The rédcti on was then
diluted with brine (15 nL) and extracted with Et0Ac. The organic | ayer was
washed with water, sat. 10 NaHCO3, and brine and dried otW“daﬂhydrous
MySO4. The MgSO4 was renoved by filtration and the vol atvles renoved under
reduced pressure. The crude material was purified by flash chromatography
using 20 to 40% Et OAc/ hexanes as the eluent, to afford 5 (18.1 ng). Schene

6: Synthesis of Examp chm)c N OHHN---.""0 H 0
“\/U\ 2-thiophene sulfonyl chloride
@s\ o C’)\u ; _ DIEA, THF N
= :S:,N 0 \Ph HN
° (2)
TFA, CHZCIzl
H,N o
© O\ L
DIEA, HOBT
BOP, MeCN 7
Synthesis of (X)
5 To (M) (0.8 mmol, 1.0 g,) was added DMF (20 mL), Fmoc-isonipecotic acid

(2.8 mmol, 0.320 g), DIEA (4.8 mmol, 0.445 mL), HOBT (0.9 mmol, 0.140 g), and
BOP (1.0 mmol, 0.450 g) and the reaction mixture was allowed to shake overnight.
The reaction mixture was filtered and the resin washed with DMF (150 mL), MeOH
(150 mL), and DCM (150 mL), and allowed to air dry, to yield (X).

10 Synthesis of (Y)

To (X) (0.8 mmol, 1.0 g) was added 20% piperidine/DMF (30 mL) and the
resulting heterogenous mixture was allowed to shake for 20 minutes. The solution was
filtered and the resin washed with DMF (150 mL), MeOH (150 mL), and DCM (150
mL) and allowed to air dry. The resin was subjected to the above reaction condition a

15  second time to yield (Y).
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O piperidine, DVF DI EA, HOBT, BOP, DWVF ; ThhO-...ph (K)(T) 2-thiophene

sul fonyl chloride DI EA THF Synthesis of (T) 5To (K) (0.8 mmol, 1.0 Q)
was added DMF (20 ml), Fnoc-isonipecotic acid (2.8 mml, 0.320 g,), D EA
(4.8 mol, 0.445 niL,), HOBT (0.9 mmol, 0.140 g), and BOP (1.0 nmol, 0.450
g) and th rtgact(ié{?(n m xture was allowed to shake overnight. The reaction

m xt ure $¥1¥él and the resin washed with DVF (150 mi), MeOH (150 ni),
and DOM(lSOngLBJ, and allowed to air dry, to(éi el dm&T). 10 Synthesis of (U)
To (T) (0.8 P (Y1 (®1¢mmgd 0. hftiedvas adidgd UHE @mboiiBAgRA) aumel OB (30 )

and the h r / ) LI r ), -nut The
it ure waor AR AU D Rl R R el FRB SRR S A B 10 ).
and DCM ( #a9alidwedapodhaitd fovne0 nfimuted. rTid r¢actibhevasdlicredvimd tihaegi@otatled 0 t he
above reactiaon condition a l5second tinme to yield 1\51U3 :

5  with DMF (20 mL), water (20mL), MeOH (20 mL), and DCM (20 mL) and allowed to

air dry, to yield (7).
Synthesis of (AA)

To (Z) (0.10 mmol) was added 50% TFA/DCM (2 mL), and the mixture was
allowed to shake for 20 minutes (the resin turned purple). The reaction was filtered and
10 the resin washed with DCM (10 mL). The volatiles were removed under reduced
pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a total of
three times to yield (AA).

Synthesis of Compound 7

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]

15 (0.11 mmol, 0.019 g) in MeCN (2 mL) was added (AA) (0.1 mmol), DIEA (2.9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032 g), 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. NaHCOs,
and brine and dried over anhydrous MgSQO4. The MgSO4 was removed by filtration

20  and the volatiles removed under reduced pressure. The crude material was purified by
flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to afford 7 (18.2
mg). ICs20S CT-L <500 nM, ICsq Cell-based CT-L < 500 nM.
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Synt hesis of (V) To (U) (0.10 nunol, 0.130 g) was added THF (2 ni),

DI EA (0.40 mmol, 0.08 nmlL), and 2-thi ophenesul fonyl chloride (0.34 nunol,
0,064 g) and the resulting m xture was allowed to shake for 30 m nutes. The
reaction was filtered and the resin washed 5 with DMF (20 niL), water

(20nm.), MeOH (20 nL), and DCM (20 nL) and allowed to air dry, to yield (V).
Synt hesi s Sclienje/g: Smtl(em)s of @xamplerfol ) was added 50% TFA/DCM (2 nl) and the

m xture was allowed to shake for 20 m nutes (the resin turned purple). The
reaction was then 10 filtered and the .eS|n washed with 0 m). The
vol atil es were/renowed under redugceg essure and the resylt ng 0|b wa
diluted with 1 » and eva t ot al of hre | :

(W. SyntheésiNs Bf T ind 6 T uti orf :
Med. Chem Lett@r 1999, 9, 2283B8hoAGBORIMFY, O |) |n |\%CN\(>|2 L)
was added (W (Qs1 mmol), DIEA (2.9 mol, 0.5 nl), HCBT(OB§ mol , 0.032
g), and BOP (0. nmmol, 0.103 g) and the m xture was stlrred at room

tenperature overnight. The reaction was diluted with brihne (15 nL) and
extracted with Et OAc. The organic | ayer was washed with ERICH.Gat . NaHCG3,
and brine and dried over anhydrous MJSO4. The MJSH was genoved by
filtration and the 20 volatiles renoved under reduced pressure. The crude

material was purified fl ash chronmat ography using 20 to 40% EtQAc/ hexanes
as the eluent, to effqgfd 6 of . . ScheAsiosT Synt hesis ofo m:ne q
Synt hesi s of 5Xo O1. 0 &0f. Me@¥ adde N o
Fnoc-i soni d tIC acﬂ H ER
O ~
Ph
8 0 (cc)
H,N
o}
©
Synthesis of (BB)
5 To (M) (0.12 mmol, 0.100 g) was added DMF (2 mL), 3-(p-tolyl)propionic acid

(0.09 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 reaction mixture was filtered and the resin washed with DMF (15 mL), MeOH (15
mL), and DCM (15 mL), and allowed to air dry, to yield (BB).

10 Synthesis of (CC)

To (BB) (0.12 mmol) was added 50% TFA/DCM (2 mL), and the mixture was
allowed to shake for 20 minutes (the resin turned purple). The reaction was filtered and
the resin washed with DCM (10 mL). The volatiles were removed under reduced
pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a total of

15  three times to yield (CC).

Synthesis of Compound 8

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(0.11 mmol, 0.019 g) in MeCN (2 mL) was added (CC) (0.1 mmol), DIEA (2.9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032g), and BOP (0.23 mmol, 0.103 g) and the mixture
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(2.8 mmol, 0.320 g), DEA (4.8 mol, 0.445 nL), HOBT (0.9 nmmol, 0.140 Qg),
and BOP (1.0 mmol, 0.450 g) and the reaction m xture was all owed to shake
overnight. The reaction mxture was filtered and the resin washed with DW
(150 nL), MeOH (150 rrL) and DCI\/I(150 rrL) and aIIowed to air dry, to yield
(X). 10 Synt hesis of (Y) (X) mol s added 20%

pi peri di n&yaoNfrede rppm t%FﬁHerﬁtl"fée Q%H%tt E@CH‘&CBP%&éﬁéﬁ%tc‘iln @%MC\K& al | owned

to shake f o] i n washed
w th DWMF P@O%%gl %@%FE@Aé ?ﬁég’%ﬁn%w\%‘%%% gjév??omegfi to air dry.
The resi nNM&ybpm@ar&bﬂﬂe«i dviepardiydsods Mgty dibe MgV wasremoiBdbygond tine to
yield (Y) nt hesi s 0.10 |, 0,130 was added
THE (2 AR o s Temey ebuney reakbesd et ot 5l T W or | de
(0.34 §rm)¥unﬁe PEFH1%h c@lﬁgnﬁtbgra?l?}fﬁﬁglﬁg mtomo% E[@A%éxa%'eé 9%@ erdants hake for 30

m nut es he reaction was filtered and the resin washed 5 with ' DMF (20 nl),
wat er (20mtfprd $S0HMEROIGKH 2OS &l BAN MGl Celbrhased| T TohedS@oMai r dry, to
yield (2Z2). Synthesis of (AA To (2) (0.10 mml) was added 50% TFA/ DCM
(2 mL), asSdhémeInSyithusis ofdxampledved to shake for 20 mnutes (the resin
turned purpl e). The reaction was filtered and 10 the resin washed with DCM
(10 nmL) The vl & iles were renoved ungerQreduced pressure and § resul ting

oi | was didnd bt h _DCMEe %N ) 3 ted apde@bal of by imes to

yield (AA). SyR si sweef mBorpound 7 To @ _sgirred sgfution of * [ see:

Bi oorg. Med. Ch Letter 1999, 9, 2283 15 (0.11 mol, 0.0 in MeCN
E; .2 mol ,

(2 nL) was added (AA) (0.1 nmol), DIEA(gﬁ fmol, 0.5 nl), HOB
0.032 g), and BOP (0.23 mml, 0.103 g) and the mxture was stifted at room
t enper ature overni ght The reactl on was diluted with bri neF"(ol > ot and
extracted with Et0Ac. The organic | ayer was washed with W%FEQ OBTs NaHCOB,
and brine and dried over anhydrous MySO4. The MySO4 was r enpved

filtration

0 0 o
H
/H\)j\ ﬁ\)l\ Fmoc-hPhe-OH N\/U\ pnpendlne Fmoc\ \)J\ o
Fmoc : N H . HoN Y (o)
H o 3 DIEA, HOBT o =
N \Q BOP, DMF \©\
Ph . ] F
(HH) (GG) )
piperidine
DMF
Q 0 DIEA, HOBT 0 o
¥ ' H H
HZN\')LN/¢N\‘/U" BOP, DMF ‘/\N/\H/N\/U\N/¢N\)j\o
i H B TN :
N ° Ny O o J © N o
o./) ©
P Ph
) F (4J) F

TFA CH,Cly

o § Ho§ o DIEA, HOBT
Oomor“%u ON%” S S m“fr v‘kOH
L, O
Ph F 0 h (KK) F
HoN
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20 and the volatiles renoved under reduced pressure. The crude material was
purified by flash chromat ography using 20 to 40% Et OAc/ hexanes as the

eluent, to afford 7 (18.2 ng). 1C50 208 CT-L < 500 nM 1C30 Cell-based CT-L
< 500 nM Schene 8: Synthesis of Exanple 8 Synthesis of (BB) 5To (M (0.12

mol , 0. 190 }%)&v%s ajzlded DMF (2 nL), 3-(p-tolyl)propionic acid (0.09 nmol,
0.015 g), WEES@(RP) mrol , 0.029 nml), HOBT (0.11 mmol, 0.016 g), and BOP
(0.11 mol, 0.051 and the reaction m xture was allowed to shake

overni ght. TheT¢ éaglilti@rwfﬁmwi’be (taE)-PH et Banoknld0 enén PEM R2Qadp&@swi t h DVF

(B8 10 SRR EmoBEd T LE WG s BB ROk Befh KT B 2
m), and inbe1n0.&t0u pwaasidal] OneetHedMSNakissbbhed 28e mantidremixtideevasesi n t ur ned

purple). The reaction was filtered and the resin washed wth 10 m).
The vcﬁ) at #qded tou¥age resinOetimmel-0 g aritibg f??P{é%&PB‘“éEHdVaFH OY’%E%C%%I& § oil was

diluted V‘folEleS > sj:ocl(")ﬂg-r)esiﬂ sq}ﬁ%péalrﬁ$%sﬁe& i DNME (é@ﬁx@)ﬁ@e?i{@%@ 'EO yi el d

(CO. Synthesis o npound 8 0 a stirred solution o see:
Bi oorg. Madl), a6 @EMI(BO trdr). T8O Scsubing2288wa8hll¢wedltd aimdsly, toQiddgDF). i n MeCN (2
m.) was added (CC) (0.1 nmml), DEA (2.9 mol, 0.5 nlL), HOBT (0.2 nmol,
0.0329), SwehdERf(KE)23 mmol, 0.103 g) and the mixture was stirred at room
tenperature overnight. The reaction was diluted with brine (15 nL) and

extracted wit Wﬂ@ﬁ?(o.mﬁnﬁﬂ,%ﬁ%whﬁyﬂed%% m@hﬁﬂe/wmm(mhg{)ams@te. NaHCOB,
brine and dried over anhydrous SO4. The MgSO4 was renoved by filtration

and tlfe viskulting beferoaenspe dolufide vap aleiceditophakesior 0 mipwes r ThfempdvEasl was
filtered and the resin washed with DMF (20 mL), MeOH (20 mL), and DCM (20 mL)

and allowed to air dry. The resin was subjected to the above reaction condition a

second time to yield (EE).
Synthesis of (FF)

15 To (EE) (0.40 mmol) was added DMF (20 mL), Fmoc-Leu-OH (0.40 mmol,
0.143 g), DIEA (1.6 mmol, 0.12 mL), HOBT (0.64 mmol, 0.062 mg), and BOP (0.64
mmol, 0.178 g) and the reaction mixture was allowed to shake overnight. The reaction
mixture was filtered and the resin washed with DMF (40 mL), MeOH (40 mL), and
DCM (40 mL), and allowed to air dry, to yield (FF).

20  Synmthesis of (GG)

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

25  second time to yield (GG).
Synthesis of (HH)

To (GG) (0.08 mmol) 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
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5 purified by flash chromatography using 20 to 40% Et OAc/ hexanes as the
eluent, to afford 8 (3.9 ng). 1C50 205 CT-L < 50 nM 1050 Cell-based CT-L <
50 nM Schene 9: Synthesis of Exanple 9 Synthesis of (DD) To a

sol ution of Fnoc-Phe (4-F)-OH (2.4 mmol, 1.0 g,) in DCM (20 nL) was added

ol 0. gronge e heroe HENaF OV ESdD bud: VRRG! PG G t u
, 0. ; : ; O m xture
was 5addegd1\@ém ),ra%ﬁia[lo&/gd%z{WQIl_tholyindQH}Bnd the resulting solution was

all owed to shake for 45 m nutes. e Tesin was filtered and washed wi th DM

(50 m), (5 % and DCM (50 nlL). The resulting resin was allowed to
air dry, ‘?ﬁgnq%séglog( ). Synthesis of (EE) To (DD) (0.40 nml, 0.5 g) was

dded % pi i dj 10k i i
s al | owen o TERARE (U mbgsh, it p R ZoREo A NI [Pt b0 BSARHRE 0T o1
washeds W h&eddybndud Qolitidn whik Bitbw&Dtonshike R0 REMite? OTHE ohitiveh vads flveed t o ai r

dry. The resin was subjected to the above reaction condition a second tine

tm?)yi Ie:I d @Ebhe r@}&hgh@gﬂgviﬁervﬁiﬂ()IOMbM@ (1omiy awddIOM AR Wedpdd DVF (20
, Fnoc:leu- . : . iy _
ool 0. GRS g TP Rsin e ttjeley (P ove gl corlicy cbond P27 (- 04

al | oned t gmshakeel@y@y.ni ght. The reaction mxture was filtered and the resin
washed with DVF (40 nm.), MeOH (40 nL), and DCM (40 L), and allowed to air
dry, to ykslmbstsHf)sn20 Synthesis of (G5 To (FF) (0.08 mmol, 0.109)
was added 20% pi peridine/DVF (2 nL) and the resulting heterogenous sol ution

was afd owed torshake dhndd Piudies DMP® f)W-hifphilinoddetit atia¢oand the
resin washed WITt E@F (10 qr?L) , MeOH ( 10?2m_) ,)’ a% 310 ) 4
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
reaction mixture was filtered and the resin washed with DMF (15 mL), MeOH (15 mL),

and DCM (15 mL), and allowed to air dry, to yield (IJ).

15  Synthesis of (KK)

To (JJ) (0.08 mmol) was added 50% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes (the resin turned purple). The reaction was filtered and
the resin washed with DCM (10 mL). The volatiles were removed under reduced
pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a total of

20  three times to yield (KK).

Synthesis of Compound 9

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]

(0.11 mmol, 0.019 g) in MeCN (2 mL) was added (KK) (0.1 mmol), DIEA (2.9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032g), and BOP (0.23 mmol, 0.103 g) and the mixture

25  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.
NaHCOs3, and brine and dried over anhydrous MgSQs. The MgSO4 was removed by
filtration and the volatiles removed under reduced pressure. The crude material was
purified by flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to

30 afford 9 (7.7 mg). ICso 20S CT-L <50 nM, ICsq Cell-based CT-L < 50 nM.

-69 -



and allowed to air dry. The resin was subjected to the above reaction
condition a 25second tine to yield (G3. Synthesis of (HH To (GO
(0.08 nunol) was added DMF (20 ni), Fnoc-hPhe-OH (0.40 nunol, 0.143 g),

D EA (1.6 mml, 0.12 nlL), HOBT (0.64 mml, 0.062 ng), and BOP (0.64 mmol,
0.178 g) and the reaction mxture was all owed to shake overnight. The
reaction Sehemet Symthesisof Exaarisdd the resin washed with DVF (40 ni), MeOH
(40 rnL), and DCM (40 nL), and allowed to air dry, to yield (HH). Synthesis
of (I1) To (H 4 08 mypl )oyas added 20%ipi perndi ne/ DM (2 L) and jhe

resul ti ng "Shef e0®genoussepiOMK | on WeS > Jshake for Z0 nfi hpt es. ofihe
sol ution was{jltered the resin_wasted Wit h DVFC:.29 m9.,_MVeGH (:4.‘9} m.),
and DCM (10 rtiL) and @l d to air dry. The resin was subjected to the

above reactionkgondition a second tinefio yield (11). Synthesiswof (JJ)
10To (Il) (O 08 mml) was added DVF (2 nL), 4-norpholinoacetic acid (0.10
nmmol, 0.015 g), DIEA (0.17 nmol, 0.029 ni), HOBT (0.11 mmol—0.016 g), and
BOP (0.11 mmol, 0.051 g) and the reaction m xture was all dsbo &E@E BT
overnight. The reaction mxture was filtered and the resn edsom, DIVF
(15 m.), MeOH (15 nL), and DCM (15 nL), and allowed to air dry, fto yield
(JJ). 15 Synthesis of (KK) To (JJ) (0.08 mml) was adgsd % TFA/ DCM
(2 nmL) and the mxture was allowed to shake for 20 mnutes (the resin
turned purple). The reaction was filtered and the resin washed with DCM (10

m.) The volatiles were renoved under reduced pressure and tQP Les iNng oi
diluted with DCM (10 nL d ted a total of 0
was diluted w ( ) and evaporated a tota OI/\N/\ffN\s/U\ﬁ
O\) o ~ph
10
Synthesis of (LL)
5 To (K) (0.12 mmol, 0.100 g) was added DMF (2 mL), 4-morpholinoacetic acid

(0.12 mmol, 0.018 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 reaction mixture was filtered and the resin washed with DMF (15 mL), MeOH (15
mL), and DCM (15 mL), and allowed to air dry, to yield (LL).

10  Synthesis of (MM)

To (LL) (0.12 mmol) was added was 50% TFA/DCM (2 mL) and the mixture
was allowed to shake for 20 minutes (the resin turned purple). The reaction was
filtered and the resin washed with DCM (10 mL). The volatiles were removed under
reduced pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a

15  total of three times to yield (MM).
Synthesis of Compound 10

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(0.11 mmol, 0.019 g) in MeCN (2 mL) was added (MM) (0.1 mmol), DIEA (2.9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmo], 0.103 g) and the mixture

20  was stirred at room temperature overnight. The reaction was diluted with brine (15
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20three tinmes to yield (1(K). Synthesis of Conpound 9 To a stirred
solution of (C) [see: Bioorg. Med. Chem Letter 1999, 9, 2283-88] (0.11
mol, 0.019 g) in MeCN (2 nL) was added (KC) (0.1 nmtnol), D EA (2.9 ntnol,
0.5 nm), HOBT (0.2 mml, 0.032g), and BOP (0.23 mml, 0.103 g) and the

m xture 25was stirred at roomtenperature overnight. The reaction was

di | ut ed winlh ang prfeactetisvigh FtQyhel Eha 9raanie dpysr RS pedsd Withwatsy §ahi ¢ | ayer was

washed wi e t. j i MySO4.

The Ngsmﬁ\?\g@;’egr%lve e@?&?gﬁé‘é‘?@gﬁy&%@%@gbﬁ% %@S@ﬁ&%%ﬁg& reduced
pr essur e. filtheéos andlthen@tgildsabmoas] ymdet fddacedyyredsues T ehnoteahagrialphas usi ng 20
to 40% Et OAc/ hexanes as the eluent, to 30, ford 9 (7.7 ). 1C30 20S CT-L
<°50 M PEdRoc Rash ABeuaEEPh et to 2 EHRA DO BB PLeEE Exanpl o 10
(K) (LL9 ( t i of (LL) 5To (K) (0.12 mmol, 0.100 g) was added DWVF (2
), E‘?m“@%?@é%gﬁéig?b acid (0.12 rmol, 0.018 g), DI EA (0.17 nmol, 0.029

m.), HOBT.(,0.11 d BOP (0.11 mmol, 0.051 g) and the
reaction ?ﬁ(’l&e uerlel' sthggFgégé%%leégake overnight. The reaction m xture was

filtered and the resin washed with DMF (1% ni), MeOH (15 ni), and DCM (15

m), and allowed to air dry, to yield (LL O
OH
HZN\_/U\ O H 9
: ‘ P
© Spp

~
Ph DIEA, HOBT
(K) BOP, DMF
(NN)
TFA, CH,Cl, J
DIEA, HOBT
O BOP, DMF
O
SUSHE. s
N%ﬁﬁ} ﬁ;@ ‘\‘YVLOH
" (c) (00)
Synthesis of (NN)
10 To (K) (0.12 mmol, 0.100 g) was added DMF (2 mL), biphenyl-4-carboxylic

acid (0.12 mmol, 0.025 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 reaction mixture was filtered and the resin washed with DMF (15 mL),

MeOH (15 mL), and DCM (15 mL), and allowed to air dry, to yield (NN).
15  Synthesis of (OO)

To (NN) (0.12 mmol) was added 50% TFA/DCM (2 mL) and allowed to shake
for 20 minutes (the resin turned purple). The reaction was filtered and the resin washed

with DCM (10 mL). The volatiles were removed under reduced pressure and the
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10 Synthesis of (MV) To (LL) (0.12 mmol) was added was 50% TFA/ DCM ( 2
m.) and the m xture was allowed to shake for 20 m nutes (the resin turned
purple). The reaction was filtered and the resin washed with DCM (10 ni).
The vol atiles were rem)ved under reduced pressure and the resulting oil was

di luted t h. DCM. ( an t a, 15t ot al r ti.mes to el d
(M sﬂﬁ?&%}% ot DGR UL ) ahe ivaosided Sl ot fese f8est Bi vorg.
Med. Che detdey. 1999, 9 2283-88] (0.11 mmol, 0.019 g) in MeCN (2 L) was

added ( (0.1 nmol), DEA (2.9 mmol, 0.5 nm.), HOBT (0.2 nmol, 0.032 g),

and BOP (@43 a3 79) and the mixture 20was stirred at room
terrperature oé\z/(lar i n%j gﬁe reaction was diluted with brine (15 nlL) and

extracted with tO hed ter NaHCG3,
and brine and 3\5 SA%S%%‘Ir;helgn ﬁ&c}ﬁ e7\/é Wﬁﬁ% W{terhl & gé %?]
filtragio.anchnidien, m:ﬂ @tmlmecmmgd;vamdeéd (@@P@Eﬂmﬂ{cﬂﬁ $JIEA (2%@[ ude
mat eri al was EUI’I fi y flash chromato using 20 to 40% Et 0Ac/ hexanes
as the el ferpl), W%ﬁ\(@ %F‘anlﬁ)o@ia ghvgnd %ﬁ?@ﬁ%’: mmol. 4y hesing th mixtuiepl e 11
(NN) 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.

NaHCO:s, brine and dried over anhydrous MgSO,. The MgSO, was removed by

10 filtration and the volatiles removed under reduced pressure. The crude material was
purified by flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to
afford 11 (7.4 mg).

Scheme 12: Synthesis of Examples 12, 13, and 14

Ph

BocNH/[ﬂ/OBn o o
H Pd/C, H H
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©
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1 TFA, CH2Cl12 Synthesis of (NN) 10To (K) (0.12 mmol, 0.100 g) was added
DVF (2 mL), biphenyl-4-carboxylic acid (0.12 nmol, 0.025 g), D EA (0.17
nunol, 0.029 nlL), HOBT (0.11 nmmol, 0.016 g), and BOP (0.11 mmol, 0.051 g)
and the reaction mxture was all owed to shake overni ght. The reaction

m xture was filtered and the resin washed with DWF (15 nL), MeOH (15 ni),
and DCM (&mihasys o/ 680 al |l owed to air dry, to yield (NN). 15 Synthesis of
(00) To (NN) (0.12 mmol) was added 50% TFA/DCM (2 nlL) and allowed to
shake for 20 nilpatseltion héNB@sﬂfrqu@r(ﬁém pungll 89-81 Th0 eenand phenwlakantael t er ed

educed pradl il STt Eibt [ Agobin SuEet Rl SRR G ) ana

evapor at eg4a.68qh@bl, af.20 b 6@ nili, w&sequrmltﬁéﬂm(ta&)cooﬁyln@ bes:uﬁ afficedsumpound 11
To a stirred solution o (© [see: Bioor Chem_ Letter 1999, 9,

2283- g8] o i miKktyrawias aéde@il 0 T GLA7. %@W{qzl&ﬁ?)é,%ecaé%qudm PYROR mol ),
DIEA (2.9 0
0. 103( g) @g‘b![s%xgﬂfzﬁ & was (’{ﬁ}(%e dd?cgglrﬁ% geélg? ?%r@gggggﬁﬁ%ﬁm The

reacti on Thsredttiont wak pladed undemd dthDspheye @fruﬂgcﬁwmdmmd owernighEt TAe. The
organi c | ayer. was washed with water, sat. “'E?f CCB brine and dried over

anhydr ousv%@@lwerﬂf@n%%m%?dﬁ‘é%méﬁfuﬁya ¢ TOMARPE GRIKRY YaR kD at i | es
removed UWE{}SJO%HE%?Q&(@A@%E&'B%}EE lﬁ]V%‘aH@@? H,8], aﬂ@ﬁn@&ﬂdfdrf‘é& ¥ flash

chromat ography using 20 to 4 exanes as the eluent, to afford 11
(7.4 10y) . MgSO4. The MgSO4 was removed by filtration and the volatiles removed under

reduced pressure to give (PP) (37.3 g).

Synthesis of (QQ)
Compound (PP) (4.27mmol, 2.0 g) was dissolved in MeOH/EtOAc (1:1, 40

mL) and Pd-C (5%, 800mg) was added. The mixture was stirred at room temperature
15 under 1 atmosphere of hydrogen for 2 hours, and then was filtered through Celite and
concentrated to give (QQ).

Synthesis of Compound 12

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(6.0 mmol, 1.8 g, 1.4 eq) in DMF (50ml) was added (QQ) (4.27 mmol, 2.0 g, 1 eq.),

20 DIEA (0.02 mol, 3.5 mL, 4eq.) and then HOBT (32 mmol, 4.3 g, 1.6 eq.). The mixture
was cooled to 0 °C in an ice bath and PyBOP (32 mmol, 16.6 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 diluted with sat. NaCl and extracted with EtOAc. The
organic layer was washed with water and brine and dried over anhydrous MgSOsy,

25  filtered, and concentrated to an oil that was purified by flash chromatography to afford
12 (0.50 g).

Synthesis of Compound 13

Compound 12 (0.046 mmol, 24.5 mg) was mixed with TFA/DCM (80%) and
was stirred at room temperature for one hour at which time the mixture was

30  concentrated and placed under high vacuum for 2 hours giving 13.
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Schenme 12: Synthesis of Exanples 12, 13, and 14 Ph Synthesis of (PP) To a
sol ution of NBoc |eucine (85.67 mol, 19.81 g, 1.0 eq) and phenyl al ani ne
benzyl ester (85.67 nmml, 25.0 g, 1.0 eqg.) in 900 nL of MeCN was added DI EA
(342.68 mml, 44.29 g, 60 nL, 4.0 eq.) and the mxture cooled to O Cin an
i ce bath. 5[To t mxturc; was added HOBT (137.08 mmol, 18.52g, 1.6 eq)

fol | owed W]?%f ?rm) 71.33 g, 1.6 eq) V\/m ch was added in several

portions over e re ion pl aced at nrosphere of
argon and sti r&%& rsﬁf‘ﬁlﬁf’(l(Q giéf"’aﬁé ‘?%’r@l? ‘?ﬁ@ Olﬂpﬂdcg ”r‘gguced
Pressure angss ol S8 'ﬂgeg%ﬁéi'rEA %441 014D6 Y SAPedl): P and
washed wi sat ; ne and dried over I\/gSO4 The MSO4
was renoveds styrdd dt roam iempeaatulretfbeZ ol aatlithemscomeerdnatad taderesy. ethreedidpe essur e
to give (PP), (37.3. 4. 27mmol , 2.0
g) was di %’é% a&i%‘b“ﬁ’ H%Qa@ g‘)@”{“ih Ya&%}‘%f)m%ﬁﬁ‘%angcgwqg@&%%ﬁﬁﬁg) was added.

The m xt UN%S‘@SﬁH?érkd 88 cedceh@RBYH IS Fhith8yakpukifide by brep APEPNS aefoff
hydrogen for hours, and then was filtered through Celite and concentrated

to give (lijlmerEm@SsCBLﬁ@rleﬂaso@ll-based CTd & 58tiMy ed sol ution of (O
[ see: Bioorg. Med. Chem Letter 1999, 9,2283-88] (6.0 mmol, 1.8 g, 1.4 eq)
in DMF (5S8ctiementd Sydihesls pfE}anipled3 nmmol, 2.0 g, 1 eq.), 20 D EA (0.02 nol,
3.5 nm., 4eq.) and then HOBT (32 nmol, 4.3 g, 1.6 eq.). The m xture was
cooled to OC i\n an icq bath and @ﬁbo(BZ mol , 16. 6 0,\ 1.6 eq was added

in y 0 o o
N\)J\ v”\
HoN Y N
O ~ph (0] (0]
(13) 15

10 Synthesis of Compound 15

To a DCM solution (2 mL) of 13 (0.092 mmol) was added phenyl isocyanate
(0.14 mmol, 0.015 mL, 1.5 eq.) and DIEA (0.276 mmol, 0.050 mL, 3 eq.) and the
mixture was stirred at room temperature overnight. The crude mixture was then
concentrated to dryness and the residue was taken up in EtOAc. The organic layer was
15  washed with water and brine, and dried with anhydrous MgSOQy, filtered, and
concentrated to an oil that was purified by prep-HPLC to afford 15 (2.8 mg).

Scheme 14: Synthesis of Example 16

NCS o
Ho§ 0 \/Ej /\©\ j\ o9 0
o
o ~ph O O ~ph 0

(13) 16

20 Synthesis of Compound 16

To a DCM solution (2 mL) of 13 (0.07 mmol) was added 4-methoxyphenyl
1sothiocyanate (0.1 mmol, 0.015 mL, 1.5 eq.) and DIEA (0.21mmol, 0.040 mL, 3 eq.)
and the mixture was stirred at room temperature overnight. The crude mixture was

concentrated to dryness and the residue was taken up in EtOAc. The organic layer was
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several portions. The m xture was stirred at 5 C under an atnosphere of
nitrogen overnight. The reaction was diluted with sat. NaCl and extracted
with EtOAc. The organic | ayer was washed with water and brine and dried
over anhydrous MySO4, 25filtered, and concentrated to an oil that mas

rified by flash chronatography to afford th
ngrrIpO:Jnd shed with Wﬂﬁb@@rhi%fz I(l%/ﬁ Uk awousﬁgé&ﬁ%e% ‘%yn e’i?\t;:*%s TFA/ DCM
(80% andings, dﬁaqwgsg%\mﬁeagfyﬂa ﬁ@p%mdg&spﬂy% 2f0R TPUm L I’@@d@dﬂi tiroe t he

m xture was 30 conc rate ed “undér hi gh vacuum f or hour s gi vi ng
13. SynthéﬁlnM,dﬁsmdbbdelT4L<50 nMTo a DCM sol ution (10 L) of 13 was
added 3-thi ophenesul fonyl chloride (0.055 mml 0.012 g, 1.2 eq.) and TEA

(0. 184 meéhente DR Byiihesid oOERSMple 1The mi xture was stirred at room
tenperature for 2 lus and then concentrated to dryness. The residue 5 was

taken up in OAc, washed wth wa haad brine, and drigd wi th anhydrous

MSH, filtepe centrate an 0|I rlfl@d y prep- HPLC
(1
theS|

to afford 1 05 O205 c?r@ 50 nM ICs < nM
Schene 13HNsy nmpte—15—16—Synt hesi s ofHConp nd_ 1§ Th a DCM
solution (2 nf) 6#h13 0. 092 nnDI) was added phenyl isocyanate (0.14 nunol,
0.015 411, 1.5 eq.psand DI EA (0.276 mmol, 0.050 nL, 3 egz) and the mxture
was stirred at roomtenperature overnight. The crude m xture was then
concentrated to dryness and the residue was taken up in EtOAc. The organic

| ayer was i er and brine, and dried wth anhydrous MySO4,
fil tered,S)J'g)ég%ho%o\Mpt"D"M?

To a DCM solution (2 mL) of 13 (0.092 mmol) was added 4-methoxyphenyl
isocyanate (0.14 mmol, 0.018 mL, 1.5 eq.) and DIEA (0.276 mmol, 0.050 mL, 3 eq.)
10 and the mixture was stirred at room temperature overnight. The crude mixture was
concentrated to dryness and the residue was taken up in EtOAc. The organic layer was
washed with water and brine, dried with anhydrous MgSOy, filtered, and concentrated
to an oil that was purified by flash chromatography to afford 17 (2.5 mg). ICso 20S
CT-L < 50 nM, ICs Cell-based CT-L < 50 nM.

15  Scheme 16: Synthesis of Example 18

o/\j 0
N N\r/u\N HBTU, HOBT L\v/N\v/u\H N\;/H\N
o .1 o O Spp O

DIEA, THF

(13) 18

Synthesis of Compound 18

To a THF solution (15 mL) of 13 (1.4 mmol) at 0 °C was added 4-

20  morpholinoacetic acid (1.79 mmol, 0.260 g), HOBT (1.92 mmol, 0.260 g), HBTU (1.72
mmol, 0.656 g), and DIEA (11.45 mmol, 2.0 mL) and the mixture was stirred and
allowed to warm to room temperature overnight. The reaction was diluted with sat.
NaHCOs (15 mL) and the layers were separated. The aqueous layer was extracted with

EtOAc (3x5 mL) the organic layers combined, washed with HO (1x15 mL) and brine
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concentrated to an oi
ng) .

| sot hi ocyanate (0.1

)55 AT

m xture

Schene 14: Synthesis of Exanple 16
To a DCM sol ution (2 m.) of 13 (0.07 mml) was added 4-net hoxyphenyl

mmol

that was purified by prep-HP LC to afford 15 (2.8

20 Synt hesis of Conpound 16

0.015 m.,, 1.5 eq.) and D EA (0. 21mmol ,

R A WA

mte

BATE

-I\I;B eSO(Z)lr ganiglaliR¥ 8mdRA unkesBatelbiiset The aRide Qfa'teﬁ*i%l wi§ p@ekisd B ﬂ@dhhy drous

filtered, and concentrated to an oi

chr omat ogelapmatdgrpl fto rforld 8(2.428)8). 1@G660968-ER 10 r&‘éo
CT-L < 50<r%l 1@cheme 15: Synthesis of Exanple 17

t

0. 040 i,
a 0 erni The crude
oaﬁiﬁ'x\gg iShan? s | n Bt OAC,
hat was ur|f|e fl ash
Grb Call- bIa ‘Bd} | - based

Synt hesi s of Conpound

17
5
Scheme 17: Synthesis of Example 19
_(BnO),P(O)CI v 9 H 9 (o)
N\/U\ /a; /cg N\)I\N/¢N\.)]\N
DIEA/DCM \ﬂ/ LR
?
(BnO)ZP\\O
2 (RR)
l Ho, Pd(OH)2/C
o
N\/U\ /a; \/U\ NaOH \n/N\)j\ /¢ \/u\
o) o} 0
\ // /
I (HOMP,
a0 @ONa (e}
19 © e (SS)
Synthesis of (RR)
10 To a solution of 2 (1 mmol) and DIEA (1.5 mmol) in dry CH,Cl, (100 mL) at 0

°C is added a solution of dibenzylphosphoryl chloride (1 mmol) in dichloromethane (10

mL) dropwise. The reaction mixture is stirred at room temperature until complete,

washed with cold 1N HCI and then brine, dried over MgSQy, filtered, and evaporated to

yield (RR).

15  Synthesis of (SS)

A solution of (RR) (1 mmol) and wet 20% Pd(OH),/C (100 mg; Pearlman’s

catalyst) in EtOAc (10 mL) is subjected to hydrogenation at atmospheric pressure and

ambient temperature until complete. The reaction mixture is filtered through Celite,
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To a DCM solution (2 nL) of 13 (0.092 mvol) was added 4- net hoxyphenyl

i socyanate (0.14 mmol, 0.018 nm., 1.5 eq.) and D EA (0.276 nmol, 0.050 nm_, 3
eq.) l1l0and the m xture was stirred at roomtenperature overnight. The crude
m xture was concentrated to dryness and the residue was taken up in EtOAc.
The organi c | ayer shed with water rij,ne ried w.th . anhydrous
vgson, U1 e Siporaa e SR e it PSP g Sk RS sl ¥ a3 P o

chr omat ograpibyd his 3 @iher thé nex stepBi)for 801} i3ARy Gdsal. < 50 nM 1 C50 _

Cel | -based CT-L <50 nM 15 Scheme 16: Synthesis of Exanple 18 Synthesis of
Conpound 18, 4058 of Bl Atigon (15 i) of 13 (1.4 nmol) at OC was added 4-
20 nor phol i noacetic acid (1.79 nmmol, 0.260 g), HOBT (1.92 nmmol, 0.260 g),
HBTU (1. 72 mmol rorfhding ég%y(lmoﬁ'iﬁél&édlwﬁﬁm’(s 1Y a%lreé‘t@ﬁ wiftg, m xture
was stirred and aliowed t'o warmto room%errperature over ni ght. e reaction
was di but ethndatdived 86lutibiabiCO80 NLSa@H)(2@0dninbh ih &ye(Zmigr Eheafatiat 8d. The
aqueous | ayer was extracted with Et OAe (3x5.nl) the organic |ayers

conbi ned, 3HAWREL Hirder $beyre i&qé’oﬁgalz%@n@ B dd” (1x15 ml), and dried over
MySO4. The MgSH4 was renoved by filtration and the volatiles renoved under
reduced prishbemed8: SypdhesisadExeamda 2l was purified by flash chromatography
to afford 18 (0.423 g). IC50 20S CT-L < 50 nM 1C50 Cell-based CT-L < 50

nM Synt hesis of (RR) 1QZIo°a solution off 2 (1 nunol) and DIEA (1.5 mmol) in
dry CH2C12 (100 at 2 P¥ added a ticon offetibenzyl ,phosphoryb

chl oride ( mpll\), i roHdi e SiI, opEte. »ﬂé :%E)L’BB ture
is stirred @t Eggbmot enmpeBffure u tiéﬂo et e, washed widh E%:*d ol HC% and
d, a

0 &P
d over 8™, filter

(mm

&
then brine, dri , and BVaporated to yikld (‘RR)OTB 15
Synt hesi s of ( (uY) V)

0 o) H O 0]
“\)J\N/é:n N/QEO BOP, HOBT, DIEA, DMF YN\)LN/¢H on
\ﬂ/ : H oHIL_H = . H gHY
o] " ~oTBDPS O o = “OTBDPS
0
(XX) HaN (ww)

l TBAF ©
THF

o] o]
H H o
YNY&ME;N%ﬁQ
z H
o ? 0 =" on o

20

10 Synthesis of (UU)

To a solution of (TT) (1 mmol) [obtained via standard methods of solution
phase peptide synthesis], threonine benzyl ester (1 mmol) and DIEA (2.5 mmol) in dry
CH,Cl, (100 mL) is added HBTU (2.5 mmol). The reaction mixture is stirred at room
temperature until complete, washed with 1N HCI and water, dried over MgSQOy,

15 filtered, and evaporated to yield (UU).
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A solution of (RR) (1 nmol) and wet 20% Pd(OH) 2/ C (100 ng; Pearl man's
catalyst) in EtOAc (10 nlL) is subjected to hydrogenation at atnospheric
pressure and anbi ent tenperature until conplete. The reaction mxture is
filtered through Celite, and evaporated to afford the desired conpound

(SS). Thi iyrr?t er(i?far{gyfo i solated can be utilized as is for either the next
step or f &5t n any assay. Synt hesi s of Conpound 19 Conpound

(SS) (1 mmol) is diluted with MeOH ( qq)2 treated wt 5 standardi zed
sol ution of 1. GCW@@@H@W))‘nﬂW Zﬁle QlﬂwLmédé?ﬂWPBﬁcié al | oned

Evanpl ¢ 20D P RAGYERML), 53 L oBhaf et HBohtegRUARAE O
of (TT) (mnmﬂ'rmha)ple{tqumhabmthllal HChmﬂamienqﬂhb@dserdﬂgS@i diltered, pithse pepti de

synth % thre nln‘gm ester (1 mmol) and DIEA (2.5 muol) in dry
CHZCl RPRTaed o igd BTU (2.5 nmol ). The reaction mixture is stirred
at roomterrperature until conplete, washed with IN HCL and water, dried

over l\/gSOEVnt esis of (WW)
A solution of (VV) (1 mmol) and 10% Pd/C (100 mg) in MeOH (10 mL) is
subjected to hydrogenation at atmospheric pressure and ambient temperature until
complete. The reaction mixture is filtered through Celite, and evaporated to afford

10 (WW).
Synthesis of (XX)

To a solution of (WW) (1 mmol) and E (1 mmol) [see: Bioorg. Med. Chem.
Letter 1999, 9, 2283-88] in DMF (10 mL) is added HOBT (1.60 mmol) and DIEA (4
mmol). The mixture is cooled to 0 °C and BOP (1.60 mmol) is added over several
15 minutes. The resulting solution is warmed to room temperature and stirred over night.
The reaction mixture is diluted with brine and extracted with EtOAc. The combined
organic is extracted with H,O and brine, dried over MgSOs, and evaporated to yield

(XX).
Synthesis of Compound 20

20 To a solution of (XX) (1 mmol) in THF (100 mL) at rt is added slowly TBAF (1
mmol) and the resulting mixture is stirred until complete. Evaporation and

chromatography of the resultant residue affords 20.
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15filtered, and evaporated to yield (UU). Synthesis of (W) To
conpound (WUJ) (1 nmmol) in dry CH2C12 (100 nL) is added TBDPSCL (1 mmol) and
imdazole (1.2 mmol ). The reaction mxture is stirred at roomtenperature
until conplete, washed with 1IN HCl and water, dried over MgSO4, filtered,
and 5evapgqrated to yield (VW) . Synthesis of (WY A solution of (W)
(1 nmol) gﬂlf“i‘b%:ﬁdﬁéefli@gEWPkﬁlNﬁOH (10 nL) is subjected to

hydr ogenati on at atnospheric pressure and anbient tenperature until
conplete. The reaction mxyure is filtered through Celitle, and
to afford 10y( : B ( XX)BnoxPOXI To a sgl |} idgn of X ({Zonmrol )
and E (1 My Ny d. Chemypdwet t er 49899, 9; > i

m.) is added R (t.6Q hmod) and DIEA (4 mml) b The Hi
C and BOP (1 6Q _nmol) is added over several 15m nutes.
solution is d to roomtenperature and stirred CBEW'«Mq;h;. The reaction
mxture is dilOted yth brine and extracted w th EtUAc. ngcﬁbnbined
organic is extracted with H20 and brine, dried over MpSO4, and evapor at ed
to yield (XX). Synthesis of Conpound 20 20To a solution ofEéﬁ%% (1 mmol) in

The' fesul ting

THF (100 nL) at rt is added slowy TBAF (1 mml) and the r M m xture
is stirred until conplete. Evaporation and chromat ography bf the resultant

resi due affords 20.
TR H
\H/N: N N
z H

0 o H $ Ho 9 0
NaOH N\/”\N N N
: e
0 H H o = H oH H o
0 . 0 .

R o) o) w0

Y/ [
A (CONN
@33@0 ONa 0

21 (DDD)

Synthesis of (CCC)

5 The target compound is prepared by essentially following the procedure for the

conversion of 2 to (RR) except 20 is used in place of 2.
Synthesis of (DDD)

The target compound is prepared by essentially following the procedure for the

conversion of (RR) to (SS) except (CCC) is used in place of (RR).
10 Synthesis of Compound 21

The target compound is prepared by essentially following the procedure for the

conversion of (SS) to 19 except (DDD) is used in place of (SS).
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Schene 19: Synthesis of Exanple 21 | H2, Pd(CH)2/C EtOAc Synt hesi s of
(CCC) 5The target conpound is prepared by essentially follow ng the
procedure for the conversion of 2 to (RR) except 20 is used in place of 2.
Synt hesi s of (DDD) The target conpound is prepared by essentially
foll owi ng _t he cedure. f t he nversion of (RR) to (SS) except (CCC) is
used in pﬁgﬂgngégk %Eﬂf@?gﬁﬂPﬂgggs of Conmpound 21

O
I (0] o]
o™ H H O
H (0] 0O (BnO),P-0" Ci N\/”\ N\)I\
Ay poveendli G0 1 Gh-g
(¢] :\ H o) o © \O ©
OH ‘\ o

Proton Sponge
MeCN

0-P(OBn),

Lo
\[rN\.)J\N
E

0
g) 2 (EEE)

H,, Pd(OH),/C
EtOAC

H O H (0] (o) H\/(l)j\ H\)O]\ 0]
N\)J\N N\)LN NaOH YN NN N
\”/ Ej:_' \ H -— 3 z H . H

Synthesis of (EEE)

[See: J. Med. Chem. 1999, 42(16), 3094-3100.] To a solution of dibenzyl
5  chloromethyl phosphate (1 mmol) [U.S. 6,204,257] in anhydrous acetonitrile under
argon is added compound 2 (1 mmol) and 1,2,2,6,6-pentamethylpiperidine (1.2 mmol)

followed by stirring at 70 °C until complete. The solvent is then removed in vacuo to

afford (EEE).
Synthesis of (FFF)

10 The target compound is prepared by essentially following the procedure for the

conversion of (RR) to (SS) except (EEE) is used in place of (RR).
Synthesis of Compound 22

The target compound is prepared by essentially following the procedure for the

conversion of (SS) to 19 except (FFF) is used in place of (SS).

- 80 -



The target conpound is prepared by essentially follow ng the procedure for
the conversion of (SS) to 19 except (DDD) is used in place of (SS). Schene
20: Synthesis of Exanple 22 i H2, Pd(OH)2/C Et0Ac Synt hesi s of (EEE)
[ See: J. Med. Chem 1999, 4206), 3094-3100.] To a solution of dibenzyl

5chl orone U S. 6,204, 257] in anhydrous acetonitrile
under ar g%&%ggd?éa&’fﬁﬁéggﬁﬂn@e mmol ) and
1,2, 2,6, 6-pentanet hyl pi peridine (1.2 nmol) followed by stirring at 70 C

until conpl ete e soI vaﬂt S then r ved |ﬂegg§uo to,aftorq (BEE).
Synt hesi s ofH\QL )| % HAo~a N\)L %OBH 68n N\é)J\N N

Proton Sponge H H

benzene o o O\fo
o]
{u) (GGG) 7 (HHH) Lo
cl .P,,O
(OBn),
BOP, HOBT o 0
DIEA DMF H H
\n/ \)J\ /¢ Q \n/N\i/U\N N OH
) E "ot

OBn

O\FO
o ) 2
3JJ
@) O 0 © QP.,O
(OBn)z (OBn),
Hy, PA(OH),/C J
o o
H H o
N\)L /a;)‘fl Q _ NaoH__ \[(N\)LN N%NQ
o ln H
- ° Ol o)
R O\fo
(KKK ° 9
) Q 0 23 Lo—}%_%ﬁ’
(OH)z 8Ng)

Synthesis of (GGG)

(see Pharmaceutical Research 1993, 10(9), 1350-55.) To a solution of (UU) (1
5 mmol) and Proton Sponge (1 mmol) in dry CH,Cl, (10 mL) at 0 °C, is added a solution
of chloromethyl chloroformate (1 mmol) in dichloromethane (10 mL) dropwise. The
reaction mixture is stirred at room temperature overnight, washed with 1N HCI and

water, dried over MgSQy, filtered, and evaporated to yield (GGG).
Synthesis of (HHH)

10 A solution of (GGG) (1 mmol) and silver dibenzylphosphate (1.5 mmol) in dry
benzene (10 mL) is refluxed overnight. The reaction mixture is cooled, filtered,
washed with a saturated Na,COj3 solution, dried over MgSO,4 and evaporated to yield

(HHH).
Synthesis of (III)

15 To a solution of (HHH) (1 mmol) in 3:1 MeOH/H,0 (20 mL) at 0 °C is added a

solution of LiOH (5 mmol) in H,O (2.5 mL) dropwise. The reaction is covered with

-81 -



10The target conpound is prepared by essentially follow ng the procedure
for the conversion of (RR) to (SS) except (EEE) is used in place of (RR).
Synt hesi s of Conmpound 22 The target conpound is prepared by
essentially following the procedure for the conversion of (SS) to 19 except

FFF) i d i I f (SS). h 21 S hesi s, le 23
Syt hes: s SN ceeprebas Brbr iy T e SPoRas s ARER T8 80 by G MBS ) To a
sol uti on gituﬁawd)Nﬁ}cﬁsm))anaaﬂu@g%téﬁllrboﬁpw%fea(sé TP Thel gl BradjustaGd2 (10

m.) at 0 C, 1s added a sol'ution o oronmet hyl chloroformate” (1 nmol) in
di chl or omBtah8rie Witocald PNHClpwrdsthe rénBingesatids on colloctedrtey vasugmifilirattbrat r oom

t enperat ure oyverni ght, washed with 1N HC1L and water, dried over Mj804,
filtered, toaﬂﬁlde(\rui)porat ed to yield (G33. Synthesis of (HHH) 10A sol ution of
geee) gl ol ) _a&d silver di benzyl phosphate (1.5 mml) in dry benzene (10
m) is r e PYHAEE YV ght. The reaction mxture is cooled, filtered, washed
with a saturated Na2CO3 sol ution, dried over SO and evaporated to yield
(HHH) . Synt hesiThe &fregticpmpowrslis PEepaTsK i e@&}ﬁn&ﬁlli’(\/gqllhqwneathﬁm%dwﬁ for theMeOH H20

20 L i ' L i L}y H20 (2.5 nL
<(1Ir opw )seéthrg’gé rgr1 (gnac i oﬁ]) ?% égétée)%cgﬁt @nfq lrlﬁlu% iU WD) ( )
Synthesis of (KKK)

The target compound is prepared by essentially following the procedure for the

10 conversion of (RR) to (SS) except (J1J) is used in place of (RR).
Synthesis of Compound 23

The target compound is prepared by essentially following the procedure for the

conversion of (SS) to 19 except (KKK) is used in place of (SS).

Scheme 22: Synthesis of Example 24

0 Q g 9 yo 9 Cs,C0; TR o $
H
/¢N\:)J\08n M \n/N\_/U\” N\i_)J\OBn _E“_"E_» \[(N\)Lu N\i)J\OBn
o © >
3

H\j\
N
N
\[o]/ S DIEA/DCM O CNH o) N
o
A 3 5

(MMM)

H,
MeOH
Pd/C

g

o]

N N
15 24 O © (NNN) O

Synthesis of (LLL)

v § o 9 O BOP, HOBT, DIEA, DMF gy 9 b9
\n/N\;)J\N N\;)LN \[(N\‘/U\” N\E)LOH
o M o P § o ¢ o i
0 o2

The target compound (LLL) is obtained by essentially following the procedure
for the conversion of 2 to (RR) substituting compound (YY) [obtained via standard
methods of solution phase peptide synthesis] for compound 2 and chloroacetyl chloride

20  for dibenzylphosphoryl chloride.
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argon and stored at 5 C overnight. The reaction is quenched at 0 C by the
addition of saturated NH4C1L (50 nL) and diluted with cold water (150 nmi).
The pHis adjusted to 2 at O Cwith cold 6N HC1, and the resulting solids
are collected by vacuumfiltration to yield (I11). 5 Synthesis of (JJJ)
The targe? cg gy%%.i prepared by essentially follow ng the procedure for
the conver¥t&i* Dto (XX) except (I11) is used in place of (V.

Synt hesi s of ( i

The t d
essential |y foFPawpwaO%ﬁEG&rIad 5 r%iMﬁé‘% nah@r-l ?rrgﬁg%klse%d to (SS)
except (Jéd)cd, 1H§ﬁ&l fd?loWe@% er{dﬁl%)(l rﬁﬁ@f)hgﬁhﬁlgqg cSRIRRY NHiZRe The

target compound is p epar ed essentially’followng the procedure for the
conver si orf:action( i$SS)ymplete] 9T }wmeqmre (Kthékpoursd inde trinmampl wedhedfvithS3PAcSchenme 22:

nt he f LI-L et conpound (LLL
2 obtai nahe B REBefie av i eSh it ML et e S p AP ESTaP e on of
to (RR) syigRtddnpouR@ @emeund (YY) [obt ai ned via standard net hods of
sol ution phase pepti de synthe5|s] for conpound 2 and chl oroacetyl chloride

20for dlbgﬁﬁng chloride. Synthesis of W& To a solution of (LLL)
nol ) n{) at rt under argon is added Cs2C33 (1 mmol) foll owed

b d
C%mﬁ.’: Gre. The ?nﬂa{ TRL borgB s Blbphd O TARHAR Mo AEpREREI LIS o
The Et OAccinsegidnad (V¥R 1o N@’W@xc&bﬂ (MNVIBD,is ased iepaRebA{ed).under reduced
pressure to yield conpound (MW .

10 Synthesis of Compound 24

The target compound is prepared by essentially following the procedure for the
conversion of (WW) to (XX) except (NNN) is used in place of (WW).

Scheme 23: Synthesis of Example 25

o} o}
MOH H H
N\,JL /[i;\\,lk 800" % N\/J\ /[i;\\«J\oa paic \\W/N\/JL”/(i;;\TJkOH
0o = o X
O

DIEA/ DCM

O
t+BuO t-BuO

(YY) (000) (PPP)
)\JYRO BOP, HOBT,
HoN DIEA DMF
(C)
H 9 H @ o) TFA (neat)
\n/N\-)LN N\_/U\N - YN\/U\
:H R
O E o] \O fo)

HO {-| BuO
25 (QQQ)

15
Synthesis of (O0O0)

The target compound is prepared by essentially following the procedure for the
conversion of 2 to (RR) except (YY) is used in place of 2 and tert-butyl bromoacetate is

used in place of dibenzyl phosphoryl chloride.
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Synt hesi s of (IVNN) The target conpound is prepared by essentially
follow ng the procedure for the conversion of (W) to (WN except (MW is
used in place of (V). 10 Synthesis of Conpound 24 The target
conpound is prepared by essentially followi ng the procedure for the
conversion of ( to (XX) except (NNN) is used in place of (WN. Schene
23: Synthé@ﬂ@%éxg%ﬁgﬁble 25 Synt hesi s of (000) The target conpound is
prepared by essentially follow ng the procedure for the conversjion of 2 to
(RR) except (YVhe fazgetsemipoundi areparstl by eayeatialby following the piesaestienBei s used
in place Lbenzy i [ (PPP) The

t ar get co?r%)ngg%nsgg%l oéf(é)/r\@ng\gﬂ%cg@g?g{(?)g?l\l@(édﬁ%ﬂ{i‘)?%%%ﬁﬁ% procedure for the

conversi og Q V\) (WN except (000) is used in place of (W). Synthesis
of (QQ gﬁﬁ%”&é?égtigonpound is prepared by essentially follow ng the

procedure for the conversion of (VWN, to (XX). except PP) is used in place
of (WA. Synt h@g? argst C@Bﬁ?}}s\&‘r}apﬁ%md by essenﬁ*%ﬂ&éfoﬁlﬂg(fn%tﬂae@ ure £OIHE| ) wi t h

neat TFA {dQeftioh Wt&;&@@& PPPARQEE! inglaclofihavYFA under reduced
pressure see? Bié%?g. K®d< enfgﬁéttgr 1998&n30§i 283?88] af fords 25.

Synthesis of Compound 25

Treatment of (QQQ) (1 mmol) with neat TFA (10 mL) at 0 °C followed by
evaporation of the TFA under reduced pressure see: Bioorg. Med. Chem. Letter 1999,
10 9, 2283-88] affords 25.

Scheme 24: Synthesis of Example 26

o] o] 7N o] o]
H NaH H /¢H MeN  NH H H
N DMF N N (- N N
OB Y N OBn - N OB
/¢4 " - Y 7 H% — Y N Y, "
(oA O o) o .
W W 2 W

o
o~ OH Br\/\/ Br o

y ©
\ﬂ/ N \)J\ N
o = H = C52003 -
Ofs7>Br DMF °$1%Nj
(uu) (RRR) (sS8) N

Me

o Me

26
(€)

o) 0
H H
BT, DIEA, DMF
no D Ho9 0 BOP. HO \n/N\;/U\N N> on
\ﬂ/N\')LN N{LN o " oM.
o N oo o B

N
Me

Synthesis of (RRR)

15 To a solution of (UU) (1 mmol) in anhydrous DMF (10 mL) at rt is carefully
added NaH (1 mmol). After stirring for 0.5 hr, the mixture is treated with 1,3-
dibromopropane (1.2 mmol) and the reaction is stirred until complete. The solution is
then carefully quenched via the addition of saturated NH4Cl (1 mL) followed by
pouring the mixture into cold brine (10 mL). The resulting mixture is washed with

20  CH,Cl,, dried over MgSOQsy, filtered, and the solvent is evaporated under reduced
pressure to afford (RRR).
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Schenme 24: Synthesis of Exanple 26 Synthesis of (12.1M 15To a sol ution of
(W (1 mml) in anhydrous DVF (10 nmL) at rt is carefully added NaH (1
mol ). After stirring for 0.5 hr, the mxture is treated with 1, 3-

di bronmopropane (1.2 mmol) and the reaction is stirred until conplete. The
solution is }lhen gﬁ?fully guenched via the addition of saturated NHCl1 (1
m) fol | ot %{fg ng the mxture into cold brine (10 nL). The resulting
m xture is vvashed wi th 20CH2C12, drled ove S, élltered and the

sol vent is evapBraplionAfidtRREd mreD P salydrens ’%Méf(il der a8goR hesi s of

(SSS) To t rt under
argon is gs %dj&%i Fm%% fol OMWE%@EI%E %ér;%}rﬁgéésﬁ nol ) .
Stirring mmimaEhed @itido readtion if b@npletect’li}mrmmmr@mrtbérepmedrmm pringtamde i s then
poured_into brin wi th Et OA c is dried.ov MySOH4,
PrIt erba, vaedon BBt e d Tbhd s daectvs uesr Ty g o bbRig e S99)
Synt hesi sréa{wgd]ﬁlregsure to welJB&ng@ﬁﬂ gksspnpound is prepared by essentially
followi ng the proceduré for the conversion of (W) to (WN except (SSS) is

used in p )%;;esgfﬁ ). 10 Synthesis of Conpound 26 The target
conmpound I's prep by essentially follow ng the procedure for the

conversion of %Marge? C(g Xxgun%xi(s: %Pepar(ey[)-r)esée%tlgﬁ}? ﬂ)llo@mpé Ak %r CfedlngI’ the

conversion of (VV) to (WW) except (SSS) is used in place of (VV).
10 Synthesis of Compound 26

The target compound is prepared by essentially following the procedure for the

conversion of (WW) to (XX) except (TTT) is used in place of (WW).

Scheme 25: Synthesis of Example 27
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Schene 25: Synthesis of Exanple 27 (uUu 1) (W) 27 Synthesis of (VW)
The target conpound is prepared by essentially follow ng the procedure for
the conversion of (TT) to (UU) except N-acetyl serine is used in place of
(TT) and (UUU) [obtained via standard nmethods of solution phase peptide
synt hesi sl | useﬂqﬁg,place of 5serine benzyl ester. Synthesis of (WAWY)
The targe#wggﬁ%%o d i% prepared by essentially follow ng the procedure for

the conversion T%]; ta(rgelij)coglgo&r}évi)s p?%)%reé%tby(e\ég{e\{?tiah)sl foLifo%ané &e%r&% u?ef fog HxLeJ) '
conversion of (TT) to (UU) except N-acetyl serine is used in place of (TT) and (UUU)
[obtained via standard methods of solution phase peptide synthesis] is used in place of

5  serine benzyl ester.
Synthesis of (WWW)

The target compound is prepared by essentially following the procedure for the

conversion of (UU) to (VV) except (VVV) is used in place of (UU).

Synthesis of (XXX)

10 The target compound is prepared by essentially following the procedure for the
conversion of (VV) to (WW) except (WWW) is used in place of (VV).

Synthesis of (YYY)

The target compound is prepared by essentially following the procedure for the

conversion of (WW) to (XX) except (XXX) is used in place of (WW).
15  Synthesis of Compound 27

The target compound is prepared by essentially following the procedure for the

conversion of (XX) to 20 except (YYY) is used in place of (XX).
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Synthesis of Ru9 10The target conpound is prepared by essentially foll ow ng
the procedure for the conversion of (W) to (WN except (WWN is used in

pl ace of (VW). Synthesis of (YYY) The target conpound is prepared by
essentially follomjng t he procedure for the conversion of (VW to (XX

except ( IS e of 15 Synt hesis of Conpound 27
The targe cc%ﬁ%%ﬁ SYW%C%§%§§¥%ﬂﬂ%y essentlally follomﬁng t he procedure for

the conversion of (XX) to 20 except (YYY) is used in place of ( . Schene
26: Synthesis of nple 2 I H2%&5g§&5021c EtOAc
\H/N\)L \)LN ° DIEA / DCM

: H
(6] N (0] o
OH

(Bno)z
2z Yo 2z2)

H,, Pd(OH),/C
EtOAC

Synthesis of (ZZZ)

5 The target compound is prepared by essentially following the procedure for the

conversion of 2 to (RR) except 27 is used in place of 2.
Synthesis of (AAAA)

The target compound is prepared by essentially following the procedure for the

conversion of (RR) to (SS) except (ZZZ) is used in place of (RR).

10 Synthesis of Compound 28

The target compound is prepared by essentially following the procedure for the

conversion of (SS) to 19 except (AAAA) is used in place of (SS).
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Synt hesis of (ZZZ) 5The target conpound is prepared by essentially

follow ng the procedure for the conversion of 2 to (RR) except 27 is used
in place of 2. Synthesis of (AAAA) The target conpound is prepared by
essentially foll ow ng the procedure for the conversion of (RR) to (SS)

except (ZZ2) is n.place of (RR). 10 Synthesis of Conpound 28

The target® ‘Hﬁﬁgﬂmgyﬁg 1% essential Iy fol l owing the procedure for
the conversion of (SS) to 19 except (AAAA) is used in place of (SS).

Scheme 27: Synthegis of Exg{r/pl e 29 Synthesis of (BBBB) The target
conmpound is pr p r y esgenti aII olfl qwfﬁg tgﬁopr efune \gﬁhe 5
conver si orﬁﬁ) %d\6ﬂ\)‘€BI‘_L . \JL SB) e

Synt hesi s \@ HE ¢ ar°g °COITPO Qpﬂ epar °by es&@i ally
fol | owi ng the proced for the con\:/%r STMaTy (LLL) to (cRYCe ( BBBB)
is used in place™ (LLL) and norph3 I|ne s used in pl ace of piperidine. 10

Synt hesi s of (DDDD) The target conpound is prepared by essentially
followi ng the procedure for the conversion of (MW tde{NNN) except (CCCC)
is used in place of (MW). PaC

g g 0 BOP, HOBT, DIEA, DMF Ho§ H 7
\n/N\:)LN N\;/U\N , HOBT, DIEA, \n/N\:/”\N N A,
RN Ho 3 H & L Rl
< O o < U
(\N HoN
o/ 0

© (DDDD)

Synthesis of (BBBB)

The target compound is prepared by essentially following the procedure for the
5  conversion of (YY) to (LLL) except (VVV) is used in place of (SS).

Synthesis of (CCCC)

The target compound is prepared by essentially following the procedure for the
conversion of (LLL) to (MMM) except (BBBB) is used in place of (LLL) and

morpholine is used in place of piperidine.
10 Synthesis of (DDDD)

The target compound is prepared by essentially following the procedure for the
conversion of (MMM) to (NNN) except (CCCC) is used in place of (MMM).

Synthesis of Compound 29

Compound (WW) is prepared by essentially following the procedure for the
15  conversion of (WW) to (XX) except (DDDD) is used in place of (WW).

Equivalents

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

than routine experimentation, numerous equivalents to the compounds and methods of
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Synt hesi s of Conmpound 29 Compound (WN is prepared by
essentially follow ng the procedure for the 15 conversion of (WN to (XX
except (DDDD) is used in place of (WN. Equivalents Those skilled in
the art wll recogni ze, or be able to ascertain using no nore than routine

experi nment at | o s equ lents to the co S a d t hods of use
t her eof d&¥c Ffﬁg fﬁ@? er%c‘ﬁuémﬁ%@i@magea?@l{%fﬁﬁﬂj@ DR Phin the
scope of Hhit fvbMuenNhb e mre@rb%/tﬁtgi’(ﬁfo%é)é’laﬁﬂe fol I owi ng C| ai ns. Al l
of the above- C|ted references and publications are hereby incorporated by

reference. CLA| a (1)
or a phar rraceutl cal eyabgg%g%?&ﬁﬁ?%@@%?%@ﬁﬁ(ﬂ%?% SS%Ar%ere ﬁchﬁpo@ﬂEd;lé% i's

i ndependendférynan aromati c or heteroaromatic group optionally substi tut ed
with 1-4 substituents; 10L is selected fromO0--0, C=S, and SO2; Xi s
selected fromO0O, S, NH, and NNC _6alkyl; Y is absent or is selected from
C=0 and S@2; Z is absent or is C _6al kyl;
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R, R2, and R3 are each independently selected fromC . 6al kyl,

C _6hydroxyal kyl , 156al koxyal kyl, aryl, and Ch6aral kyl, any of which is
optionally substituted with one or nore of am de, am ne, carboxylic acid
(or a salt thereof), ester, thiol, or thioether substituents; R4 is

N(12. 5)LLAIMS Rs is selected from hydrogen, OH, Cl_6aral kyl-Y-, and
Chéal kyl - Y-; R6 is selected from 0127, C2 6al kenyl, Ar-Y-,
carbocyclyl, and heterocyclyl; and 20R7 and R8 are |ndependently sel ect ed
from hydrogen and C _6al kyl . 2. The conmpound of claiml1, or a

phar mackw compdbynddeyaptadtuvetisadf formelagtif), ona@raEhacoKticallyceatablRsalt and R3
are pengent |y selected fromC _6alkyl and G _6arallcyl. 25 3. The
npgoun 6P

co claim2, or a pharmaceutically acceptable salt thereof, wherein
RI and R3 are both Cl_6al kyl; R2is C .6aral kyl; and R7 and BY are

i ndependent |y sel ect ed from drogen and_nget hyl . 4. The conpound of ‘claim
3, or a pharnaceuticdf pt abkg sal tlxthereofs, Wwherein R and 123 are

gXe both hydrogen. 5.
'ceptable salt thereof,
wherein R5 is 5 oge' s Ar-Y-. 6. The
conpound of cIa|n15 or phar faceutital ly ceptable salt thereof, wherein
each Ar is independentl| y el ecped fr ‘phenQ), i ndol yl, benzof uranyl,

napht hyl , quinolinyl, quinolony pirenyl, pyridyl, and pyrazyl. 10 7. The
conpound of claim®6, or a phar Sically acceptabl e salt thereof, wherein
Ar is substituted with Ar-Q, wherein Qis selected froma direct bond,

-0-, and C el kyl . 8. The conpound of claim5, or a pharmaceutically
acceptable sﬂh@enhereof wherein Z is Cl_ 156a|ky| 9. The conpound of

nglS[nl '?ut Ce)(rtl %CB%‘%B\? ’Tgr?t %%‘ég‘%‘%%ﬁ?h& %ﬁlc&naltt &g)fOptMglrl]}gr maceu | cally
accept aRite 1s43§dbsﬁtlaem§;of , Wherein Ar is phenyl.
10 L is selected from C=0, C=S, and SO;;
X is selected from O, S, NH, and N-C;.galkyl;
Y is absent or is selected from C=0 and SO;;
Z is absent or is Cjsalkyl;
R, R?, and R? are each independently selected from Cy.galkyl, C.shydroxyalkyl, C;.

both isobutyl, R2 is

[and R
The conpound of cI i

henyIﬁEthyI '
or\a 4

15 ealkoxyalkyl, aryl, and C;¢aralkyl, any of which is optionally substituted with one or more of
amide, amine, carboxylic acid (or a salt thereof), ester, thiol, or thioether substituents;
R*is N(R®)L-Z-R%;
R’ is selected from hydrogen, OH, C,garalkyl-Y-, and C;.¢alkyl-Y-;
R® is selected from OR’, C,alkenyl, Ar-Y-, carbocyclyl, and heterogyclyl; and
20 R’ and R® are independently selected from hydrogen and Cjgalkyl.

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein X is O;

R!, R?, and R® are independently selected from C.galkyl and C;.garalkyl.
25 3. The compound of claim 2, or a pharmaceutically acceptable salt thereof, wherein’ R! and R®

are both Cygalkyl; R?is Cy.¢aralkyl; and R’ and R® are independently selected from hydrogen
and methyl.
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11. The compound of claim4, or a pharmaceutically acceptable salt thereof,
wherein R5 is hydrogen, L is C=0 or 502, Z is absent, and R6 is sel ected
fromAr-Y and heterocyclyl. 25 12. The conpound of cI aim1l, or

har nac |caII table s thereo wher electe fr
P e oo e At g it B AR HAS A EARF sal thergaf S gﬁrﬁaﬁgﬁ% of
C|a'”‘%&eb&%iﬁﬂﬂ@ﬁrﬁaﬁSMEbﬂﬁkhﬁdQ&H@ﬁ%ﬁb@?a%ﬁ&hh%?&b@@ﬁ mhere|n R6 is 30

Ar-Y and Ar is sélected from phenyl, indolyl, benzoftranyl, naphthyl,
qui nol i nyl, qui nol onyl, thienyl, pyrldyl and pyrazyl 14. The conpound of

o 5,186 BoBRRL TR eGSR Bl SR PTG

The 5corﬂ3qngd,noL lgzdjaorar.‘gﬁ)z, Q{d n6 igba{‘fraceut ically accept able salt ther eof
wherein C 6al kenyl is a substituted vinyl group. 516. The conpound of clalm

15, or a pharmaceutically acceptable salt thereof, wherein the substituent

is an

o e SrIShRL R0 91 Whatfsee Sy DA S SLB iRl A
pheny! igimicperaiehilpselbdtyd fromslichyll adiolyltbenofueangl, splsthyll geinbinyl10 18. A
phar maceut i cal nposi t.i on conprlﬁlng a conmpound of claim1l or a

phar macetql %)H@“%b@ﬁ’f‘ﬁﬂb adkpyrezilner eof, and a phar maceutical |y acceptabl e
carfgier. 19. A nethod of inhibiting an N-terminal nucl eophi | e hydrol ase,
wherein said inhibitor 15inhibits a chynotrypsin-like activity of said 20S
pr ot eashrithewheposmd of dlaini Gidrarphasngreesedly aateptable salt thereof, wherein Ar is

substituted with Ar-Q-, wherein Q is selected from a direct bond, -O-, and C,.¢alkyl.

8. The compound of claim 5, or a pharmaceutically acceptable salt thereof, wherein Z is C;.
15  galkyl

9. The compound of claim 8, or a pharmaceutically acceptable salt thereof, wherein Z is

substituted with Ar.

20 10. The compound of claim 9, or a pharmaceutically acceptable salt thereof, wherein Ar is

phenyl.

11. The compound of claim 4, or a pharmaceutically acceptable salt thereof, wherein R’ is
hydrogen, L is C=0 or SO,, Z is absent, and R® is selected from Ar-Y and heterocyclyl.

25
12. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein R® is

selected from chromonyl, chromanyl, morpholino, and piperidinyl.

13. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein RS is
30 Ar-Y and Ar is selected from phenyl, indolyl, benzofuranyl, naphthyl, quinolinyl, quinolonyl,
thienyl, pyridyl, and pyrazyl.

14. The compound of claim 4, or a pharmaceutically acceptable salt thereof, wherein R’ is
hydrogen, L is C=0 or SO,, Z is absent, and R®is Cy.salkenyl.
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concentrations bel ow about 5RM and does not inhibit trypsin-like activity
or PGPH activity of said 20S proteasone when said inhibitor is present at
concentrations bel ow about 5RM conprising contacting the N-term nal
nucl eophi |l e hydrol ase with a conpound of claim1 or a pharmaceutically
acceptabl e salt thereof or a composition of claim18. 20

15. The compound of claim 14, or a pharmaccutically accceptable salt thercof, wherein C,.

calkenyl is a substituted vinyl group.

5 16. The compound of claim 15, or a pharmaceutically acceptable salt thereof, wherein the

substituent is an aryl or heteroaryl group.

17. The compound of claim 16, or a pharmaceutically acceptable salt thereof, wherein the
substituent is a phenyl group optionally substituted with 1 to 4 substituents.

10

18. A pharmaceutical composition comprising a compound of claim 1 or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

19. A method of inhibiting an N-terminal nucleophile hydrolase, wherein said inhibitor

15  inhibits a chymotrypsin-like activity of said 20S proteasome when said inhibitor is present at
concentrations below about 5uM, and does not inhibit trypsin-like activity or PGPH activity
of said 20S proteasome when said inhibitor is present at concentrations below about SuM,
comprising contacting the N-terminal nucleophile hydrolase with a compound of claim 1 or a

pharmaceutically acceptable salt thereof or a composition of claim 18.

20
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