WD 2006/ 063154 PCTI US2005/ 044451 COWVPCSI TI ON FOR PROTEASOME | NHI BI TI ON
Cross-Reference to Related Applications This application clains the benefit
of U S. Ryvowoes/messht Application No. 60/634,366, 5 fil esdchPasesBdoisgs 2004,
and U.S. Provisional Application No. 60/655,930 filed February 23, 2005,
the specifications of which are hereby incorporated by reference in their
entirety. Background Ofcog%ﬁ?c‘/b?%h O@f,sop@oﬁgﬁg%blhas been validated as
a therapeutic target, enonstrate by he 10 recent FDA approval of
bortezom b, a borom c aC| d proteasone inhibitor, for the treatnment of

mul tiple ssyReferange to-Related Agpliegtions hi ghl y prot easonme-specific inhibitors

that could havths p@ gaa&%elﬁné'tﬂeoeﬁéﬁt%@y% b?o\c?slcrngp&ggﬂcxtl&.qe@ c083£86ded.

These conpounds i nc epoxy ketones such as epoxom cin and
pept i de 5( b)fjlediogrembirety 20@14 amSU SPBrogistonlg\rplicateg Nop 9655, %3¢ fdeshiebmtasy of whi ch

are hereby jhn p r in US
Provi si onal2I3 ﬁ% 1@‘[{;@5 e%ﬁic%%o'n'é g%/%@ggg%%égﬁﬁgg‘g%&?/ b%?éﬁ%%%,lgt geggﬁ?ént s of
which are hereby |ncorporat ed by reference. However, the | ow agueous

sol ubi I'i 'tyr@ccwrt"ﬂngﬁﬂhﬁtalf’ wgorrpounds makes it di Ffi cult to formul ate

conpositio Iroavailability. Thus, additional nethods of
formul ati ng pepfhe progpmuye has bemesalidatel aﬁeehkea:beutchl@rg&Jmnsﬁ‘ath‘lB’ thewvent i on

| t has ow bee und that. t he rot eas b| t such as
t he ti d%ceB'BFJ% al’(‘gf"b‘"’l%gb%gﬁ?mgeu%é?m Bré) APae ‘g;ﬁ? i uhgttrt?fguens? Mor

defini t [ Onﬁ)fﬁrﬁlﬂmﬂé’lﬂﬁﬁomaEHb\ivde& oﬂfeEmpfedﬂglﬂyeﬁrotelasoﬁeenppmﬂc ahibitGrsohyp 1,
respectively

.1 S significant nhanced fqr ted with.a
cycl odext r icakﬂdélqu %wgrntgmg ﬁ@s aff % ave feﬁ%pﬂﬁ'r 8%%?1‘3[5“%}?51; lﬁﬁ?ss ﬁoxflgougds include
phar maceut igeptideGpoBOGdeOsuch Baépoxbx’ﬁﬁzhuﬂle PeideBy; ddscratieldyin UI’SS (Dhtﬁiitll‘a)

pr ot easone | nhi b| tor, a cycl xtrin and o t| o ally a buf
phar maceutl%ga?’l1 088%@an5r9§“§1y§a&f‘a}}qri}3y|ﬂﬂfe Yoraree é P‘??Hfi‘f éyeffectl ve
amount @f  f&heibed fﬂt@gsﬂﬂﬁsﬂoﬁm fiction ﬁo%O/SGM@)‘% Jeled®lay Of 0@ Shé bhtetsf ect s of

neur odegener ative disease (such as Al zheiner's disease), i mmunol gi cal
condi ti ons,° msc@a@lwa@ty.lmwaé@a%@fere@a%cléffwevs’@ ﬂt?H?‘éSﬁﬂ‘%PoPWé‘@Ell%ﬂg

di seases, fEMehf hBUIShBosHds BRARS it AANET YRfohRMate REKYS&SitidNs With op@asl/ or fasting,
anong ot hers when adm nistered to a patient. In another aspect, the

i nventi on pesviitiedita s, agditienshmededs chf‘?iﬁtb‘éﬁ“ﬂg BeRside pRaXy Keiepgsgrnegded
therapeutical ly effect anpunt of a proteasone inhibitor, a cyclodextrin and
optionally a buffer. 4

20  Summary of the Invention

It has now been found that the solubility of proteasome inhibitors, such as the
peptide epoxy ketones peptide (a) and peptide (b) (structures or definitions for these
peptides are provided in Group 3 and Group 1, respectively), is significantly enhanced when
formulated with a cyclodextrin.

25 In one embodiment, the present invention is a pharmaceutical composition that
includes a practically insoluble proteasome inhibitor, a cyclodextrin and optionally a buffer.
Such pharmaceutical compositions typically include a pharmaceutically effective amount of
the proteasbme inhibitor, e.g., which ameliorates the effects of neurodegenerative disease
(such as Alzheimer’s disease), immunological conditions, muscle-wasting diseases, cancer,

30 chronic infectious diseases, fever, muscle disease, denervation, nerve injury, and/or fasting,

among others, when administered to a patient.

In another aspect, the invention provides anti-inflammatory compositions that
include a therapeutically effect amount of a proteasome inhibitor, a cyclodextrin and

optionally a buffer.
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WD 21) 1) 611) 63154 PCTI US211115 /114 4 4 51 |n another aspect, the

i nvention provides nethods that involve adm nistering to or contacting a
subj ect, woeeddas3m4t i ssue, an organ or an organi sm wi t hpam/stdsotisse anount
of a conposition conprising one or nore proteasone inhibitors disclosed
herein. These nethods include, but are not limted to, inhibiting or
reducing HV i nflééf‘?tb?f aﬁwcht@dfﬂ)‘feéﬁ?l} prgvidesiracthods ghat inolve pdiminisfering taadr gene
expr essi on gdnRtspPhdedc, a3kl s, Jnhﬁga\ﬁa&la%bgtafﬁfsm%{h' ag%%&iv RERLAIES
produced by the proteasome in an organism determ ning et Rer arCef ul ar,
devel oprrent SAMPogiiop FYEPTISINgfine 81 mprePE@easome inbihitorstdisclpseirhenigaftiesen i s

regul at ed bieihbas infih@d StlaVd ot iAGED ¥ i i o v dr ol ase;
treating A zﬁei,ma"rl' s di seaase0 iln a su j}{l.é)g{nfg%r ?eggﬁlégﬁg\ahgée&% %a %‘gjeﬁﬁuscl e

pr ot ei n Yegahes baldvel of virel dene expehssipmiy a dubjectatleriog thervariety of ntigaric 10
protein degsAdalsi Lyl g : [ rate of 3 .brot ej n degradation
in a cell; g6ei%nhisl£’i ﬁ“ﬁ%ﬁ t%htg(‘E IIr0 g\e}v{oﬁ%g?hgg?%}%}j’a%ge g‘énﬁggvé egpefﬁcglugﬂﬁ’bj ect;

i nhi bi ting developmentgly erpbpsielbgioal pravess or oeblt;in supades istggilited byniene syst em

of a subje Ftions. sych as .septic s k, psoriasis, graft
rejection, Cﬁar(r)\'ggly ﬁceﬁcrtrlg%?fof B %}airkh&"‘ssl¥d%?lﬁsl‘?i ‘B?ag‘f‘%g?zﬁﬂgleéga@ﬁ}sﬁﬂ’a& 48Kk n an
organi sm rredusdigribe tateeofmomntle ptotaid dégradifor in adelt;atducin@UisCh® of Ait@adufk

subj ect;, af i . cyclin-dependent eukaryoti.c cel| cycles; treating
prol i f et i%gtg%'idggrgéagloflnn cesr?lu ej%g‘é?g, &‘ﬁﬁt%i}{ﬁasﬁé’mtﬁpg?%% nfssindent

regul ati on ioffibiting dergodveth S p33Arehited@hhcerstin @ 3iitjAg iAARGRE ardigeNbfRsdnfhtign inSH/bj ect ;

treating p53;rel ated optosis in a,.subject; and_ screening proteins
processed gﬁllﬂupgrgsrsmgﬁgq IPFH’E}B’F SEHR PEA 08P YE-§s Ganditipng sychiap Septipghackyent i on,

i n anot her aemist graft scjetiionahe theliatoRIlirGaAlis) ORMIbARS 1EDaldeiRe il & 20
phar maceut i cal gﬁn‘?ﬁdﬁ?ﬂ tion disclosed herein. Qther features and advant ages

of the i nvé¥¥" ng the gomient of NFkEoimarcalh museletiganger suleiecti affsetintescri pti on
and fram t kecli-@dpeidenuk &l odaRa it 88atRE ploliterkd @M LLs it ing oS
the sol ubili t%/?éof pept i dggl(g}l)é _atcyvari ous.Eg_H va{I ues ?i n équsel%LegH%ggionnﬁwl V)
sul f obut yl PEYfAsP™ -gfpgn@gp{;{eg bty ofrpngappiteins inya oell; travtinpetingangodvth at @

sol utions. subje@utreating $9308RtciRBoREICAALAYE L i ; L0 Gy N
aqueous 10% (w V) ]%B%%D/ 15 nﬁ/?lgodi um t("i:tligt rt’at gg(grg‘%dﬁr%e%é@n%@%?&fs%yn@q\ét
various pHrangbauclepphisdiydrolases ipaseli pti on Phar maceutical conpositions of
the invention include a practically insoluble proteasonme inhibitor, a
cycl odextrin andoiBYsniaa ip gnothes aspegt is dirpetego2getins) BEReShati@lndes 11115 / 114

4 4 5120 pharmaceutical composition disclosed herein.

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

detailed description and from the claims.

Brief Description of the Drawings
25 Figure 1 shows the solubility of peptide (a) at various pH values in aqueous 10%
(w/v) sulfobutyl ether beta-cyclodextrin (SBECD )/ 10 mM sodium citrate solutions.

Figure 2 shows the percentage of peptide (a) remaining in aqueous 10% (w/v)

SBECD/10 mM sodium citrate solutions over time at various pH values.

30  Detailed Description
Pharmaceutical compositions of the invention include a practically insoluble

proteasome inhibitor, a cyclodextrin and optionally a buffer.



The amount of proteasone inhibitor that can be solubilized is dependent on
several paraneters. One such paraneter is pH As shown in Figure 1, higher

pH resul twoi2ooquasrser sol ubility of a basic conpound, ardtiuse@s/opHdswoul d be
expected to decrease solubility of an acidic conmpound, as is well known in

the art. However, a pH should be selected t provide suitable stability
of the proteasowke amdnbpfRspteasppp intbibitopthat Caf‘%ﬁé‘?l“lﬁﬁl‘?dé%ﬁpﬁ hlen Y¥EReased

chem cal stabhlity i seéhepa%% W‘W@ﬂm“ﬂﬁn gmﬂshfgﬁéﬁﬂ{ febuligptcger2. The
effects of "'pH on a conmpound' s Stabl|lt¥ solubility can be readily

det er ni ned selgbitity ofmén@ﬁ@d@nmuaélay “ﬁwidrhs expectedrie) d%ﬁr%aé? Wity ef ei n. For
fornul at | Ogﬁ églc%mﬁcgﬂ?d%%é §E1EfhowAn %erﬁ?tmﬁywevérhﬁgﬂ Hldu$d Ws%fe@t%@m y from pH

2.5 to pH ositions of the invention primary source
of pH cént polvidesuitdide stMiWeftheWaéﬁM iphibitere Fouexagple, QO“GF Bgé"?fPlt%a‘él an acid

or a base and i n n nbodi nment ,
t he range g? Crf)as% %hrel%néga}l%a% ﬁtyl?)%li s%lb m Bc}g gra(g#h%gﬁaﬁtli\}véedg?ﬁ ?%% mv] nost
preferenti afﬂagts afiydlion 4 Gonngdud’ s stalplifycindl mlmllmmmh%readlhedewmmq@ ugifg buffer is

| ected t d t.h t Th
15 concent PATBh GELppras R G chEbdPsThhEl. TEFRRRMAPIOR ARl V1

chosen to @ ¥Mamanpl, |t}ijhaakeiemlﬂyﬁbmsﬂ{215|tdeﬂ9 and stability. Exanples of

Sui tabl buffers include aci ds and al k salts
(e.g., d| um Eb‘f‘%fl?’s‘ioﬂ’r?f% toﬁg‘eé’bvﬁf’h‘bnahjg PHEEY S e 3 ﬁglc):llltg;g S?ﬁech as
sodi um t ar gk T3pidallys @dibuliecs presdneas ziﬁheldprrefbesreraad 1tb ucsrﬁ@ata tmses@acidm
citrate/citric acid, 20 cl.odextrins o pha-,
beta- and @%?ﬁ?Fé‘VE]VCF’b‘H@f%f’PWmePWhe(S‘H@GQ 'ggﬁrlﬁ%ﬁattlsgﬂgaw\@’l%%&gm la| nis
either a syb@lebd 5450 ¢hM mosd PreSeidiitily aoall QbY@ sutidxXdmiutationd) ieseantnt dfor

example, at from5-20% (wyv). In a certal enbodj nme ef erred anount
of a cycl odulferis pelsciedipBroducedbis EWW)“M‘P’F\& STOI‘?B?‘“HP@%&P?%’S Eiﬁf‘bodl ment, the

cycl odgxt r 'cBndeﬁtratﬁkn%FQﬁfér b @6 pB-ot WRlsERB 4k Bdvadiabedubly th&dn ey@bodext ri ns
increase the solubility of the 25 cyclodextrin and mtigate toxic effects-

associ at ed opiimpl hahaeaefisplubiistrndyPdi@ext ri ns.  Exanpl es of substituted

, 3-cycl odextri nExérﬁkﬁéé&%uﬁ%@ﬁﬁfﬁfébﬂ&&%&ﬁ@é‘&aeﬂd"&ﬂQranMI(ﬁx mbByianphi | i c
groups, such as nonosaccharide (e gl ucosyl, nal tosy%(i car boxyal kyl
1

(e.g., cafbpxyddinm, mytassum)rqiébmﬁgm basgphveakaside yrchagsedivm farge pd .
hydr oxyet hﬁl)dlm% it T YR lb)»lff@ﬂgs&llﬁllﬁ ehiiRL RgE - substi tut ed

bet a-cycl odextrin. Particularly suitable 30 beta-cycl odextrins include
hydr oxy20r opy| bEyeledsxtring ¢éshe invantiaspsdnie alphd-, detkf Bldgapmatdyelodextrin. In

e oL o0 RO O b R i e st oo
substi t ut i @restnt, foyenaopleo it foongf-A0BI W/ Qubha @staall ekl}bIOélmW, the mqumquv‘s
aqueous sol lflglc)lfclltg&éxtt% 19 ellbso{J H)n)}o Pvg/v)t }1 Qé{f;gr%ge%&eta%gl% 5'1911ent, the cyclodextrin is
a substituted B-cyclodextrin. Substituted cyclodextrins increase the solubility of the
25  cyclodextrin and mitigate toxic effects associated with unsubstituted cyclodextrins.
Examples of substituted B-cyclodextrins include those substituted with one or more
hydrophilic groups, such as monosaccharide (e.g., glucosyl, maltosyl), carboxyalkyl (e.g.,
carboxylmethyl, carboxyethyl), hydroxyalkyl-substituted (e.g., hydroxyethyl, 2-
hydroxypropyl) and sulfoalkylether-substituted beta-cyclodextrin. Particularly suitable
30  beta-cyclodextrins include hydroxypropyl beta-cyclodextrin (HPBCD) and sulfobutylether
beta-cyclodextrin (SBECD), preferentially SBECD. However, it is understood that
typically any substitution to the cyclodextrin, including substitution by hydrophobic groups
such as alkyls, will improve its aqueous solubility By disrupting the hydrogen-bonding
network within the crystal lattice of the solid cyclodextrin, thereby lowering the lattice
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network within the crystal lattice of the solid cyclodextrin, thereby

| owering the lattice -3 WO 2006/ 063154 PCT/ US2005/ 044451 energy of the
solid. Thwodewwmsisef substitution is not believed to bepcriuscaalogsasbDVEVEr,
the degree of substitution is advantageously at |least 1% and typically 2%
to 10% such as 3%to 6% One particular enbodi nent of this invention is a
phﬁr gaceut efcgy dfandRliat i/m?de?g;@wpmﬂsﬁiuﬁgm it nbﬂ:)e'ﬁewfaﬁ/tdi’rbe aftical; hdsmveaﬂmre
inhibitor, 5%tao 25% (W y) of a c Xtrjn suc, CDand5
MM to 20 rikese of spesfi Pn&a&&ﬂﬁﬂgﬁ@‘Y 5 %E?aétr”&b‘zﬁm’m P & 10t E‘B‘O e.g.,
a solutionggf 2 ng/mM of a proteasone inhibitor (peptide (a)), O%(w/v)
SBECD, 10 mM sodiumcitrate, pH 3.5. 10 Proteasone | nhllgt:qtors Sui t abl e

pr ot easone i nhi 8¢ ?ﬁ’%"“%ﬁf“lb?@ﬁ‘fe%frqf@‘i W&%‘E‘OW%W}’@WFHW EnYation; di ne

noi et es, %ﬁ% 1%@%{4 fn ofh §:oteE’s%hﬁnﬁh1€m§3s%Q%w Blo@okini QoR!
Appl i cation S. ril 15, 2004, 60/565 096, filed My

60/ 265390, rr@g
7, 2004, 6@¥ HB%CQ%SBﬁﬂDe@dpmMI@N otz bugfyr presuqina pH of akpuiel) 317, 2004,

O oo coamd ! o.s Sn A0 Qs i e ety o 008,

60/ 610, 1598BECDebI0®é/b§@m'e¢1trm,,Pf2®é4 60/ 620, 573, fi I ed Cct ober 20, 2004,
and 60/634, 366, filed Decenber 7, 2004, the contents of which are

i ncorporated herein by reference. In each of the follow ng groups, the
val ues 10or PvaedsoueIniiiitets es (e.g., for R, etc.) 20 are understood to be

consistent wit h&ultagle &%%)mg Fn%gzytgls a?tlcfu?aily%%e Wltﬂléﬁ%)é(gi ahd ’aZl%ﬁ)lEp 1) do not

apply to anot hef I'n"one e ment e proteasone
i nhi bi tor i®ieias, emcﬁescdrbed orU.8zPatérd 6,881, @Qihtndllhs riyovigdgnat dpplenatich Neshi ch

preferably &30 3o 3‘4 g;seﬁr PP Es. Bhos 6§B§§0§6° i et]?v[arf} PR SRLLRS L @LHW 10,

t hr ee- nenb iI’Ng- openi feaction’o
het er oat onmpo@N 6T, 0N, filed déay mmmr&mwmmg Auguﬁtai; 2004t 60/61D,008utked gr oups

2 car oo veeriarert R0ka A o SHREscbEnberls anlhbff Ry Sopdeer FHETPL &0 21

het er oat onpe@N 6@/ 10, ns» ﬁleﬂg)eptelﬁberlm, Floe 07620503, eMDEtb A 0,@00%iaht ( f or
exanple, via a 30 carhb tom . aor an al kenyl al k | 11 nk %%5 epoxi de
or aziridi A¥3HA% ﬁlﬁ’ﬁzgef:?‘]‘ 7 Zl‘ﬁé’ tﬁ‘E?WthS %3" l%ér%ﬁﬁﬂﬁ?fat%ﬂ%r%g f the
carbon at opgerhcet he heteroatom containing, three- membered ring. EWG
i nclude, for exanple, cyano, isocyano, nitro, am de, sul fonty I g
In each of thé following groups, the values for various m01etles (e.g., for R, etc. )
20  are understood to be consistent within a group, but values for one group (e.g., Group 1) do

not apply to another group (Group 9).

Group 1
In one embodiment, the proteasome inhibitor is an epoxide- or aziridine-containing
25  compound, which preferably contains groups proximate to the heteroatom-containing,
three-membered rings, such that a ring-opening reaction of the heteroatom-containing three-
membered ring is facilitated. Such groups include electron-withdrawing groups (E.-W.G.)
adjacent to (for example, at a carbon vicinal to a carbon atom of the three-membered,
heteroatom-containing ring), or in electronic communication with (for example, via a
30  carbon atom, or an alkenyl or alkynyl linkage), epoxide or aziridine functionalities. The
E.W.G. can be bonded to one of the carbon atoms of the heteroatom-containing, three-
membered ring. E.W.G. include, for example, cyano, isocyano, nitro, amide, sulfonyl, 5-
carboxy vinyl, sulfinyl, 8,8-dicyano vinyl, formyl, carboxyl, alkyloxy- and aryloxy-

carbonyl, 1-tetrazolyl, carbamoyl, sulfamoyl, carbonyl, sulfoxide groups, and halogenated
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carboxy vinyl, sulfinyl, 0,0-dicyano vinyl, fornyl, carboxyl, alkyloxy- and
aryl oxy- carbonyl, 1l-tetrazolyl, carbanoyl, sulfanoyl, carbonyl, sulfoxide
groups, amodbedegenated -4 WO 21)1)611) 63154 PCTI US211126T1/Uuk2ebsA444sb1l  or

di hal ogenat ed carbon atons such as -CHM—, -CXX' -, and -CRX- (where X and X

are independently sel ected hal ogens S n- coqt ai.Qj,n
subst i t uentr ditiplagngted cRYen atorgs %Cgéfl‘ R%Iﬁg K ﬂ%'%%%f'heée% 8% ’1%n some
preferred %Ii@ﬁé#d@fﬁi}tsélect@ HM&“gens %ndiRGs%i Mmﬁl-con@hﬂ:hg)sub@t\hdﬁt SehBs ﬂﬂi&pdl ment s,
it may be desirable to utilize E. that are of SIZ% char ge, BPa’la

r or

pol arity sahi piewbtaliysyland Sedie)- éPé‘éfP? B’ﬁfeérﬁ@ Fbogiments Wl(%éﬁaa‘iaﬂiﬁ’
char ged noi ?Ju es wthin an Ntn hydrolase. For exanple, an ionized

aspartate lutamate side chain can be present in the Nm . and interact
with, ahd st abi In seme empodimentsibManpe drgiraily mxt@#’o@ﬁv frieerm ofisige. Ragept i de

epoxi de. lﬂﬁé;%c%rﬂﬁ leﬂ‘ BCht t85htd tel@&%&%ah&mh 1ch§l|3r Mr%pc}ﬁré%%m&ﬁg i nteract

10 when enzy fors are bound resulting in increased
el ect r ophi Iwithirt an Nth hidrola@. Fosexrenpiepr icdized poritaieonglugapteiside chain eandiene

compounds Bave & KN nd WIELL QR!dnl ¥iaBifize, bR Blet Gk RREWIHE BRLAWDS: B OUP,

al ong vmthpeﬁox uecor-azi v unc ional’ groups. Par ar exanpl es are
peptide a' ,a@eptﬁh(epyxlkdatSnnhegroops q@emand anigh h¢lg” wathiwhich Y. Geppiméssacti n whi ch

the car fo two, of .th

o C AR s Ty e b ERy, G TREL ROl ClBRBPRKIIENRE
t he ket one car bpéme ﬁe;indmetgﬂldte@r pepide mimdmeccmmobnm havosketafe fuimgionality as
heteroatom cont ai ni ntg Fur.t. fu%t?ougrsgm an be bonded

in
to a' a'theelsoame %W‘%@‘H&Pd? 8%%%5%’(%? a3 lPe Foups, &T'Hel udi ng
met hyI etphyticulap&@mples aﬂ&q)eﬁtweyi ﬁgémpketoﬁs@up@thend@ehzirmm kemnes(, il carbons
can be further substltuted W t 0 al.o amn car
carbonyl , i thegrangiomsfomupg t“é‘f#dé %Feeé‘feﬁg’fag?gﬂ}et?ﬁg’f‘? ?faﬁzﬂ x?—”gr
exanpl g5 a aféadnl@wyhﬁmqw c&bOsTFrdathe ReoRy) BatEdle detbmdamontmbdnhed @'one ar bon
or via a linker, The linker can be C1,4 alk Ieneb C& %r@n%/%ene
al kynyl ene of Begprbopatome af the befprogtpm- ‘i?f‘taé[‘r‘r‘?%’lg’r erfe@bersd HB% Y P¥PScan be
part of a pephd GRddPbel Mr @Eﬁﬁ&ﬂdsﬁéh efsﬁ@ﬂiorgé}ﬁatﬂ Cmﬂﬁil%@dhp@fmdhli‘tﬁng methyl,
het er oat om cont ai nlqr;% hr ee- menbered ring th "cfﬁ ‘? c%
cont ai ni ng eHsL prapsl aERNRYS SEERS- @0%%94%}6? @‘oor BS%P&'PPné iC%fbb gher substipptede
| abel ed as Ry d1P %y,’hal%ggl §191nf00<'5atrlgbxy c’é‘fﬁohylpdhlo DefNg edtdtCarhidé st ctidrde chai n

adj acent to th car bei ng t he second, and so forth.
Opt i mi 28t i denctibnagitle chai ns for P 1, P2' and other positions can result in

CTEYTE 101 g 160551 ot b 408 il i o
chai n.s di seumked Thelidiencan be C,4 alkylene, Cy.s alkenylene, Cs.5 alkynyle%lle aryl, oxgge?l stae
sulfur, or amine. This carboxylic acid can be part of a peptide moiety extending from the o
carbon of the heteroatom-containing, three-membered ring. In this way, peptides containing
25  side chains can be constructed. Such side chains can be labeled as P1°, P2°, and so forth,
with P1° being the first side chain adjacent to the ¢ carbon, P2’ being the second, and so
forth. Optimization of side chains for P1’, P2’ and other positions can result in enzyme
inhibitors with desirable specificity, or desirable inhibition rates. Side chains for P1°, P2’
and so forth can be any of those side chains discussed herein.
30 In embodiments including such groups bonded to ¢’ carbons, the stereochemistry of
the o -carbon (that carbon forming a part of the epoxide or aziridine ring) can be (R) or (S).
The invention is based, in part, on the structure-function information disclosed herein,

which suggests the following preferred stereochemical relationships. Note that a preferred

compound may have a number of stereocenters having the indicated up-down (or 3-¢,
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30 In enbodi nents including such groups bonded to a' carbons, the
stereochem stry of the a'-carbon (that carbon formng a part of the
epoxi de owoasédiicsisae ring) can be (R) or (S). The invertirws2esohased, in
part, on the structure function information disclosed herein, which
suggests the fol | owi ng preferred stereochem cal relationships. Note that a
preferred B?fﬁ &.#a dramahiersin s above theglane of thepage) o8 Bt (E) @laﬁamhmg(ﬂtahs, itisdi cat ed

up- down (or n((t:ieq'%ured ﬂlaV&)e@Q‘%é(Q@ﬁéﬂﬂ thQIﬁty%chﬂén{l 1011? ?re‘?er €1 Q as

drawn herein is above the plane of the page) or re atlons ip (that
is, it is tore reEned epbodpugntse (e sipreaehemigiventithere’ mrbtnhe (Rb tipbisntdie Xotdror m t o

the prefer epges: shad ﬁ%}ané & thSABRCE ‘(%513%5 B&%%Q'Bagtv”ﬁ&feiamp'é the folloying,

stereochem stry of the a' carbon is

above the peeasE! gructural forpmiad ] dsmongtiates d peofirred stekratimmistioior gxanpl e, t he
follow ng GuamrkgsA. structural formula (1) denonstrates a preferred
stereochem stry for sone enbodi nents: H2C~-X Pepe-E WG R 1 where Xis
oxygen or an NH or N-al kyl group, EWG is an electron wthdrawi ng group
as 10 descri bed above, "peptjde" is a peptide as describe below, and Ris
a hydrogen atom a CIA al ky %*Qup, whi ch can be further substituted with
hydr oxy, hal ogen H‘I y, carbonyl, thio, sulfide, ester, am de or
et her functional P‘f‘% ¢ @rWste eRbodi ments, the X atom shoul d be confi gur ed
as above in order to facilitate interaction with an N-term nal

nucl eophi | i ¥hegg Sapoxyaerner ¥ N ratklyhgreup, FoW. @ iscamelag(ron withdrawiap lgtoap as

¢ er acky O Gloe NS padk A ich Ol W o 6o D PR S, RUPYRL Yol 1 £

pr ot easonme whi ch ead’ &1 nhi BiFtT on “appear acl
confi gur at iadgyl gtOIUB,sWhldtf@d balfigther substltuﬂaewuhhedroiy, bilbgem, hino hyifbory,ases, the

opposite st h tide e oxi de peptide
aziridi nes cﬁ%;?ﬁfl éﬁm §lh %er’ ?Jt% J;rﬁdg?rhee eéasép?qaf B'SIF Bﬁ?é‘tﬁ’ mbgdh ate“tshg %3' car bon
is substit Lntemslwutdtbetmﬁgwezﬂrasgbmwan ordsr to fMlithle gaéditiog withenN-exaRahem stry,

t he chiral on i s |n d, t he Cahn- | ngol d-Prel og
rul es for é’gflg(rgp?hulgl RE g]lnt @Vdﬁ@ﬁ e&%‘heé‘ﬁ‘inglt%’rVeﬁeir@blfzb‘?t?ré‘f/%’&s o§R&Ee 1 ul es
are ddscr iilhiebitoré with &waﬁﬁﬂkﬁ subumit@rf gas po itk ﬁhlbwleamnﬁﬂi@om 856bk; Jones
and Bartl ety - 77-178, which

section is t‘%‘t% goby ﬁ’% gé‘?s%FaglP'eﬂﬂ'ﬁvl\t@e‘?b&’%%éheseel’%g’fg{g@ g&wﬁql%?’yheof the a'
carbon is @ﬂ)osﬂb\@tﬁrebchﬁmmygeﬂle@lca%nl&)ﬂlﬂé@gﬁf&eléﬁ&lﬁég%r pipsle stiridhdsQhdyt ¥, the
pepti de- E. \4\{3 prefeqTr qup has second hi ghest priority, and
In the case illustrated above, the 3’ carbon is substituted with two hydrogen atoms.

20  Regarding the stereochemistry, the chiral o carbon is indicated with a star, and 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. The stereochemistry of the o carbon is (R) when the oxygen or

25  nitrogen has the highest priority, the peptide-E.W.G. group has second highest priority, and
the -CH;-X- group has third highest priority. If the relative priorities of the peptide-E.W.G,,

—CH,-X-, and R groups change, the nominal stereochemistry can change, but the essential

configuration of the groups can remain the same, for some preferred embodiments. That is,

referring to the general structure immediately above, peptide-E.W.G. is joined to the chiral
30 o carbon from the left, R is joined to the chiral o carbon from the right, and the X atom(s)

project(s) from the plane of the page. The nitrogen atom of an aziridine ring can also, in

principle, be chiral, as discussed in March, Advanced Organic Chemistry, 4™ Ed. (1992)
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the -CH2-X- group has third highest priority. If the relative priorities of
the peptide-E WG, -CH2-X-, and R groups change, the nom nal

st er eochewobespessa change, but the essential confi gur aciras2ak/otdas gr oups
can remain the sanme, for sone preferred enbodi mrents. That is, referring to

t he general structure inmmediately tide-E.WG is joined to the
chiral 30 avi %&PE&%‘W?%NFWWQ% 8Pt9865%8 ‘f}gP%EﬁarFH‘CPWQraé%hreE{ carbon from
the right, gedndhe X aton(s) project(s) fromthe plane of the page. The

nitrogen atom of an aziridine ring, can also, in rrncrg erhchrral as
di scussed i n MaFbhpeptigdeenoxisiss @@arﬂeezeﬁ‘érrf als¢ {peluge p peppide mp €6 WO

21)1) 611) 63 %ér&’%%%&édﬁo/trileJe‘fecf}oxflwﬁﬂdrawng%youbntmé E&idQQﬁlﬁde E‘d@&%e}{%ek pp.

98- 100, which pages are incorporated herein by reference, The peptide
epoxi ded orelepe@rwabdra»zrng igeiup @8d gysrtion o teerepndse ST erompis: etsyme‘Prréerreﬁe ptide

moi ety is lg%g&ﬁreh@ hOE. v@belﬁ 60030 ¥ O LA NG cRHoRY Bnit, ke Rendxhmpleade

between th ectron draw ng group and any portion of the pepti de.
For exanpl ¢he darbosy teempue pithe pebtiderbdléirmasivels, the V.6, aande bprdeg gmbieaming t he

termnal DIGHKRRNGE Hbho d?;ﬁpc{tﬁé efBEGiERIRNEE. W cah BE bGRIR RGeS Of

t he pepti de. ter nat ed to the amno termnus
of the pepthedeptidemaittyer enbodi nents, the EEWG can be bonded to a side

chai n t he pgpti.de i et i . bone
truct dPe it n” ERECoTRE Lcpeliaf” ﬁa%%%%%ﬁ%ﬂs \BESiR chERC AR JREL NS
each backbmlrne)aukhohe hmss &encrdBy, edvhibackhesowiitdiaca sidri: t:lhum aS§oc1a1¢d\htﬂug,h in sone

cases, the de . chain is enbo QL_every
backbone u ﬁﬂi’ouﬁgé’l W CLEE 6 P%g g%r q‘gr“déa i%c[j}’%en a&e[bt | é%er gse c{rﬁen@ mp btrde
epoxi des Ombagk®phd €t hadzn iidsﬁﬂla’t&!smdibaohemt \Reptizies nsefid ihpepkifoepexidad dirs)cptide sone

enbodi nents useful] for inhibict 150 trypsin-1ike tivity of

t he prot ea§6‘ﬁ‘€me%leatv€\é‘?é‘h°”f’8‘ﬁﬁelb h%/’ WBSE’BO‘HWW g“&fﬁ”ﬂ%@@@ and in
some prgf ech@foBphiadikee0T-$.) ﬁarwﬂfthe profdakiinid, aaweaeﬁowm eigmubacame si x
backbone units are present. In ather odr‘rﬁrg a{f{jﬂ B i nhj |t| ng t he
PGPH act i WPHSAIEPresshe aﬁ?&%&?@ﬁ"@"%’é’f‘&@ mep tt‘ono G146 At s are
present, anpf YabkbdROBnitsRESTEYehE dn BBOMUTEMtsluREfuAGPhibiitighhd PEGPH bet ween
three and six backbone units are 20 present. The sjde chains gxtendl ng from

the backbomeiivipiiof diepaeieaspras.habvesm v aixd eight backbone ugits arg prssept-iand ORE aci d

si de chai N$yerShaRnfbs dihedls IHEG HEPINMDIR) betWah ivbe 4l sBiTbddRbone ufids 46 OpY |
(valine), sec-butyl (isoleucine), iso-butyl (leucine), phenylnethyl

(phen_yIZQI amresedt, and the side chain constituting the amno acid proline.
The side chai nspfagadlinfs Qﬁe%*ﬁeﬁorﬁkﬂe%a&bﬁe #its can include natural aliphatic or

aromatic amino acid side chains, such as hydrogen (glycine), methyl (alanine), iso-propyl
(valine), sec-butyl (isoleucine), iso-butyl (leucine), phenylmethyl (phenylalanine), and the
side chain constituting the amino acid proline. The side chains can also be other aliphatic or
25  aromatic groups such as ethyl, n-propyl, n-butyl, -butyl, and aryl substituted dertvatives
such as 1-phenylethyl, 2-phenylethyl, (1-naphthyl)-methyl, (2-naphthyl)-methyl, 1-(1-
naphthyl)ethyl, 1-(2-naphthyl)ethyl, 2-(1-naphthyl)ethyl, 2-(2-naphthyl)ethyl, and similar
compounds. The aryl groups can be further substituted with C.alkyl groups, or substituted
alkyl groups, such as acetyl and the like, or further aryl groups, or substituted aryl groups,
30 such as benzoyl and the like. Heteroaryl and/or heterocyclyl groups can also be used as side
chain substituents. Heteroaryl groups include nitrogen-, oxygen-, and sulfur-containing aryl
groups such as thienyl, benzothienyl, naphthothienyl, thianthrenyl, furyl, pyranyl,
isobenzofuranyl, chromenyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, indolyl,

7.



25 aromatic groups such as ethyl, n-propyl, n-butyl, t-butyl, and aryl
substituted derivatives such as 1-phenylethyl, 2-phenylethyl,

(1- napht hwb)hoesaisBisls, (2- napht hyl)-nethyl, 1-(1- napht hylpretdsygéos/o44451

1-(2- naphthyl)ethyl, 2- (1 -naphthyl)ethyl 2- (2- napht hyl ) et hyl , and simlar

conmpounds. The ar an_be further su itute | kyl
groups, or PUIBY 9‘%@&1@ Lé&ﬁ?(@f - HPiSTRSECIyI RS %Fugﬁg‘tpfl‘rlléjl%ﬁlpteﬁémfs’l ke, or
further ar )ﬂynﬁﬁ&ﬂ@%orﬂfollﬁube&fahydjbﬁfhna]émbndgfl@uﬂﬁs, aﬁ&)thﬁlllxtkh as benzoy! and t he
| i ke. Heteroaryl and/or get er oc lﬁ% PPgrou s.can al so be used as si chain
substituents. odmegifpRolan oL chaerd TPYuSY e be 1p3RAyesd intofhe pepti ¢

sul f ur - contabiiGr péPtide aﬁﬁ@luébs P%H@;bmﬂﬂ?e hmuany bccuhﬁigZamlﬁu ﬁ-ﬁﬁélsuch as
naphthothlen |, thianthreny |sobenzofuranyl chronenyl ,

pyrrol yP, .hw@awmmmgwgzﬁmer) qswliﬁwpnta'ﬁmgé%ehﬁys) G2R 4B ijroduced, a3p

201) 611) 63154, BGIh-EREdhT dminb hdifls, Forkxahple RIFihd) ¥hmitfk] dilidhe, cf"sﬂge the like.
Het er ocycl yl %ﬂoups i ncl ude pi peri di ne pi perazi ne, pyrrolidine,

mor phol i ne,omi I}eanfFl@flmrairPthqf%éﬂ%@'éum IEReCUIEE Sidp ghaimabsitrents with sone
embodi ment %harg&i & pofik nﬁmggm a[s@%'e %ﬁﬁie&%ﬁ'chba‘% foPéfaﬁQ&bcéﬁi Cs Bk dnlis Bept i de

epoxi des or ptide aziridi nes. For exan’ﬁ , naturally occurfing am no

aci ds such stsﬁnSaltﬂ/ﬂpW@UmeaI poregydihey, shany ehairsdkgxyosulfide thig; carbewyhi ni ng
(MBt, Q65) oS30 oRSphd! b hinaTRountd sudbuBRicRR B4 A 4R PGS, [ of
exanpl e tauri hg Barniti ne, cit utPry ne, cystine, | ne, norl euci ne and
others. Norhalvgeruatarns. yIromrmﬂtfnrge(‘send@dmlmtsnthsmb&satllttaa@merlvgtc’hp present gead  or
pol ar noi etl $pan | so . be 1ncluded, such as, for exanple, C -C6 al kyl
chai ns or &}nOf%Fpeg’?t@ﬁm°1e\(/E\Xth one or nore hydroxy, short chain al koxy,
sul fide, thio, hasmwﬂbodmnssﬂaebackbm%hmre amdgonos |- NH-CDHRgI(eOM; inor such

substi t uent t ons n sorre preferred
enbodi rrentsﬁ’“‘tﬁﬁgfs d’ei %3 Cﬁlq §§'fh %ﬁ%‘“%??ﬂn %F Oge’b"?'édﬂét fin%mrala?' Vg8 chai n of
the pepti damim ®id/proline, Sstker abbastuntinb&uringeytackboderyuniiicacidsewlioh de uni ts
[-NH-CHR-C(=0Q)-], in i.ch .S, the sjde chain. Such a designation does
not exclud ﬂ?s]‘eﬁa%*ﬁ%e&mh%%g\iﬁ@} WdPeEL amino acid proline, or other

non- nat ur Sl Iby OﬁCMhé’rie?@o@MTélhisCth@%@bﬁiﬁruﬁltéﬁfb N@aﬁlagaat&sn%mmhhm& (fdMekdhm}hg b
recogni zed by those of ski rt,.ln other enbo nts, the backbone
units are R-BeRy]anddbe @ﬁ?@é@fmﬁaeﬂgloesr b&éfwﬁ @morﬁﬁw%@ﬁmevlﬁ@ 9%ke),

ol efinic anpmgbonild), Whiz61R a@M6eqin WHEISa RihAlEe BRiEPHoddk Q cisaPhAgestidaYn
ol efinic bonds), tetrazole analogs (in which a tetrazole ri % i nposes a

ci s- corfi gukedtariioneimonaymbinstionsaf seshdpckbpe inkagisn &t ptihethgrmbadimepadhtone
l'inkages. it dcld o-8drb&f is fI50ARHE B BlaBey] 5ubStituddH, ﬁﬁeﬁé}h e%hﬁl%isl%ﬁ'tyf@ad"{@d' fied

by a-al kyl substitution, for exanple, am noiso Uté/l’l c acid. sone
further enBosmeivrther egbadiments sids caa@s wrs dosplly madified. ifeexample, lé’)é&rﬁ‘ilAe by AE
or AZ dehydro modification, in which a double bond is present between the acand 3 atoms of the

side chain, or for example by AE or A* cyclopropyl modification, in which a cyclopropyl

25  group is present between the o and 8 atoms of the side chain. In still further embodiments
employing amino acid groups, D-amino acids can be used. Further embodiments can
include side chain-to-backbone cyclization, disulfide bond formation, lactam formation, azo
linkage, and other modifications discussed in “Peptides and Mimics, Design of
Conformationally Constrained” by Hruby and Boteju, in “Molecular Biology and

30 Biotechnology: A Comprehensive Desk Reference"”, ed. Robert A. Meyers, VCH Publishers
(1995), pp. 658-664, which is hereby incorporated by reference.

The enzyme inhibitors for inhibition of chymotrypsin-like (CT-L) activity of Ntn

include at least four backbone units. In some particularly preferred CT-L inhibitor

embodiments, at least four amide units and an ¢’,3’-epoxy ketone or «,3’-aziridine ketone

-8-



dehydro nodification, in which a double bond is present between the a and 6
atons of the side chain, or for exanple by A5 or AZ cycl opropyl

nodi fi catwonpos/as3wsdi ch a cycl opropyl 25 group is presentrchalsemsnsdsse a and
3 atons of the side chain. In still further enbodi nents enploying am no
acid groups, D-am no acids can be used. Further enbodi nents can include

si de chai nmaethawskpwens (grereptide spoxy kmmabﬁmm@emmmmioom Inact am

f t "P t d d
i cs, e gl CEIMLA ML BA e Wil il AR TR miBE) |05 "
" Mol ecul ar aBﬂ the dgtpnaad ePoxidi @taenidnmlfmgylonahti&nfpheedlemc inhitiDeskfome f er ence" :

ed. Robert A. Meyer VCH P bI| h (1995), pp. 658-664, which is hereby
i ncor por at &g Ounre ZtP%tﬁugglral u?ah ne inhibitors for inhibition of

chynot r ypsi n- I|ke (CT-L) activity of Ntn include at |east four backbone
units. In some particularly preferred CT-L inhibitor enbodinments, at |east
four amde units and an a'"Q -epgxy kgtone or @',/ i ne ketone -8 WO
2006/ 063154 PCT/ US2005/ 0444814 Letylarevpresent epti de epoxy

ket ones or tetrapeptide aRiridihe N8t ongs). 'n Nrtngular CT-L inhibitor
enbodi nents wth at | east foueram de unhts, ﬁhe pept i

e noiety, and the
ket one and epoxi de or aziridine functlonalltles of the enzyne inhibitors
form conpounds with structural forrrula(dxj 50R3OR RS
NH'-JNH)NH-~ANH X R4 OR2 O (11) where Xis oxygen, NH, or N-alkyl, R1,
R2, R3, and R4 are independently selected fromGC 10 6al kyl,

Ci _6hydr ox : 0 Y, %fﬂﬁ& kyl,

het er )(;cycl yﬁk%ﬂ ’® o%@?ﬁiﬁ&éﬁ%ﬂﬁ%}r El’q{z Iks’ ar g{ré)ﬁlﬁ se'??qt ltjl?L Qg%%{%&{l@

wher ei A0 suetiobr@uhsireanlkil Cu k@koxyall%dl al!iehetetmrdle Ci chﬂtcag@kyldwtmsclyl_
carboxyl i Ccégfe ?oc gal]?ﬁ % i %Eb%? ’tedﬁ‘fa F%y\lvhe%a%%u rodprs]%zlmugx ! —Sa! Kyl

esters and I's and t ers I's - a her chain of
am no aci dmcluwdamtgehnkagcsemyllues earbaxylicatids andwgltgthenapt, catiatyl esserk;l- t er m nal

Pr 1t 19, BLEHER. AR NS L RO IS YRS S A ™0 )
t ri phenyl nahingla¢itls, ihw«bgenamdtytl rdr a lpkaecniag gmny,csacmmqelnmrmrwree&tn@gdodpbe li ke.
S T T TR e R
fluoren-9-ylmethoxycarbonyl (Fmoc), triphenylmethyl(trityl) and trichloroethoxycarbonxyl
(Troc) and the like. The use of various N-protecting groups, e.g., the benzyloxy carbonyl
group or the t-butyloxycarbonyl group (BOC), various coupling reagents, e.g.,
dicyclohexylcarbodiimide, 1,3-diisopropylcarbodiimide (DIC), 1-(3-dimethylaminopropyl)-

20 3-ethylcarbodiimide (EDC), N-hydroxyazabenzotriazole (HATU), carbonyldiimidazole, or
1-hydroxybenzotriazole monohydrate (HBT), and various cleavage reagents: for example,
trifluoroacetic acid; HCI in dioxane; hydrogenation on Pd-C in organic solvents, such as
methanol or ethyl acetate; boron tris(trifluoroacetate); and cyanogen bromide, and reaction |
in solution with isolation and purification of intermediates is well-known classical peptide

25  methodology.

In some embodiments of chymotrypsin-like activity inhibitors, R; is Cj.¢alkyl. In
some embodiments of chymotrypsin-like activity inhibitors, R, is isobutyl. In some
embodiments of chymotrypsin-like activity inhibitors, R, is C;salkyl or aryl. In some
embodiments of chymotrypsin-like activity inhibitors, R, is phenyl, phenylmethyl, or 1-

30  naphthyl. In some embodiments of chymotrypsin-like activity inhibitors, Rj is Cy.salkyl or
aryl. In some embodiments of chymotrypsin-like activity inhibitors, R; is isobutyl, phenyl

9-



di cycl ohexyl car bodii m de, 1, 3-diisopropylcarbodiimde (D C),

1- (3-di net hyl am nopropyl )- 20 3-ethyl carbodiim de (EDC),

N- hydr oxywsoabensstsai azol e (HATU), carbonyl diim dazol e, ®CT/US2005/044451

1- hydr oxybenzotri azol e nonohydrate (HBT), and various cl eavage reagents:
for exanple, trifluoroacetic acid; HC in dioxane; hydrogenation on Pd-C
i N organi Cof Dhyhiliys., InSdafld embodinetith afclymotrysimilike aauat}ambibitdne,rmris Ci.

trls(trlflu acetate); roni de nd reac ol ution

Wi th i sol afiibi aéﬂda‘t?mlfs%@éﬂﬁg%ﬁadglmns‘éﬁ%ed?‘%? grignis ‘%Néf‘ PRB B assi cal
peﬁt Ib de 25crngay hnqdlsa_{oe%yzr ;(sllfbba@mhefynqdiag%nylspmymmtor 2-mhenyldt}lyltehact< ivity
i nhibitors , is C _6ba : enpodi. nen notry i ke
activity i peMpFRbRdmEns of; W%'B@é‘flﬂﬁ‘e aptiyiy d b‘“’éﬁi{é W@ﬁé&n 6#' bikanoyl,

chymot r ypshfy, |He{é?oa%qt\hh@ré MibstiHink b hafdgen, %ar@onﬁ alitky, |hy&bxﬁra)95‘1 anl KT, $OMTE
enmbodi nent s “of ynot r n-1ike aCtIVItéﬁB bitors, phenyl ,

phenyl net hylkyl dn sqmegngm!pmwfchmoml G&ilWéWt‘@t%?’RéWH‘ﬂfolg?bm n-1ike
activity 'Q&'UF' rs, is Cl.6alkyl or aryl. In some enbodi ments of

chynmot rypsin-11 ke act|V|ty inhibitors, R3 is isobuty], rghen yl -9 WO
2006/ 063154 PCTInsSme@s/fengegbodigients of ﬁarpwmwm likacggigeinBEeRi ment s of

h t t 151sebu 1 1 nyie
aryl - suber T e Purdy bR pRAgmdtL g i hobyh Rl %tsﬁg‘j e

activitlg i amd Bj tS@cfSyl fRhe p@tldsbabutgyﬂuch Yﬁi@ﬁyﬁl refelﬂeﬁ@pbﬂﬁws pephdp)- rret hyI or

2- phenyl et hyI h%p@ t

i nhibitors, in@oﬁ%%ﬁ%ﬁ@ﬁ;g&g P%@ﬁii I%%rygg EOWRF ksrhﬁ/ g%ogﬁédlwlvﬁer e
substit uentsome mﬂ»qdaieedmbfdﬁﬁm aomanbmh@itprsrkltls aobtrtyld rimsgme embpdimentsdpfC1_5
alkyl. In ent s pof. r i R5 is
v bgen igggg[tacg’e (7B, 10l %W%r% BRI o bk® A e&x?alagﬁtgg{%ggl RS s
activity i lditivﬁlytllﬂﬁlmors R mﬁhmmh,qmmylme;thﬂ ot Isndphthiglitiy IsomcRambcslnphEmﬂ net hyl,

R3 is isob , . R tid

havi no | Suchob isGBY: iplstre el R L tca S BRH piie] fy RE R Mokpat@Bnf P! 0

enbodi ment $n @meRmtiddmednts\oif PGPHrhhtl‘btytlﬂllilleorRR3I1§eth$ld’re(lgednd tCtheGalideydf. | n
nbodi ment s . of tivit s .i sobutyl.. |

enbod ment egh RS R KA LS 53¢ R e R Plines AR e o

aryl. In S@?iﬁm@r@ﬁwdﬁ@éﬁ&s%f@f?ﬁ@hhtﬁﬁhlbmﬁ yR4I1§lHyd%geﬁr(Sl,6aIR?l u§1, phearyl-,

henyl nmet h hthyl. In sonme enbaodinents
P nhi %I tors z“%tufeg %yﬂ’?’dg é‘%soﬁfe other BEtéﬂ“B'cFé‘}‘h?FiWenﬁcﬂﬁ %Qg %taﬁt‘Y‘Wem ‘t%&c}{ébo ne

unit. opn %Q{lj@ro%@ %@lseﬁ%ﬁ of soRfeFIptiatal EMbddméMbPGI SativiRd inhitetshyd gne

bonded to thé am ne of am no acid backbone, such as would be the
case for t hedragnnG-adapoybrasyli }P?écfoqrﬁ whete subsipsinimeludsbrloaeReatonys  PGPH

activity i pRhBiubQitsted-Risibitiddd! Q9a8ubsitkie@and, nitd! MldroxdNsyBREdd C,.5 alkyl.
In some optional embodiments of PGPH activity inhibitors, Rs is acetyl, N-acetyl-
piperidinecarbonyl, N-dimethylaminobenzyl, isooctanoic, or benzoylbenzoic.
25 In some preferred embodiments of PGPH activity inhibitors, simultaneously, R is
isobutyl, R; is phenyl, Rj; is ethylene bonded to the R3 amine of the amino acid backbone,
and Ry is hydrogen, and Rs is acetyl.

Group 2

30 In another embodiment, the proteasome inhibitor used in the invention includes at
least four backbone units and has a structure of formula (III) or a pharmaceutically

acceptable salt thereof,
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substituted Cl1_6al kyl. In sone other optional enbodi nents of PGPH activity
inhibitors, R4 20 is hydrogen, or isopropyl. In sonme optional enbodi nents
of PGPH awvividios3isahi bitors, R5 is hydrogen, C, 6al kanegirjusasogiosa451

het eroaryl, where substituents include hal ogen, carbonyl,

nonosubstituted-, disubstituted- or unsubstituted-am no, nitro, hydroxy,
aryl, and C1_5 alkyl. In songtoppi onpb epbodigrentd of . PGPH activity

inhibitors, R5 is acetyl, N agetyll- piperﬁdin car X
N- di met hyl am nobenzyl, isogg¥d r'CoNOT 5 In sonme preferred
enbodi ments of PGPH activity infjibigers), si

Itﬁgeo ly, R is isobutyl,
R2 is phenyl, R3 is ethylene bondedto F%e am ne of the amno acid
backbone, and R4 is hydrogen, and R5 isgﬁﬁetyl. Goup 2 30 In another
enbodi ment, the proteasone inhibitor used™¥n the invention includes at

| east four backbpne_unit nd._has . a strycture of forrmula (I11) or a
phar maceut i cal |‘§71c‘)er8 & 5% §”b"1‘?8r 3?‘91’@563?@%‘:/?”- 10 WD 2006/ 063154
PCTI US2005/ 044451 ,R; 0 R4+ 0 X. RO, N. || N NY;' R8 R (ren)
where X 15 0. N Rortndng Tyre MgsrER s Ievs o hihoddiaii?s Epuihe Binita
i ndependentiiiy), sethakd goviks Hm 1 ydstogeof RNE:,R grnd®S i0f gloop ofdfoamuls(I(lk)Y; 1 @), with
the proviso that at |east one of R, R2, R3, and R4 is a group of formul a
(rilta); ?2.0R12 L -P~OR13 Rl R11 X (lllaP R3, R6, R7, and R8 are
i ndependently sel ected from Cl_6al kyl, d ﬁﬁ & xyal kyl, Cl_ 6al koxyal kyl ,

LY e S olpy . .
aryl, and Cl-6aral kyl, each of whi & 15xopti o0&y substituted with a group
10 sel ected from am de, am ne, carboxgl R'acid or a pharnaceutically
acceptabl e salt thereof, carboxyl ester, thiol, and thioether; RO is a
further chain of am no acids, hydrogen, @la)acyl, a protecting group, aryl,

or
R, R®, R7, and R® are independently selected from C.salkyl, C;¢hydroxyalkyl, C;.

salkoxyalkyl, aryl, and C,.saralkyl, each of which is optionally substituted with a group
10  selected from amide, amine, carboxylic acid or a pharmaceutically acceptable salt thereof,

carboxyl ester, thiol, and thioether;

R’ is a further chain of amino acids, hydrogen, C;acyl, a protecting group, aryl, or

heteroaryl, where substituents include halogen, carbonyl, nitro, hydroxy, aryl, and C.salkyl;

R!? and R'! are independently selected from hydrogen and C.salkyl, or R and R"

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

R'? and R" are independently selected from hydrogen, a metal cation, Cjsalkyl, and

Caralkyl, or R? and R"? together represent Cy.salkyl, thereby forming a ring; and
L is absent or is selected from —CO; or -C(=S)O.

Suitable N-terminal protecting groups known in the art of peptide synthesis, include
20  t-butoxy carbonyl (Boc), benzoyl (Bz), fluoren-9-ylmethoxycarbonyl (Fmoc),
triphenylmethyl (trityl) and trichloroethoxycarbonyl (Troc) and the like. The use of various
N-protecting groups, €.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-
25  hydroxyazabenzotriazole (HATU), carbonyldiimidazole, or 1-hydroxybenzotriazole

monohydrate (HOBT), and various cleavage conditions: for example, trifluoroacetic acid

11-



het eroaryl, where substituents include hal ogen, carbonyl, nitro, hydroxy,
aryl, and C _salkyl; Rl and R' | are independently selected from hydrogen
and d balwwpl206m63RR40 and R 15 together forma 3- to 6poEnesd@d44451
carbocyclic or heter ocycl iC ri ng, R 2 and R13 are independently sel ected
from hydro catl bal k 2 and R13
t oget her gﬁ?éﬁéﬁ“ ‘Oﬁ‘aé‘Fk}VI rOgFWélPBBS}P ‘ﬁf’ﬁ’ﬁmﬁ Sijﬂiv?f{js g&%sﬂn‘it}é““ﬁgﬁ‘ent or

sel ected fr, a&@?e)woré;(m&}@uo&abétatbj @ncN:ytaﬁthla?h BAmMidd, ah®hitidgd i sPMidn knovvn
in the art of peptide synthesis, include but OX}/ car bony| (Boc),

benzoyl (BzYith *F?lefw‘é‘ﬁd B“rgffﬁ%ﬁ?%fk?‘@a?%‘wﬁﬂare(‘ﬁﬂ’oﬁown P HegRetpertdenyl (trityl)
and trichl QuRatNOXNCARE BRANY a;‘pTlEma todRprfi@atioh b€ the Thedd s&nﬁﬁunx@r i ous

N- protecting groups, e.g the benzyl oxy carbonyl group or the
t - butyl gxycar bo WLOMMdm(emcany twaror RUR? GOUMd Rithré BRIBISYM Bnd ﬁl(quo of
di cycl ohexyl,cay bodi i m,de (DCC - di’i sopropyl carbodiinide (DI C),

| - (3- di met B/} BrRndpe Bpiave- a:@n@t:thwqf acrrm& (JIF) B fredixngd empoglgnents any three of

hydr oxyazalengoRe i, ad @+ ere(HhYb narﬁ%ﬁ?gﬁkyéfqi”ﬁq #2294 & hi¥a structure of formula
1- hydr oxybenzotrl ‘azol e nonofydrate ( T), and various cl eavaggigg
4

condi t i ons:(Ifagr Inethmpmref@rrqdfqmb@ﬁme& basgcstiyctureiof foypulai(Yiia) gnd

PCTI US211113, /114 gdf% (TFA), HC in dioxane, hydrogenation on Pd-C in
organi ¢ solvents {lucﬁ as net hanol or et hyl acetate), boron

tris(trypfl uoroa ) ep7b 8 r i gon
wth |slc())l ation gﬁ%ﬁreﬂb?g%]te%ﬁ@g? ﬁﬁgﬂgrﬂ fl%a%ggggrog@médr?%ngnw@g #eﬁ%t he art
of peptide em:bydmhets;& and R arer@ -seljylani R amhR | are16-@ralkylt ethpmegareferrash of t he

subl ect comugutan, e i ROEiBIRA TR chen ARG 0% dRenyifm Fn 2N R4 are

hydr ogen an any Ve a structure of formula
(111a). | ncpmaem anbwnm@aummedanyx hyHrogen, 6 saciR, pr REroteRB)Z amb R4 are

hyd 4 I
( YI { g?en a p{erfl'g‘rrr] m)gr{%odlm R Relg%g%%eg of a(ge ﬁ;htﬁ%m%s réf?géd“l rn%)og i a

pre P& ructure fRormJIa
(I'l'1a) 1&and aB&yl. R3, and R4 are hydr ogen 10 In certain enbodi rrents R5, R6,
Rv, and Rs are Cl _6al k-yl or d.6aralkyl. In preferred enbodinents, R6 and
BY are O . 6al kyln @ndinREibadicheRE, B endR || agrselektyd fromﬂlydﬂogenmEItclmlbﬂem ed
enbodi nment r e,hS0 R Y, d R7 is
phenyl net h)?fe?Grfe en}%’?&% er%%g%&rérg%eﬁta‘s}éll S‘%gﬁgﬂ%reﬂ& e }feFBIe B7dr ogen, C
fiacyl, or embmlﬁieﬁtCRioﬁgh}gﬁdgﬂpand R'! Ispllhetflﬁl' medloﬂmbpdfemadbﬁlbomentsbalym“’ogen or
acetyl. In the,;nost refe red .enb ment , RO | yl. In.certain
enbodi nent §m§1g1("5‘ rehvd eg@pg@?g‘ijmﬁtﬁ,,ﬁ h%‘ggéﬁ‘?%&\ﬁ"g%m%tﬁ j5ehPn-of o
preferned eyhasikyem cerﬁirﬁ)rbférré'd/dﬂﬂjyﬁﬁbn@d’lﬁnahd Ri‘sarCedisateldytom bendylf sFt her
preferred butyl, and sodium cation. In more preferred embodiments, both R'? and R are benzyl or

tert-butyl. In the most preferred embodiment, at least one of R'2 and R" is a sodium cation.

In certain embodiments, a compound of formula (III) has the following

stereochemistry: -

R1

S ALE

25 RS R2 O

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

pharmaceutically acceptable salt thereof,
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enbodi ment, R10 is hydrogen and RI1 is nethyl. In another preferred

enbodi nent, both R1I0 and R' are hydrogen. In certain enbodi nents, R12 and
R13 are GvoGaddugbis4netal cation, or 20 Cl-6aral kyl. |In eertwseowspraserred
enbodi nents, R Z and R13 are selected frombenzyl, tert- butyl, and sodi um
cation. In nore preferred enbodi nents, both R12 and R13 are benzyl or
tert-butyl. In the nost prefRrred erfodipent) atRY ea one of R12 and R13
is a sodiumcation. In certginlenb inq@%iﬁgg cbhnpo of formula (I11)
has the followi ng stereo®EmxTy'N R33N N, ~NJYNN 25 R5 R2
ORT RAOIn preferred enbodinentqizt inhibiﬁxw as a structure of
formula (1V) or a pharnaceutically actCept alhle, sal

thereof, -12 WO
2006/ 063154 PCTI US2005/ 044451 R1 0 R6 R3 0/R8\ Ry\.N~N 4 520 RO (1V)
where X is 0, NH or N-alkyl,

erably 0;\E_/ R2, R3, and R4 are
i ndependently sel ected from hydrodglen and a group of formula 5 (llla), with
the proviso that at |east one 0O

R, R2, R3, and R4 is a group of fornula
(I''la); R6 and R8 are independently selected from Cl-aal kyl, d fihydroxy
alkyl, d _ 6al koxyal kyl, aryl, and O _6d4F@ kyl, each of which is
optionally substituted with a group selected fromam de, am ne, carboxylic
acid or a phar m®eBt 54N 06 NeldpretesliviOit her eof,  carboxyl ester, thiol,
and t hi oet her; chajn of am no acids, hydrogen, acyl, a

S urt her
protecting gr ouik,q’ Igrg 5‘% ,a“‘g]gi arg ddgpegdpnply selgpied Bom hydropen awd groupdf frrmukial ogen,

car bonyls, riid)owithihel pR¥ Mo tiAE MleasBtd oER|R2, R, k¥d R* iSHigtRBloe fd}«hlhﬁgﬁia&w
protecting groups known in the art of peptide synthesis, include "t-butoxy

carbonyl (Boc), RbenZRYdre (idépenddilyQEI8Ae Ptrdth 18! ah rnec)
triphenylneégég@&%ritxgj ad%mtrfghlor%ethogggggﬁgﬁ%lp?Qﬁkgfﬁgﬁd the like;

ho; y )
and 15 In ¢ bavirehe §1-erallsrysash phplshis opticually tubytitaipd withagreupr

prodrugs, ag¥cttdRoffamide, am#Re, calBdxylRHid a PhemRYIRCAR hc PRI IiR.Ef R
R2, R3, and R4 have a structure of
carboxyl ester, thiol, and thioether;

10 R’ is a further chain of amino acids, hydrogen, acyl, a protecting group, aryl, or
heteroaryl, where substituents include halogen, carbonyl, nitro, hydroxy, aryl, and C;.s
alkyl. Suitable N-terminal protecting groups known in the art of peptide synthesis, include
t-butoxy carbonyl (Boc), benzoyl (Bz), fluoren-9-ylmethoxycarbonyl (Fmoc),
triphenylmethyl (trityl) and trichloroethoxycarbonyl (Troc) and the like; and

15 In some embodiments of chymotrypsin-like activity inhibitor prodrugs, any two of
R',R% R, and R* are hydrogen and any two of R}, Rz, R?, and R* have a structure of
formula (IlTa). In preferred embodiments any three of R', R%, R?, and R* are hydrogen and
any one of R', R%, R?, and R* has a structure of formula (IITa). In the most preferred
embodiment, R' has a structure of formula (Illa) and R%, R?, and R* are hydrogen.

20 In certain embodiments, R® and R® are C,_salkyl or Ciaralkyl. In preferred
embodiments, R® and R® are Ci-6alkyl. In the most preferred embodiment, R® and R® are
isobutyl. In certain embodiments, R’ is selected from hydrogen, Ci-6acyl, or a protecting
group. In preferred embodiments, R’ is hydrogen or acetyl. In the most preferred

embodiment, R’ is acetyl.

25 In certain embodiments, R'% and R" are selected from hydrogen and C;alkyl. Ina

preferred embodiment, R'® is hydrogen and R'! is C,galkyl. In a further preferred

13-



formula (Illa). In preferred enbodinents any three of R, R2, R3, and R4
are hydrogen and any one of R, R2, R3, and R4 has a structure of formula
(1l11a). Iwothe/wedst preferred enbodiment, Rl has a str ectrwseoosfsfssr mul a
(I''ra) and R2, R3, and R4 are hydrogen. 20 In certain enbodi nents, R6 and

R8 are d 6a|k or Gel. n ferred di ﬁ{8are
O s BRI Rl BLRLET Sy SRR SR, B
certain enmbediRent ﬁydr@nl n SeehBChRYdihienn) lb‘ffdﬁ@gérare GlalGCktal @tioR or
protecting _group pr.ef efred enbodi nent,s, en or acetyl In

t he nost pr%fﬁérf“&eb I“é?FE?é‘blP‘ Fed e’R@Oq‘@e‘%& y‘i“dP2SarF ﬁeq%“é‘?dt bR i frent s,

R10 and R wgar&dgsdlﬁﬁb%nf 1R éf@ﬁ&fbn%@m@nl@@dtiﬁkp anll R “aare BeTR§ 10T €d
enbodi ment 10 is hydrogen and R' is Cl.6alkyl. Ipa further preferred -13
WO 21) 161 15760ut5h Ip&q rn}srgmiei@ d pmbadiment, eieas'ewseaﬁrreﬁ?R R1®5Q “%9%1}°éigen and
Ri1is nethyl. In another preferred enbodi nent, both

an
hydrogen. In ceft g eé‘?Pé’éﬂ‘i‘%rﬂngPﬂPQ“‘élﬁ’d“M@réraéy o ‘Bfaﬁ k@l’ q’r?éfléfl a??atl on,

or Cl.6ar ajylidbben dda as:.?vz&@m pRéfRérJnaqw.moacHnﬁeme&)ffmmn@h) Bhfosel ect ed
from benzyl, tert- : jum Cﬁlﬂl on. In nmore preferred enbodj nments,

both R12 awwlweawénbexwf RorR 5Rt’ érd Rbwre pydrogen ang anhengtol Br.d¥ eRr @ R
embodi ment ha?& st!r&ﬂx?é ofBfn il (fRkP Iﬁl'ﬂ{é hokBprefred éﬁﬂédﬁﬁérﬁ a1 130 stnldturs BT

enbodi ment s of Hact|V|ty|nh| |tors any two of R, R2, R3, and e are
hydr ogef arfdmaﬁ%/(mmnéﬂ R, agR* aRBhydmgdnm have a structure of fornula
(I'tia). In preferred enbodl nments any three of Rl, R2, R3, and R are
hydrogen and anin enteinsmbrdimerts, Rmd R ate R-o41kyhale paefered embodisests, Roansdul a
(I'ia). p b r r ormul a
(1113 and Ra™ DIDAPIAUFHEFAIREATR] s iiropafordotiy i n%spﬁfR%Qe“

are Cl.6 alekpbdimentspR'a ecrenédlreamg@rrﬁcem@dlmtdhdls hRdroggreand$o um}dthyll n

preferred M C red
enbodi nment zm%gﬁé?‘éwf&edgﬁlbb%ﬁnggtd%@g era(rp'gé{a %%M;édrcr%g w‘%fgpl ?egsnbﬁaﬁeg{éen and
R11 is lfet Wf and R ﬁararﬁbmﬂeyl metalfoations dr Endondiiyirelntcertiio prefeREd cobodiRedtsar e

hydr ogen. I8l tal

cati on, '@aéa rl?s?lga (gﬁ(gg?)% Z;yl }er eRJt)ér %ogln% g{l?ﬂe? mc’% ﬂ}f%ﬁgﬂg R13 are
sel ect ed f remtsodhmemyj botlt RP tandRPyae beazgd o8 e gl C &t the mostlpmefemedeenpiodingant, ed
enbodi nment s %R?' "éfleRlB ar e benz x}/I or tert-butyl. In the nost
preferred éH% ?ree | ELSPIUSHEBP™ R12 and R13 is a sodiumcation. 20
G oup 3 In anot her enbodi nent, the proteasone inhibitor has a structure of
f or mul %O(V) or iG%upa3 phar maceut i cal | y acceptable salt thereof:

In another embodiment, the proteasome inhibitor has a structure of formula (V) or is

a pharmaceutically acceptable salt thereof:

2 4
. 0] R H O R X
R! @) R3 0]

™)
25 where:
each A is independently selected from C=0, C=S, and SO,, preferably 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;alkyl;
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RS\ KHR NY-'- HRRL OR3 O (V) 25 where: each Ais independently
selected from C=0 C=S, and SO2, preferably C=O L is absent or is selected
from CC:Owb6=286/mBk4SC2, preferably L is absent or C=O pUiws2@sseasi or i s
Cl _salkyl; -14 WD 21)1)611) 63154 PCTI US211115 /114 4 4 51 Qs absent or

et o0 L OB Lo SR B S O e B

N- CL. 6al kyINHRh&k Breddedbly Qis 6sér ofbDsent or is selected fromO0, NH,
N-Cl. 6al kyl, S, SO SO, CHOR10, and 5 CHCO2R10; each Z is independently

sel ected from 0X1§selNTédf?cﬂﬂiO|\Nﬁ dndRlds ydlkylpirefebBidy O; R1, R2, R3, and R4
are each i ndependently selected from Cl-bal ky], C _bhydroxyal kyI ,

Cl1- 6al koxyal kyl ,Ylaaydem dels fereRl Kiphn, O,narev-oatakyl, SSE06864, THER 4law | |
het er ocycl yJ o Cl. 6heterocycloal kyl, any of which is optionally
substit ot edﬁg\?(Pﬁ one or rmre of am de, ami ne, 10 carboxylic acid (or a salt

L oot hbr  Subst Fisgn epgeriieResd bam O-Re %Qd@éﬁé@@vlfv%%hi}ﬁoge oH

o oa k. L1 eRtnbh g m BERRebengryl se R Bom Gorh 1 M@aa@aﬂm |
Cl _6het er oar,ghikydly alkF@Z&} @J,ﬁﬁalk Vheterod®H] C+. @éte@ﬁlr&tw hete(d8§a§/( Eim),P( =0 O Cl_
sal kyl - ZAZ- C1_3al 'k RSO) ( R90 P(=0 oﬁ&é’i‘t}}al kyl -Z-Cl . 8al

RBZA- C1 galsk%}Pm?YAEawai a“)é‘éﬁ ‘k‘}}?h s OH‘é‘t“é feflpal Oeq_mg'a?rl?y? gmide, amine,

R8O O R ki er | esfe atdtes |
get ez (()??cl)yéﬁ@%gkgggﬂy%?éyrhéﬁl%&ggﬂ ggdl%lﬂkyl Sﬁwlsozﬁ*ﬂ?ﬁ IﬁyRG and R7

t oget her @Oﬁhertﬁawwem% Cl . 6al kyl, Cl.6al kyl - ZA- CL. 6al kyl , A-Cl_bal kyl - 20
ZA- Cl. 6al kyI A- Cl. 6al, kyI A, or fi al kyl -A, preferably
Cl_Zal kyl - Y- CL. BasdYRDLER pal kyl - ZA- CL2al kyl, A-CL. 2al kyI ZA-C . 2al kyl ,

A- Cl. 3al kyl - A, or . aal k , thereb formnga nd R9are
i ndependent |y sgl scelseted %B%hﬁgir&g% a%@bﬂall@hﬁ’f%‘ﬁab’?ﬁﬁ -Gy

6al kenyl, Cl-bal kynyl, aryl, heter | kyl
Cl. 6he¥er oar al ky:ﬂlls sylle%tpféfr)élmlydrpg 1.6a¥ky’l, C]-ﬁﬂll?@ﬂ}’?C]%ﬁlkyny[' aryl, C¢aralkyl,

15  heteroaryl, Cy.heteroaralkyl, R*ZA-C\salkyl-, R''Z-C, galkyl-, (RECO}R’O)P(=0)O-C,.
salkyl-ZAZ-C, salkyl-, (R®0)(R’0)P(=0)0-C,.salkyl-Z-C, salkyl-, R*ZA-C galkyl-ZAZ-C,.
salkyl-, heterocyclyIMZAZ-C galkyl-, (R30)R’0)P(=0)0-C, salkyl-, (R'®);N-C1 salkyl-,
(R'");N"-C, galkyl-, heterocyclylM-, carbocyclylM-, R''SO,C salkyl-, and R''SO,NH; or

R®and R’ together are C,.galkyl-Y-C,alkyl, C,.¢alkyl-ZA-C,.¢alkyl, A-C;_galkyl-
20 ZA-Ciealkyl, A-Cealkyl-A, or C,salkyl-A, preferably C.,alkyl-Y-C.,alkyl, Cialkyl-
ZA-Cjaalkyl, A-Cy,alkyl-ZA-Cj.alkyl, A-C.salkyl-A, or C4alkyl-A, thereby forming a
ring;
R®and R’ are independently selected from hydrogen, metal cation, C;alkyl, C;.
salkenyl, C)¢alkynyl, aryl, heteroaryl, C,aralkyl, and C,¢heteroaralkyl, preferably from
25  hydrogen, metal cation, and Cy.salkyl, or R® and R’ together are C).alkyl, thereby forming a
ring; ‘
each R'? is independently selected from hydrogen and C,_galkyl, preferably C,.
salkyl; and

R" is independently selected from hydrogen, C,salkyl, C;¢alkenyl, C,.salkynyl,
30 carbocyclyl, heterocyclyl, aryl, heteroaryl, Ci.saralkyl, and C;.¢heteroaralkyl,
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25 hydrogen, netal cation, and Cl-6al kyl, or R8 and RO together are

Cl-6al kyl, thereby forming a ring; each RL is independently selected from
hydr ogen wodo&@osbaskyl , preferably Cl_  6alkyl; and R' ipeTiusd@pendsnt | y

sel ected from hydrogen, Cl -6al kyI Cl1_5al kenyl, C1-6al kynyl 30

car bocycl yl, heterocyclyl Y het ergaryl 6ar.al kyl

Cl. 6het er oar al kyfovid eﬁ@‘%\bh?%ﬁlﬁ%@lﬁ@ é@ﬁfi&ﬁf%fng/ fl‘%t diogﬂ’ Civr ovi ded
that when RBik/Bothryllorihstefoa®l. and Q i s absent, R7 is not hydrogen, Gi-

6al kyl, or aryl or heteroaryl. In sone enbodi ments, Rl, R2, R3, and R4 are

sel ected from Cly Sphddhbodimdats; ﬁhrRéIIt@yLnd R ae ﬁﬂ&feﬂrffoﬂﬂc%ik?ﬂérfmgirﬁlkylm and
R4 are Cl-6al kyl and Rl and fhe 5 nost I_dzglreferred

Erbad: mont 0 Rt Sibodmens SOUA crer oty n R AR 415 Crsosiiy!

phenyl nst h)&host bl@f&@&%ﬁb&lﬁ%@‘ Jﬂﬂ'ﬁ"%re 1.l‘s0bﬁf}qj Qi@ ﬁhélPﬁzﬂm A0’ R7 is selected
from Cl. 6al k y ., Cl. 6al kenyi Cl-; al kynyl", Cl1.6aralkyl’, and C

_6het er oar @Rgimethyl. cert ai n” such enbodi ments, R6 is Cl 6al kyl and R7 is
selected frombutyl, allyl, propa pheny I hyl , yridyl, 3-pyridyl,
10 and 4-pyri dyHn carfingnbofmeats ﬂgét*@ abpen §ndg%25 sefgcted fg’é%@malkyhﬁd R7 is
sel ected from.fi (ﬁ%&li@ﬂy Qﬂ‘(j,aralﬁf'l}’!md ¢ Nh&EGLBIKD. SHEG S Red bl’i{%ﬁu%entﬁﬁé'lss

selectedfrom certai n enbodi nents, is CCO and R7 is
sel ect ed f er@lQﬂ aﬁéiRk}SI Sele@id @aﬂnlbéWIallylmroparsﬁl rigayimethyt, grpynénl Sayadvky| |

het er ogpy! ., &4 g%;er oar al kyl , RBZA-Cl_sal kyl -, R11Z-Cl_sal kyl - 15
(RBO)(R90) PF 1 8al kyl -, (R80)(R90) P(=0) O Cl _sal kyl - ZAZ- C1_ sal kyl -

hetof ocycl y1 99 Gy e R A R s KOG Gl

het er ocycl yir In Ce@amb@@mhﬂdmentﬂ Bogdatedsizimh ylethyl @chhRMSOZNI—I- In certain
enbodi ments, Lis C-O, Qis absent, and R7 is H 20 In certain enbodinents,
R6 is Cl.6al kyl In @ptaingntogimenieyl. is Q?Q anddp Je prlected depm Ciaglkgb Grsalkanyk €1t ai n
such enbodi 7 i R® ogtiby )

(et hyl sul féﬁﬁw W 6§raﬁ&h¥‘hmla ddi rréé?narélk%L - E_%W Rsﬁa(t}ssaelgl and R7
i s Cladsal I(J}i‘O)(R I@)E(?Q)@t@l saliglh (Re@bﬂb@)ﬁfs@r)@ Clmlk}'lszt%@pﬂa@ﬂlle@' from

2- phenyl et thy 1%1 x tZ? I-,

(4-chl or op en)) %ﬁ%ﬂg (gtﬁ%jlk{ nedr(‘) 2{) enyw ah{ﬁ £y salky
heterocyclyIMZAZ-C, salkyl-, (R'®),N-C| salkyl-, (R'®);N" Cl galkyl-, heterocyclylM-,
carbocyclylM-, R''SO,C galkyl-, and R''SO,NH-. In certain embodiments, L is C=0, Q is
absent, and R’is H.

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

In other embodiments, L is C=0, Q is absent, and R’ is Cisaralkyl. In certain such
embodiments, R’ is selected from 2-phenylethyl, phenylmethyl, (4-methoxyphenyl)methyl,
25  (4-chlorophenyl)methyl, and (4-fluorophenyl)methyl.

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

certain such embodiments, R’ is phenyl.

In certain embodiments, L is C=0, Q is absent or O, nis 0 or 1, and R” is

-(CH),carbocyclyl. In certain such embodiments, R’ is cyclo ropyl or cyclohexyl.
P

30 In certain embodiments, L and A are C=0, Q is absent, Z is O, n is an integer from 1
to 8 (preferably 1), and R is selected from R*ZA-C)salkyl-, R''Z-C, galkyl-, R®ZA-C,.
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I n other enbodinments, Lis CO Qis absent, R6 is Cl. 6alkyl, and R7 is
aryl. In certain such enbodinents, R7 is phenyl. In certain enbodinents, L
is CO Q@oahserst or 0, nis 0 or 1, and R7 is - (CH2pOrarsb@syedsgi . | n
certain such enbodi nents, R7 is cyclopropyl or cycl ohexyl. 30 In certain

enbodi ments, L and Aare CGO Qis absent, Zis 0, nis an |g\teger froml
to 8 (pref orlbl-gAZLC salkd- F DR OB eOIRE: sallohZA87A- @lkybalR Q)R 0)P(=0)0-

R'Z-Cl I 4 I 7

cal kyi Az Cr YR et PR RE R Sl IHGRIT A g, =

I( Eagza $ th?Z] F§ b@t@syc@lMBmZk(yrsalxmmaremytesqcyayrds waxdmxobyyiloy N(FAzkd V\ﬁglr Iéyl

het er ocycly s oxo ?(&){Iﬁ?%e elrggec' @%’%ﬁ%ﬁ Q{%@gl& ﬁ%@ Ykﬁ‘dﬂ&?é t oget her
are Cl. 6al Kidreby-formiGah kiyg., preferably G _3al kyl -Y-Cl. 3al kyl, 5 thereby

formng aring. In certain preferred enbodinents, L is CO Qis absent, n
is an integer floearthintpefBred mh;bdiﬁ?entssLmﬂ:ﬁbt@d absentyn is an integer from 1 to 8,

hetof ocyol yrafh = ree PR R UEDECET sl (RS B @hEo) 2 o

-Cl.  8al kyh#hétRbEy)cByl-Mhdn eerE]rOeuch exﬁ]aecﬁraéﬂty R id AC; mkym(m%@bm such

enbodi nent s 10 . hetgso het selected from
nor phol i no, élhﬁé‘e@d? Rere p'é%ﬂ%@!vkﬁ I“d@?ef B‘fc’ﬁdl"‘?f%&"%ﬂts At ai n
ermbodi rmont hetetockdyIBEOvhdrb hétero&tclyd & dlebted RomSmEphdtinb gipdiidaiv) PipaasndyH and R7

is selected rom %l 6al kyl, cycloal kyl-M C1 aral kyl, and
a . 6het er odPAPYEAIP ot her  enbodi ments, L is C=0, R6 is G _bal kyl, Qis

selected fromO and NH, and R7 is CIl.6al k 15 where 6al kyl |s sel ect ed
frommethyl, et ‘fe“a‘&r?dlbf’gllf‘ﬁ?tﬁ'pﬂyis C“I]Crr?(f %‘W@M‘eﬁﬂ%?ﬁkﬁ&ﬁ% PapdNHand Rp js

Cl. 6al kyl , ROid selesel @otac) 6£1k91m>&1cand1 MG Rl 1 /and <, Qilet&aarrarkiﬂy Ita othByET €
nyl net hyl ot her enhodi is Cl.6al kyl,

| kyl h
D CL YLl oo PERRG HHrO. R stk Oescispied e ahs NFgHd K apey @l

het er ogsal kwerel@ 6ﬁlﬂylny§dléé}éh)fféﬁ{rm’thyl étnylcerdt@dpro m%rﬂﬁf‘&rﬁbodlﬂnérfts ahgent or
is CO and t oget her are . - Y- Cl4al

c _6al kyl - EKOCiR @a@ll@lkyl s f@ieﬁﬁélﬁl@W OAndN 8By isfGrspriafrgyls a%rerer@galkwrﬁ certain
preferred %H@‘Bfﬂh t fn otiaer eﬁlbgdigentg La@‘t =0, R & ARIRPL © 18Rk RY ﬁ%pr{jORédt oget her

are Cl. 3a|k kyl. I'n anot her preferred enmbodi ment Qare
absent , I‘R@n‘éﬁdlsﬁl 61!f‘éﬁj’eﬁtfﬂl§}‘1 wharehatpragipiky) IS\Sr‘lmﬂ!ldSBmk?lM | n anot her
preferred enbodl ment, Lis CO Qis absent, seJ{ ected fromNH and
N-C1- 6al kyl , anH REaiaSHOMEMeRyd: S abseares igg= @eﬁnrm and R togefhdayare Citeplkeh

gpgt geﬁog;@rf @[ ()raﬁgl Wpﬂl@l RNE,. Gai-kyl or @}QlkleA' ﬁlei%g§ fd?rtnmgaar}ﬂrgR@n adinR7 toget her
preferred embodiments, L is C=0, Q and Y are absent, and R® and R’ together are C;.;alkyl-

Y-Cj.alkyl. In another preferred embodiment, L and Q are absent, and R® and R’ together
are Cj.alkyl-Y-Cjjalkyl. 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;salkyl-Y-Ci.alkyl. In

25  another preferred embodiment, L is C=0, Y is absent, and R and R’ together are C.;alkyl-
Y-Cj.alkyl. In another preferred embodiment, L and A are C=0, and Rfand R’ together
are C)alkyl-ZA-Calkyl. In another preferred embodiment, L and A are C=0 and R® and
R’ together are Cy.aalkyl-A.

In certain embodiments, a compound of formula (V) has the following

30  stereochemistry:
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Y-C 1. 3alkyl. In another preferred enbodinent, L and A are C=0O, and R6 and
R7 together are Cl.2alkyl-ZA-Cl _Zal kyl. In another preferred enbodi nent, L
and A ar ew620cansisiR6 and R7 toget her are C2-3al kyl - A POTABRE03I0M4451

enbodi nents, a conpound of formula (V) has the followi ng 30

stereochem stry: -17 WO 21)1) 61063154 PCTI US20115/1144451 RS-N Ou N R CX
R R HOR3B3HOIn preferred ddbodRrent,s, Ohe Rhhi %or has a structure of
formula (VI) or a pharnacRd i II accH t ereof, RSS~SH R N N
CX R6 00 5 (VI) where: each M isqin penﬁent y selected from C=0O, C=S,
and SO2, preferably C=O L isR1abs"ént or ig3sellectgd from C=O C=S, and SC2,
preferably L is absent or C=O Mis absent or is C _salkyl; 10 Qis absent
or is selected fyy absent, 0, or
NH, nost preferabﬁgagm?gﬁggggﬁ?gzék3ﬁﬁ&5YEma1ec%ﬁé%? g%(§Qﬁ 4and

N- G - 6al kyl Phasmaqeatically pcagptayle sajt thersefait or is sel ected from 0, NH,

N-Cl . 6al kyl, S, SO SO, CHOR10, and CHCO2R10; 15 each Z is independently
sel ected fron10, S, NH, and N Cl.0al KR?, Ereferabhy O;n. R2 and R4 are each

i ndependent |y sel ected from gl _al Kyl , JCl . Bhydiloxydl kyl[,X Ci . 6al koxyal kyl ,
aryl, and Cl.6aral kyl, any o > kT CANM s stwtuted with one or

more of anmide, anmine, carboxylig acHd ( assal H thgyeof ), ester (including
Cl.5 alkyl ester and aryl ester t hiol", or ioet Mer substituents; 20 R5
is N(RB)LQR7; R6 is selected fronm hydrogen, nd Cl-6al kyl, preferably
a, al kyl ;
> (VD)
where:

each A is independently selected from C=0, C=S, and SO,, preferably C=0;
L is absent or is selected from C=0, C=S, and SOy, preferably L is absent or C=0;

M is absent or is C,.salkyl;

10 Q is absent or is selected from O, NH, and N-C,.galkyl, preferably Q is absent, O, or
NH, most preferably Q is absent or O;

X is selected from O, NH, and N-C,alkyl, preferably O;

Y is absent or is selected from O, NH, N-C.salkyl, S, SO, SO,, CHOR', and
CHCO,R";

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

R? and R* are each independently selected from C_salkyl, Ci.shydroxyalkyl,
Ci.salkoxyalkyl, aryl, and Ci.garalkyl, 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;
20 R’ is N(R9LQR;

R’ is selected from hydrogen, OH, and C,.¢alkyl, preferably C, salkyl;
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-18 WD 2006/ 063154 PCT/ US2005/ 044451 R7 is selected from hydrogen,

Cl. 6al kyl, Cl.eal kenyl, Cl.6alkynyl, aryl, Cl.6aralkyl, heteroaryl,

Cl. 6het erwerzmbdm,«sk154R82A- i _gal kyl -, R11Z-C _sal kyl -, ( ReOr(us86rmias) O Ci .
gal kyl - ZAzZ- Cl . 8al kyl -, (RSO (R9O) P(=0) O G sal kyl - z-d . sal kyl -

R8ZA- Cl1_sal kyl - ZAZ-C1_ sal kyl -, heterocycl yl MCAZ- C sal kyl -,

(RBO) (RSO) P MO) @ Piscisabom by 50) QNaIByLQHSJsdikdnlyl ChellBng) ol Coarsylkyl -,
et erocyc car bocyc 8 y an
R7 t oget hePe&RoaEC le%ﬂt%%fxlwd‘ %F %Pc?t géﬁt@?}}‘ll Xﬂ%l)%%ﬁ%&o It1. 6al kyl -

ZA- Ci _6al ky; 41181&,@ @agamyh msogw@p@arb)l@;trﬁlkypzaf]gma;m WREZA- cl salkyl-ZAZ-C,.

a . 2al kyl - 2al ky Cl. 2al kyl - ZA;Cl. 2al kyl , F ()S éA g(ly 2al kyl ,
A- Cl1. 3al kyBkaliyl- b?temxréx MAAZC -ty ONBrWPRPIR- Ckﬁaﬁ‘d Fo BECx are

i ndepenéengw) ﬁet%tu%ﬂi Bét&mﬁwgemocwm R 80,00salisl; Exairk‘ysozh@ﬂ; or

6al ke dal | kynyl”, aryl, heteroaryl, Cl_6aral kyl, and

Cl. 6het er oar al ky# andq?qf,@mbh& d, g;megn yh@mxgercl 65{2}1&11& -Catdlion, A-anghikyl- 6al kyl ,

R8 d ROt th Cl.6 , h RlO
ndopententyCaalkt fod gl hgiar e b s AR Loty B 15 |

6al kyl; R 7lasc] aggpandenidvzaat sakpdafc VA @8 RalkyTIA, Gitrdby I fornfoh a6al kenyl
Cl_6al kynyl l ﬁ(Zocycrﬁ@kly het e]‘r%ocglc |yl lqE'nz;iryly he?er%;zlﬁ yl, )Cﬁll(DGar%al kyl, and

CL. 6het er oaing kyI and provided that when R6 |s H Lis C—O and Qis

absent, R7 is not hydrogen, Cl- 6al kyl, or aryl or heteroaryl 20 In
cert ai n0embodi nBnans R'arg igdepersiently pedeciggfeam hydf@ge§’ metalggtions Cusalkyh ©1R2 and R4

are sel eCtaﬁgeR%f @%da‘ﬁém%h&y |het@ﬂ)‘318/§:b @?rﬁﬁ%%rlké(dd CilRetPloSh &y, BEf&AM from

enbodi ment & are Cl he nost preferred such

enbodi msnt hydogeanteRUcation and Speril, or a‘@}’elf»ttagﬁh%ﬁf?damﬁ’ﬁﬂt therepy fagming@® Q j s
absent, h 0O, RBis H R2 and R4 are isobutyl, and R7 is heterocyclyl M,
wher e the e%erocycle i's a nitrogen cont ai ni ng 25 het erocycl e, such as

pi perazino (incli m@is SUC lgﬁ%lgﬁéafr&hlﬂ%x% nrmc m&nwmm @nd

pi peridino. In pre erre I ments I'n’ 't he m)st preferred
such dfbodilkEnts, R7 is norpholino. In certai n enbodl ments, a conpound of
formula (VI) has the followng structure, also referred to as Conpound A:
-19 WO 20116/ 068! Selinfependsssip selsterfippa Bydrogen, C-salkyl, Ci.salkenyl, C.galkynyl,

carbocyclyl, heterocyclyl, aryl, heteroaryl, C,.saralkyl, and C).heteroaralkyl; and
provided that when Rg is H, L is C=0, and Q is absent, R’ is not hydrogen, C;-
salkyl, or aryl or heteroaryl.
20 In certain embodiments, L is C=0, Q is absent, X is O, R®is H, and R? and R* are
selected from C.alkyl and C;¢aralkyl. In preferred such embodiments, R? and R* are C,.

salkyl. In the most preferred such embodiment, R? and R* are isobutyl.

In certain embodiments, L is C=0, Q is absent, X is O, R®is H, R? and R* are
isobutyl, and R’ is heterocyclylM-, where the heterocycle is a nitrogen-containing
25  heterocycle, such as piperazino (including N-(lower alkyl) piperazino), morpholino, and
piperidino. In preferred such embodiments, M is CH,. In the most preferred such

embodiments, R’ is morpholino.

In certain embodiments, a compound of formula (VI) has the following structure,

also referred to as Compound A:
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N~NOCNN NN UOHO\ O Goup 4 In a further enbodi nent, the

prot easone inhibitors have a structure of formula (VII) 5 or a

phar macewbeaddossmsaecept abl e salt thereof, R RS-)AN H Ne8THR2005104448 O R3 O
(M) where: each Ais independently selected fromC=0 C=S, and SQO2,
preferably C=O 10 each B is independently selected,fromC=0, C=S, and
S2, preferably CO D is absent or is G | kyl ; G)rs selected from O,
NH, and N-(-6al kyl; K is absent orHlsOseI ected @ro C=Bp &S, and S,
preferably Kis absent or |z§"\ ' el ected from C=0Q

C=S, and S, preferably L r\_s_/ bs nt or — M i sHab ent or is C]_sal kyl;
Qis absent or is selected fromO and RI—O ..~ , preferably Qis
absent, 0, or NH, nost preferabl Qs absent ; s sel ected fromO, S,

NH, and N-C _6al kyl, preferably 0 each Vis dependently absent or is
selected fromO0, S, NH, and NG 6 preferablyvls .absent or 0; Wis

absent or is independently sel ected from 0, S, NH, and N-C . 6al kyl,
preferably O; 62 2006/ 063154 PCT/ US2005/ 044451 Y is absent or is
selected from0,""R¥“N-Cl _6al kyl, S, SO, S2, CHORI0, and CHCQ2R10; each Z

I's independent| )f S?urt?l%rt' eem fdl;n?ert?t (%Yle pSrotezli\éome 1191db1tors91ave a s cture of f%];glglg?VI)f)

5 orapharmaceutically acceptable salt thereof,

A A A LT K

(VID)
where:
each A is independently selected from C=0, C=S, and SO,, preferably C=0,
10 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 C=0, C=S, and SO, preferably K is absent or is
C=0;
15 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,_salkyl, preferably Q is absent, O, or
NH, most preferably Q is absent;

X is selected from O, S, NH, and N-C, salkyl, preferably O;

20 each V is independently absent or is selected from O, S, NH, and N-C,_¢alkyl,
preferably V is absent or O,

W 1s absent or is independently selected from O, S, NH, and N-C,_salkyl, preferably
O;
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R, R2, R3, and R4 are each independently selected fromCl-6al kyl, CI
-6hydroxyal kyl, 5 Cl _6al koxyal kyl, aryl, C.6aral kyl, heteroaryl,

Cl. 6het erwenaddosbisshet erocycl yl, ClL_  6het erocycl oal kyl pcan$2005/044451
R14DVKCCL. 3al kyl -, wherein at |east one of R and R3 is R14DVKOCL. 3al kyl -
R5 is N(R6)LQR7; R6 is selected from hydrogen, OH and Cl_6al kyl,

preferably Cl.6glikykentbPisReletted foth @y, NFgIN-Chaikyl, f S@nscmpcamld%,and]ydrogen a
protecting group,, aryl, or heteroaryl, any of which is optionally
substitute i Q halogen car bonyl , nitro hydroxy, aryl, Cl.5alkyl; or R7
is selected fron1CI-6aI alke |, .C1.6 kyl, d

6het er oar al kyl , caBZAs l“}fe‘éﬂf‘ P’S‘g ”@:P glalﬂﬁ lé)ﬁ%‘ i pn%r%ly%’

(R8O (R90) P( O)OO £ ZAZ- C1

(R0 (RS0 P20 B B Sk S G e W abeton g gl

het er ocycl yJ, MMlygkﬁahFMbl 6ara(1138Cﬂe(dmglﬁcm@taoﬁlall@alhkwocyclyl C.

(R10) 2N- C1. galk 3N Cl - y roc ﬁ garbocycIyIMu
R11SO2C! . gahaigrpcyc Oalrlfbjl R %&Mﬁo%ﬁal avﬁarewt feé‘bté’f\; ‘?/ g

Cl . 6al kyl - ‘ﬁl@\;@@ék%ﬂkyl Cl . 6al kyl - ZA-d - 6al kyl, A-Cl. 6al kyl - ZA-Cl1. 6al kyl ,
A-C sal kyl -A, or Q. 6a|ky| A, preferably C 2a|ky| Y-Cl -2al kyl, C. 2a|ky|-
ZA- Cl. 2al kyl, ARECLNRLKWYR'ZA- CL. 2al kyl, A-Cl_3al kyl -A, or C14a|ky|

t her eby fornlng a 20 °ring, preferably R6 is hydrogen and R7 is Cl. 6a|ky|;

R8 and R9 are i pégpepsedtirbd h§d}b€&1 O, firidom Akl pResfablyel alkytat i on,
Cl - 6al kyl, C1. 6al kenyl, Cl.6a ynyI aryl, heteroaryl, Cl.6ar aI kyl, and

Cl. 6hetl§{joar al kgf 15@%@1&&6% &fJn’f@cMmdhyﬂydﬂ@,&ﬁ aﬁfﬁﬂe&lng@ddp@ﬂyl and Cl - 6al kyl ,
or R8 and R9 together are G . 6a t.her.eh 5 each R10
is i ndepenéf@tﬁ’f"lavl’%}’ atyaigh fsroéﬂ?%% FQ}@BWGQ%%&%@SH I?%'Ibonyﬁ’rrg?(grh& $>Cl.

6al kyl ; R ok, cqﬂﬁﬂeWns belechRl R €safkiyR 0, balkbnOD ENgalighyloal J;@ydlkylcctl 6al kenyl ,
Cl. 6al kynyl car boc

het te e | kyl, and
O - 6het or oamwkmm 61 sdioboR S ek RO T CRIGS) (A Cey W
R15GB-, het 1IOMR°0PE 3 18

RISGRCL- sl hTs (AR O COO AN CLY “ZACW??%??%‘%E‘?.,B o it
OH, Cl-8al o uempycdﬁMZg%%tCi sllalbd D&&@H(W&Ch@ll@ efR Y- M -wWo

2006/.063154., L. §%Ql%g§c‘?y‘1ﬁﬁ5&rbotyé}5ﬁﬂd Ne)so, Xdlkylh%@kb%m &ar bOCycl yl,

heterocycly , preferably | east one occurrence of R14

i's other than hrzdgmo dia rcq mﬁ \at‘?sa‘lmetﬂ‘%ﬁlﬁﬁ@A ) $kya CALd Ak M
hydr ogen, netal cation, Cl.
ZA-C.alkyl, A- Cmalkyl-A or C1 6a]kyl -A, preferably C,.;alkyl-Y-Ci.alkyl, Cjalkyl-
ZA-C,alkyl, A-C,alkyl-ZA-Cy,alkyl, A-Cjsalkyl-A, or Ci4alkyl-A, thereby forming a

20  ring, preferably R® is hydrogen and R’ is C .alkyl;

R® and R’ are independently selected from hydrogen, metal cation, C;.salkyl, C,.
salkenyl, C_alkynyl, aryl, heteroaryl, C,aralkyl, and C,gheteroaralkyl, preferably from
hydrogen, metal cation, and C.salkyl, or R® and R’ together are C,galkyl, thereby forming a
ring;

25 each R'? is independently selected from hydrogen and Cy.galkyl, preferably C.
salkyl;

R is independently selected from hydrogen, Calkyl, Ci.¢alkenyl, Cy¢alkynyl,
carbocyclyl, heterocyclyl, aryl, heteroaryl, Cy.¢aralkyl, and C).¢heteroaralkyl,

R'" is selected from hydrogen, (RlSO)(RIGO)P(=O)W-, R'’GB-, heterocyclyl-,

30 (R'),N-, (R');N"-, R'"SO,GBG-, and R"’GBC salkyl- where the C,.salkyl moiety is
optionally substituted with OH, C,.salkylW (optionally substituted with halogen, preferably
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6al kenyl, Cl.6al kynyl, aryl, heteroaryl, Cl-6aralkyl, and

Cl - 6het eroaral kyl, preferably from5 hydrogen, netal cation, and Cl . 6al kyl,
or R15 aI"WORﬁ(ﬁE/(E@th her are Cl.6al kyl, thereby form ng paTrise@soandt R17 is
sel ected from hydrogen, G _5al kyl, Cl-6al kenyl, d _6al kynyl, carbocyclyl,
heterocyclyl, aryl, het eroaryl, Cj 6ar al kyl, and Cl -6het er oar al kyl ;

provi ded t fm@bnm Qﬁ'yﬂ@térﬁarﬂ, cd;bdc§cl§F&ter@M1}@ ang Cabslkyl, prétérably anteasthoyelr ogen,
Cl- 10 6al kyl, . %te oaryl; and D, G V, K, and Ware sel ected
such t hat toﬁ%‘rr@n%?r‘g o‘s@t}’ﬁ” ‘r@ dragel) or S-O bonds.  Sui tabl e N-terninal

Carbonyl | (Bocy. RoaHady| o BAPen et Qe B A By (R, O
car bony 0oC T

tri phenyl mesriamy, @gdlkwb a@mdlet@fdagmIcgr&en(ppxw@]r@awhra(kyr (I')‘r'eferﬂﬂjd fioe | i ke.
The uselsof ﬁga“ ous Pab%?’gg aggtﬂercﬁ]l@,ﬁlgﬁgr Ei{c tog(%gerr we@%ﬁi‘awﬁy car bonyl
group of t hydogyymg or P i

e.g., di cyglrglgemﬂl carbodi i m de (DCC), 1 3- d| i sopropyl carbodii m de (DI C)

1- (3 di met hyl am nopropyl ) - 3- et hyl carbodi i m de (EDC), N

hydr oxyazabenz ot jaglced(Fdhdroge/rds Q%d(:l éﬁll@?ﬂl Ot galk9iiyl, carbocyclyl,

1- hydr oxybenzotri azol e nonohydrate ( various cl eavage
condi t i ons hetemeydylasnsl Beteropry, Fuéﬂfﬁbldeﬂt‘idtpla}éﬁt?i"%@ kiep) | HCI i n di oxane,

hydr ogenati on on Pd-C in O{pg?}@m c solvents &uch as_jpet hanol or _ et hyl
acetate), bor onProvided thaf WheadkednElel &t 70 2ah 1&9‘§ﬁ’6tg%n155‘? B &nd react i on

in sol ypi OQalkW dthirf19phétioad; and purification of internediates are
wel | -known'in the art of peptide synthesis, and are equally applicable to

the preparationpof, Vhe, sdbi @fetscleQBPQIA @t theik 684 @I0) NeODOWN, GESHCBbonks., R2,
R3, and R4 are each independently selected from Cl 25 6al kyl

Cl. 6hydr oxyal kykyitdste r@@édﬁ%}%é&yﬁn knédn ﬁanairkaﬂpep@mymé@ymmm kyl -
wherein at | east one of Rl I s 4DVKCCl aal kyl -. I n preferred
enbodi nent é‘bu@ﬁéc%PonyR(BO&h&emyﬁ @zbﬂy@rgp -Srikpetharyqarbeny! Ges)s i s

R14DVKCCL. %ﬁ% lmet f'@nt% a%glc%r@fh%%hﬁgﬁﬁ‘%’T‘Q@ﬁéﬂdﬁheq;kefs gk Wde of Waridude nost
e

preferred ohé of - phenyl et hyl or phenylnethyl
and thd5ot hbprotegumgrmwﬁﬂw b?nzﬂpmbx@i-gywr the butylgwyaden@ovBnd R4 are

i sobutyl . E‘g%% h @,t;,%fag paosl 1R is sel ected
from hydr oé cge\;atng{“ﬂcrot% er c{%ﬂ%seo Ldé%@ﬁ)o&ayzc{a@oo t( ? rot ecting
group, aryldjisdpetretcatbodiimide(DISA k@kdlm@hylanu@zrqm)ﬁe@wlms@ﬁsml e (EDC), N-

PCTI USZOOS/ 0 #ﬁyg/a%abe?%tﬁ%y éflﬁ%&éﬁmﬁﬁgxgmldgm@%{ "11|h§atjoxyb‘léﬂﬂ)tnﬂzole

c -6heteroa n cer and R7 is
sel ect ed f manwbydratt (HABT) knd yariopeelepyhge qgh@nyrhsn@tr laydmpl Ilp)@mr@yﬁlc agidpyr i dyl ,
20 (TFA), HCI in dioxane, hydrogenation on Pd-C in organic solvents (such as methanol or
ethyl acetate), boron tris(trifluoroacetate), and cyanogen bromide, and reaction in solution

with isolation and purification of intermediates are well-known in the art of peptide

synthesis, and are equally applicable to the preparation of the subject compounds.

In certain embodiments, R/, Rz, R’ and R* are each independently selected from C;.
25  ealkyl, Cshydroxyalkyl, Cyealkoxyalkyl, aryl, Cy.¢aralkyl, and R"“DVKOC;.alkyl-
wherein at least one of R! and R? is R"*'DVKOC; jalkyl-. In preferred embodiments, one of
R! and R? is Cy.aralkyl and the other is R'*DVKOCalkyl-, and R* and R* are
independently C,alkyl. In the most preferred embodiment, one of R'and R’ is 2-
phenylethyl or phenylmethyl and the other is R'*DVKOCH,- or R*DVKO(CH;)CH-, and
30  both R?* and R* are isobutyl.

In certain embodiments, L and Q are absent and R’ is selected from hydrogen, a

further chain of amino acids, C).acyl, a protecting group, aryl, heteroaryl, Csalkyl, C;.
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and 4-pyridyl. In other enbodinents, L is SO2, Qis absent, and R7 is
selected from Cl-6alkyl and 5 aryl. In certain such enbodi nents, R7 is

sel ect ed woamemssisyl and phenyl. |In certain enbodi nentspci/ussolEa@4and R7 is
sel ected from G _6al kyl, Cl-6alkenyl, Cl1_ 6al kynyl aryl, Cl. 6aral kyl,

het eroaryl, C1. 6het er oar al kyl , RsZA—Cl sal kyl -, Rl Z-G _sal kyl -

( %8) ( gg) g(lEéB)'DCCEaH%&b'Kﬂ saxal((ﬂ%)i(d?@@d?éa?ﬂk@ ﬁlicmm‘slﬂbh Md@lef%ll‘&y" -
§1et ez f)cycl) §:I( ﬁ?@'&g % Rs‘élsééﬁtedzﬁ?lﬁ%tyg Rﬁ’é prg%ﬁr Ip%e“yﬁ'ﬁe%%ﬁlpyﬁ S aﬁ%ydly

het er ocycl yhdpyrigar bocycl yl M, Rl |1 SQ2C1-sal kyl -, and RII SG2NH. In
certain enbodi nents, Lis C=0 le absent, and R7 is H In certain

enbodi nent s, Rﬁm drir}tl)é%nﬁ&ﬂlklyhts,lﬂﬁ S8, @isaﬁainkylhd RQslssleabd;ﬁmh Clmi?il land s CHC)l

In certain such enbodi nents i 22tr| uor oet hyl ,
or 2 15°(mé yi“sCGF?lBﬁ%h)e&bﬁg/‘ImenﬁsnEo‘f ﬁ%%l t“é‘;ﬁ?&ﬂ?‘ﬁ@ﬁt’?d pﬁé C=O Qis absent,
and R7 is Cl.6aralkyl. In cert ch . enbo ected from
2- phenyl et hyl , MH@‘P&B’PH?’P‘“‘%}W&? oW%é%erf{‘}E?W C|6alkyISC1 AGEHE.
(4-chlor Opiaeﬂ )@Bﬂ@@raﬂ(@ﬁh&t&oﬁ uwl SbeaydiyTER - clgarkynm‘éz Grdilogli, nent s, L

C=0, d R7 0 t h
erbodi e éRS%péHp@é%salm B G d 2AZ Cehlsl &1 & mbsent or

0, and R7 i®*o)(rCU3D(: 9%1@99541%}1;2 €152l cm%acngaﬂ@pmgr@.qdn(ment s, R7 is
cyclopropyl or cy clohex‘y: I'n certain e =0, le
&8

absent ,107 ihgtemey i MZAZ-Cgsalig] e@t écN CﬂFWP@Z&B}CEIICS@FWMheter??y"lzyl%l 8al kyl -

RsZA-Cl _sal Kbe 6@@%\7@&‘%@ &Yiatkyl- Zéxd(lﬂﬁ@zﬁwai:&ert@l@n@d&@hﬂsﬂ s4A0, disgal
kyl -, (R8O (R9 0) O cf-Sal kyl - z-C _sal kyl -, and

het er ocycl ybsvzm@ddi isHi kyl-. In certal n such errbodl ments, R7 i s

het erocycl yl MCAZ- C1_sal k | - where heterocyclyl is oxodi oxol en

N(R12) (R13), whbrcsrtpnrmbpodimenty K is ggetkabR ' isfriesaksyl B4f pBsentyandL leéh@w

pref er abl yérg'%er%ﬁll vl erXBo(EI o hyts’etﬁyll]%oﬁmbylf QQrﬁLt?iﬂuQroéthﬂgori h certain

preferred I ments, I's C=0, Q’i's absent, and R7 is selected from 30
(R8O (RSO P@&t@)ﬂ@ﬂfqnylé%th)ﬂyl : (RlO) 2NCl sal kyI (RO)3N (CH2), , and
heterocyclyl-M. In certain such enbodi ments, R7 is -0 .sal kyl NCR1O)2 or

- C1- sal kyl N#( Rlbl)cshermép@mmt@ 5GP, Qis @em@ll‘} 15 @&@@3‘%4@@@1@%@1115
/114 4 45 1l t
%mkf@lné%& ‘R seq;e%feh%lolﬂ] ?F}‘Ib%&leﬁw Peégn?gxgg?m ethdX lﬁe%yl)methyl

het er ocycl e€re heteroc rom nor phol i no,
pi peri di no(4- phlptepmlvhmethalndlqdﬂfﬂt@tqph‘mybmethyl

In other embodiments, L is C=0, Q is absent, R®is Cisalkyl, and R’ s aryl. In
20  certain such embodiments, R is phenyl.

In certain embodiments, L is C=0, Q is absent or O, and R’is -(CHy),carbocyclyl.

In certain such embodiments, R’ is cyclopropy! 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, salkyl-, R''Z-C, galkyl-, R*ZA-C, salkyl-ZAZ-C) salkyl-,

25  (R*O)R’0)P(=0)0-C,.salkyl-ZAZ-C) salkyl-, (R®*O)R’0)P(=0)0-Csalkyl-Z-C galkyl-,
and heterocyclyIMZAZ-C,salkyl-. In certain such embodiments, R’ is heterocyclyIMZAZ-
C.salkyl- where heterocyclyl is oxodioxolenyl or N(RIZ)(R13 ), wherein R'? and R together
are Csalkyl-Y-C.¢alkyl, preferably C,.;alkyl-Y-C.3alkyl, thereby forming a ring.

In certain preferred embodiments, L is C=0, Q is absent, and R’ is selected from
30 (RPO)R’0)P(=0)O-C; salkyl-, (R'®);NC,salkyl, (R'%);N"(CHy),-, and heterocyclyl-M-. In
certain such embodiments, R is -Cl.galkle(R'O)z or -Cl.galky1N+(R‘°)3, where R' is C,.
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In certain enbodinents, Lis CO R6 is Cl 5alkyl, Qis selected fromO and
NH and R7 is selected from Cl-6al kyl, cycloal kyl-M Cl. 6aral kyl, and

C- 6het er ompabdylss1skn ot her 5 enbodi nents, L is C=O, R6 ipeT@b2@alokasst Qi s
selected from0O and NH, and R7 is C1. 6al kyI where Cl-6al kyl is selected
fromnethyl, e and. isopro e CO R6 is
Cl - 6al kyl , @Uﬁyg h%éf:%ad‘f 8taetfs}1§h?r8y°§ﬁﬂe"ﬁiﬁ aﬁé‘ c?"[s]bl%g gﬁ?ﬁ?‘?ﬁﬁocy‘\\mésre ar al kyl
i's phenyl n@tdayll frohmeérphstino Sotpatdine pipsraziho,lasd pAfdlidl¥e. is Ci _Sal kyl, Qis
selected fromO and NH, and R7 is C _6heteroaral kyl, where heteroaral kyl

is (4-pyridyl ) rrEh battain dbddiments; L.a¢ O= @,nnfodbmmya‘; Q is selsctabgsento ard N}$ax€a=0, and

R6 and R7 t er 6 C7 Z kyI or

d 4al kyl - ‘ﬁé a{_;%? %ﬁg‘yg C?/?lﬂf’gky%ﬁ (2 %&?’h a“%éb‘k’%‘%’r"é@ﬁ\‘é(ﬁb[& nts, Lis
C0O Q amd eYrﬂﬁ)HﬁneﬁhEbSErﬁC @er 1861 @Ml I@?lstsag@édmrn ar sd S, 2ad ki/lsf,\(alfa/wal kyl .

I n anot her pref erred_enbod are abs and and R7 together

are Cl - 3al k\ylverevcaalkzbasﬁwcteq ﬁﬁoramharéﬁﬂw ARGisPRIBPY, in{ab%ﬁh%ﬁfnboimegtséz@ Qis

absent, Y ic=dRsetpeah&t J £asmd 26 Om@PNIPA I is capehnie, gk f#41kjaget her
are Cl 3al ky 1-Y-Ca ﬁ%@ qs a&n&(;dtherdgneferred elsfrb%al ngt L |slk%—% Yis

absent, anoplmvlﬁlﬁ@ywn ptgeephadingnis, Eiis G048/ is Cysalkyl, 2isiglected fiom Qhader

preferred R OH TN ¢, hetBidGrafky R £1Qe ARG ( aggther are C
. 2al kyl - ZA-C 1. 2al kyll6 eI n r(jiﬂr‘lkgt here preegerred ean%ggmn)ent Land Aare C=0 and

Rb and 10R7 togethheémﬁf&n&an&%ksku lis send Br is @J@eaﬁcﬁkﬁrhna@%ge&ﬁmré C %14&11 S
(R150)(R160 In certain such enbodi nents, D, K, and are

absent. In zﬁ&\halﬂg‘h}b%%cheﬂbé OT@laﬂB,Y‘fé aheschyfomting aUEB i | certaimg| ky| , and
Wis 0. In %n&f@ﬁ%dﬁ%@n&l Erﬁ)@d(') Qﬁc@Y alR dbSenthnd RP Kol R7 tpdtifer gﬁ% 3@1?&1 vV and

Ware 0. In certain e ment s, 14|s RI5G-. I'n preferred Iments, B
is C=O G i%Cizgdkyd, I@m@eﬂﬁe@aﬁigmbod\mmﬁ, Ipand eke gbgest, @R’ 4nd R:é@geélen

embodi ment s, R4, FYrt?ltﬁl'icglCX%é{déheﬁgle?e&ﬁ\}r&&@gm;ﬂ?&‘zgg%'a dé?lh%ﬁ sDIs

Cl _8al kyl. Tn cer ain suc et erocycl yl
is oxodi oxeleetny fromNH etd&+C;galkyl, teﬂﬂbdndrﬁﬁtogﬁ:thdt aresC algkerhY ;CiKalkgl. éﬂnsent or

s C=0 a naéﬂg{})%f%ggcg%&(%odkﬁenw&a%%Lb%gg %bs%}earn% liajaﬁd ﬁm%gg%mgr atreo Et are

J-T-J, J- absen 'S ‘selecte 17, S,
SO, soz CHOR] 7alkyCHEORBMS:, préfeed @ritdimend [CHE, A ara Q) ancsR%mléﬁ ttogether S

2R PRSI G SERIRA RGB! R -SRI

such enbolefaogeﬁ;erE}elcs3ﬂ]1)$aﬁl kyl and K is absent or C=O. In certain

20 In certain embodiments, R' is (R O)(R'®0)P(=0)W-. In certain such
embodiments, D, V, K, and W are absent. In other such embodiments, V and K are absent,
D is C;galkyl, and W is O. In yet other such embodiments, D is C;galkyl, K is C=0, and V
and W are O.

In certain embodiments, R"isRGB-. In preferred embodiments, B is C=0, G is
25 0O,Dis Cygalkyl, Vis O, and K is C=0.

In certain embodiments, R' is heterocyclyl-. In preferred such embodiments, D is
Cisalkyl. 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
heterocyclyl is N(R‘g)(ng), where R'® and R" together are J-T-J, J-WB-J, or B-J-T-J, T is
30  absent or is selected from O, NR", S, SO, SO,, CHOR"", CHCO,R", C=0, CF,, and CHF,
and J is absent or is C.3alkyl.
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enbodi nents where V is absent and R14 is (R17)2N-, D is absent K is absent
or is CO preferably Kis C=cO. 5 In certain enbodinents, Rl4 is
R17SO2GBGVO 2bev/qesBsfier red such enbodi nents, B is C=0, DpcCYusang/olar e
absent, and Gis NH or NCl-6al kyl. In certain enbodi nents, Rl4 is
R15GBC1_%al kyl -. In preferred enbodinents, Bis C=O, Gis 0, and the

A _gal kyl noi etlﬁdeﬂalﬂ@ﬁib@(ﬂﬂlbﬂlty, lsﬁmm?;zut eﬂkmM);NT @lﬂp@rerm yi$ absémptn onal |y

substituted with hal ogen, prefer aryI

het er oar y| prefagred sy dippentsRis bgé‘ {"V‘g gge@ﬁ(gffr sz{ﬁ B certain such
enbodi ment gmbddifieskts whétk Kyiks abdsdi R '1 i (Ia‘ﬁ)zunml@abseﬁut txchbsamBIOs C=0X

di substituted Calkyl. In certain enbodi nents, a conpound of formula (VII)

has the foPredatlyK §€aPeochenistry: * r R5S"ANRYNSN RK Rt HOR3 H 1O 15
In preferred enbodi nents, the inhihbijor S st ructur orrru (viin)
or a phar maceulicerpingmipdimpRis it e‘sézalllstoﬁﬁgr eﬁ’fprefrﬁﬁ ‘{\F XE e‘N{"NI ® R HO
(M) whergy p2¢), mqba{e\abs%nt REEOSNA: NC, Sakgct ed from C=O, GS and SC2,

preferably C=8 'each B is independently sel ected fromC=0, C=S, and S,

preferably C=0 1, dorthis cRBS&RENOR'? & ROGE@I KKV I-. [a prefesad aﬁﬂoadnénmml@ NH, and
N- C1- 6al kyl ; -25 WD 2006/ 063154 PCT/ U82005/ 044451 gthHS ent or is

sel ected f 5@ 6360, mdghe Grulkgbpoicyris prifonpiiy supstitated 19'1 C=0, L is
abse”t Wl o}tl%ﬁdlﬁf%hﬁéﬁﬂtém}ﬁm%ge%feﬁﬂg tﬁsﬁme)m&m&wblayyl Lhdtesoaahsent or

bsent or is Kyl is absent or_is selected fromO, NH,

and N @9, 6aark9qyclybme¢@ewlyar@ Gigaraligledn cerpin wieh eippdiments, theCrsalkul y Q i s
absent or QX § 2 Sh&BLfted, MAHoO or Fsudiiuted a1 4al kyl, preferably 0;

In certain embodiments, a compound of formula (VII) has the following

stereochemistry:
li
15 In preferred embodiments, the inhibitor has a structure of formula (VIII) or a

pharmaceutically acceptable salt thereof,

ﬁ;ﬁ;z

(VIID)

;Um

where:

20 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,¢alkyl;



each V is independently absent or is selected fromO0O, S, NH, and

N-Cl . 6al kyl, preferably Vis absent or 0; 10 Wis absent or is
mdependewt)lzyomksat ed fromO, S, NH and N-Cl -6al kyl, pceftscabloysssD; Y is
absent or is selected from0O, NH N .6alkyl, S, SO SO, CHORL0, and
CHCO2R10; each Z is independently sel ected from 0, S, NH and NG _6al kyl,
preferably 0; &5s Bse@ndisReleatedirancd>d, 06 padden; pryfesblydl iseliseht omis Ci _6al kyl
Cl. 6hydrox>§gl kyI Cl _  6al koxyal kyl, aryl, Cl.6aral kyl, and

R14DVKOC1 -, Wwherein at |least one of R and R3 is R14DV KCC

1-3al kyl - ; RS | N( R6) LQR? eleqt

Cl . 6al kyl , prefir‘sa Vzequégf’?‘fﬂ ﬁorﬁé é’ie g dfsgz’t%&dra g‘llrslao taoﬁfl%ﬂ_o aci ds,
hydr ogen, a proMe t’ g‘{% alryl or heteroaryl, any of which is
optionally subs abset Ogen car bonyl nitro, hydroxy, aryl,

Cl . 5al kyl; or : se ect al I

Cl - 6ar agkyl , Cl é‘s %??E‘Eté’F Eaffﬁftﬁ%[/ﬁom%?&? saq K5 fq@l Jl-é?ﬁ)% yC(RgéBzil)%’il.}xtflkC-yQ’¥

( R$O) ( ROO) REE@)dst fehictidlyky isaBéat &10; 3al Kyl -

(R$O) (RO0) P(=0O) O- Cl _sal kyl - z-Cl . 8al kyl -, R8ZA- Ol - sal kyl - ZAZ- Ci sal kyl -, 25
het er ocycl yl MZAX-ilielcaddiom O, §, RED)aRIQY) Batke) pre@iratBaOkyl -,

(R10) 2N- G . sal kyl -, (R10)3N+ Cl-sal kyl-, heterocyclyl M, carbocyclyl M,
R11SO2Cl _s$al kyl eachajhﬂlriakﬁﬁﬁﬁhlyl;abmm &6 sohatteRTronoQe$, e, and &-C)ealkyl,

Cl - 6al kyl -Y-g h ¢ 6?)I kyl - ZA- Cl . 6al kyl , A-Cl.6alkyl- ZA-Cl -6al kyl,

A- Cl - 6al ky[PreA™ ¥ ‘@5’? :A, preferably C-2al kyl-Y-d .2al kyl, CL.2alkyl -

Cher ey Of o m ng Va2 ﬁnﬁv r\@%@ep%dvﬁs'f Ssegi QS pN O BIR R ana o

are indepedently sel ected from hydrogen, nmetal cation, Cl.6alkyl, Cl_

6al kenyl, Cl.6al kynyl, aryl, heteroaryl, Cl-6aralkyl, and

CL_6het er oar al kylis atpefopisablested framO, D NoGenlkyinst 80, $04 CHOR'Gand C1_6al kyl ,
or R8 and W@& @t her are G .6alkyl, thereby forming a ring; 5 each Rl is
i ndependen ected from hydrogen and C1. 6al kyl , pr eferably C1_ 6al kyl;

and R" is i ndepeng tl el.e [ hyd n f% kenyl ,

C1. 6al kynyl gos iigren Sy SHeebin e e a”ﬁqﬁlcﬂ &4 kr";anTe Fmg?fal kyl . and
Cl_6het1¢§r oar al kiél and R? are each independently selected from C.alkyl, Ci.chydroxyalkyl, C;.
salkoxyalkyl, aryl, Caralkyl, and R'4DVKOC1.3a1kyl-, wherein at least one of R' and R® is

R“DVKOC, salkyl-;
R’ is N(RY)LQR’;
R® is selected from hydrogen, OH, and C,.salkyl, preferably C;.alkyl;

20 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 C.galkyl, Cyalkenyl, Cyalkynyl, C,.¢aralkyl, C.
sheteroaralkyl, R®ZA-Csalkyl-, R''Z-C) salkyl-, (R*0)(R’0)P(=0)0-C,.galkyl-ZAZ-C,\.
salkyl-, (R*0)(R’0)P(=0)0-C, salkyl-Z-C, salkyl-, R®ZA-C salkyl-ZAZ-C.salkyl-,

25 heterocyclyIMZAZ-C, salkyl-, (R*0O)R’0)P(=0)0-C salkyl-, (R'®);N-C} salkyl-, (R'*);N"-
C,.salkyl-, heterocyclylM-, carbocyclylM-, R”SOzcl-galkyl-, and R''SO,NH; or

R®and R’ together are Cy.alkyl-Y-C;¢alkyl, Ci¢alkyl-ZA-C).alkyl, A-C,alkyl-
ZA-Cgalkyl, A-C;alkyl-A, or C;galkyl-A, preferably C,.,alkyl-Y-Cj.;alkyl, C).alkyl-
ZA-Caalkyl, A-Cy,alkyl-ZA-C)alkyl, A-C).jalkyl-A, or Ci4alkyl-A, thereby forming a

30 ring;
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R14 is selected from hydrogen, (R150)(R160)P(=O W, R 5GB-, heterocyclyl-,
10 (R17)2N-, (R 7)3N -, RL7SQZGBG, and R15GBCL. $al kyl - where the Cl. 8al kyl
noi ety i swoapiseesll y substituted with OH, d -sal kyl W ( epriuspaisioy4451
substituted with hal ogen, preferably fluorine), aryl, heteroaryl,
carbocyclyl, heterocyclyl, and Cl-6aral kyl, preferably at |east one
occurrence of RRﬁaﬂdSRgairélmdeptehdamtltaydé@gﬁ’mm Ridogendm&dcatiore Ui pedlepebrdent | y

sel ect ed fr en, cati.o 5 I
& Gl ynyraiRengy £ e, B Heref i Kokt B hesropseoL PRIGEY bpm
pr ef er abl y hiy#:0gen, hiyal egien, ande); gdlkye airiRS and Rgntdgéfherﬁﬁl Riyehlkylothefeb f(ﬁﬁl(thl6

together are Cl-6al kyl, thereby formng a ring; Rl7 is selected from
hydr ogen, g6al kyl , Cl 6al kenyl, Cl - 6a| kynyl carbocyclyl, heterocyclyl,

aryl, h teroaryl 6aral kyl, and C roar al d t hat when
R6 is H Lis Cﬁ”@h%arfa“@eP"sr%%g’eqﬁ]F?te 85‘3 lﬁé@@?‘?’% %reraé!g or aryl
or heteroargykyl; #@d D, G V, K and Ware seI ect ed such t hat there are no

0-0, NO I\f or SO bonds. Goup 5 25 In one enbodi nent, the proteasone

;(r:lrgiegit ; glr S ha?/teR?ﬁ§hﬂbtsf‘ehwnﬂy@élecftafRﬂm13ﬁ gyc(gégé)i Of sakkyl, p:hammyle@t &ag@hylsz 0

e sa reo R5 R7
R4 Pk I(| X) Ca'}kﬁ@rcbf etfwcmzwbﬁg% 45h CP@F"IIIE@\I%Q# 1629 ‘z‘fé‘fa 'is 0, NH, or
N al ky pr ef er ahl . R4 snden Iectedfrom
hydrogen and a 8r d%;i??e(?fedff@r"r%ldaoge(‘l(g g)& C@?érdagpsﬁ éﬂ hfjfy @ “and R4 are
al | thqosarm”)mor(a”rgr\]ef RWabLaBBL,,amRR SGB'&lgaTlE}d-\erameC.gdlkyllﬂyﬁb‘tpgen 1~OR12

, LXO-~OR13 5 R o Rl1 %1
optionally substltuted with OH, C;.salkylW (optionally substituted with halogen, preferably

fluorine), aryl, heteroaryl, carbocyclyl, heterocyclyl, and Cj.saralkyl, preferably at least one

occurrence of R' is other than hydrogen;

R" and R'® are independently selected from hydrogen, metal cation, Cyalkyl, C.
15  salkenyl, Cjsalkynyl, aryl, heteroaryl, C;.¢aralkyl, and C,heteroaralkyl, preferably from
hydrogen, metal cation, and C,.salkyl, or R and R'® together are C,_galkyl, thereby forming
a ring;
R is selected from hydrogen, Cy.¢alkyl, Cy¢alkenyl, Cisalkynyl, carbocyclyl,
heterocyclyl, aryl, heteroaryl, C_garalkyl, and C;.¢heteroaralkyl;
20 provided that when Ry is H, L is C=0, and Q is absent, R is not hydrogen, C-
salkyl, or 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.

Group 5

25 In one embodiment, the proteasome inhibitors have a structure of formula (IX) or a

pharmaceutically acceptable salt thereof,

where:
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R5, R6, R7, and R8 are independently selected fromH, Cl.6alkyl,

Cl . 6hydroxyal kyl, Cl1_6al koxyal kyl, aryl, Cl.6 aral kyl, heteroaryl,

Cl - 6het erwenraddosbisshet erocycl yl, and C . 6het erocycl oalPkylus2@aolmssf whi ch
is optionally substituted with a group selected fromam de, 10 ani ne,
carboxylic acid or a pharnmaceutically acceptable salt thereof, carboxyl
ester, thiol, HnrgotNHp&tNelkyl, preéfraipbl y RS, R6, R7, and R8 are

i ndependently sel ected from CL. 6al kyl, CI _ 6hydroxyal kyl, and CLl. 6ar al kyl
nmor e pref er abl yR', R6, RnshdR8 an¢ mdépeddanen eaeutddyfrotl hibdey landia grouR6f fandulR7 ar e

i ndependent G . 6aral kyl; JRL0 d 1 are independent | electedsfrom
hydr ogen aﬁﬂaéblp-reé%fsw’ ljél Er’ RRlaé‘diﬁ afe%]fhe SR ‘Bafétpﬁeg?fg@és Rﬁﬁ lg ’ g—’ achﬂG?rﬁe nber ed
carbocycl i gl @aydribgher ocyclic ring; Rl12 and R13 are independently sel ected
from hydrogen, a netal cation, Cl.6alkyl, and C 1.6aralkyl, or RI2 and R13
toget her represent C 1.6al kyl, thereby fopnming a ring. In certain

embodi ments, Xis 0 and R, R2, R3, an _E{é/%?ze all the sane, preferably

R, R, R3, and R4 are all hydro‘g;én.ﬁ(n cerorih such enbodi nents, R5, RS,
R7, and:R8 are 20 independently sat'®gt®¥d from Cl. 6al kyl, Cl-6hydroxyal kyl,
and Cl-garal kyl, nore preferably, R6 ﬁg R8 are independently Cl-6al kyl and
R5 and R7 are independently Cl-6aral k3 )| n certain preferred enbodi nents,
X is 0, R, R2 RRRS Ringhd¥¢ aa¢ mdepehddnyig sdgesd, frdnbH, @ndiky8 Casleydbndyhikylsobut yl |

R5 is phenylethyl, and R7 is phepylnethyl. |In certain enbodi ts, a
conpound o%l-ﬁ%lfw*?lﬁﬁ(qr)’e‘) ch@%’alfp‘ﬁleﬂ%{‘ﬁff’?%{:\&hﬂ‘ete r"glfyi'raq?ﬁ?é(?’fgﬁiy gf‘%@"ﬂ 0 R6 R3
0 R8 NN, ~Ahei¥ro¥clofitylDeddh of Which isRphiokdly lsédstituzed Wi Q06 £6:3t84rom amide,
PCTI U82005f0444 1 In preferred enbodinents, the inhibitor has g.structure

of for il a2mite. erboxyligacid erabammacaiticyaccayirbiiall theziof, cafpardspter. wioly R R3 0

RS N-N Nz 144 BRe rlfzgre@erﬂ)IQRs,@() R’, nde4r@indepehdently sébtedfiorNCRLAMI,, C;.
preferably 0; R1, , R3,"and R4 are mdeggndergt f/y, sel ected from hydrogen
and a gr ouphy@foxy@}ky]}uqrg Ci.aralkyl, more preferably, R” and R are independently C;_galkyl and

R® and R are independently C)_saralkyl;

R!% and R are independently selected from hydrogen and C,alkyl, or R'%and R"

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

R!? and R" are independently selected from hydrogen, a metal cation, Cy.salkyl, and
Caralkyl, or R'? and R"? together represent C.salkyl, thereby forming a ring.

In certain embodiments, X is O and R',R% R%, and R* are all the same, preferably
R, RZ, R3, and R* are all hydrogen. In certain such embodiments, R>, R6, R’, and R® are
20  independently selected from C,.alkyl, C;.chydroxyalkyl, and C;.¢aralkyl, more preferably,
R® and R® are independently C,_alkyl and R’ and R’ are independently C_garalkyl.

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

In certain embodiments, a compound of formula (IX) has the following

25  stereochemistry:

R' 0 R R O RSB

A
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(I Xa), preferably, R, R2, R3, and R4 are all the sane, nore preferably R,
R2, R3, and R4 are all hydrogen; 10 R6 and R8 are independently sel ected
fromH Gve@adduosbis4aCl_6hydroxyal kyl, Cl_6al koxyal kyl , a&cyhus2@s@44451

Ci 4aral kyl , each of which is optionally substituted with a group selected
fromam de, am ne, carboxylic acid or a pharmaceutically acceptable salt

t hereof, car bomyrefeséddmbotiiments, thalilmlliltm'r nstahaictuerof famahl (X) B6a and R8 are

i ndependent selected fro C _6hydroxyal kyl, and G fiaral kyl,
nore prefeP ceu Hlaﬁaceﬁe@g%r*@fhﬁf% endentTy 15 G _6alkyl. In certain
enbodi nents, X is 0 and R, R, _R3, and R4 are all the same, preferably

Rl, R2, R3, and R4 are all hydﬁ)ge | Rcerffai lPsudp e %I nments, R6 and R8
are |ndependently sel fr 6a | NC1 yl, and

Cl _6aral kyl, nore pre[(g(rl ly, R65and}‘R8 re tndependgntly O’_6a| kyl. 20 In
certain preferred e digent Xis R2RQ R2ZARR*an@ R4 are all hydrogen,
and R6 and R8 are both isobutyl. Ijn certain e i ments, a conpound of
formula (X) has the follow ng strugture: -29 06/ 063154

PCTI US2005/ 044451 HOHOON ~ N~J O==HO0\ O it Goup 6 In
certain enbodi nents, the proteasore hi bitors have a structure of formula
(XI) 5 or a phar maceutical ly acceptable salt thereof, R 0 R RS\ K N NH
J~X R HO 0 () where: Xis selectedX¥rom0, NH, and NG . 6al kyl,
preferably 0; 10 R, R2, R3, and R4 are each independently sel ected from

Cl - 6al k§l, G -ewhaeoxyal kyl, Cl _6al koxyal kyl, aryl, Cl-6aralkyl,
heteroaryl Cl _6heteroaral kyl, heterocyclyl, and Cl_ 6heterocycl oal kyl,
any of which |sX0§)@1]8Ha¢ﬂNfaiMbBItequ@tl)e@ with one or nore of amide, am ne,

R!, R% R, and R* are independently selected from hydrogen and a group of formula
(IXa), preferably, R!, R% R? and R‘f are all the same, more preferably R, R% R® and R* are
all hydrogen;

10 R®and R® are independently selected from H, C,salkyl, C;shydroxyalkyl,
C,salkoxyalkyl, aryl, and C.aralkyl, each of which is optionally substituted with a group
selected from amide, amine, carboxylic acid or a pharmaceutically acceptable salt thereof,
carboxyl ester, thiol, and thioether, preferably R® and R® are independently selected from
C1.¢alkyl, C;.¢hydroxyalkyl, and C,.¢aralkyl, more preferably, R® and R® are independently

15 Ci.ealkyl

In certain embodiments, X is O and R, R% R? and R* are all the same, preferably
R, Rz, R?, and R* are all hydrogen. In certain such embodiments, R® and R® are
independently selected from C.¢alkyl, C shydroxyalkyl, and Csaralkyl, more preferably,
R® and R® are independently C,_galkyl.

20 In certain preferred embodiments, X is O, R, R% R, and R* are all hydrogen, and
R® and R® are both isobutyl.

In certain embodiments, a compound of formula (X) has the following structure:
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carboxylic acid (or a salt thereof), ester (including § _5alkyl ester and
aryl ester), thiol, or thioether substituents; 15 R5 is N(R6)R7; R6 is

sel ect ed woamdngssirsagen, OH, and G _6al kyl preferabl y Hpor/uSyéalokasst and R7
is a detectable | abel, such as a fluorescent noiety, a chem | um nescent
noiety, a paramagnetic contrast agent, a netal chelate, a radioactive

i sotope-containing nmoiety (e.g., a nobiety containing one or nore tritium
atons), biotin, or a noi ety that sehect¥vely gindg t 20 an anti body. In
sonme enbodi nents, R, : g\are ‘a’ﬁ@le fr Cl- 6al kyl or

C .6aral kyl. In prefer roed Bnb d| ¥ g re~C _6al kyl and Rl and
R3 are G _6aral kyl . In the’ Teflerred é iment, R2 and R4 are

i sobutyl, R is 2-pheny|ethy|, ad R3 is phe methyl. 25 in certain
enbodi ments, R6 is selected fr or G _6alky# In certain preferred
enbodi nents, R6 is H -30 WO 2 63154 PCTI US2005/ 044451 In certain

enbodi nents, R7 is a covalently conjugated noiety selected froma
fluorescent noiety, a radioactive isotope-containing noiety, biotin, and a
nmoi ety that seGespiovely binds to an anti body In certai n errbodi ments, R7

is a fluoresceny noi.e n certain such dient s t scent
noiety is an a “rfgrt?léﬁ%@?é)@e%éﬁw{g&eaﬁ?% %é%l rscld\ygfleﬁﬁture o?ﬁa lggkﬁo t he
i nhi bi t or. of Apraicuicly stepasisbadheest s, the anine-reactive dye is

sel ected from Al exa Fluor dyes, OQI PY dyes scade Bl ue dyes, coumarin,
di goxi genin, fluorescein, |lis am Re rnoda d Oregon G een dyes,
r hodam ne 66 dyes, rhodarrR e dyR red dyes, Tanra,

t et ramet hyl rhodam ne, and Te as ed yes InNcer ain 10 preferred

enbodi nents, R7 is a fluoresgént noiety rél e'E't edOrom fl uorescein,
tetramet hyl rhodam ne, and Tanra. There e generally four classes of
comonl y used dye reagents to | abel nﬁ)ﬁ{a succi ni m dyl esters,

i sot hi ocyanat esypgiH fonyl chlorides, and tetrafl uorophenyl esters.

General |l y succinimdyl esters and tetrafl uor esters are preferred

ophen
for conjugati onthsgseiq’;teﬂrf@pb@r@HaW&%Qp{#lﬂégf‘%& l@?é "hey forma stable anide

bond bgpween thg! gyeriand fhge BcRiRifendedds@biBbted Bdth @NGalknat, Ry BWLERy],
i nformati on on the conju ation of an am ne-reactive dye tq a rotein or

pept i de se&uerkexyalkivl, vl CosradkylrheBresadnf wctercpahiyl, @etel?cﬁ(ci}%az’}j nd Met hods
sheterocycloalkyl, any of which is optionally substituted with one or more of amide, amine,
carboxylic acid (or a salt thereof), ester (including C)_salkyl ester and aryl ester), thiol, or
thioether substituents;
15 R’ is N(ROR;
RS is selected from hydrogen, OH, and C,.alkyl, preferably H or C_salkyl; and
R’ is a detectable label, such as a fluorescent moiety, a chemiluminescent moiety, a
paramagnetic contrast agent, a metal chelate, a radioactive isotope-containing moiety (e.g.,
a moiety containing one or more tritium atoms), biotin, or a moiety that selectively binds to
20  an antibody.
In some embodiments, Rl, RZ, R} , and R* are selected from Ci.salkyl or C;aralkyl.
In preferred embodiments, R? and R* are C.¢alkyl and R! and R® are Ci¢aralkyl. In the
most preferred embodiment, R? and R* are isobutyl, R' is 2-phenylethyl, and R?is
phenylmethyl.
25 In certain embodiments, R® is selected from H or Cy.galkyl. In certain preferred

embodiments, R® is H.
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Mol . Biol. 45, 205 (1995), incorporated herein by reference in their
entirety. Information on the purchase and use of am ne-reactive dyes is
al so avaiwehbes/dss3m Mol ecul ar Probes, 20 Inc. |n certapoTasbadionmst s, R7
contains a radioactive noiety. In certain such enbodinents, R7 is selected
from CL. 6al kyl , Cl1_6hydroxyal kyl , C1.6al koxyal kyl, aryl, and G -6aral kyl,
mgr ei 2357 llgg I m@egaiﬁ{embaﬁmmmﬁfimwvaamy aopjugabé oty etkced ffomom 3H, 11C,

: , , and 125]. In preferred such enbodi nents, R7 i n am no
2cid or peBbTEieHOety. adpHiPe FBPLHRILE MRSy P PRabusy Pl | apel
sel ected fggamxa?bmaggmngamxﬁy5o, and 1251. In certain enbodinents, R7
conprises a covalently conjugated noiety that sel ective s to an

) I nd
anti body t hat sb%§ﬁﬂpéﬁpwymﬁgﬁa%1§%ﬂ%”ﬁ%ﬂFPW§@“”HC5?%P§f éagbgﬁﬁBﬁinents,

the moi ety yesudRE&ht Gl 19 dhineFddbtiVdAiye labhasbeddovalviil- dachéd tahd  HSV. 30
Preparation of inhibitors where R7 conprises a noiety selected from FLAGTM

HA, H'S, bilgjier. ugueferred\sgchypabodientss (he gmingceasiine e selerdsdrfPne fletdlar d

pepti de Coﬁrﬁlo} B\, BOBITYSAyeY, -Cakhds BldeRybs, SRR MBS :SgenR/ flugrefRb@l i N Whi ch may
be covalent|y conjugated to the inhibitor using standard carboxylic
aci d/ anmi ne lisempicithedamine dyesyOreganGpen dysogheRsBOpdyesubodronnoeaas1 | n

certain e i 1), [V aaF
ot er cochont LT raprine REIOEP PR R ARl it Fouas REd Ups, Mt Rein
enbodi ient srefdrfed embbditmentorR’Hias fleorescentanaiste sadfctaddronufleoreskein) or a 5

phar maceut i cal | o b thereof, r 0ORR O R4 RS v NALILN'y HH
eoao (XII)“%ﬁﬁg%gﬁuﬁgghgé%gg?gﬁ'fron10, NH, and N-Cl al kyl, preferably O;

There are generally four classes of commonly used dye reagents to label amines:
succinimidyl esters, isothiocyanates, sulfonyl chlorides, and tetrafluorophenyl esters.
Generally succinimidyl esters and tetrafluorophenyl esters are preferred for conjugation to

15  proteins and peptides since they form a stable amide bond between the dye and the protein.
Useful reviews that provide information on the conjugation of an amine-reactive dye to a
protein or peptide sequence can be found in Bioconjug. Chem. 3, 2 (1992) and Methods
Mol. Biol. 45, 205 (1995), incorporated herein by reference in their entirety. Information
on the purchase and use of amine-reactive dyes is also available from Molecular Probes,

20 Inc.

In certain embodiments, R’ contains a radioactive moiety. In certain such
embodiments, R is selected from C,_alkyl, C,.¢hydroxyalkyl, C,salkoxyalkyl, aryl, and
C,garalkyl, wherein R” includes at least one radioactive label selected from *H, ''C, '*C,
BN, 10, and "*’I. In preferred such embodiments, R’ is an amino acid or peptide moiety

25  that includes at least one radioactive label selected from ''C, ¢, BN, %0, and 1251

In certain embodiments, R’ comprises a covalently conjugated moiety that
selectively binds to an antibody that specifically binds to a peptide. In preferred
embodiments, the moiety is selected from FLAG™, HA, HIS, c-Myc, VSV-G, V5 and
HSV.

30 Preparation of inhibitors where R’ comprises a moiety selected from FLAG™, HA,
HIS, c-Myc, VSV-G, V5 and HSV may be accomplished using standard peptide coupling
chemistry.

In certain embodiments, R’ is biotin which may be covalently conjugated to the

inhibitor using standard carboxylic acid/amine coupling chemistry.
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10 R2 and Ra are each independently selected from Cl. 6al kyl

C _6hydroxyal kyl, CI  6al koxyal kyl, aryl, and C,.6aral kyl, any of which is
opt i onal lwoudsaisstsut ed with one or nore of am de, am nectasedsxwydssc acid
(or a salt thereof), ester (including C _5alkyl ester and aryl ester),
thiol, or thioether substituents; RS is N(R6)R7; 15 R6 is selected from
hydrogen, OH, anrketidin@abkdimentsrasfoapabid/of@omibidd @) has e fobowping ses a
detectabl e | abel , .such as a fluorescent noiety, a chem | um nescent noiety,
a par anagnéiefeé’c}éedﬁit‘fyast agent, a netal chelate, a radioactive

i sotope-containing noiety, bigting2or a npietgth selectively binds to

an anti body. 20 Goup 7 | cer aln ean nts t hg,pr ot easone i nhibitors
have a structure of fornmul&

or a pharmaceutically
acceptabl e salt thereof, R 70HRX 4 0-N RHa ROR RBOR R8O
(XI11) (X1v) -32 WD 2006/ 063154 P USZBOS/ 044431 where: each At is
i ndependent |y an rieforred ¢rebagimenés; Bedehibitpahesce Yuefs & keI oSbst i t ut ed
with 1 ted fromC=0O, C=S, and SO2, preferably
SQ2 or %_Ofshaﬁﬁﬂ lwg%égt eld: ?]rtg{rér%egp S, NH, and N-Cl.6alkyl, preferably 0;
Y is absent or is selected frog C=RPan SCD R*i s rabsent or is Cl-6al kyl;
R, R2, and R3 are each |§depe den Iy ted fro } - 6al kyl, C |

- 6hydroxyal kyl, Cl1_6al koxy 6aNaI et eroaryl

Cl - 6het er oar al kyI het er ocyc Hand Cl t0 6het e cycl oal kyl , any of which
is optionally substl tuted wit one or nor e am de, am ne, carboxylic
acid (or a salt thereof), este (| ncl udi n al kyl ester and aryl ester),

thiol, or thioether substlt Ris N -Z-R6; R5 is selected from
hydr ogen, OH, Cl_6ar al kyl, " 6al kyl, preferably hydrogen;
(XII)
where:
X is selected from O, NH, and N-C,alkyl, preferably O;
10 R? and R* are each independently selected from Calkyl, Cghydroxyalkyl, C;.

salkoxyalkyl, aryl, and C,.¢aralkyl, any of which is optionally substituted with one or more
of amide, amine, carboxylic acid (or a salt thereof), ester (including C,_salkyl ester and aryl
ester), thiol, or thioether substituents;
R’ is NRYR;
15 RS is selected from hydrogen, OH, and C,salkyl, preferably C,_galkyl;
R’ comprises a detectable label, such as a fluorescent moiety, a chemiluminescent
moiety, a paramagnetic contrast agent, a metal chelate, a radioactive isotope-containing

moiety, biotin, or a moiety that selectively binds to an antibody.

20 Group 7

In certain embodiments, the proteasome inhibitors have a structure of formula (XIII)

or formula (XIV) or a pharmaceutically acceptable salt thereof,

s S

RZ RS
(XIII) (XIV)
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15 R6 is selected from hydrogen, C -6al kenyl, Ar-Y-, carbocyclyl, and

heterocyclyl; and R7 and R$ are independently sel ected from hydrogen,

Cl_6al kylwoaneb/@itseéar al kyl , preferably hydrogen. |n certcaius2@shedsments,
Xis 0 and R, R2, and R3 are each independently selected from G _6al kyl,
Cl- 6hydroxyal kyl, and C _6aral kyl. In preferred such enbodi nents, R and
20 R3 are ipeependently Coalkyl and R2 is G .6aralkyl. In nore preferred
such enbodi nents, R and R3 are both isobutyl and R2 is phenylnethyl. In

certai n ermbodi ngh Ar isRRddpendeytlly a0REmatlc dr heteiatontatiSERUp BftiansilysubMitutedind each
At is independently selected from phenyl, indolyl, benzofuranyl, naphthyl,
qui nol i nyl Withdup ASPRSHYENSt hi enyl , pyridyl, pyrazyl, and the like. In

f

certain such enbodi nents, g y be 25 substituted wvith Ar-Q, where Qis
sel ected from alé ﬁe@éﬁed%ﬁ@f‘&gﬁ/ﬁs’ Qﬁpréiﬁbéﬂé&l%%_tg;rtai n other such
enbodi nents where Z is C. 6a Z mpy.be substituted, preferably wwth At,
e.g., phenyl. |ﬁl%@#%f‘%@h‘b&ﬁ%ﬁ?@"h@&hﬁ'g‘ih’r’%bl‘jeﬁz Zis absent, L is C=0
or SO2, and R6 js .selected fr Ar-Y a eterocyclyl. In certain
preferred such g%ﬂﬁ?‘}’r@ﬁt%? e%‘f@?%&?é%?a%%o is selected from chrononyl,
chromanyl , nor phol ibno, an p'1 ridinyl. In certain other -33 WO 2006/ 063154
PCTI US2005/ 0444515 80878 PEls a6t "ch enbodi ments, Ar is sel ected from phenyl,

i ndol yl, benzof yr anyl ,, .Rapht hyl i pol i.nvl. . qujn , i , pyridyl,
pyrazyl, and t hg % Jagd K ﬁgceéwlgp??eg%ﬂ%?erl%dn dsffo(%h "?%skglﬂyd'?}a}gggﬁ(%ﬁli s C=0 or
S2, Z is ahsawdxyalryiglari Ci garaliil, HeardaeylyC,, shutienelkgl héatokyriyl) and<ia
substituted vinyl ou ere.t.he suhsti t 15 5 preferaply | or
het er oaPy| shfisgeryclo YleE’H\rA‘{}fwé‘ﬂcz;‘Bf 9"“6?“% et TL%I%QF%‘G’E&‘ S%eto?rérrlloe{f P{/)al%g%%s%{e%’ut ed
with one t@abouflic SeiB$sriat sl FHefeoof)| &hte Gntlading Eqrbaklyiremt md aRB ester) yidk, ogen, L is
C=0O Zis Cl.6alkyl, preferably methylene, and R6 is heterocyclyl. In
certai n entBeRthas s¥RSUtURRSi s norpholino. In certain enbodi ments, at |east one
of Rl, R2 or R3_ js heteroaryl, G 4heteroaral kyl, 10 heterocyclyl, or

C, . bhet er ocycl oBl EW(R Jif-Bertain embodi ments, R7 and Rs are | ndependent |y

sel ected from hydrogen and G -6alkyl, In _certai referred such
enbodi nent s, R?iéa‘rsldgl e‘gg‘ém ih?%g%?é‘néénpI'i?ra%@?’égggc;‘Gﬁlfy?’(fﬁ? f%ﬂ?glly oéérﬁg%lnd
methyl. In nore_preferr such enbadi gent.s 7 and ar ot h . hydrogen.
15 In dértain eﬁ‘b’éd?lﬁﬁ?fg?mgy‘g&‘ﬁ?eghﬁn‘g?y]f%?ﬁ'uIcgrbf’(i?':gﬁ'll’)angP Q? Aty ’aaqlg X V)
has the R’ and R® are independently selected from hydrogen, C,alkyl, and Caralkyl,

preferably hydrogen.

In certain embodiments, X is O and R, RZ, and R® are each independently selected
from C,.alkyl, C.¢hydroxyalkyl, and C,¢aralkyl. In preferred such embodiments, R' and
20 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.

In certain embodiments, R’ is hydrogen, L is C=0 or SO, R® is Ar-Y-, and each Ar
is independently selected from phenyl, indolyl, benzofuranyl, naphthyl, quinolinyl,
quinolonyl, thienyl, pyridyl, pyrazyl, and the like. In certain such embodiments, Ar may be

25  substituted with Ar-Q-, where Q is selected from a direct bond, -O-, and Cy6alkyl. In
certain other such embodiments where Z is Cjsalkyl, Z may be substituted, preferably with

Ar, e.g., phenyl.

In certain embodiments, R’ is hydrogen, Z is absent, L is C=O or SO, and R®is
selected from Ar-Y and heterocyclyl. In certain preferred such embodiments, heterocyclyl

30 is selected from chromonyl, chromanyl, morpholino, and piperidinyl. In certain other
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followi ng stereochemstry RaA RNNR3 3 XRa4 NRX OR2 RB O R2 RBO
(XI11) (X1V) In preferred enbodi nents, the inhibitor has a structure of
formul a (W@eoewosbamul a 20 (XVI11) or a pharnaceuti cal | ycaawse@salplss: sal t
thereof: RR3R3 RaNv XRA X NORBORBO (XV) (XVI) where: -34 WO
2006/ 063154 PCTI US2005/ 044451 each Ar is independently an aromatic or

het er oar orrpfdf@regrs@mbnmainwml Ayisselbgitd froth @ﬂenywxﬁdolyl, bénmﬁkr&m],tnaplnhﬂ; Lis
selectedfromC—8 F o2 .cg'efer [gy Or C= X is selected from
0, S, NH, SHgohuy q“B’éB‘ﬁW]I P&idyhryra@yl, gidythe absent or is selected from
C=0 and S2; Z is absent .or 5 mde endent |
sel ected from dn GHPRGM O%Te%tﬁ’j}i Q’Qﬁ?ﬁ?é’ll‘m%d&%rgsicg§yaq an%ir}d alroyl anyy

of which I@,m&dns)mhql:ﬁé@%&!ﬁetnytluaeﬁbsvuutelav@fyegmnpmnmﬂafsuamnwaus am ne,
carboxylic acid (or a salt thgreof esgeg (inc l g Cl SF@ kyl ester and
aryl esPer prefergply an gy ordeterqang 1R, G B ‘?r't‘td%ﬁf’ e“y BOPRORYOREPL- Z-R6: R5 i s

sel ect ed f g@RiANVABES e tdXdur Substhiddndd. Kyl , and g _6a| kyl, preferably
hydrogen; R6 is selected from hydrogen, C _6al kenyl Ar-Y- car bocycl yl,

and heterocycl yin,ceaaiel emBo&‘m@ﬁld R8s Wdeogeﬂdfz@@@mlbm &ﬂiyﬂ:(p'teﬁ"dalﬂyom hydr ogen,
Cl1 al kyl, and 6aralkyl, 15 preferably In certain enbodi nents,

Xis 0 andnﬁi}#ﬁ‘& aRQRaFSé‘eEé%HCIVh&Eﬁ%bWIP%?“%@g Bt sqnqrphtipo g _6al kyl ,
C _6hydr oxyal kyI and Ci.baralkyl. In ([))trelf erre lsgetemgnp%d ments, R and R3

are In certain embodiments, at least one of R', R* or |cheteroaralkyl,

10 heterocyclyl, or Cy.¢heterocycloalkyl.

In certain embodiments, R’ and R® are independently selected from hydrogen and
Ci6alkyl. In certain preferred such embodiments, R’ and R® are independently selected
from hydrogen and methyl. In more preferred such embodiments, R’ and R® are both

hydrogen.

15 In certain embodiments, a compound of formula (XIII) or formula (XIV) has the

following stereochemistry
R'" R’ O R® x
R4
J\WN\)L \)LN)\“/R
o) 0 RZ R O _

(XIII) : (XIV)

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

20  (XVIII) or a pharmaceutically acceptable salt thereof:

R! R7o R3 O R3

X . X
0] \< RE O \4 R @)

(XV) (XVI)

where:
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i ndependently C _6alkyl. In nore preferred such enbodi mrents, Rl and R3 are
i sobutyl. In certain enbodinents, R5 is hydrogen, L is C=0 or SO, and R6
is Ar-Y-,weaok/ss15420 i s i ndependently sel ected from phegylus2es0ei45i ,
benzof uranyl, naphthyl, quinolinyl, quinolonyl, thienyl, pyridyl, pyrazyl,
and the like. In certain such enbodi nents, Ar may be substituted with
Ar-Q, where Q éfhoelisiadependentyrareardmaicdr howrodromatie groap dpiinaBybubgtituted n
certain other such enbodi ments where Z is Cl.6alkyl, Z may be substituted,
e.g., pref &BIrdsubsi¥eSar  nore preferably with phenyl. 25 In certain

e o B e L
Pirgrenri ﬁi zy: II 2 S\l%? leﬁfeﬂj%ggh?’rW?P@Wé@:@ﬁfﬂregﬁﬁﬁyﬂpwwis Aris isel ect ed

t hi en;F/)I,? gyri dy?,‘s %‘V?‘Eé’{/ls,sg‘_ﬁﬁﬁ‘?ﬁﬁ“éq:?ﬁ%g 518%5 V\Dq2008/ oa3§1’54qUI notomyt

715 absent . and s SR BAIRANTP WRar e’ 1 sal kenyl ro ' substituted

vi nyl group whege t substituent | r eroaryl
group, nore pr e?e?"é{)k?fr? Wéﬁ énﬁi B%etn??nﬁlzﬁ%l%gg tg&g?é%a;%n’g(?‘(fﬁ%drg{c?’a{k%naI I yy

ﬁ utd)st i tut ed, yilkdxysIRg, 4l afrdpny i baitch tisieptiosallySubstittet wish onecorivwaé ofimtide, R5 i s
ydrogen, L is C=0Q is.C 6 | ref erabl. met.hyl i

het er ocycl (mine farbaxy %‘é‘i“’rﬁd 8%8%' ‘ﬁé‘ﬁ?@%s%@@udﬁ%r%ﬁo 1T)){neos.(?é]rleaﬁd gn?‘fsgg?)hl >

enbodi ment shiolRr thidethE&ubsttuenidependent |y sel ected from hydrogen and
G _5alkyl. In certain preferred such enbodi ments, R7 and R8 are
i ndependent | y srf Bay®RYL-Z-REM hydr ogen and methyl. In nore preferred such
enbodi nents, R7 and R8 are both 10 hydrogen. In certain enbodi nents,
-S LE;) Z- % Bs sel ert Bdelt¢tanfrom 3Gdrdgan2 0BG COABLGA, BRCT: LIBR00E¢ forkilySydrogave o 0 O
1
R® is selected from hydrogen, C;.salkenyl, Ar-Y-, carbocyclyl, and heterocyclyl; and

R’ and R® are independently selected from hydrogen, Cy.galkyl, and C,.saralkyl,
15  preferably hydrogen.

In certain embodiments, X is O and R! and R? are each independently selected from
C,.alkyl, C.¢hydroxyalkyl, and C;.earalkyl. In preferred such embodiments, R! and R® are

independently C;alkyl. In more preferred such embodiments, R' and R’ are isobutyl.

In certain embodiments, R’is hydrogen, L is C=0 or SO,, and RS is Ar-Y-, each Ar
20 is independently selected from phenyl, indolyl, benzofuranyl, naphthyl, quinolinyl,
quinolonyl, thienyl, pyridyl, pyrazyl, and the like. In certain such embodiments, Ar may be
substituted with Ar-Q-, where Q is selected from a direct bond, -O-, and C¢alkyl. In
certain other such embodiments where Z is C.salkyl, Z may be substituted, e.g., preferably

with Ar, more preferably with phenyl.

25 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, 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.
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OpO ON10O O ON N cryo/ SO NOI/ OO OV OO NO~-~N OO0 FO
and MO C O C / -37 W 21)1)611)63154 PCTI US211115 /114 4 4 51 In
enbodi menye 200waleéBdisng such groups bonded to a' carbons, pcrasssdspeashen stry
of the a' -carbon (that carbon formng a part of the epoxide or aziridine
ring) can be (R) or (S). The invention is based, in part, on the

st ruct ur e- f unct Imdgerthinfemboditients, Rfiishjrdm@d hsrGEner SGhhZ ddrbsengged RS ist he

fol |l owi ng eferr d. st e t i.onshi t preferred5
conpound sajkgpal. &'hﬁ‘iﬁﬁbéﬁﬁe {ngfaé?be% %t ig'ﬁ’g W%rlél%?f Sugsqgue@altsed up- down
(or 0-c, \WRFEEbI) aGryTisrdheterdagyl @tanp] ihord pesferatilh heplisneicot is b phenybgeyp or
(R-(S) relationship not required that every stereocenter

in the con9BRmg! E&WFWWHf’thhtoﬁ%mdiP%rfsé‘P%Wé? stated). | n sone preferred
enbodi nment th tereo m tr he r the X
. > F S {nﬁ BlFatﬁ, L)eqﬁ%geﬁgll, gg.f}—lcp %s |6a prefh re.eafg)lyI S

atom is ( 3,
methylene, and R6 is heterocyclyl. In certain embodiments, RS is morpholino.

In certain embodiments, R’ and R® are independently selected from hydrogen and
Ci.¢alkyl. In certain preferred such embodiments, R’ and R® are independently selected
from hydrogen and methyl. In more preferred such embodiments, R’ and R® are both

10 hydrogen.

In certain embodiments, -L-Z-R® is selected from
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10 In certain enbodinents inhibitors of the invention nmay have asymmetric
centers that nmay have either (R) or (S) stereochem stry. The invention is
based, i nwpande/oee134t he structure- function infornmation @csalsessasdast ein,
whi ch suggests the followi ng preferred stereochenmi cal relationships. Note
that a preferred conpound may have a nunber of stereocenters having the

i ndi cated up-down (or Qa, 0 as drawn herein is above the 15 plane
of the page) or (R -(S réﬁﬁ?ﬁESLghp (that is, it is not required that
every stereocenter in the conpound conformto the preferences stated). In
sonme preferred enbodi ments, the ostereochem stry of the a' carbon is (R
that is, the X atomis (3’H@:g§r%ve the plane of the nolecule. 20 Medica
Devi ces One aspect of the ion relates to a nedpcal device including
conmposi tion disclosed herein that include an ingigrgg; having a structure

of formula (1)-(XIV). In one |enbodinent, the conposbtion is i ncor por at ed
within a nedical device. I i,n  enbodinents, the aegical device is a

gel conprising a polyner na 0 nfberanic natriﬁaianﬁQ an inhibitor. Said
A occurring or synt | h anot her

pol ymer can be either natural

enbodi nent, said gel serves as R drug depot, an adhesruek a suture, a

barrier or a seala Anot @ apect of P i“lnv el ates to a nedical

devi ce conpri si @;easubstrat~ hayi ng aﬂziggace zgﬁtzﬂalch a conposition of
d

the invention is¥disposed. Jn one®enbod ," the ;nhibitor is directly

di sposed on a nedic [ ﬂ; Ln anot he nbodi 30 a coating is so
di sposed, the coati nprlsiﬁb a pmly |x'br ceranlc matrix with a
conposition of i nventi on dISp d or s | ved therein. In one

enbodi nent, the nedical devige |s a coronary,, vastul ar peri pheral, or

biliary stent. reO artic t he esent invention is an
expandabl e sten n :-38 Vr‘2f31)611§E§?§ijCTIUS 1115 /114 4 4 51
coated with a mafrix contalnlﬂgla conposi tion, of A invention, the matrix
is flexible to acco at e corfpressed pand @tes of such an
expandabl e stent, In t he enbodlnent of “%his invemtion, the stent has
at |least a portro ch.is “abl e or nplantgblg into the body of a
patient, wherein tie ortion ca surf whi ch apted 5 for exposure
to body tissue gnd wherein at ast a pa t of the sur ace is coated with a
conposi tion of tffe invention, or a coa |S|n natrrx havi ng a
conposi tion of entlggf“§ﬁﬁr§§er r d| therein An exanpl e
of a suitable st di schgsed in ” Pat . hb 4, 733 665, which is

i ncor por at ed herelnley reference inits entlrety

1% %S‘?i

; and

)

MeO
Cl (0]

3
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I n anot her enbodi nent, the nedical device of the present invention is a
surgical 10 i nplenent such as a vascular inplant, an intralum nal device,

sur gi cal weab@nls3ms a vascul ar support. More parti cul aryustévsonadi cal
device of the present invention is a catheter, an inplantable vascul ar

access port, a central venous catheter, an arterial catheter, a vascular
graft, an intralomttiodintzals|iodydipgsish greury honded tog” casbans; the stefpochemisty 0gurrp, a

drug- el ut! G PS8 thar c%o@ﬂ;@ﬁﬁig‘éﬁwm%fﬁg%{?gﬂ&@e&cg%@i@imaﬁﬁ%h'b@(mﬁffi(gﬁs ul ar

c
support, a bl oo r, or afilter a 1 15 for deploynment in a bl ood
vessel , codheihvetion igbasedpopart pothe sfrudtire-fingtieminfosmation diglosed hegeil y  or by a
mat ri x cont ai pin OMPRESI -1 | ' j dhfbsC Ribteahd? a SHIQEHgMENt S
the intral Uf 'Cr}fafflg%’?gtai%]ceaq}?ﬁo elbé g@fe?xfgd %:tg%?&ehg%\?\n&% ﬁﬁgofcgbrsrposi ti oﬁ%of the

i nventi 6n oompoundaiayhgvecongties pierticetteryhedhg the irslicaredupdiorntenifkeand a

conposi tion.of fhe invention,disperseddn th ' tce.havi ng
an interi or'hst ésﬁrdf%bheéwalsﬁﬁméej ee?lfn%fro#sﬂberl}aﬁ%eo??%@E\eéattﬁ)ﬁée}g%gga;{?s(r}]glsgppl i ed
to at | easthosredict tiaf etdnestemde@nicom theconfpace] canfremas thepirderesags $tated); Inr bot h.
In certain enbodinents, fhe di cal devi ce pbe ;usef -

rest enosi s SAPE Beterigg SWBﬁlﬁg?tgﬁhﬁe CQRAP Y ogggflccéubr(r’éfls oS fc])zglzl)sg Ehg\gg%]ln f or

the treat My ophbovakiePime OF he adsuleand conditions by providing |ocalized
adm nistration of a conposition of the invention. 25 Such di seases and

condi tijgns i ncl yoerthiash®dbdisiests inhitfifossofelie ioventiommayrbdveiaslyraméthic panitegs thai ssue
injury due to infl i 0 hyperproliferative diseases, severe or
arthritic MW%?‘@‘%QE -S‘teéﬁg}legﬁ%yd&E%ﬁ'é’fé‘g‘,méwa(%|’ &g %%?‘le gtﬂus&u 'seases,
abnor mal i n?mas% neSTRAnGEdisleabd hdrkiaNshich siggdsws thgfollatimgpaditresdpl aques,
injuries related to ischem.c conditions dvir i nf ection, an

prol i f er at SEFPOCERYFA edatiopshiRg &&@%‘ aé’ﬁ%fqe%%‘lp%‘?a#sm?ﬂﬁve g,ngmg?}g?ect to a
treat ment ipedobdiidighadthet Beindiched GRaswesl(orBa, Gakre e ideam Hefeirt Babpreelsent

i nvention include atheroscl erosi s, acute .coronary a ndrone, Al zheiner's

di seasd’ caktoepf the gaas) or ¢S relationsipdthatis.ibis R9Hrequigd Haf Guery YHeOTRETH ar

occl usi ons ., Storkend ddhibrh b 86 hl@lencBEMEd) T stnke préfeRed ehibidinin®, 89 WO
2006/ 06315?1 PCTI'US2005/ 044451 associ ated with acjdosis, and heg gl c

failure. Setereoghagistryayiteipdcarbonisi(Re thatisathe X atofn évfh ongpove Beplage ¢

Definitiong, 5, the term"C -yalkyl" refers to substituted or unsubstituted
sat ur at ed hyr!ir :

ocarbon groups, including straight-chain alkyl and
branched-chai n al kyl groups that contain fromx to y carbons in the chain,
i ncl udizdg Béddoal Rgticagr oups such as trifluoronethyl and 2,2, 2-

trifluoroethyl, etc. CO alkyl indicates a hydrogen where the group is in a
term nal positi Ome agpect of the invention relates to a medical device including composition

disclosed herein that include an inhibitor having a structure of formula (I)-(XIV). In one

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

embodiments, the medical device is a gel comprising a polymer matrix or ceramic matrix
25  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.

Another aspect of the invention relates to a medical device comprising a substrate
having a surface onto which a composition of the invention is disposed. In one
embodiment, the inhibitor is directly disposed on a medical device. In another embodiment,

30  acoating is so disposed, the coating comprising a polymer matrix or ceramic matrix with a

composition of the invention dispersed or dissolved therein.

In one embodiment, the medical device is a coronary, vascular, peripheral, or biliary

stent. More particularly, the stent of the present invention is an expandable stent. When
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bond if internal. The terns "C2-yal kenyl" and "C2_yal kynyl" refer to
substituted or 10 unsubstituted unsaturated aliphatic groups anal ogous in

| engt h anwloposmicise substitution to the al kyls descri bedtalsessj4dast t hat
contain at |east one double or triple bond respectively The term "al koxy"

refers to an |,k Vi.ng an ox ttached er t 0. esentative
al koxy group %dﬁ‘y h@gﬁqﬂgf%%mng%f%w BPB@‘S)&YWQO& ?ﬂﬁ’ﬁ‘g{t‘he li ke.
An "et her" acSorhmddwdj’nQﬁé’sSMﬂ eemvdtEdtdttsyofsiidhleadx pindable Q¥tgBlanodeeor di ngly,

t he 15 substituent of an al t hat renders that a an ether is or
resenbl es aﬂnbﬁ%%%?yo ¢ ﬁé“‘ie@r‘% the;stenthag gilsasf kHyion ¥ }“«Sgé“f‘%?“é PIEPL gal kyl group

subst i t ut edimpildntibRiin®@lokeObody 04 patient, WREERANe SoRioh tha@!i}f&'é R@ich isQRple@r M
"G - 6ara§ ky , as used herein, refers to a Cl-6al kyl group substrtuted W th

an aryl LfkPose Prhody Bysig andyyherein atlgast a paff ofdhe %‘F%""a‘rstco"rt%‘%‘ﬁﬁ}h? zed and

refer to bcﬁokhpkiﬁlﬁbib&tthé bélion,27d MRS cbinphiash mhtﬁ%aaﬂga é@hﬁo%nfoh %r ﬁr@f
e.g., a noiety that can be represent ed by the ?enera f or mul ae:

or -N Rio iRiytien i disppresckorressolraditherisin. r%moexeaelﬁo meﬁablﬁdemlrsglsrleweeent a

hydrogen, af sapdinbo, 483 3bK Siidhy is iméSpolatedRl 8 reRfenfinaRdnfLy. t aken
together with the N atomto which they are attached conpleté a heterocycle

having from 4 t g, .M BRbédImbhiSthE hRGicaAldeHed SRS preent BRGRDE MSsufdiead’ Y1, @
a cycl oal kenyl, a heterocyclyl a_polycyclyl; and mis zero

cycl oal k
o?/ an |W¥egi§‘rp emeamucflasraovaeculqrﬁmmaeﬁr erme@iuemgb%ﬁvwerwggwaémajpnbwe wicuRg or R10
can be a caupay Mo pSticul B%, t@ﬂedlcﬁp@evwrem?t%g?és%%eh%% Q@&B&& pet forman

imde. In even nore preferréd enmbodi ments optionally
R10') each impleajsblsdassulayaqcessipeseneential ipius getheterasn aitekiy) catrawr,al veeqwlar, or -

-40 WO 200%8@%&%%?&?% Bﬁ%QIQgérQ“%ﬁﬁare G GH) 14}%??# ngg,afgﬁrﬁ%@mg%%rs?nt S, an

am no group Is basic, neanin rotonate bove ’7 00
The terms “aamdbksiveandiscuarivaap, ap exiradperivaseclagyrppet] aé»@oarﬁltamonmﬁkmaéaptmrt ed

car b Ony1|5 Aﬁb&§%‘g]q§§ @10@9 'vgsgyl éola%h wifh'y c%%pgsei\tﬁjon Saity ig\(fjen?Xn elh1 g5l }r,al

fornul a:
or by a matrix containing a composition of the invention.

In certain embodiments; the intraluminal medical device is coated with a
composition of the invention or a coating comprising biologically tolerated matrix and a
composition of the invention dispersed in the polymer, said device having an interior

20  surface and an exterior surface, having the coating applied to at least a part of the interior
surface, the exterior surface, or both.

In certain embodiments, the medical device may be useful to prevent restenosis after
angioplasty. The medical device may also be useful for the treatment of various diseases
and conditions by providing localized administration of a composition of the invention.

25  Such diseases and conditions include restenosis, inflammation, rheumatoid arthritis, tissue
injury due to inflammation, hyperproliferative diseases, severe or arthritic psoriasis, muscle-
wasting diseases, chronic infectious diseases, abnormal immune response, conditions
involving vulnerable plaques, injuries related to ischemic conditions, and viral infection and
proliferation. Examples of diseases and conditions that are subject to a treatment including

30  the drug coated medical devices of the present invention include atherosclerosis, acute
coronary syndrome, Alzheimer’s disease, cancer, fever, muscle disuse (atrophy),

denervation, vascular occlusions, stroke, HIV infection, nerve injury, renal failure
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wherein R9, R1D are as defined above. Preferred enbodi nents of the am de
wll not include imdes which may be unstable. The term"aryl" as used
herei n i wbud@edts4 6-, and 7-nmenbered substituted or woFwssdosHYi4ST
single-ring aromatic groups in which each atomof the ring is carbon. The
10 term "aryl" also includes polycyclic ring systens having two or nore
cyclic ri n@ssotidtedithRcidésid) afll hpdticlaihat DOES .8, SolibeRFPUNited Stares RtinON6I ng
rings wherein at |east one of the rings is aromatic, e.g., the other
cyclic rings4dis-be cycloal kyl's, cycloal kenyl's, cycloal kynyls, aryls,

het eroaryl s, and/or het erocyclyl s. Aryl groups include benzene,

napht hal ene, phenant hrene, phenol, aniline, and the like. 15 The term
"buf fer” | Pefn&amst ance whi ch by its presence in solution increases the
anount ef aci d Qre @ikat alikpPrtrefordss sltmematédedurtsobsuamwméd pidesea®on N pH.

Thus, a buffer is a subst ance t hat requl at| t he, of a
conposi t i olrours prcdugding straighpefiapmaliyl §“‘€ ngz‘ﬁ‘?c %]ﬁ)ﬂ E“H F XpH and
conpat i bi | it y chbdh lpih@%ﬁalﬁqmwma%am‘yl groﬁ&rmasastthﬂﬁbrmh&hymmma a buffer
has a pKa that is no nore than | unjt |ess than or greater than the desired

20 pH of t Mefluosepdordiets &n a(ky} indigates 2 preasapdsretheaow 150 §ieairelPosiieh

di ssol uti og)ng iFiferhfl The t CYRLET” AREC, GKVRAC YabMb subsBfitddoed herein,
refer to a hon- ar%matl ce eﬁﬂ'{)?t)zl tutlgd or unsubs |tutredSlF |Sng in which each

at om ofl0t hensubstijuted uesatutrser aliPhasictesqupg analeggppipdsratheand pagsible sbBigRYRN 91 * al so
i ncl ude po't%CaYIQ)J d &es&iivlg a§&(f§ttﬁ1@§1ap&\ﬁtaﬂgattlé’¥9t Ak dBRI€or thiyle Ibbfd feh&gﬁve'l whi ch

1
two or nore carbons are confon to two adj oi ning rings wherein at 25 | east

one of the ri ngq»h S ﬁcs}rfyygéférgmﬁagcyl gsohshanﬁgef{n&xgéd&aa{ea%r&@n be

cycl oal kyl s, cyc o cycl oal Kynyl's, aryls eteroaryls, and/or
het er ocycl RepreseTitative elkmy grours arppde meghoxy tethoxy.aiseroxsdermEoxnad e ke uch

nmoi eties a &Gy A LT Rord WP 2006/ 063154
PCTI uszoos?}%%ﬁ’%?qs%;%WR%%%‘%%SPM%@%% V\ﬂ]eorxgg noX S g{éé,(’)nd or

r epr esdft s sebstiteytopd an alkylaha uériders thag alllyIRh ethepisos easesbles dnadkasgen, an  al kyl ,
an al kenyl, -(CH2),,,-R8 or a pharnmaceutically acceptable salt, R |
represents a hThIertgglehcl ea}koabralldgyll”re&rstalalébm)kylcgroup(suhﬂz)wﬁqd%thwpék@w n and R8
are as defined is an oxygen and R 1 or R1 1 is not

hydr ogen, Ehe pftﬁere a“‘g\‘gg@%‘z’n s an "ester”. Wwere X is an oxygen, and Rl

1is a hydr OgenTh tlggn f‘é’] 6%5@71,1‘ AR ﬁé}giﬁ, @fe'r'sct@ *&0 XMHI Cgr(ﬁ'lfs'sgbstltuted with an
aryl group.
20 The terms “amine” and “amino” are art-recognized and refer to both unsubstituted

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

general formulae:

RY R®
—N or _,{]‘“_Rm
R10 S 10°
R R

where R®, R!% and R'” each independently represent a hydrogen, an alkyl, an alkenyl,

25 -(CHz)m-Rg, or R? and R'® taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring structure; R® represents an aryl,
a cycloalkyl, a cycloalkenyl, a heterocyclyl or a polycyclyl; and m is zero or an integer from
1 to 8. In preferred embodiments, only one of R’orR'%canbea carbonyl, e.g., R’ R', and
the nitrogen together do not form an imide. In even more preferred embodiments, R’ and

30  R' (and optionally R'") each independently represent a hydrogen, an alkyl, an alkenyl, or -

-40-



As used herein, "enzyne" can be any partially or wholly proteinaceous

nol ecul e which carries out a chemcal reaction in a catal ytic manner. Such
enzymes O&D 20es/0e3dsuve enzynes, fusion enzynes, proenzymres;uSa@epmaynes,
denatured enzynes, farnesylated 10 enzynes, ubiquitinated enzynes, fatty
acyl ated enzynes, gerangeranyl ated enzynes, GPl- |inked enzynes,

li pi d- 1 i nkegHSARY "BiSvertsih @mpbdimests, &R 2yiRSgropait bisid, meadag ity provgated form
artificially-generated nutant enzynes, enzynes with side chain or backbone
nodi fi cati B#<S PRagho¥ee®- havi ng | eader sequences, and enzynes conpl exed with

non- prot ei naceous material, such as proteoglycans rot eol.i pqsones.
Enzynes can be hegdembyan ﬁ’ﬁfﬂﬁg’,‘d‘lﬁ‘r‘fﬂ[ﬂeﬁ%ﬁq‘ﬁ%ﬁﬁ%{?rm’“glflo'é&ﬁ{;‘%élggic%rn?n%rom)t ed
eXPr essi 0Ngn£ihAREIA mol@y kiRbganIR Iréfréseme B thd partehl f&fulad- based pepti de

synt heses, and sim |l ar nethods known to those of skill in the art. The term
"Cl. 6heteroaral kyl", as used herein, repers to a Cl-6al kyl group
substituted wth a heteroaryl group. Tfje t gian "heteroaryl" includes
substituted or unsubstituted aromatic-5- "N6 7 20 nenbered ring structures,
nore preferably 5- to 6-nenbered rings, V\ﬁ@se ring structures include one
to four>heteroatons. The term "heteroaryl" al so includes polycyclic ring
systems hay} ng, ti0p 01, DI E6 ENGhLE. Prdldted é?:rb%fn%lﬂtsto%e%ni{?%iﬂngﬁfnpﬁaé are
common to two  adj oi ning rings erern at least one of the rings is

het er oar omirhides wigclgmay bévensaibleer cyclic rings can be cycl oal kyl s,
cycl oal kenyl s, cycl oal kynyls, aryls, heteroaryls, and/or 25 heterocyclyls.
Het er oaryl gr oupis temcang® as dsed haxianpdlales py b1, ehd7-nfemberned sutistivsdone,

i mdazole, 0 | e.. thi.azole, .triazo . 1 di y i ne,

oyr i dazi e BE YT SREITHEE ioft lAth B REhAAR or MK EINGRAY TRE! 12

her ei n1oearsmaaryiitaminfludes polgtyeiiering systeers htviagtwooeamhae cystic hipgl io gdwch
Preferred heteroato are nitrogen. oxygen,. pho r d yr .. 30 The
term " het eFFEEYETSF “gg?ns'aﬁee‘fomo glyed d%glﬁlﬁmn%‘e geggﬂtagé%sa st?tﬁlll[ﬁlge Sor
unsubst i t UhREhalQR-gd It @hdreydic rings dOrbergtieslleds, ciy¢lgalkdny lsceyaloekynyln reyls,

preferably 3- to 7- -42 WD 20Q6/ 063154 PCT/ US2005/ 0444 nber.ed rings,
whose ri ngh%t‘?rPﬁ‘(ﬂsu?r@éori%ﬁtEToﬁlﬁcgﬁﬁngry? BrOPRRIPCIH ":'t%éernf)eéﬂf3 bl}?ghtﬁ%lﬁlg@%ern Ayarenc, °

"het er ocychpdnol, @hilind)@h®mhetikel i ¢ group” al so includes polycyclic ring
systens having two or nore cyclic rings in which two or nore carbons are
comon 150 two agiedd rgiffei’ Tigs svdsRn@ whictally itsgqasen@rie sabtidnhacredsesgbe i S
heterocyclic, e.qg.,, the other cycli i ngs can be c.c/ll_)gah\lél )
cycl oal ken?‘lng?nt@g%ql‘?)%‘! ai%ﬂi‘ﬁﬁaém“é%iﬁl aéige‘{fgtcgfsf)&?'ﬁf}??g%%d’ r g‘tagjru Sérylcsz Pyl s.
Het er ocycl ylbsBhQURS asdidiein46iRiatihg the@rastpl Omppiitis iTWipieally, pibpffedz thivsen
pyrrolidine, norpholine, |actones, |actans, an ..

based upon the desired pH and compatibility with other components of a composition. In

general, a buffer has a pK, that is no more than 1 unit less than or greater than the desired

20  pH of the composition (or that the composition will produce upon dissolution).

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

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

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

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

represented by the general formula:
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the like. The term "G -6hydroxyal kyl" refers to a G _6al kyl group
substituted with a hydroxy group. 10 As used herein, the term"inhibitor"
i s neant wo 2d@ssBishe a conpound that bl ocks or reducespamusedoswidsgl of an
enzyne (for exanple, inhibition of proteolytic cleavage of standard

fl uorogeni c peptide substrates such as suc-LLVY-AMC, Box-LLR-AMC and Z-
LLE-AMC, inhibition of various ca&alytic activit®Qes of the 20S proteasone).
An inhibitor can act with conpetlitiwas wrcogpetfitive, or nonconpetitive
inhibition. An inhibitor can 15hi reversi bly ofR1"f r ever si bl y, and
therefore the termincludes conpounds that are suicide substrates of an
enzyme. An whekinX isd bandor fapwsérys onexygen orarselfig] 4rdR ' brepesentemlrydrdgenant | ve

site of the _enz B se a confornmatignal, gha sevvhere on
the enzyme? kﬂg %g@‘aﬁe (Lelitl?r“itﬂ Fﬂffc'ebtécﬁ{w Gcéept?@ &tdgs Ilrgig[t%sonl y standard
am de | i nkag@opdn Ehalﬁ*}'zlaﬂdﬂkdﬂymsmm Rﬁema& mbmﬂRgca:tema)rielﬁyledJabolve ZW¥tlere

peptldomrretlcs ot her npdified lin on- nat ur al | rr| g side
chai ns, Sanek §PHEX YA AR ?mé?? RI cisPPgRer £ S& ﬂ?fe%ﬂ?‘fq%&pﬁé‘?rg %/( X

" pol yCyCl Y lis anQxy gL' i Lh df(%ﬁlerthéf@rrﬁﬁ/l@re@feséﬁ@d’ £“0E1tbﬁgﬁlc(aeldg CyCI oal kyl s,
cycl oal kenyl s, cycfoalkynyls aryls, heteroaryls, and/or heterocyclyls) in

whi ch two or mA@use@@a@Qﬂﬂserﬁ%ﬂe CARTHe nyt Sarfialy @%@llﬁpmglﬂabmsmo&c@e t he
rings are "fused rings Eac

of  the rlngs of the cl e, can. be
subst i t ut edvhish camies B chemisal reassion Hir @ELYHC AN | BﬁF‘TVg’/T%Ss"&P bBPYYe et ers to

pr ot easome o AR thQbPerdDRbs, YRRBIyR ek Yapbét¥ finés, dstuddl dnizfrivespfardeeisted han 0.1
my/mL in watér. The invention al'so enconpasses proteas

i nhi bi
havi ng 18 wanemesaibifitinateg eppymesdatiy axlated e e@%/wangﬂanygv%mz@ggs Fﬁ in 0.01
my/ mL.  Thef & dp, glﬁéseﬂﬁ@thhﬂéﬁlenkﬁnér ﬁreﬁﬁ&&gé'ﬂz%ﬂgs n@cﬂﬁlly\@&ﬂm‘kﬁgﬂﬁi in relation

to a condition, 30 such as a |local recurrence (e pai a_di sease such
as cancer, aalfwﬁmﬁmat@(bmmaewm engympieith Slﬂea‘ihaﬁ‘rcé beqkba??ym%ﬁ%ﬂomdl cal

condi tion, hw hL fé%e%ge&q%gnc%@ ahdEz@hts co%‘ljexb@%tg‘El% roRGiicugt ration of a

conposition uces requency of, or delays the onset of, -43 WO
20116/ 063151htd?@1r/smd$zhipm¢'s>gbfmm, mowomsomgﬁnﬁlms@ﬂn c radd ANy @sABS ti on i n a

subj eCt reI at]ud\llne t e @#@és?o%h%rpﬂgfé\eg gé}gs%logoctloﬂl %thcﬁlé s&lnﬁorpmﬁ‘fdt' on.

Thus, prevent| orF can exanpl @ uci ng the nunber of
det ect abl e SG]&l’-lb&ﬁCCprptlQﬂf gynhases) amdamptapmlezirpd&imowm t@ﬁlOﬁ?e(PftSkl“rl@é@@% ng a
prophylactic treatnent relative to an untreated control popul ation, and/or
del ayi ng the apjiearent@ .dteretabol ad wedhareinaefersus a§n ek rqup substifusdt ed

popul ati on wer s §er0aryllép(;treat ed control population, e.g., by a

The term “heteroary]” includes substituted or unsubstituted aromatic 5- to 7-

20  membered ring structures, more preferably 5- to 6-membered rings, whose ring structures
include one to four heteroatoms. The term “heteroaryl” also includes polycyclic ring
systems having two or more cyclic rings in which two or more carbons are common to two
adjoining rings wherein at least one of the rings is heteroaromatic, e.g., the other cyclic
rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or

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

like.

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

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

30 The term “heterocyclyl” or “heterocyclic group” refers to substituted or

unsubstituted non-aromatic 3- to 10-membered ring structures, more preferably 3- to 7-
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statistically and/or clinically significant anount. Prevention of an
infection includes, for exanple, reducing the nunber of diagnoses of the
i nf ecti orwonoe/dsssat ed popul ation versus an untreated eomtusedospeasi ati on,
and/ or del aying the onset of synptonms of the infectionin a treated
popul ati on versus an untreated control population. Prevention of pain
i ncl udes, RnbéRdeMadMhese ringdtititings indRdera@ b faud detefoatoons. @ht ermat i vel y

del ayi ng, pain sensations experienced . by subjects in a treated population
versus an Blf‘ﬁt?r@%}tcb’ﬂi ¥o H?t?rBchﬂpJBE{ﬂ“Bt ?61691‘.“"%?3‘? pf’t?'lc}'ﬁthcﬂwgﬁmef"ésgtlaiv@gé‘g S6r

t her apeut i enord &RH¢ ARALIN WhicB o bEBOQRADEEE A6 Ebnmel Wdes adjaiitighingt whéreian t o
the host of one or nore of the subject corrposiﬁj.i ans. Ifb it i? dm ni stered
prior to cPtlsastame ofdhe nings ishefstyelS e-Be themilicheXsyc BBERAP S YLRITS: di sease or
ot her ugwap}gshideRyR Gt BalRinyld) 8ryRORdterasty RBdnl/ok h&Brotyaey1d. reaéroByaly! gfoups
prophylactic, (i.e., it protects the host against devel oping the unwanted
condi t i on) inoluderfenexample; pippridingd AiPFI2EING PEHOL ?f'ermﬁﬁlﬁll?f‘ef%?wso%cefnst%é

unwant ed c%qllé_i on, the treatnent is therapeutic, (i.e., it is intended to
di mnish, aneliorate, or stabilize the existing unwanted condition or side
ef fects thereof }ye (Ihg«¢ BhPAroBRAL PASRIR. 2 A5 (B2 Irddf ktistiuted wiBA Hydtdkyl ncl ude
i mmuno- and constitutive 20 "pr 0t easones. Ai’he term "substitut eci’" refers to
noi eti es hgwung substituents replacing a hydrogen on one or nore

non- hydrogen atons of the nolecule. It will be understood that

"subst ilfut i on" O useddiprsin, thatesm Vphibitor'] is mieartde despade agompepad Batdlecks o hat

such SUDSt (LyELOR ol idy b RGOS AP Exaole s e AURIRARRVAL of he

substituted atom and t# ubstituent, and that t substitution results
in a stabl etaudmpOuamogenis. pgptideshibstiated such ap sic-IDOTAYHe RS ELRINYEs apsl Z-
transf or magi gn iR ity 6 thZ 805 Rreashiefll AiphBRor €L C. As
used herei E‘?%t%@%?[}lgﬁ)?ﬂ&solﬁgéﬂu% g{{glgﬁgﬁwgont enpl atlgd. to iejr?cl_u.de al |

per i ssi bl earsachg/ith coreprtisiva funcmeetitive, ocaxmperapedisive inhibitionr dadnhubipseen t he
per m ssi.bl €. substi.tuents ingl u i . i aanehsd saed

unbr anihed?m a{?‘f)eﬁscl:l);}% ik ‘éeﬁsgl ’e%g}%g%fg%eit%e,tg%?gl%? %SCC%QRSI non- ar orsragll?: 30
subst i t uenksbsohtensfparhzyneo rpovnbiser ciinmogidy onegs infviresits b i teaethe actyan be one

or T 0% b 0 et Rk BB SRR ey For

pur poses of" et er oat o rogen’ ndy have

hydr ogen substituent.s and/ar__an) rm ssihbl | £:S1: ni c
conpounds descrf&f)gscfd & e {r%let rfncﬁelgﬂaei_ ‘s‘?@‘dé)%“g’t ?/Igyg%}édeag&l%ﬂtdtéﬂgﬁaggmo
2006/ 063154taltEald LISRABGMERE bbBdomrhetlenidlet d peptidSuinstics, wthet modified limekesde, f or

exanpl a hal ogen, a hydro . a car.bonyl (such. as a rboxyl, an
al kggyggr bBﬂ?fP?rgréﬁi" 8?CH9'?/n,g Sﬁﬁ%hﬂnsaégﬂail?e chinﬁ'lg%#fgcraggrhsyfs g@%‘%%%‘“a t hi oest er,

S‘h Ots Blhgﬁgf éat :’ Tl?g terafnst‘gbglzycliyqagﬁ‘)p’oly%{)clgj’ ¥e?é<r¥(|> twoaorgrrl]oorg plggosr(g.lg.’, C}aclcpalﬂgl?s? hate, a

cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls) in which two or more
carbons are common to two adjoining rings, e.g., the rings are “fused rings”. Each of the

rings of the polycycle can be substituted or unsubstituted.

25 The term “practically insoluble” refers to proteasome inhibitors that generally have a
solubility of less than 0.1 mg/mL in water. The invention also encompasses proteasome
inhibitors having a water solubility of less than 0.05 mg/mL and even less than 0.01

mg/mL.

The term “preventing” is art-recognized, and when used in relation to a condition,
30  such as a local recurrence (e.g., pain), a disease such as cancer, a syndrome complex such as
heart failure or any other medical condition, is well understood in the art, and includes

administration of a composition which reduces the frequency of, or delays the onset of,
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phosphi nate, an am no, an am do, an am dine, an imne, a cyano, a nitro, an
azido, a 5 sulfhydryl, an alkylthio, a sulfate, a sulfonate, a sulfanoyl, a
sul f onamiwo,20&/mwBiskonyl , a heterocyclyl, an aral kyl, orcansassmweissc or

het eroaromatic noiety. It will be understood by those skilled in the art
that the noieties substit t he. hydrocar.bon c themsel ves be
Subst i  ut e sBAgHIcat KRB i ASnt RO 0 3 it L i sl e

conpound Wﬂlhcdxﬁ;ﬁﬁﬂﬁh must prevention eﬁdanddﬁmiimdb@&)r@iarhﬁlé{&éd&mtg the inbesoft 0 an
amount of ffge cggpound R r at :?gn whi ch, Elnl stered as
S S - AR VRSt SN ER LR S e

al l'eviates xalaﬁymataarﬁhtr@lfealdo@t&@tpeﬁulaldﬁoaﬂydruaaylngmeabmn£M@@8ﬁbleof

di sease conditions accordl nrgﬁjt 0 “@HJ nically acce tabl e st dards or the

di sor der’ or@RGHERHSEIVYNT B arfea 108 Mersyen Yogeatet Goptral o %On E8g! y"‘at a
reasonabl e ®argdally bhd/skclin®hllsigfftanEaRbt. the@ﬂuornmﬂqnﬁéectﬂoﬁ ihdl@RE, BNt , The
term"thioether" refers to an al kyl group, .as defined above havi ng a

sul fur  moi Segpls: feducingdhe pamker of le%FO&%S@f éxeﬁrefact@mw??é?ﬁ ropulatien ver#i oet her
i's represengdubifed Bntrdl ﬁ&)éhlané?ﬁ %cﬁ&%@fa?ﬁg‘ﬂ% Infit OBy ARS o FURSinfRGHAG
methylthio, ethylthio, and the ik used herei'n, the term"treating" or
"t r eat ment "treaied |pemé§1qnef%w%mgltre@tefhwrrﬁ@opelﬂtlor;z Prevepten ofpgintindudsy.for ons,
clini cajy SighsylcARGHRARS ¥ AAdO8E BOLREW Ry @160 blih Ohshd CBAEndk

i mprove or stage1 [ zec%d[ Xéedgltg s ¢ond figtl on.” Uses P‘Oonrﬁotspt ns The

bi ol ogi cal hycsnblé@fam@@teéfpommm@a@tsh%aﬂ yitiretspd ¢aptrobpapulationer ous. Pr ot easomne
25 inhibition has been sugﬁested as a prevention and/or treatnent of a

mul titude of di Jéakes “piop mﬁlpr@gthe@mutﬁ’étreaninmttlwt-teeogrwéIand welydgsy e

i seases. RHALENLEARIRNEE Al WPl 3T AR 50jcc AABRIMRL. Frit t SRR Lo

condi tions, I nflammation, auto-inmune dses cancers, organ graft
rej ection, meptda qtm@hlcmeknfestatmnb:ftthemmweﬂte@mﬂdgm (pe. edissasaer athrer utleant@hs | ng
viral ne Liic i j ondi with
et dosi's e PR Bt i hRE ' Bh i bleARRacc SR AR ARSRRLALES, 1

di seases, fdebﬂ:lqmng:thdus‘eaﬂﬁbqon&ﬁdn@ whatedsaf iltisgdmvms’neredjafmemﬁ“estaﬁhelo’éﬂher e

phar maceuti cal | atl for Ve 0 pr.oLeasone

conmpounds, éllvjvca:‘?lte‘? mtﬂﬁlon a“l‘(’e‘ftésntégré eélrgg’ bl mtenqsgto d'f)rf%s\(j] Cléorzrlrt%’ans of
adm ni st er |dngtablﬂll&ethdengldgmnbvhmecpaiddﬁioh oaside éffeeatthd'il@)ﬂ. hese conditions. -45
WO 21)1)6/ 063154 PCTIUS211115 /114 4 4 51 At the cellular level, the
accunul ati on of Theteyubpmteatamed e dsep hekewmi inmeart & inclody ipinadnogaciadongthatvges, and

apopt OSZOS q)%/tgas(t))ne]gn reported upon treatment of cells with

The term “substituted” refers to moieties having substituents replacing a hydrogen
on one or more non-hydrogen atoms of the molecule. It will be understood that
“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

25  substitution results in a stable compound, e.g., which does not spontaneously undergo
transformation such as by rearrangement, cyclization, elimination, etc. As used herein, the
term “substituted” is contemplated to include all permissible substituents of organic
compounds. In a broad aspect, the permissible substituents include acyclic and cyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic

30  substituents of organic compounds. The permissible substituents can be one or more and
the same or different for appropriate organic compounds. For purposes of this invention,
the heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible

substituents of organic compounds described herein which satisfy the valences of the
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vari ous proteasone inhibitors. Proteasonme inhibition has al so been
suggested as a possible antitunor therapeutic strategy. The fact that
epoxom ciwowass/gegisti al |y identified in a screen 5 for amcirtusoms/oeaspounds
val i dates the proteasone as an antitunor chenotherapeutic target.
Accordingly, these conpositionsf are useful for treating cancer. Proteasone
i nhi bi ti on BAdoatens oSubstienisca dichtde dfongrampien mhadpganomhysironyk akarbanyli(srab i on

iy : , o . .
and st abi | | zatdaffax Oif arP Aoy MBI, a £ ’6’5?’9%@’85 &H&gﬁ)fﬂﬁ é&ugggé ef]t\ﬁ?og%t!:r?g may

al so be used to inhibit NFKB activati stabi 1z evels’In cell
cul ture. Sithivacaype oBa thiofgrmess), aneadiaxut, e phaspharpl h phosghdtan phosphomteam 10
attractive {ac ol Il - - tic intervention. Thus,
conpositi on% o@ﬁéaﬁé ?Iﬁ{&g’natnl aor%bdar’nay ghq%égel{]ﬁ{lg‘?g%y%nﬁéé ?lrrtrghatnr%qug > f

condi ti ons wyBytylasedkylihics aiswifdta meelfinets, a sulfamboyida agfonbmidoymdulfonytj 4 ed t o

COPD, psori@gsi kA e and cystic fibrasis. The djscl osed
conposi ti onlge%éé(z dg!égﬂglleag&l %r %ﬁra%gl?%zcooﬁﬁefogﬁ)éna gioL% gﬁf%ec'ﬂd;e/rsﬁ’ﬁghﬁe
pr ot eol yt i cthésgrkilledm the art thet the obetissonbstsutehorihe hydredagbonahiinogy or nedi at ed

indirectly yi 1 roteins .which .are processed by the proteasone such as
NF- KB. The t}é‘%‘%ie‘evégg%é‘%%g“r‘??’éu %gfoé’?gtle'n the rapid elimnination and

ost-transl ati onal 0CesSSi N f protei e.g. nzymes) .i nvpl ved in
(I?el lul ar regul af oﬂrlleq%péaggéa,ﬁyggfﬁ?w%grg?uen% gfseancémipg'él}fis‘@ﬁ ?5%/1?68?199 ﬂ?frﬁ‘igjﬁgt abol i c
pat hwayd) , metharaelehtrleat; ref@soamiaomuntarf theaothpbiirel(s) M P pAreEpanseh, (Berd .
anti gen resent.ation). ci.fi,c_exanpl es di scussed bel i ncl ude
(5 eyl oi 0 SRERbERD Bl B Sekie Bo MBI B SR TR, mTecghly ¢ REmaha

transcri pt iatlaviitacd 9mpwim,Kihelidyatt B esndtiodQet st the©dnsbuT disBase Bbddbnk S t he use
of the corrposiﬁg.i ons .di S]il osed tfer ein . for t(?e ({tireat nment
e © I3

[ f
neur odegendF S {19& ofiDisalacoepiaple ondards fordh Har ?fﬁ‘,‘ht’Sﬂt?o boffeafedor thed t o,

stroke, i schandtiec pdgwRge.gl, at 4 ResoRS1Y BhSfiGysk iR appRebbR! to hiyPHEERcA1€- 0.
per cussive brain danage, spinal cord injury, and traumati c danage to the

ner vous sy d¥8Ht i ti pl e sclerosis 25 and ot her i mmune- nedi at ed
neur opathies (e rre syndronme and its variants, acute notor

., Qillain-B
axonal neuropat EB? fe%u@?eﬁ’ﬁf |TEiSTreP B Yy erere asfefinerpbevs. padng spluRy,  and
Fi sher Synaicde htiachtdihéitioS 16l graRfed 8mBRIMRLRY theHABARRY: isdbRbRhkSbn&Ur opat hy,
Par ki nson' s_dj sease, Huntington's disease, nultiple sclerosis, %act erial,
parasi tic, Ayhgbapresenipfiye\hipgther geayps grlude mednithiprehithiosandhelike ar  denent i a,
mul ti-infarct denentia, Lewy body 30 dementia, frontal |obe denentia such
as Pick's di seab&Usedbgresh thedeqm depingt pn dreatmeaR’ ipgudesugversing: Aucne, or
progr esgi Vﬁrr&!ﬂiﬁg FHIUGINBBIns R signk Ond undely e GathoRlgy SPNYordt o P ABShef RUCH as
primary aphasia), netabolic-toxic dementias (such as chronic hypothyroidism
or B 12 d&PPeYepicipPilize 4 gqubdeshesandidioncaused by i nfections (such as syphilis
or chronic nmeningitis). -46 WO 2006/ 063154 PCT/ US2005/ 044451

Uses of Compositions
The biological consequences of proteasome inhibition are numerous. Proteasome
25  inhibition has been suggested as a prevention and/or treatment of a multitude of diseases
including, but not limited to, proliferative diseases, neurotoxic/degenerative diseases,
Alzheimer’s, ischemic conditions, inflammation, auto-immune diseases, HIV, cancers,
organ graft rejection, septic shock, inhibition of antigen presentation, decreasing viral gene
expression, parasitic infections, conditions associated with acidosis, macular degeneration,
30  pulmonary conditions, muscle wasting diseases, fibrotic diseases, bone and hair growth
diseases. Therefore, pharmaceutical formulations for very potent, proteasome-specific
compounds, such as the epoxy ketone class of molecules, provide a means of administering

the drug to the patient and treating these conditions.
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Al zhei ner's disease is characterized by extracellul ar deposits of
(3-anyloid protein (3-AP) in senile plagues and cerebral vessels. (3-AP is
a pepti dewbnagmeptssof 39 to 42 amino acids derived frowcansasgloisgi protein
precursor (APP). At least three isofornms of APP are known (695, 751, and
770 amino acids) | icin enerates.the 5 isoforns;
normal processiny " Qlﬁ‘feﬁﬁl?%eﬁe tg? CB‘H“‘B&"Q‘I’@WA HEY RREDS: ©fer eby
preventing m&@holggwleﬂemg@mamapb&oﬁPhadetbeérsreb@{euw&dtréaha&ntabmmsmh protein
processi ng by the proteasone gpontrl to the abundance (3- AP in the

Al zhei mer  bPREPYS Prowesomemibiioss §?‘ﬁ§°@ﬁ%ﬁ°q I alsp BEBGREES LSS ARTble o

di fferent sihbtimicr shetapéuticlndy. KDR)fact TA€epdRoMIeMh WataHifikNly fA8&ifRA in Nsdr&nm nal
sequence of X-G n-Asn-Pro-Met-X-Thr-A y-Thr-Ser, which is identjcal to the

10 P- subuni for #fitymensamaennds yalidates s Prateasomts asan agtitumop-ghgmoghgrapetijc sangeim

Soc., ( 1992Ac03%§5>7 The@@éompmi%oﬂ? BreRSRER S ir&ifing BALEE PrdiEAYRS irdibiidhhas
Gln15-- Lys16 bon presence of calciumion, the enzyne al so cl eaves

at the Met -also.bgg massw@i wamalhtbﬁwn,% DF-«Brachivationmad stekjlization eERS leyeds.
extracel | u"ﬁ{us Q‘Qﬁr@bﬂn&{s og’ &e%en&h%ééfﬁ?&dderlﬁéﬁm nglhﬁf ﬁf:c)('Beactl{/a%oﬂ a'ﬁﬁt hod of

treating Al zheimer's disease, inclu dmnistering to a subject an
ef fective atabilize pd3 leaels:mﬂgﬂgulttur@nslm #Bdta keyrregulatorfdiflammasign.ibigian

i ncl udeg rea‘i.‘&’a‘&h@e@taig'é?tglf Qﬁt?mﬁﬁ%lﬁtoﬁﬂgpr%ﬁ&?gﬁk m@ﬁdmsn&m&dag dB eog af (3-AP

pl aque fornation ucing t - gener at1 on, uci ng the
clinical siigrentiof maﬁqufuiréqr thee teagreat of comitiens @W@mdweﬂltlsﬂmmatm i nvention

ol ate L0 SRR, BN RIS Ia k0 BEANER, e AcThe Y SLRARARR, o0 ades

many protelns I uring reti es an grow n cells

deprived of insyyl Hls%seﬁ%x‘dp& ifion o'ﬂ?oz[naée%sé)cf We&’xtc%ﬁﬂg ﬁéﬂﬁ%&ﬁa%d egt bt§§h

Inhibiting the prote rote SI's ucl
muscl e pr otpewtnolymﬁ;ncawd of the pmtwsqrgesv@h 8s mowﬂa msukg,dm ayedlatcd nicinveﬂy via

|0 Di QTS gl G IS HORNREC (SEL b OLch LERELAY pEgRdlLians such as

cancer, “chrfonr e Iaraétirous™g S Vel P scl'e di'sise rophy) and 25
dener vat| Orpartievépatee ir uhg: tapyd eliha@sdtiongnd pariabnsfadbhal pecasmgof poths\ig.g.h aci dosi s,

and hepatlc failure. e, e.d. I dberg, ..U Pat ent . 5,340, 736.
Enbod; nant ekt hERee i e e i duilh 228 FRbHOREn s Moba0E  ng ¢ ne
rate of nugaithevaps)oheidildegioatainidtion, Incﬁth@ﬂhlhund’teﬁimﬁw’(gg bitegefiat e of

intracel lular prot e| n degradation; reduci ng r of degradation of p53
protein i PreseRaan). 3peaificsramples ‘Hﬁ“ﬁsﬁ‘éb?j%\m fB aﬁ@go F‘@f"é‘?’éﬂ“%@ﬁé@?’é’ Each

of thesg m%)tr&&%sdcﬂﬁi&%ﬁﬁsa%@tﬁf?é%?@dfﬁ&o@\]ﬁ%h' (invivo or invitro, e.g.,
a nuscle in a subject) with an efrective anmount of a pharnaceuti cal

conposi tion di sahe®ebniRhdht ofthO®MmOS DN issthé IR B WERSMbYEGHI disPBScRinSteaNt
formation of scar tissue resulting fromthe hyperproliferative growh of

fi br obl ast ordheitreatmend ohpgusadegengrative disqapssapd epndgions. igeludips. But not limited to,

stroke, ischemic damage to the nervous system, neural trauma (e.g., percussive brain
damage, spinal cord injury, and traumatic damage to the nervous system), multiple sclerosis

25  and other immune-mediated neuropathies (e.g., Guillain-Barre syndrome and its variants,
acute motor axonal neuropathy, acute inflammatory demyelinating polyneuropathy, and
Fisher Syndrome), HIV/AIDS dementia complex, axonomy, diabetic neuropathy,
Parkinson’s disease, Huntington's disease, multiple sclerosis, bacterial, parasitic, fungal,
and viral meningitis, encephalitis, vascular dementia, multi-infarct dementia, Lewy body

30 dementia, frontal lobe dementia such as Pick’s disease, subcortical dementias (such as
Huntington or progressive supranuclear palsy), focal cortical atrophy syndromes (such as
primary aphasia), metabolic-toxic dementias (such as chronic hypothyroidism or B12

deficiency), and dementias caused by infections (such as syphilis or chronic meningitis).
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-47 WO 2006/ 063154 PCTI US2005/ 044451 signaling pathway. Fibrosis involves
extensi ve deposition of extracellular matrix and can occur within

vi rtual | ywenyodidessue or across several different tissuepcTNseemlokasstthe

| evel of intracellular signaling protein (Snmad) that activate
transcription of target genes upon TGF-,Q stinmulation is regulated by

proteasome act i Xizhyimerd4\diSdaseib chardfpd b)"@él\ﬁv@llhlar ageitssofPrady1&d gageiadat | on
of the TGF-(3 signaling conmponents has been observed in cancers_and ot her

hyper pr ol i {ARY insenideanenues Biserera eesselerR-AP is BRARHES Hagmiedt 8 3% A 42 amint i on
relate to amdm,mgﬁfr&ﬂ an b 1%§d &&ew&ru%pmﬁp@r at kyg (FEEbhInN T ATWCHe s

di abetic retinopathy, macu degener ati on, “di abeti ¢ _nephropat hy,
gl orer ul osd;h@vm@é,,%ﬂgmdﬂéﬁbmmpa?lﬁ%b Adierativssiplicing pf RN geaeraigs thy

oD & bR gls Pkt RRACE bifRon LAHL BAPRUAC Sty BB R (ENC | U

fibrosi I brosi s, "col en vascul ease,

sar coi dosi generdtiof oS BIAH. at isbelitged dlb%ﬂﬁl&&l ?x@fbnﬁpﬁbédsﬁﬁghyihﬁlpg)t&ism ders). The
treatment of bumvictinms is often hanp brosi s, thus

addi ti onal centbHeste the agpndape af Brahin tBﬁ"lAiZ@e‘f"r‘?ébrtaB‘plTéﬁlAPg rpr%‘ifést"égrﬁ%&yme
adm ni strat| 1?% Bhtafnb foduplth laifFeQJn% stgmttsr @Q@Q@ﬁDa}Mw@QS &DAsbithad 4PW ng

surgery is ten associ ated di sfiguring scars, which nay be prevented

by i nhi bi t Notermihalfspdpienes of X-@huésn Br9-Yiet-Xdhe-Ghn Tentsadviiehis ddentigb tq g ent i on
| at t.h dygt th
rela e%Opr g-su Uit Goq%um?rﬁ]mggg%zﬁlg Q{/ gi%al 8 rletﬁ"r__, 1{2@ i1 blgp eng Soc C(??] 2') Bg4.s7Anot her

protein cesse me’'rs er of 'the”Rel "protein
famly. ThGORé]Thean’(Pl-ﬂryce@s‘mg ¢napse clepies artbd Ghd 1Dyaf bondyothepresencaef be di vi ded

i ncludes pSt-ERECREMerBE e Bt B HES BREE: oy REESATRAR T

group does rd&ise MR Qkirdcellardot@lnydfipcApr ocessi ng, and i ncl udes p65 (Rel A, Rel
(c-Rel), and RelB). Both home- and heterodiners can be forned by Re]

fﬁm' IK nelﬂber s; ONF%IK&)SII‘BM tRorefoR), B.a ri;cléihcﬁl df&@atﬁ@&lh&ﬁrﬁér@dlﬁm, ind\fidiag
phosphoryl ation and ubiquitin |on of I xB an 05,..the two .proteins are
degr adéd aﬁ@“‘nbﬁ‘%@éé%‘éﬂlbleﬁ%‘&g FRNPEmpunt aﬁP‘E)‘B é"na?éstcr(\?%‘hﬁﬁeﬁBg i ch
transl ocat ggadieMThiifies FALARS A8 Mtk QfﬂiPtﬂf'@celft‘x&%%ﬁeméhh Hié bf MAPLhqRd 05 i's

al so processed by purified proteasones (Palonbella et al., Cell (1994)
78: 773- 785)°0nnAOd>n,V®1UNﬁg K réto pfifs- AR gsherptéams puloeducingdhmhel mical Sl%r?ﬁl ex with
ot her tran gﬁlog activators and, e.g., HM51(Y), inducing selective
expr essi on erf) PEeul ar gene. NF-KB regul ates genes involved in the

BTN iR ey T e
gene, the [The groteaspdt depradeschaiyprgeinein mdtering rassildeytenpot gronv g éibmbtaatSl bility
In cells deprived of insulin or serum, the rate of proteolysis nearly doubles. Inhibiting the
proteasome reduces proteolysis, thereby reducing both muscle protein loss and the
nitrogenous load on kidneys or liver. Inhibitors of the invention are useful for treating
conditions such as cancer, chronic infectious diseases, fever, muscle disuse (atrophy) and
25  denervation, nerve injury, fasting, renal failure associated with acidosis, and hepatic failure.
See, e.g., Goldberg, U.S. Patent No. 5,340,736. Embodiments of the invention therefore
encompass methods for: reducing the rate of muscle protein degradation in a cell; reducing
the rate of intracellular protein degradation; reducing the rate of degradation of p53 protein
in a cell; and inhibiting the growth of p53-related cancers. Each of these methods includes
30 contacting a cell (in vivo or in vitro, e.g., a muscle in a subject) with an effective amount of
a pharmaceutical composition disclosed herein.

Fibrosis is the excessive and persistent formation of scar tissue resulting from the

hyperproliferative growth of fibroblasts and is associated with activation of the TGF-3
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conpl ex gene, and a number of cytoki ne genes encoding, for exanple, IL-2,

| L-6, granulocyte colony-stinulating factor, and I FN-(3 (Pal onbella et

al ., Cel lwO20&#4)63i53: 773 -48 WO 2006/ 063154 PCT/ US2005/ 044¢4h520088%451 Some
enbodi nents of the invention include nmethods of affecting the |evel of
expression of IL-2, MHC- 1, 1L-6, TNFa, IFN-(3 or any of the other

previ ousl y sigealing@agday. PFibiosis mszplveaeheﬂmtaepbsiﬁm Ioﬂditnagelhﬁ;m*im'trsctﬂdicmg to a
subject an effective anmount of a osif] i,sclo n H%??Epl exes
i ncl udi ng PEBT &’l“émr"érﬁlagv ﬁ%yd'ilsé\’%‘?rs“%?ﬁsn%(‘ffff‘]e‘ CIPHS SIIS nthe e

responses (nthadiRfar signalMBGrdvEin (Sthddg thafactiviie krbns(’:ﬁlﬁlﬁﬁ)of Wgeﬂ_) 8éhes bgat) TGINB- KB

al so participates in the expression of the cel %Oﬁg)h i on genesmfgat encode

E- sel ecti stimpatien is gagplted by REgteasorpe afExiy ¢Xy 4 Wever, peceleral (1993)

68: 499- 508}1egrac9t16n Qmeq}Gm"stigrﬁfmé npgoRMRNMds ®Benl (ﬁ)s@vétﬁhlaﬁlfielfs(ahd bt bi ting
cel |l adhesi on 10 adhesi on nedi at ed &ytpE-sel ectin, P-selectin,

| CAM or v@wmrarphfgeraﬁw mdﬁ@n% ohtugcertaig embodipents f the inveptionaeliiaitei eri ng to a
subj ect) ap AfheGite éﬁnﬂf%@@?o]@ératﬁzeQbﬁ’&ﬁ@ﬁ%h@H £ AlabetfcAORdPhihl, dRacdias | 0sed

herein. |Ischema an usion injury results in hypoxia, a condition in
whi ch t her éegegeranordétab@ncenn}yoxwﬁhy@g&@g@wlqsela&qisdgAm@hrﬁp%ué@rhe%ls tHBhody .

Thi di - o&igesul
I's condi tjon gﬁ&gﬁ@@%ﬁ@g%ﬁ%@?&ﬂ{ ?aQi?ahbﬁ)Hldggedﬂs &% ﬁdhﬁﬁgem Lesul ting

in the activatr been” denpnstr at ed
that tHe séMdmpathi p@ﬁnqnnmﬁb}rosnsesdlagm‘glsmarmsp@% Sarcealﬁslbéntﬁléamiéalgw t h t he

admi ni str atd{sgaﬁ'asognd%ég%%g ﬁ@%ﬁgrcﬁeﬁ? 'Pllnettperatn(e%gf kﬁl%rbgl:nms %Q)@[Qn hﬁﬂ%r&tb

2001; Pye e her , certain e Iments of the |nvent|on
relate to aibmstshhuls @rﬁaddltamai angpodiment sftheimvention fsdh¢ fopigalor systquaie f usi on i nj ury

conpri sing m. ni | Ry N an
effective ﬁﬁ’BH‘hsttra ?n - tléeqnglglﬁ%l%gx dc Li)rrslsecrzlW %nr%%b%[lreé@éarr%ﬁ%ss&%eﬁ ;sstr}gﬁh

condi ti ons agbciatad wﬁrhdsﬁgmmigudas, witith raayebenotvehiedby mihib:imbqn czicﬁbtosiscdhmar y
syndro (vul nerabl e | aques arteria ise

cer ebr g? pets W@Pﬁ’Pdlgﬁg’P‘ég‘#%I)"gﬁﬁn\?g?&%ﬁoﬁr % t%e Bivsy" 10rlt0 ﬁréa'ral(l)cg]@ er osi s
(coronary sé‘dﬂeﬁgom S, coronary artery disease), i nf ar cti ons, heart failure,

pancreatitis, nyocardi al hypertrophy, stenosis, and restenosis. 25 NF-KB
al so bi nds specAﬁbtﬁal;ﬂrMelhcprdcbsaed-H)Mheph:masmmd 1|9MmB @mentieofl th@R(piepr@dint o the

Nef of mac e at or. rotein Nef rs

ani no acid a“i“}‘?’ ﬂﬁé{elé léfgf?msﬁﬂgttf’gﬁlta%‘faéoré’f%‘flﬁ ?‘?%%L}Héédeegﬁmﬂgv " o St is

bel i eved t hat fitshgrolp Riglires protecipie prodegdiay, Snd iNEluPRPSP (MOF-¥Bat 106 kDaj ardKB,
triggering KB degradation._ through th ublgrwtln- Eroteasomeég (iwvay After

degr ada@Pi om>2 REE-iB 108 kPa) Jhs serondgrgup fiees RaLESEe ProtholXicRIASE IR
includes p65 (RelA, Rel (c-Rel), and RelB). Both homo- and heterodimers can be formed

by Rel family members; NF-kB, for example, is a p50-p65 heterodimer. After
phosphorylation and ubiquitination of IkB and p105, the two proteins are degraded and
processed, respectively, to produce active NF-kB which translocates from the cytoplasm to
25  the nucleus. Ubiquitinated p105 is also processed by purified proteasomes (Palombella et
al., Cell (1994) 78:773-785). Active NF-kB forms a stereospecific enhancer complex with
other transcriptional activators and, e.g., HMG I(Y), inducing selective expression of a

particular gene.

NF-«B regulates genes involved in the immune and inflammatory response, and
30  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-f3 (Palombella et al., Cell (1994) 78:773-
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30 the transcription of HV (Cohen, J., Science, (1995) 267:960). Two

enbodi nents of the invention are a nethod for inhibiting or reduci ng HW

i nf ecti onwonoe/sslstect, and a nmethod for decreasi ng thechrasedsofsssiral

gene expression, each method including adm nistering to the subject an

effective anount of a conposition disclosed herein. -49 WO 2006/ 063154

PCTI US2005/03)445he cf¥6dipems utthe aremfonlindiaie @hefisode ohaffdcteg the RS$Yl-dfnduced

cyt oki nes such as TNFa i s considered to be central to the processes

associ at ed ewiressios@bili-2. MRGk IL-fu ke FiNsPor any ofjthe otherprsviqusly-meoigpidey t hat

the first m?o?é?né, Bach G tfalihcf 'Iﬁl%élnﬂrfnis@ﬁﬁ 13 aR¥bjLdPan bfediR@ambiiflong of LPS to
e a- an

specific mbrane receptors. nd O-subunits of the 20S proteasone
conpl ex 5 hemposiwadiscidesst Hefdin CCemplppsinsludingpg0 prederid mediavif@si!t ng that t he

LPS-i ndyced, h@g%aaﬁal SO RaRE, Bl TN, EOF1995 00 arget | n

the treatnen evention of sepsis (Qureshi, N J Imun. (2003)
171: 1515-3%25). Therefore, in certain enbodiments, conpositions of the
invention may be used for the inhibition of TNFa to prevent and/or_treat
septic shock. 1NFiBaisqekticigates ipthe exma¢syion of the aelt athesorsgaues thateapeqdsds f or

presentation to g-lynp Sthd VAMNUEERinC Cloahides(10M) 84 86 tggpune
responses. e 1'mmune System screens for “autologous cells that are virally
i nf ect ed oOnhambodimeetrog trenentoyie aimetiod fershlubiting cdhadhexien (egnisellli nent is a

met hod _for _i.nhi bitin ntd gen.present at [ IR I N L 0g: 6XP0Si Ng
the cdbi” edRaogaieaale B gt R IR B AL R, bF B ARRY), nc B b A BAP 0%,

met hod f or celupjh @8 aimistding ea subjast) en sffstticermburd ofaphasmacepicay. , i nhi biting
transplant rejectiaon,, allergy, asthma), including admnistering to the
subj ect anC%’Fff’%sbt‘[Oln\fléchﬁﬁjﬁf&%f a conposition described herein.

Composi tions of the.inventipn can also, be .eal.  Q di seases
such as | upus, SFHEUHRY orle%er%ls'toﬂ Py ZESUlE b &ga’tsdgf)%{rltg%l 'S %Eic%éﬁgl?yngﬁammt ory
bowel di sedsfsersyohoggen rehchingahé ieuaalf ieitedanthiCroldition caissemsmease@0 Anot her

further _enhodi pent | thod for altering.th oire, af i genic
bopt i 43 pranengn sl Tre coseBite MhC R nNE ACRE Ik e 5 21 G

aclti vity. | lﬁ@s_rbeﬁ@gaﬂ@igﬁated gl_a?;i@sd?a?cﬁoﬁﬁlﬁdr?idsyltiﬁé in2yPoxis cdrdmseduecd iwith )

sel ective 1 nhi hi ted, I erent. .set t (o es, W e

pr oduced bg'é/hetaﬁ@"ﬂi‘tﬁf‘@%% otgAzgms AR for ggaoi %g{:ﬂ%&g%a@@%g?b@hiy‘f W@h'5ur faces
of cells thaes)WordEfoRe chfattidining dFiRIARhE6h Riatd 10k tidiaftreatiig agnzyme 25
inhibition, or wt h,__for exanpl e, . sel ectjve inhibition of chynot sin-like
activity ofischemaic conpdiion 0z sFRETIUTR} MENHCQHGIIEE QEREISITIRRE? ¢ B‘fbéecbf‘/‘dlé%{ %fgt h

degr adapi o, @Rt RES S eB8vemount of a compound disclosed herein. Examples of such

conditions or injuries include, but are not limited to, acute coronary syndrome (vulnerable
plaques), arterial occlusive disease (cardiac, cerebral, peripheral arterial and vascular
occlusions), atherosclerosis (coronary sclerosis, coronary artery disease), infarctions, heart

failure, pancreatitis, myocardial hypertrophy, stenosis, and restenosis.

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

30 the transcription of HIV (Cohen, J., Science, (1995) 267:960). Two embodiments of the
invention are a method for inhibiting or reducing HIV infection in a subject, and a method
for decreasing the level of viral gene expression, each method including administering to

the subject an effective amount of a composition disclosed herein.
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ubiquitinated NF-KB in vitro and in vivo. Proteasone inhibitors also block

| KB-a degradation and NF-KB activation (Palonbella, et al. Cell (1994)

78: 773- 7880 20006334 Tr aenckner, et al., EMBQJ. (1994) 13pr64332804414451 One
enbodi nent of the invention is a nethod for inhibiting | KB- a degradation,
i ncluding contacting the cell with a conposition described herein. A
further enbodi neRémpicdudiondt lipmpolysdcchiaidy ¢CLIR)- 1ﬂdiﬁect@hcbkiﬂm&l$ucm(mﬂmmf -50 WO

21)1)611) 63154 PCTI Us211115 /114 4 nmuscl e,..organ, or
subj ect, i fensifredde by rAnLR tf’ﬁlj’ptr‘?fgss%‘l‘slsoc”}’fl?}g‘?fﬁésepli? %ﬁﬁf %Whegrﬂ%f 4% with a
conposi ti oReApARTaptde merﬁrst@zebanheu&%y&i ofelld BYISRS is el birliignaf U @SSt hat
require proteol¥t|c processi ng |chu e the .general _transcription factor

TFI1 A, her pewPeaiippieabraps Fiseptom dheeand Spuhupts ot B 403 RILPRSERA 4omMPEXf act or ) |

vi rus-i gdugh el fabhtmaus 2b9IbhdfrRGk&Eing s@ég@itﬂigﬁhat@ﬁiﬁstiﬂddéemgme bound
sterol regulatory el enent-binding protein O her enbodi nents_of .the

i nvent i on aeesdpetionaepy be@p imparsat thefgPedie fargst H@b%ﬁ%?é‘ﬁ?“t OF PIEXG 8N Plsepds |

cycl es, ﬁb&&‘éé}ﬁ% XROSI Afhup. @8b3) 161 nls\fstls@s)omr@fove ¥fJerthid efb6@MRAS) L i ON
dlsclosed &rein. Cycl’ins are proteins involved in cell cycle control. The

pr ot easorre cAOPgsitions ef thaineention mayde yegrfarthe indibitism of J&NFioa prepseaapl/ers of
cyclins ingl Clgptfpsh (1£ c cyclins, Gl «cyclins, and cyclin B. Degradation of
cyclins enab es a ce to exit one cell cycle stage (e.g., mtosis) and

enter ngt her (Gudeelufi ﬁfo@og}@s gerletrat%sssng L ERYRE t ptesGoh RS T HRepeci at ed

wth 4 1d12 protern kina at ed ki nases. The proteol ysis targetl ng
signal is londidqeAddCtctnss hmediated tnisnesesprasss. GRieSEuBE SXSGF@S%CFWQ% fovn box) .

There is eVLt%E,§8 cteﬁﬁ; a¥ecblkanlgln§fe&§d &%9yeeﬁédﬁgoﬁé)o&og&wa\qwonﬁ;tgn' BntO 2

ubi quitin ' n- speci ase | activated during
mtosis ( Oembhdamewtes a mAthpd @&Ilmhlbl(lﬂ%m)geﬂ@eﬁstazm) in al agHj ib¢ludinpexppsing the

prot easone i.nhhibits ¢ eqgr adati,o
proliferat I ?)IEQ) acompogitior & clifiscnq) glilerem ﬁﬁpeg{}g}bggﬁ%g{] 1%%?115&]‘{5&%1"5{1 rgsgin% al |
Proc. Nat!| theAgadine Scstem MSA;u()J]:&QéIg 1rﬁﬂ)1tﬁ@7ffﬂn§ﬁlﬂﬁ)ejecmm alergpdsthan), of t he

invention is for treat iferati a subj ect
(e.g., cand¥M ad"lgsa&m"a%tf’%“g 1§ thes fé’ e%gﬁ%c;?we PRE %Izhco %%tlﬁlgs Sgrrﬂ':)eﬁ to the
subj ect an heffefne @omposiaomwf theGhiveati@niip@akb be oseddo gedt astedndnmelusaaseﬂ'h&h
invention also enco od for tr cyclinsrel at ed

i nfl amat i 6?5“??‘15 they nrléiat“ “Pﬁé‘gﬁ%ﬁ ler%?é%a?fg‘f‘é ﬁ@toﬁ'cboé{v cLiigjeatssuch as

t her apeut i ggbklaiveddigs bndCroRredidtasef a conpositi on descri bed herein. 25
Addi ti onal enbodi nents are methods for affecting the proteasone-dependent

regul abpon of oRa6REThEhdd SMBETIMBRENDGSthd for bR Inignk: ©perioihiobardtigerge cancer
growt h, each
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 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
25  inhibition, or with, for example, selective inhibition of chymotrypsin-like activity of the

proteasome.

Certain proteasome inhibitors block both degradation and processing of
ubiquitinated NF-kB in vitro and in vivo. Proteasome inhibitors also block IkB-o
degradation and NF-kB activation (Palombella, et al. Cell (1994) 78:773-785; and

30 Traenckner, et al., EMBO J. (1994) 13:5433-5441). One embodiment of the invention is a
method for inhibiting IkB- o degradation, including contacting the cell with a composition

described herein. A further embodiment is a method for reducing the cellular content of
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met hod i ncl udi ng exposing a cell (in vivo, e.g., in a subject, or in vitro)
to a conposition disclosed herein. HPV-16 and HPV-18-derived E6 proteins
sti nmul at ewdBbbearsshisubi qui ti n- dependent conjugation and eegrmdasiosaspf p53
in crude reticulocyte |ysates. The recessive 30 oncogene p53 has been shown
to accunul t. the nonperm ssive te ture in a_cel ne wWth a

ot at od ¢ haVEPapt FOh B EioB i WPy aPaugre b@?CHﬁ@th%ﬁL e PG 0Y s.
Exanpl es  afubjectolifir Dsvepsibedddsridaae@ped by the ubiquitin systeminclude
c-Mbs, c-Fos, and c-Jun. -51 WO 2006/ 063154 PCTI US2005/ 044451 One

e(rjrbodi ment is aomrholehgmnb nﬁﬁ@apil?gaa&stﬁaeieqme@lpraﬁorgtlopios@ssﬂn@ﬁicuﬂgﬂ@ | 4
admi nistering to a sy ective_amun onposi ti on disclose
herein. | n EHEEHEREREGHF ﬁ@ﬁ?ﬁ[gh@%sé’é‘lpé%‘ﬂ“‘é&ﬁg%‘?“ﬁs&]ﬁs}”g‘fﬂé‘ (pestedh f or
the treat MRt vifs-iREBRIIFN Gedulthdrd FicRh 2 prdisih, A8 theth@fbrhRPsour@seRd by

prot ozoan parasites. The proteasone of 5 these parasites is considered to

be i nvol vede@Hatpreiament-bindiag Protgin fer ent i ation and replication activities

(Paugam et al., Trends Parasitol, 2003, 19(2); 55-59). Furthernore,
ent amoeba  speciQier gmbedipert ok iventionjagsmethotis farakier g cyakimdspeydephen

exposed to dﬂkﬂg&ﬂﬁ:@ﬂ'@yclésnﬂbﬂﬂﬁ@ kRpdsiRAZal 67 virdlor ¥ vivo)A$ & BomPpRfionRes. 1997,
28, Spec No; 9- 140 In certain such enbodi nents, the disclosed

conposi t i orfdscigsed 1&?5@1* uFydlias aremeoteipsiayehest in el puslerontele Thapoteassies 10 i n

humans gau %ﬁfhcﬁ%te@ iPthO HQF RN FSlirdse E§§‘rhﬁ€st SydiR 'iﬂcﬁld@%%% R G1
(including 'P. ‘falciparum P. vivax, P. nalariae, and P. ovale, whi ch cause

mal ari a), Wylpan%s@@mms%smgredaﬁem gﬁnyﬁ@wnabifmzqell toicone calliaysde Weggas’ _
di sease, 3 mn@&%ﬁh eiftd &Bthg%%e?lﬁl(gﬂ Cans lieile%%mu cl‘ﬁ{s%kena%§ atedsifiSNMRNI @

sps. (incl anmazonesl s onov , I nfan mexi cana,
etc.), Pnem?rﬁcypmtesn siaederor relqted lpm@syzﬂamt%@m mmewabwwanwu n Al DS

and 15 ot hey, | QS HPRACSRAENSS (dedt g 3‘} 'Pl:le"?'%%vﬁg&qltl'la’tcg\a%meba

hi stol ytica, En anoeba I hvadens, I'n ce in
enbodi nént sonvelted th sfotm selderaumllmqtomhmseor that@fopdlink memﬁh dgase éat nent  of

parasi ti ¢ inhect A5, LAADIRLS, A0d | I0uShonk 634560 RkafhenReglozoan

parasite séf FUm heymani ypt ospor |un1s
Echi nococc lpsoteagmaa inhists sychﬁldergadalon ainé kHeeeforSathitots yell p&hfemmo,rfm and

the. trbat merdl. iravarei 6 EeRa Ruttpt S kef el RREGERTBSA IO Wb ch 1 s

i ncor por at ad: 7loer-eﬂ)75) | Oné érAbcithérit of the inventivalis amdthedhe (ﬁiedi’tﬁigTaSprollf&atl(ZH scl osed

conposi s i nhi bi t easone activity rrevers asite. Such
T Bverll et b B i T eB A SR 155 P SHOE IR RE kg e

activity wishbjeddtan eE&EVEiNound of £EbntHosiE6n @@élbs%daaélnvwmé avehtmdiseel I's. In

certain 25 such enbodi n} the long half - Alfe of .bloqgd cell s may provide
pr ol onged ﬁPEﬁ“é’éﬁﬁeﬁ)’h“\ﬁg or treating cyclm related inflammation in a subject, including

adminstering to a subject a therapeutically effective amount of a composition described

herein.

25 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 composition
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

30 oncogene p53 has been shown to accumulate at the nonpermissive temperature in a cell line
with a mutated thermolabile E1. Elevated levels of p53 may lead to apoptosis. Examples

of proto-oncoproteins degraded by the ubiquitin system include c-Mos, c-Fos, and c-Jun.
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regard to therapy against recurring exposures to parasites. In certain
enbodi nents, the long half-life of blood cells may provi de prol onged

pr ot ect i omowddnessgar d t o chenoprophyl axi's agai nst fut pce/uspdsotdssn. |t
has al so been denonstrated that inhibitors that bind to the 20S proteasone
30 stinmul ate bone formation in bone organ cultures. Furthernore, when such
i nhi bi tors JiémbodigRA i38lethos te@ st  eelhtedhpoptdsi, intlading edmhinBtefinp (Ot easone
inhibitors increased bone vol une and bone forggtion rates over 70%

(Garrett, Psulgectap effgctive amousfplp compesition disdpi§dyeryiy.  1771-1782), therefore
suggesting that_the ubiquitin-prot.easo machi nery r | afes -52

2006/ 063154 PCTI‘{E?@‘G’S‘?‘%&EH%T@ “&s‘{l%cgcﬁFgE%%m@F‘F‘P‘ésraé%Pﬁegﬁ #l%{ﬁﬁeatﬁe&%%g a
formation. pJhgtielicton, sih MiisfedtionechusAMIGrotbican paradies. Dig psedsdineion t he
treatment and/ or prevention of_ djseases. as; wi t.h. bone | gss, such as

] oci at, e
ost er op8r odese Pasees i pausiferaddo Bnmuqlued H%“?%WF@ Q‘c%feé‘?m‘f‘té‘ﬁ‘taﬂ LRFTUNR have
the capaci ty/ifds (Blughtledll, RndPPRANG1. 0603, $9(2) B5S9). EPtirthatiore, @htakiB3aNe bone
ti ssue contain not only structural proteins whic are responsi ble for
mai nt ai ni ngpecies haterhgen thoxn to lesegcyiationrcapisite Whep gxraied do BiokP¥iccal |y acti ve

bone growt *ﬂnﬁiﬁg@@nmﬂés&m af ArcRINIDA RS G 9HRNE, GRE N8 139- 109! infcekiah SuchAMONg
these latter actors are a recently described famly of proteins called

bone nor phebadimentsghodisdlossd cqmmgsisipns o psehil forr{basEcapenpphpgasiticgpisctipiy e

ef fectgyon; : ; AP RN kP Slidcfrdide ! Udi Ng

Har dy, qR/l Il-‘?f,nnrg{ns g?@?éq}?%%rgﬁé%&a&ﬁ%%%mg?85- 61 dels_cr?pl%g(lé cevi1 c%ence t hat
bone nor phdgepatinc pricixeP. msal{riBsRamyl P. avate, whichepusamatarpy Tegpgnesewadrs n hai r
follicles during ~develo LLISa: L r Res
(1994) 9: 85BHEEE Jod8t, phdk ?t“%eseld??édét %‘SQS?’E?@?%“%IHW&%F%E%%CO BVP- 2 and
ot her substkagessickneisyieisbmhig spsBiRIRliggdp ragwgoresis,iln domveniy b iblghfuingLes al so

occurs during. mat ur at.i on _and.aft.er . the peri.o | . feraty 15
ety St miadictR, Y63 Pl A el (! iERER BEPlo Gfic Bl AT 1S
usef ul 150r olt@t immimbkippedsedpaibantd), Bixbplednat gondii, Hatanaleby histolysical Esinosed

conpositions are al seful.. as di agnosti.c agents. (,e.qg., in..diagnostic
kits or fof™3ges at’?dZ‘ﬁ?rﬁ’iaiﬂ?%l1aazrb?e§'f’%‘re|“§’§’5hn?68g’ t@%?‘égﬂ?e%é"b?lg?snborn 0 Igi ns (e.g.,
enzynes,  WuEcHilSer thtreamedtac paisic infeot@s seshilyls Midliveydelotasseihy a ncl udi ng t he
prot easone. The di scl osed 20 copposifions are al so useful as. research
reagents f BFOI9aRPaRYtsPTISFtah fm HES‘P?FQU'R?‘W’]" @ﬁ?f??r“g?m%%’;‘f&i“ﬂcoafﬁ%s

i nhi bi ti ng gtAARIoRISOL BRkiY tdnella Shic¥dyklisafurns, ol Ae@@dspiird dradsh.. Ofher cotappipdse, t he

22# \I;Ietzxdo (and specific_ inhibitors of t her, 'S&%?eléll?elstafe &Lcntbggzi %t easomne

e igsfiplas @ppteasome inhibitors 1n the treatmer)lt o? parasitic
98/10779, which is incorporated herein in its entirety.

In certain embodiments, the disclosed compositions 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

25  such embodiments, the long half-life of blood cells may provide prolonged 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.

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

1771-1782), therefore suggesting that the ubiquitin-proteasome machinery regulates
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Most cellular proteins are subject to proteolytic processing during

mat uration or 25 activation. Enzyne inhibitors disclosed herein can be used
t o det er mvoeosdnssiser a cel lul ar, devel opnental, or phyecolusgisalsspr ocess
or output is regulated by the proteol ytic act|V|ty of a particular Ntn
hydr ol ase. One such net hod includes obtaining an organism an intact cell

preparat i Oastedmasadlﬁellehnmh hACbone E¥RAGHN JTHeRF 016, rtﬁamusaaaed eahlbosproamayat ion, or
cell extract to a nposi ti di scl osed herein; R

conpound- eXpBEEY ‘%Yh@&‘ﬁ?t@ﬁ{‘t aeg/ﬁr PIEYRHR %ﬁqlﬁ?ﬁseSS?fo“dPte (‘éfllt*‘ g‘}(etlf’%?ciuct‘ﬁs

si gnal , angstggng,rBle ng the process or output. The high selectivity of the
corrpounds di scl osed herein permts rapid and accurate elimnation or

inplication of BAR tisens Qﬁ &{cemﬁaémlme foxtfbeorz%mar}ﬁb@msemhty for Stingll|Mey
cellul ar, devel opnental, tphyS| ol ogi cal gr ocess. - 53 2006/ g)ﬁglm
op

PCTI uszéosbmmé& Tlmemxmewéwwr% bewsriseis OPBHNoS PRIB A TIEBEMMSBA her ei n

can be ad fyréstpsﬁme kR m4@fchiRing tHe Qb0 ural 1?1@:@@@@% Bgneonuttaksa bﬂil@%aﬂ? ket be
treated and the age, condition, and body we of t patient, as is well

known in t henesgrowthiestors edigh|can stwt@bQWéewﬁmg1f%rﬁf6n é“l?lné thege Igiers
adm ni st er g gl E¥e_celtntwa escgﬁa\éd lanify e ?ﬂt&ﬁ%ll@@b&n@%&ﬁ&gmﬁﬁ@ﬁf&&% granul es,

powders, or  sSyrups: parenteral adm ni stration, they
f or nul at ed (BMPs)njAdkafi thms gl(OM’rﬂl fagipesrhevseffectsionother oes eficellpps %ﬂb@tﬁnd}‘?é%us)

drop inpusign By ﬁﬁﬁg%@”ﬁl HOet URP%%%R&;@%) {95 -61 a&&hb&%bfd%e%tt he

opht hal'm ¢ “Hriic o he’ rdute ornul ated as eye drops or
eye o0i nt nehos:. md’rhhcmnétmrmmblai (B3ViBs) candiffercptiaiyanprdssod incwmfelticieodiingmeans i n

10 co nj unc tpl% %Poé)m[en arrbs dls J qfotng Mn?eef\(ilep ﬁl@@{lpﬁ % %2%%3 dg Cfn‘agssﬂlé @ﬂlectst he

active ing e n’ixedvm trve or

exci pi ent, o8TGH- Meapxlasmdmf BMP@hasd ntﬂaexgnb&tamgp iadpemt gells.aBMPEY ¢xprassion @
corrigent, a so in S Qn qai d agent, or
a coating “5‘5‘«5?1% :luesé§8| ?‘fu(S% lf”élggl (W%O% r?rrtlheé) goé‘o{)c m‘f) rcﬁlf&ﬁ {]ﬁou h the
dosage 19 | (Hatay, ¥t ald(apm]dupftg) OMus, Rempytnmps oxmac inagetioa nchy latsd pe weEfig Hior kafr t he
patient, ttige Cgature and severlty of 15 the disorder to be treated or
prevented licde pOWELStBRUIAGR ni stration and the form of the drug in

general , a daily. m 0..01 to 000 S

r ecormended for%(‘él%?y’ g%d’l‘ Oﬁ?f{fifﬂ’pf}%ﬁ‘?"éﬁfe ?n%eﬁ?s J”’r% Seilﬁe"“lgqgsnéJ #diered in a

E i ngl ﬁb dosgla@ﬁosﬂdﬂkﬁh sriferade dogdgeal 1I$tﬁatoﬁd§§)fugtscr®énnigcfbt Metem’sges gdtreymes;\,hl C hI ?:an
e conbined with a carrjer t roduce.a ,sin rm w

general |y Hénsfﬂ%ﬂonefi’ﬁﬁfﬁ)cp%‘fesieﬂgyé@‘hmm AT W’?ﬁtgﬁﬁ@g?sodnigﬁgﬁgfpﬁeélut ic

ef f ect 20! N ca@pRItRhs are AP ASlia0 Rsedré RARAE forapedifidalip binding theSeMEL g. ,

i ntravenous, subcutaneous injection) Include a substjtuted _cyclodextrin.
Conposi ti Oﬁlgbua@ AT ¢icheip pagyinhibiing 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

25  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 an organism, an intact cell
preparation, or a cell extract; exposing the organism, cell preparatioﬁ, or cell extract to a
composition disclosed herein; exposing the compound-exposed organism, cell preparation,

30  or cell extract to a signal, and monitoring the process or output. The high selectivity of the
compounds disclosed herein permits rapid and accurate elimination or implication of the
Ntn (for example, the 20S proteasome) in a given cellular, developmental, or physiological

process.
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other routes, particularly the oral route, include a substituted or
unsubstituted cyclodextrin. The precise tinme of adm nistration and/or
anmount ofwoheosmeBaesi tion that will yield the nost effecrivseoos@subts in
terms of efficacy of treatnent in a given patient will depend 25 upon the
activity, pharmacokinetics, and bioavailability of a particular conpound,
physi ol ogi a@his@ngdoti on of the patient (including age, sex, disease type
and stage, general physical condition, responsiveness to a given dosage,
and type of medCempositivhs prepattdasafescribdrheieia armbd aiministeed iHoameveforms,he above

gui del i nes can _be used.as th asis f fine-tyning,,.the treatnent, e.g.,
det er mi ni ngeReAdinggR f%ﬂﬁ%@h@éﬁﬁ?%? a%{%ﬁh%e’ 8‘?““3‘&’?%1 ﬂﬁdé’f’%ﬁe‘ ﬁt,"tfﬁei ch 30 will
require nopRRmE at RARIN@UYvh NEthe XPeFdmRAMAE, Vit e sompdshignodre pobw t or i ng t he

bj ect and adjusting the d d/ . Th
D S oAyl (R Sy bF TR e bl St ErBHES PwIeh S o

l'igands, may:8pd; 8} for paretBapddnlifiBsatioRNEdydhaydesfagRulited asinjebtionk (iatigenotist hi n t he
scope of sound -54 WO 2006/ 063154 PCTI US2005/ 044451 nmedi C:IJ j udgnent
sui tabl e f dHragyecylas, ¢ SRRCHEPCQKS): Arop HfusipRIGRALONS: I0f MEROB FY S ®And ani nal s

Wi thout exgesshyd dyQid SpHibaimicmich@ih&brarl b@E Ghéy hBSROBERulated astdyBer probl em
or conplication, comensurate with a reasonable benefit/risk ratio. The

phrase " phdropaesereiodumpys abresploaptlatiang csn e Prepised RYsAnHBHAN iR a 5
phar maggut 'c%r?’{n%)ﬁo?i@ﬁﬁ gjli’eqmél RAL | M hereét TRP St dekiPdd, tHe acth@Nhg&tBent plagBeas a

liquid or s , diluent, excipient, solvent or encapsul ating
materi al . Eoxdd with anyepnyentienabedditivg ot exstragnt.euct as atedes @fdsintegratiigiagent,

conpati bl e w e, of [ ' f Joakanul bR nakainjurious
fo The pat Fotalf oISt oAb REhE Rl Ay pRidr i b e g Al 0k o

phar maceut iceaing ygant oepitltioh ¢ ceyctadextsn ancd tidsr. Although ghwrdosags wethvas | act ose,

gl ucose, and 10. sucr.ose. S , tarch,
and substi 'La tRegg e " uhﬁgﬁ%g&ﬁsugégﬁfgo%wwggfe@?P&r%;wE@ih@g{;:ﬁié%}gzp%ﬁd its
der i vatlbveshe dsoeder asbesttedied or pavdntedytire rdwd of@dmiinistesien andethd thedrugse, and
cellul ose acetate; (4) . powdered th; oy A (7

talc; (8) ‘%g(e@?rﬁﬁérﬁ’t(‘@? d‘%ﬁ%ﬁﬁﬁ?%@@@%@ﬁ@?&rﬁgﬁ) Orsqlﬁ!p))&pﬂgsllg %%)? y %/\r/gd%gor a% 9;

0i |'s, suchaadt pe@nyatiait|and tiombpbsaiadnistied isadifiglodes ooir dividebduves. gk, ol i ve
(11 pol yoRuoin e et vhich &8s oot ecaris BaGRe Bo PR ene”
glycol; (12hgRSo&Ips formusill gafersllybelthnbmaing ofthd ceinpytndivaivhatreducésl3) agar ;
(14) buffering agents, such ,as magnesi um h&/groxi de and al um num hsydroxi de;
(15) al28i nitherapeyty etteety dy g‘ﬁs‘ffa(‘ygfewp‘?%? s {pigndpd Top Wf“‘f'%@'fs&ﬁ?-%’ LHFYRRYS (18)

Ringer's sgluétiafdbus (i@YioMtiRsihdeal sabdtidltcd dy2Rjiextiih 0 @hipdsRioasddneinissaduia ons;
and (21) other non-toxic caonpatibl e substances enpl OQI%d. i n .
other routes, particularly the oral route, include a substituted or unsubstituted cyclodextrin.

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
25  upon the activity, pharmacokinetics, and bioavailability of a particular 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 as the basis for fine-tuning
the treatment, e.g., determining the optimum time and/or amount of administration, which
30  will require no more than routine experimentation consisting of monitoring the subject and

adjusting the dosage and/or timing.

The phrase “pharmaceutically acceptable” is employed herein to refer to those

ligands, materials, compositions, and/or dosage forms which are, within the scope of sound

-54-



20 pharnmaceutical fornulations. In certain enbodiments, pharmaceutical
conposi tions of the present invention are non-pyrogenic, i.e., do not

i nduce siwoizbhesnmpisst enperature el evations when adni ni seras260s/0a4pat i ent .
The term "phar maceutically acceptable salt” refers to the relatively

non-t oxi c, nor ganl c and organic acid addition salts of the inhibitor(s).
These sal't smé‘%eﬁa Budegienty siitaple %ﬁ’f usein contagt Vgl the Bssuescof pman baingsiand primaksnd

purificati owitedut Ef&sﬁ\l’éhb)hblbﬁl’rﬁﬁ)wn Ql’ler?bé rSpBRE ArSkhér hoBk &Qo@lpﬁ)&%bﬁ I ed

inhibitor(s) inits free base formw suitabl e organic or' | nor gani

acid, and F¥UPEnsHAl Vf‘ﬂ’eaf§%§|°t‘abtl%lt?§eﬁfé”rsm10 Representative salts incl ude t he
hydrobrom de, hydrochloride, sulfate, bisulfate, phosphate, nitrate,
acetate, val erat %I%t@anﬁﬁ?%cﬁlbt@ceptéﬁ%@m eas ysedsheatie mehwswz oat e,

I t a CCl e, 30
t g?{ ?ate 65 phﬁiﬁﬁhﬁ%@tﬁa%?%l&%@g {ngiehﬁlr %cgn%gigik)g %tét@%hléIF @H&Pa[)% hr%lata oF s&a&
A

| aur yl sul phi#! ugnij ‘P@lpleahQOIV%@h@CmbUB&matsnalaﬁdcltdamdr|nklet be( See, for

TT00) % 5 s Bons) s EFAr (LS BERAB T e 8 bt R Romifiion i ¢ or <

useful in t#d ngbinjisiges ofthe fatiesr Semn examplesvf mmnmlawhmhmamsanvme or nore
acidic fun f form

phar maceut %Hg%ﬁglgg%fe?}g%g e sa: ?m{ﬂﬁgé@ Rt su‘i% 7 (e aegtcé?f)et’ aM e bases.
The terif "sphrasartdetardhenkion aacomptaadhl psot&alsﬂanch dand stghﬁﬁn@ed:jd;&h@ﬂ@t&ﬁte? pf erfs to
the relatiy nlc ando ani.c base addjt salts of an
i nhi bitor( s‘?t%q'%%ghét@)% f{m&gan Il kgnvﬁ’aélé'esb%uc g %’&F‘é&af?%ygﬁeml ‘ETHP%OWg t he
final isol e@tth)dmelbﬂuse,pud réliubat b@mtoi4)tpoederad irhiatati; 35)fmﬂf (d»gfﬁﬁﬁqam{celﬁ/
reacting t i nh|b|t ree acj orm w a suitable
base, sgchqg) &% hs“éi SR LH Q"cﬁgf %Tt#rf&l’%os‘tw B esalB SHs g pganut oil,

phar maceut |ooad>dsyedacﬁbMﬂ@bérmlm‘saaﬁe &Rbiiebil, cMrhbh B Yedn od)r(l(g"gi)}%oﬁ

phar mag uti 4l rima secondar tertiary

t
am ne. Repr’ e ?py&ggﬁﬁﬁ%{i 1?{)‘? ml‘?ié ghas g ﬁ?rfrhs%rgll“t sm?‘}‘i'ttP]uél@ the lithium

sodi um p@barsslylem glgadl 0l Dy BsterSREIRASE SHAY] oAdAEk ﬁhumymﬁ?aéadlb?aggﬁft%t he like.
Repr esent alL?a anic _amnes useful for the formation o ase "addi tion

salts incl PFriSHeh s ragnesiany Rrdsexide and aipminisa hydixide; (KD nleiot aaidine,
di et hanol ar(rl d)@yro@exp&é@mtae(17§iik@ltoh{a%a1hﬂek©8 er J Rlutidf 3(”9)' iyl a@@ﬂo‘i’e(éﬁ)t al .

supra). agents, emulsifiers, ubricant’s, as sodi‘'um
| auryl suI 1p g“ffﬁﬂﬁ%@stﬂﬂdégléé’ﬂﬁf gon- %lcmmpat@ée Q’slb$t@ncﬁ$lgmdgmdtls rel ease

agent s2oco %hérﬂﬁc@lﬂ@d’] FSmubieRl gR b&¥hin enfll;o@}ﬁ%n'tsnghsagﬁglgu@&i %MOQ%OQSQO%% : b ns

preservatives and antioxidants can al so be pr Int conposi
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,
inorganic and organic acid addition salts of the inhibitor(s). These salts can be prepared in
25 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 inorganic acid, and
isolating the salt thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmitate,
stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate,
30 tartrate, naphthylate, mesylate, glucdheptonate, lactobionate, laurylsulphonate salts, and
amino acid salts, and the like. (See, for example, Berge et al. (1977) “Pharmaceutical

Salts”, J. Pharm. Sci. 66: 1-19.)
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Exanpl es of pharmaceutically acceptabl e antioxidants include: (1) water

sol uble 20 antioxidants, such as ascorbic acid, cysteine hydrochloride,
sodi um biwol2b@tm31530di um net abi sul fite, sodium sul fitepcand2dmBmidsske; (2)
oi | -sol ubl e antioxidants, such as ascorbyl palmtate, butylated

hydr oxyani sol e (BHA), butyl ated hydroxytol uene (BHT), lecithin, propyl

gal l ate, al pha- nasgRbaeqlthe iatibitdrihesehil kethe artodS)f thepredencinedntibn mgy agent s,
such as citric acid, etha/ Eliledl am ne tetraacetic a% ioi&éEDTA) sorbitol,
tartaric aEPHain SRLYPRYF pedigdymgtions] groupsand; fhus, i cap ge "Qi¥ns suitable for

oral adm nbﬁérﬁ@ééuﬁéhll%&’cepﬁble@altsfbat}fﬂfafﬂl&f:utikamswcé}ﬁable baedels terpi | 1 s,
tablets, |0zenges (using a flavored basis rose and acaci a or

al
t r agacant h)phappigguticglly @ﬁcﬁlﬁﬁq’ g &altsin these &‘S?B‘Feﬁl‘# ﬁt%tthe FAENREIRC i n an

aqueoussor 1d?)9é3mcaaﬂﬂ BRMSic IbhBWiditioPSaltd SF ﬁﬂnﬁlbitor(sm Ts€kaltd CanileRiseibd- Oi |
l'iquid emul'sion, or as an elixir or sy or. as pastilles (using an

i nert mat r preparedivitysluges the final dvpdptign 9%quﬁ°at5)rn of theipfaRitotisy °5B¥ci a) and/ or
as mout hwa§§b%§aelch&n?%hé Pufied ﬁmmofzg% al REORiPloRh 9B banmieshsaminds of an

inhibitor(s) as ‘an active ingredient. A conposition may also be
adni ni st er 8 hadrozgidpcathonate,eir @P’ih’@ﬁ%te Oﬁﬁrpllﬁaﬁqcéutlca%awt%@w@h@f%
PCT/ US2005/ | G6eali Qb dBEpHOE oRhAL pARNLEbEAL), 8P (capsul es,
tabl et s, pl“?‘?‘%%ﬁ’“g‘ggre‘gﬂég‘ e?% Srgnu %s O% R ai‘yne , tII?Je active
i ngr edilént tdrSaryramad. Rppthseonevmlkmelkabmﬁaﬁhé@mllilfélaieIﬂ}e wapsede carriers,
such as SOdI umecitr F oSG "Repfd¥ntfive b
fol | ow ng: ftﬁsqum Ic?lgtu% glra gl% g%#%ﬁ:ﬂ%g@%@%téﬁgdttg?% epcycntoc‘llgxfgr:almﬁs
| act ose, 5asiites os}aé;l fcgrl thmfoseatlomﬁ base atlidltltamaltmmCEde ¢th1¢rnalei diethylamingj nder s,
such as, faq car,box | I
pol yvi nyl {Wﬁ d‘%lﬂé ethgr&(z:l?rgg%rg‘?et ﬁigmle g@&gmnéa 68(} ﬁx%thﬁé tegﬁétn‘:e&hxﬂ lgh as
gl ycerol; thedtﬂl Gipegy at i ng agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic aci d, certain silicates, and sodi um

car bonatse; (5) V\&ainlgta'gms emhkaiﬁdfsn@dagm'wamts, sgeicds sa@'ulpdalwlfsmfate @8) absorption

accel erators, such as quaternar um conm agents,
such as, f&ag%?ﬁlﬁbsft%amtgééw{l a%lf()c(%fﬁlcglag% relealse E(‘:%3 agr?ﬁ)%%(?é%rs\oggéhlg %) )
absor bent s flagdHng, 49 paohing agents, besarmwemﬂlaamxu(aays chmbisé bapresent inshech a

talc, calciumstearate, magnesi um stearate, solid pol yethyl ene glycols,

sodi um | auFﬂ}‘Pposétlﬁ’I“? ate, and mxtures thereof; and (10) coI ori ng agents. In
the case of cap t.apl ets d the ar meg ositions
may al so conpri g’éa g5k P ﬂﬁ‘a‘éﬁﬁg?@é’ ac‘%B i)l(sﬁa BoX %‘n%é%cll r%(ﬁlg[}q% | ar type
may al 90 benxplag¥esiciass dstdrbiebsid) oysteint hydiﬁdlld’tﬁié,(boﬂiuiﬂ lﬁﬁhlfg&l, aidium capsul es

usi ng such exci pjen I I | ar
wei ggt metablsglﬁte, tsc?du?rg sul? t%t gnsdethg lllken}Z) oil- sglggle ahtlcg'(?da\lllvt% sucﬁlgs ascgl'g| ot ecut a

palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,

propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric

acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and
25  the like.

Formulations suitable for oral administration may be in the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or
tragacanth), powders, granules, or as a solution or a suspension in an aqueous or non-
aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup,

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

electuary, or paste.
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pol yet hyl ene glycols, and the |like. A tablet may be made by conpression or
nol ding, optionally with one or nore accessory ingredients. Conpressed
tabl ets mmyp 2o&/@separed using binder (for exanple, 20 gelatuspoosn44451

hydr oxypr opyl met hyl cellul ose), lubricant, inert diluent, preservative,

di sintegrant (for exanple, sodiumstarch glycolate or cross-linked sodium
car boxynet hyl cgrlsblill 8&ege foridtof aﬁEacmﬁﬁxlsmeloﬁr(ca@klﬂaefaslefsgplngdfhtgeesl\/bl ded

tabl ets nay be made by i.n a.suitapl a mxture of the

powder ed i RAYEATS SFAPUlyS 3B Q‘Flé‘ggdthﬁna?th"eé’i‘gr? "é}tfs rP‘iX HEBW UeM® Tabl ets, and

other soli ghﬂﬁa@&ﬁcaﬁ@rae&ptasw@m@ﬁ SREERTiuntaRsE beicalflihiphosphate] gdenul es,
25 may optionally be's prepared with coatings, and shells, such as

enteric coapy oighe @le%tﬂéﬁllﬁfﬁ)a‘t?"%@er\?@f‘?h r$EEhes §Y¢lpdsxtrns, lactose,

phar maceut kgaleef AW, %{ahﬁ‘ig)l azﬁﬁi/()r Jihay aéf@‘XZ)aﬁlﬁ&r@@uchfa@rfUiUéx@ﬁléQ SO as to
provide sl ow or tontrol I ed rel ease of the active ingredient therein using,
for exanpl earbewyehedwloshepser steinptgs, gelatin, pplyxiay} Rympldenengicioss gd/ o5 asadast o
provide th I [ Fag DAL, Y Lo S &cilith POSOMES,
and/ or @3Spﬁ%§t§gs Sﬁ(ﬁl a§%§§e£r Q‘t) dl&nst%égétlnl%lazge Lf/ afsggéreagarrplcel, filtration
t hr ough a baborats, aotafetoatamongstﬁmh,ta&mlc e¢idfpprigin sidiegiess and sediumssagionpteiPhg
agents in f | ved in
sterile rS(]t;lﬁtl reﬁ}(ﬁmreﬁ% hg% a?t(:%)erl lp?%};ﬁtio%%cew {5#3#@9%@@%5 bef ore
use. Theseammmpmm ¢onrm>nsndsn(dywaﬂtlsg)agqntsl oub Y, yorcmampleraceipbad¢ohgiand agent s and

2?’&2 geOI hgl g«% %nos earated{gzgl%ser%%x nﬁ%Zh Magﬁlp%%ggt%ﬁée ﬁg /(471$3b9g§1{t944451

I ngre erenti a ina cértain
portion of sidhe talg,emtcnm stezeaste|n@nemmetbarate,pstohép@lwtyylenergl)apotkeii%iy@dlamhner :

L e

subst ances® 1 ngre

m cr o- encaphl) tad @lﬁrmwenmcal éonmmpmomsrm@t &so omﬂphs@bm"fedng mgnnes 6blidhe 5

above- descrlbed exc osa
ey

el uddS praPRCIRDS ¢ T8 “anirar i o gk At SERIEALA Tons,

SUSPEeNsi ONgapsBl¥s bHMSy suame!xchlmg dsdactdst otk bugan, 4sovdlhs highaholvalar m@rgedu ent,
the liquid osagle farns cont ain inert diluents commonly used in the
art, such Belyeth Fneeghéﬁ?fﬂ%“ etk or other solvents, sol ubilizi ng agents

and enmul sifiers such 10 as al cohol hol, eth
carbonat e, et hyf ahiemay be “Iﬁ‘g?lgi’/lfm’%@r‘&séﬁfilormﬂglﬁ%yi’&}/oﬂﬁﬁ'z‘ﬁglf @ne g5 o Iene
glycol, 1, 3edeston lﬁgf@dlgﬁtycobmpx@ssb&tableﬁ mrﬂelmhﬁa usmg)bindﬂs(ﬁﬁdxangj‘l@undnut
corn, I%erm olive, castor sesane oi | %ééerol tetrah drofurty

al cohol0 péflyiét WWngéypr@p)S}@eqhgl cellwlgsep, d’t‘?‘&?a‘gci“ egh PresrvayPHitaerating

m xtures thgf @;éahxpleBé‘oﬁim@&aﬂcﬂ lykoldte lob &05sSlinked SodnAbarbaxyRR eyt éclliBse)AN al S0
i ncl ude adjuvants such
surface-active or dlspersmg agent. Molded tablets may be made by molding in a suitable

machine a mixture of the powdered inhibitor(s) moistened with an inert liquid diluent.

Tablets, and other solid dosage forms, such as dragees, capsules, pills, and granules,

25  may optionally be scored or prepared with coatings and shells, such as enteric coatings and
other coatings well known in the pharmaceutical-formulating art. They may also be
formulated so as to provide slow or controlled release of the active ingredient therein using,
for example, hydroxypropylmethyl cellulose in varying proportions to provide the desired
release profile, other polymer matrices, liposomes, and/or microspheres. They may be

30 sterilized by, for example, filtration through a bacteria-retaining filter, or by incorporating
sterilizing agents in the form of sterile solid compositions which can be dissolved in sterile
water, or some other sterile injectable medium immediately before use. These compositions

may also optionally contain opacifying agents and may be of a composition that they
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15 wetting agents, enulsifying and suspendi ng agents, sweetening,

flavoring, coloring, perfumng, and preservative agents. Suspensions, in
addi ti on wo 2véw63ustei ve i nhi bitor(s) may contai n suspendipog/usg@sisssas, for
exanpl e, ethoxyl ated isostearyl al cohols, polyoxyethylene sorbitol and
sorbitan esters, mcrocrystalline cellulose, alum num netahydroxide,
bentonite, Fase theastivamerddicatfslonht AT prefeentially, in acetpidportivaote. For mul at i ons
for rectal stryia gl Joflé I I suppository,

whi ch may bggr pr e_pg@g}jtfﬁd;’m%ﬂgﬁ%sgﬁgag rrrg;r?@elf?r%ﬁ @P%ggf(égﬁbe\?\? 1?' one or nore
sui tabl e nefMRositipnt Wieh eapadic piseshingudsrpobyamaric enbstaposspnd siaxgy, Theoactexanpl e,
cocoa butte Wi ol tory.wax .or a salicylate,
which is so{nfgrgggitﬁ (%ggbr%tg gﬁlpnégg%{%(rag ,Su%tlj'g ?(Fr?]qﬁflia pr&%{mﬁ% v%ocﬂpeto reﬁ‘ﬁré:r 5 e and,
t her ef ore, #lov¢-desetibediencipisatsy ect um or vagi nal cavity and rel ease the

active agent. Formul ations which are suitable for vaginal adm nistration

al so include peddgnd desage formpiongral adngniseatiogatcdyde phstrassutitdlymecepaibles pr ay
fornmul atio | E) ; 'l .are kng in the art to be
appropri at gén gggﬁﬁo?@awée ugs?l&rrg %g[{not‘ﬁé&? %%fogiilsyrgps’taﬁ@%hs’ﬂré‘r PP&‘Tdﬁﬁﬁ ihSt rati on
of an i nhi bictivg ingiedientc thediguid glovage fesms sy aysain dietdilaitsconpacil esed 6 BANS,

ot ons, 9o ALt QispcOles s AN AR ALS,, The ACLive compgnent ey

be m xed undér steéeri ndi t1ons W

2006/ 0681 54sRAY] U??@O EdoﬁtbﬁﬂlEalcohallc fthﬁtoakbbﬁaté; ﬁfhyi afet)at@aﬁzw el]cfbhglljlldenﬁyl
preservati uf fers r _pr.apel l.ant [ .may . requi red. The

oi nt nent s, Vb%ﬁ%‘%a%sl?meﬁf%%réW"gAS’Q‘&& lgnerév\g@(?ﬁf dp H%/m?‘ﬁara?fm%f“feﬁﬁi] gfqyndnut,

i nhi bi t or ( Spm, gext blives bssor, U GEsaMms ofld)] giiderdl1etrahg GRRANAl dcohdll folythyishe WaXES,
paraf fins, §tca{ch fIra%aq(;anth 5.cel |l ul ose deri va}ci ves, polyethyl ene
glycols, sidYREnEY ihesidsriqndd sobitan, apd mixtyrgs therepde  and zinc  oxi de, or

m Xt ures thereof,. .Powde and rays can.contain,. in addition to an

i nhi bitor(s), e%c?f‘%‘?séﬂ?@k‘ﬁatﬁ tg‘gorg]%/"&&‘tPBSs‘%?nst"é‘P lso igpludeaqauvapts guchas uni num
hydr oxilde, veatingagents iehiubséyag an@a€pdnaing Apnte sPQSIRTg, fiorinflicslowhgs of these
subst ances. %ﬁ)ra [sﬂngan additionally contain customary propellants, such 10
as chl or of IF§ IBH% PEPHSAY 4R S0l ati | e unsubstituted hydrocarbons, such
as butane and r opane. .Th&(ih.i.nhi bliltor,(s_) can be alternatively adm nistered

by aerosol . Thi §“PE"AUECAAITEMLY thart st BpareThY ma cavfeiesuperdingrgsnts as,
| i posomal  gorepample] @ioxyRitedSsiestyPAEIhbR! SyoxPethPbmt Oebitoh$hd sorbitan esters,

microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,

20  and mixtures thereof.

Formulations for rectal or vaginal administration may be presented as a suppository,
which may be prepared by mixing one or more inhibitor(s) with one or more suitable
nonirritating excipients or carriers comprising, for example, cocoa butter, polyethylene
glycol, a suppository wax or a salicylate, which is solid at room temperature, but liquid at

25  body temperature and, therefore, will melt in the rectum or vaginal cavity and release the

active agent.

Formulations which are suitable for vaginal administration also include pessaries,

tampons, creams, gels, pastes, foams, or spray formulations containing such carriers as are

known in the art to be appropriate.

30 Dosage forms for the topical or transdermal administration of an inhibitor(s) include
powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches, and inhalants.

The active component may be mixed under sterile conditions with a pharmaceutically
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conposition. A nonaqueous (e.g., fluorocarbon propellant) suspension could
be used. 15 Sonic nebulizers are preferred because they m nim ze exposing
t he agentwpao@hearsy which can result in degradation of pClrascaspeusd.
Ordinarily, an aqueous aerosol is made by fornulating an aqueous sol ution
or suspension of the agent together with conventional pharmaceutically
accept abl e aga@ptablelcsrrian and wittadnyl frasenvativel ffles o pporllamsiwbichinayibzer s vary
with the re ments of the particular 20 conposition, but typically

i ncl ude nohY HW@ surfactants (Tweens, Pluronics, sorbitan esters

| ecit hin, CrenD orsg"l ﬁharnaceutlcallﬁ acceg%ab e lsq v E é ch as

pol yet hyl ene QntmentsREsS AP BHS MY g1 48, id FRLRHIOE hi t an

Ser'iA e
esters, ol ek&ple@m QucH & Ghitlal &nd epttiltle fa8% bilks wamhpaaafﬁgd ytmchmagmahﬂer s, salts,

sugars, _or s ar al cohol s.. Aeroso era d fro lSOtOﬂIC
sol uti ons. CQE‘ OFf AFAEYGTeRO! ﬁ@f’ﬁ?@éﬂ‘iﬁ@e&f%@e %%‘g tﬁsdg'rifﬁ‘?ﬁ&‘ Bl "6‘5] &N°di ng
control | ed ogdiak iof afiytuRf therdf.i nhi bitor(s) to the body Such dosage forns can

be made by dlssoIV|ng or dispersing the agent in the proper nmedium

Absor ption enhap&edess aﬁﬁ@p@&%nb@nthﬁﬁeﬂ atiditibiRra@ashibiton@), Exdipientf such e
inhibitor(s) across the skin. The rate of such flux can be ontrolled by

ei t her proWcshdrla SllW&taé‘dcﬂH‘PWBP’l ydepxientricipi sifFates Fﬁ’é"’ er, or

i nhi bi t or ( $ixtufes Bf M&e)IHEanb&t @b?ﬁy@éan&@hltlomlyBB&Elﬂ%ﬁﬁb&hhlﬁj%kop@Wﬁdchl ons of
this invention suitable for parenteral adm nistration caonprise one or nore

i nhi bi tl8r s psyhlemilecsaidrmseidens a vRlaglsemngbstipied hyharameoe steitatimipne sk ept abl e

sterile anQ%Q% or nonaqueous sol utions, dispersions, suspensions or
enul si ons 9 WD 2006/ 063154 PCTI US2005/ 044451 or sterile powder s whi ch

may be reconsti ﬁﬂlbitméycﬁ&raltkﬁlawwmmserea%u&ﬂogmsmg icicepmshans | ust
prior to use, which may Contain antioxidants, buffers, bacteriostats,

sol ut es whbERreppEingarRqugons fesoselslinesoni] preparaionconptidparfidesopgmingsthe e
i ntended r %%gés?tﬂﬁm S&rno%&lgﬁ&&d(b Qgﬂgérocatrlkﬂncﬂ?@&'ll@rg) ﬁgﬁé%l%n c@l@ﬁ@ﬁ@h es of

sui tabl e aqueous and ueous carriers which npl oyed in the
phar madéut iSesit netoripers ire ipoieTedtbeedyee theymimimisn exmma&e a\g@mé@ shean, hish| |

pol yol s (sggpwgﬁBPgE%%§&8£Ofﬁgﬁﬁmkﬁ g 9l ycol, polyethylene glycol, and.the
e

l'ike), and sui xtures thereo vegetable oils, such as olive oi

and injectabl e ﬁgr?a'?l éal??ciu%&%’ae%églhs %%d@ﬁJ%hnﬂLtﬂ%ta‘ﬁ aqEJoQP&flutlotml pidity can

be mai nt ai ned, or e he use of” coating materials, such as
| ecithin, bn}spﬁlﬁlmrvéthmgmtmath@ewmlﬁ Cthenttoe@imh@mc@élpillYCquepéﬁbkéarfwrﬁt41’63‘ case

of di spersigns, ang,0 rrl:etg 2t SBbPher §%g@tﬁ&ge{1{e§uﬁ§mﬁt§%f &gmﬁﬁlgﬂ ons may al so

contai n adjuvants such as preservat i _
20  composition, but typically include nonionic surfactants (Tweens, Pluronics, sorbitan esters,

lecithin, Cremophors), pharmaceutically acceptable co-solvents such as polyethylene
glycol, innocuous proteins like serum albumin, sorbitan esters, oleic acid, lecithin, amino
acids such as glycine, buffers, salts, sugars, or sugar alcohols. Aerosols generally are

prepared from isotonic solutions.

25 Transdermal patches have the added advantage of providing controlled delivery of
an inhibitor(s) to the body. Such dosage forms can be made by dissolving or dispersing the
agent in the proper medium. Absorption enhancers can also be used to increase the flux of
the inhibitor(s) across the skin. The rate of such flux can be controlled by either providing a

rate controlling membrane or dispersing the inhibitor(s) in a polymer matrix or gel.

30 Pharmaceutical compositions of this invention suitable for parenteral administration
comprise one or more inhibitors(s) in combination with one or more pharmaceutically

acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions or emulsions,
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agents, emulsifying agents, and dispersing agents. Prevention of the action
of mcroorgani sns nay be ensured by the inclusion of various antibacteri al
and ant i fwogade/g315agent s, for exanpl e, paraben, chl orobetanskoosphasol
sorbic acid, and the like. It my also be desirable to include
tonicity-adjusting agents, such as sugars, sodiumchloride, and the |ike
into the C@fm&ﬂb%}b»@db&s whith addbé teeanstlﬁltdalxmﬂgedleaiiysaame Editionk ot diepeksigrect abl e
phar maceut i cal orm may, be brought  about e i ncl usi on of agd ents which

del ay absoﬂ‘ﬁf PR t%BF@hWB‘%h may GoR'H ﬁ‘i‘tl?éhjégtﬁ’é)ét}(fﬁ‘ts IR R (A Wi‘tf In sone
cases, in @derht RrRtiticHigotbile wath tiRWoddf of thedfitdified irdcipiént dEispen@ing ok 0 S| ow
t he absorptl on of the drug from subcutaneous or intranuscular injection.
For exanpl éickgaingggaits. absorption of a parenterally adninistered drug form

is acconplished by dissolving or suspending the dru n 0|I vehi cl e.
| nj ect aBl e depoExdyeof é?‘@bt?éﬂléeoﬁ?a‘fddm‘l?ﬁo‘tﬁcémésn‘@é{%%ﬁmé GRPRIPYeddn of

i nhi bi tor ($e hgéna'céht#abIQ:qﬁlg&fiﬁj&xl@'o?th@‘ﬂtvléﬁ'tﬁfnﬁne%&hva@& ethanol polyols (such as
pol yl acti de- po ﬁg ycolid gen ing on the rat rug and

t he nat ur e gbrerphgropulend @t{ﬂoérpo 6%’]?6? glypr) 2 dhe hktehén‘t %t”ébléfmﬁt"iﬁ’@ tlt‘*éﬁ"éase

can be Conkééékéb?edolls@ﬁ@lm dive Qfl a%ﬁhﬁéct@l@&}sﬂﬁ@&?é@ SudRQk Wﬁ?f cﬁedté‘cf‘rb&@

pol y(orthoesters) pol y(anhyd es). Depo |njectab e fornul ations are
al so pr epaflaifity parchet maippinad f@mamplagbx the uﬂeloéé@@ﬁé@awﬂaﬁi welbartesidinhY whi ch
are cofgat ol alx\(’eé QCQ&QMe ].tehl%ﬁld artiaft s1436n %%Qs@ro@msﬂﬂﬁor%f rﬁﬂ%ﬁﬁéus@%‘f be given
oral ly, paren eraal , Or recta They are, of course, given
by forns ssurfaiknt. for each adm ni stration route For exanple, they are
adm nistered in tablets or capsule form by injection, inhalation, eye

| otion, -60 WO PR6L@aRsE4nPaTy ASPODBI0aiinants sushs mmrvat@/eiawﬁtngor Y,
infusion 0 ; I supp05|tor|es
O al adm ni g%rt ?L%%f)?;s{g IJﬁ"}r%}dfsea[rﬁ?j g{ p%ﬂ% IESases tg)glgogﬁiteea%g{}ycgdm ni stration”
and "adm ninstresrgehipey remt ereakiryd bathe ircbdionjoévazions anstbactenind dedantifungal

adm ni stration ther than gnter | ,.an n 0 5 by
i nj ect ﬁ% age ﬁl&s Oﬁ 81(amap gpara gl 1?1’0})].%&1901 6&%9 ocf%rb%%glgviéﬁg%ezﬁﬂe Eﬁm%ﬁnﬁgdcduey lar,

i ntraart er idedirable nd mattxh:emaicxty-ad]tmmgagsuﬂ auch ab ntgamosodiuiradhloridet andabe ldkeac,

i ntrader mal nt r aper.it oneal transtr cut.an cular
intraarti ctifapme cgﬂg%sétboé’ﬁl addigigp, Do 0NRS Qsorpmhto g’e s %?e rméé ?t;gg{ er nal
| nj ection, f(&ﬂdnay‘ﬁdlﬁbtcglht ab'Bbebyp:hé msRsion Sﬁlﬁemlﬁcﬂﬁiaplabstonﬂionemh"as

"adm ni st ered systeni ca " "peripheral 10 adm nistration"” and
"adni ni st eARETHER GRS eétaf ind gelaffl e herein mean the admini stration of a

i gand, drug, oy other materi r |nt ceptral
ne?vougosystgem NSQRE SRS AN ord ratoprotlongthe &ﬁect(gjtla rug, 1%sde51r E)sl fhe

absorption of the drug from subcutaneous or intramuscular injection. For example, delayed
absorption of a parenterally administered drug form is accomplished by dissolving or

suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of inhibitor(s)
25  in biodegradable polymers such as polylactide-polyglycolide. Depending on the ratio of
drug to polymer, and the nature of the particular polymer employed, the rate of drug release
can be controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the drug in

liposomes or microemulsions which are compatible with body tissue.

30 The preparations of agents may be given orally, parenterally, topically, or rectally.
They are, of course, given by forms suitable for each administration route. For example,

they are administered in tablets or capsule form, by injection, inhalation, eye lotion,
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it enters the patient's systemand thus, is subject to nmetabolism and ot her
| i ke processes, for exanple, subcutaneous adm nistration. These

i nhi bi t orwb2poamsy1she adm ni stered to humans and ot her arcwaissodsos4ssher apy
by 15 any suitable route of admnistration, including orally, nasally, as
by, for exanple, a spray, rectally, intravaginally, parenterally,

i ntraci st epfghény, supptditdrofnfsibhytopiaglyly I@vade bmmeitingeatalyby dr ops,

i ncludi ng buccally and suhl. nq.ual.l y. . Regardl ess of the route of

admi ni st r af{RPAsIvEFe PRtRIMHETE WH?Sd?f?fSF%Cg), which nmay be used in a suitable

hydrated form and/or the pharnmaceutical, composi.tions of the, present 20

i nvention, are FRsrRhmsat é’&regﬁfaég%ﬂ‘é‘}sﬁﬁ%oé‘ula?‘g%wlﬁﬁrégBi’rﬁrthréﬁHoagé'é forms by
convent i ONgkreinMdaROMSdds RO ¥R rhthMTBhed thafi Khtklal 4nd thieal adrhinishatidialisudibp age

| evel s of the active i nngedi ents in the pharmaceuti cal S canpositions of

this i nvenby Byectian apdingRidese yithept mitaion, B3y shous, RpYsulass nirgagetigly j e

i ngr edi ent jfairebhl ) iftracpdiB6 kR rti@), ARALAYISC, iltRdees, iRehpblehapeut i ¢ response
for a particular patient, conposition, 25 and npde of adm nistration,
wi t hout belarstradkhle subsutanseus, subicutigular TRgaagtistlas tbaapiub wbarachipide| osed

conpound | fAeRhALAPEHGAL R GERIARIG, m Xture w I vary depending on

several factors, includl ng trJ]e dosage of the conpound to be adm nistered,

the pharmacoki ngfd 6, &ba¥IGLRL adhirtralbn, T RANGATBRY Brlctnic AP pofflerannd t he
route of adm nistration. In general, the conpositions of this invention may

be pr o deddminisgatien? apdjirdovmisterst nerirsaralynasaised hrgeinpsen the admingypignotas o
conpound d 'ligﬁd?&ﬁg, 4 %fhlgf @atem%r thdh Bﬁéctl? Uhs HRRERR nérgﬁusgﬁtﬁﬁ‘,tsﬁéﬂhat

adm ni stratron. pi cal dose ranges are from about O. to about 50 ny/kg
of body weitghtersgbe patigyt’s gybtomrand fhug,-igisubjeet td eeptabober andedbar e piogeseesd®se may

-61 WO 200g{ca@fﬁé%‘bcﬁ&%o&@g&g@ﬁ%ﬁ)ﬁ1 contain the sane or different

conpounds O é I nventlon. osage will be an effective anount

dependi ng on se i i 3 Lent, and
tho- for i at; offaitiEHEs Bpb BEhdiahRErlF neEL I oMk BB e &)
In a prnéf eermeshitettb ooitengtiminidietin, dtcbuggrosallynhishlly, as by, Sorgxample,foreldr pri or
toits 5 additi.on to. the cycl i ti . f dissol ving
the drug i Fﬁcgaln?' ﬁgtraV(%lg?l??'dgir%!&Fr(r%Hggﬁgtf% F%ﬁnggg’nahggo pé%ﬂg’nag Iie)g%g\iéerrngxi ng,
stirring obinagértadridoops, includihgbuwosity andiseflmgualy. enbodi ment the sol vent in the
cyclodextrin solution is "water for injection' (WIl), neaning that it is
purified, steriRegaatiess bbihe routeesfedmonitratiomislestetl otherinhibitoris), whickmiay &bl e  f or

bot h parenter.al ang r.al inistration. 10 ol Gher &
embod ment eiee ip RSBl R LGS BetRel RN R i
20  invention, are formulated into pharmaceutically acceptable dosage forms by conventional

methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of
this invention may be varied so as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a particular patient, composition,

25 and mode of administration, without being toxic to the patient.

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

30  an aqueous solution containing about 0.1-10% w/v of a compound disclosed herein, among
other substances, for parenteral administration. Typical dose ranges are from about 0.01 to

about 50 mg/kg of body weight per day, given in 1-4 divided doses. Each divided dose may
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or a parenteral solution. Another enbodinent is a freeze-dried preparation
that can be reconstituted prior to admnistration. As a solid, this

f or mul at iwo 20@my6adsso i ncl ude tablets, capsules or pomdecsrmséwstoham aspect
of the invention provides a conj oi nt therapy wherein one or nore 15 ot her
therapeutic agents are admnistered with the proteasone inhibitor

CoNposi t i 0BentatH e same Bt dlffBﬂenﬁ dof bR bof 1he YnvefticxC MTihe vleﬂgé)wﬂvwﬂffetthe

si mul t aneous, sequenti al, arate  dosin ?fi e i ndi vij Ih conponent s
of the treé’t"ﬁé‘ﬁtdepqnﬁmééf‘ts%?’eﬁ g‘ﬁg’bﬂpﬂ’é‘i‘ff‘%t}‘eé"g‘i’) thof HRAUSRS f“?fg Fnvention is
conj oi nt |y tagMa8bs bk Bk oMbadrlinBR&Rilof HRIsBleitd@mpduad(@asone i nhibitor(s). 20
In certain enbodi nents, a conposition of the invention |$eé B‘JtOI ntly

admi ni st er ed vx]ntarprafee%%bqﬁ‘é?%ébﬁmreteassmeﬂ%‘?l@f&W&%Pﬂ% P may

i ncl udes naldificH tomeoé;»eﬁ,aéﬁymm THE ﬁ@,@es@bms@m@ the diag ikt thbl asti ne,
vincristine, and vinorel bine), paclitaxel, epidipodophyllotoxins (i.

et oposi de, cYeedesiisisglion %@r‘?thelﬁpléﬂn%isb)’(fﬂlémgl ﬁ’é‘ﬁ%@rﬁg’(ﬁﬁ@ﬁ fothy E1o8f D)

daunor ubi Cb&feg%ﬁ%ﬁbeQhﬁhﬂh@Mvén@ﬁrt Eloflni ARG Sl a8 infebdaxant r one,

bl eonyci ns cin % nycin, enzymes

(L-aspar agl(Wﬁb)emmucg‘thstyfer enmeL $t9r11¢reln wlin Q@btq_mhs%%fégﬁ‘ﬁén%dﬂs%@b‘ﬁ ves
cells whic to synthesize their own asparagine);
antipl at el ECEr%%th}%Een,%a\{% EF&?fzi(rgti%f}tnly)ve/ antimtotic alkylating agents such
as nitnégen rrushmamd%ler(prefchbdwmbddmnmehe rhpohaspteshieapositomisdn arsh badgon

mel phal an, chI ora i rgq# gqu

(hexanet hyI0 zg?ﬁ‘tere an %hAgétpé/r bo %ngﬁgﬁge ul @nggé nlr}gitlc?an

ni t r osour eagofdianddysor neadéxﬁﬁibitab)noa,nds aa«aiicbgm fosmrlapmozay(ﬁlao)incluctertd}i@nes -
dacar bazi ni ne éDTI Q);,antiproliferative/antimtotic antinetabolites such as

folic aci GPENE SFO™ Rt hot rexate), pyrim di ne anal ogs (f! uorouracil,
f1 oxuridine, angnéudraggot sfahe invention pevidasd aggoistribkrapy! velteedn duehirmdror s

(mercaptopurin t hi.oguani ne, , pent o r odeoxyadengs

C onat A3e Pl BriebRe ARt iarared vl B Sme i BlF STBPEIRARRT 6 wo
2006/ 0631540176 théadichi day bd dchicdedbpiay off the simuManeows; sHqnaitial br epapleexes
(cisplatin, car bo latin % procar ba ine, droxyurea, mtotane,

am nogl ut edpging ‘bfé e ipdividypleopaareatsy g?éreftﬂéﬂt) inhibitors (trichostatin,

sodi um butyrat I%nceﬁﬂh%in@@(ﬂmeﬁtkltﬁfo%bsﬁdﬂ AfitetEinenel6® &Eofjoidll ddminbesreiones
(i.e. estrogen) and hornone agonisSts Euch as |eutinizing hornone rel easing
hor none (LW“Q@UHP@P&‘e(&@?émqlﬂhlb@)r Stuprolide and triptorelin). O her

chenot hgr apeut i §, RAKAEHLIBHhE G BHBIBGTIWESHNHTLAR conoHAP bah e el
i fosfam de, tanoxifen, raloxifene, genctitabine, navel bine, or any anal og or

derivati ve wtglaphﬁpotbeprameﬁgc f%ﬂ-l@é]@ ph@notherapeutlcs may include, natural products such as
vinca alkaloids (i.e. vinblastine, vincristine, and vinorelbine), paclitaxel,

epidipodophyllotoxins (i.e. etoposide, teniposide), antibiotics (dactinomycin (actinomycin
D) daunorubicin, doxorubicin and idarubicin), anthracyclines, mitoxantrone, bleomycins,
25  plicamycin (mithramycin) and mitomycin, enzymes (L-asparaginase which systemically
metabolizes L-asparagine and deprives cells which do not have the capacity to synthesize
their own asparagine); antiplatelet agents; antiproliferative/antimitotic alkylating agents
such as nitrogen mustards (mechlorethamine, cyclophosphamide and analogs, melphalan,
chlorambucil), ethylenimines and methylmelamines (hexamethylmelamine and thiotepa),
30  alkyl sulfonates (busulfan), nitrosoureas (carmustine (BCNU) and analogs, streptozocin),
trazenes - dacarbazinine (DTIC); antiproliferative/antimitotic antimetabolites such as folic
acid analogs (methotrexate), pyrimidine analogs (fluorouracil, floxuridine, and cytarabine),
purine analogs and related inhibitors (mercaptopurine, thioguanine, pentostatin and 2-

chlorodeoxyadenosine); aromatase inhibitors (anastrozole, exemestane, and letrozole); and
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In certain enbodi nents, a conposition of the invention is conjointly

adm nistered wth a cytokine. Cytokines include, but are not limted to,
| nt er f er owe 2006/06384 and -0, 10 Interleukins 1-8, 10 andptZjuse¥oanudsscyt e
Monocyt e Col ony-Stimulating factor (GMWCSF), TNF-a and -0, and TGF-0. In

certain enmbqdinents,.a .conposition of. the invention. is conjointly

adni ni st er 2R G0IHINAHER g(})mcpﬁexglsjfctlsg&n& ‘?f%?P%g)spWﬁVb?zﬁber OXYBIfE> are not
limted to, miAdtaneas@inoxlypihbgideitdtiaraleactytdse (MDA ivhjbitatsqeRhostiin, &diinnoni de,
becl onet hasone, 15, bet anet hason. budesoni.de, chl oropredni sone, cl obetasol,
cl ocor t ol on¥Y PRI oslr‘T‘,EerO@(?P{f’i%lE B%#%?’B‘ﬁé‘f‘g}% 3?‘?’??8%@?‘ esBpgenapgldormone

def | azacor tagofligs iihde leuflgis ) hoBioas een@,singdemwﬁetmgp@gondisf(F&E@ﬁ@,ne,

di fl ucort ol one, . di fgg}rn%dna enoxol one, fluazacort, _flucloronide,

e | S
f 1 umet ha's on& pPrelidgan %l,me PisEshsBIoBTERPaRticragpRtEDaY foelvde Meshieradamime ocor t i n

butyl, fl ucggiptsleenSifodtdmias, emdxifeh, aMBxifdnt URBICAAKIE nACRRL 6r anlylaHfb eI dene
acetate, 20 fluprednisolone, flurandrenolide, fluticasone propionate,

f or mocor t alderiyafive vadat athe fq5egoB8et asol propi onat e, hal onet asone,

hydrocortisone, 1h @R &5RAImA2D ORI cBiti ol BZhR i SRR is cIMRAE Y RANBistered
mepr edni sone, net hyl predni sol one, nonetasone furoate, paranethasone,

pr edni car bavig a piteded. Lonekines inshidgius e opidimigddp.datsferam noueed & e,
predni s@l o i 4L, ' ; {1 ,

P raor Y onfcAakY. & ROGRPIA CranucTRNGRERe RIGEBHRlainPREEPISLANS,

tri anci nol oNF-pendtBandEGFi% i anti nol one hexacetoni de, and salts and/or

derivatives the - {n g[ﬁﬂg . it £ Lnvention
is conjointly ag‘fngé;lrﬁalsntée}}b(eag{nge\?l\}st% a %%ﬁ%@%‘e“?’%’%@ﬁ ?@“@é‘gﬁt@ Ui ?rg%l e

i mmunot her apéu sterowg Snitablawigroidnmay theludp it are @ot Imuited|to,%ilt ed t o, MDR

nodul at or s [ L I r iricodar. t.arigui | ani qui dar), 30
cycl ospori r?t%%/tg)t{)ﬁ’g%mcfl%gnéélaglﬁéfg%{)l%&%egﬂ]g’grgﬁl ?'%g%%gcg?g%haeso%nocl onal

ant i bodiSes teameth@sone) Hubesonidelchbhraprednona) glabeakol kbhomasorel, ¢lupredel, :

t osi t unonab i b.tiuxetan, gentuzumab

ozogani ci n ,Cbﬁlgcbg rqmgeé ﬁ%r%?dngg{%rﬁ%au ;&g%af%ll?’%rﬁ%%wg%%o’??’ﬁgf%fu mab. -63 WO
2006/ 06315 4ek(ildthiSaid08if10¢4aks 1diflivoepianeg Wdifopredfte) osts o Bnagtthetacaspect of this
rvent on XpLeR, bR oL B SRR b 2. RIS ReCUL G2l Copesi i on o
vol unme, pr epsi,ifligcditolone) MideothdthdlorePiluetddéheGoste] fiph@nidege £y@tepdextri n and
the 5 %@f fe acL,d in aor% &rgno%(()lg/o e 9. .. 750{% alof ft he desired final volunme of
H20, sd#dpe ﬁ:& lfs(H%ne, uran ticasone propionate, formocortal, halcinonide,
halobetasol propionate, halometasone, hydrocortisone, loteprednol etabonate, mazipredone,
medrysone, meprednisone, methylprednisolone, mometasone furoate, paramethasone,
prednicarbate, prednisolone, prednisolone 25-diethylaminoacetate, prednisolone sodium
phosphate, prednisone, prednival, prednylidene, rimexolone, tixocortol, triamcinolone,
25  triamcinolone acetonide, triamcinolone benetonide, triamcinolone hexacetonide, and salts
and/or derivatives thereof.
In certain embodiments, a composition of the invention is conjointly administered
with an immunotherapeutic agent. Suitable immunotherapeutic agents may include, but are
not limited to, MDR modulators (verapamil, valspordar, biricodar, tariquidar, laniquidar),
30 cyclosporine, thalidomide, and monoclonal antibodies. The monoclonal antibodies can be
either naked or conjugated such as rituximab, tositumomab, alemtuzumab, epratuzumab,

ibritumomab tiuxetan, gemtuzumab ozogamicin, bevacizumab, cetuximab, erlotinib and

trastuzumab.
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appropriate anount of the proteasone inhibitor into the cyclodextrin
solution and stirring wuntil dissolved, adjusting the pH (e.g., with a base
sol uti on,wpnredearsaizhy a sodi um hydroxi de sol ution), andpChas2@ddisagt enough
aqueous diluent to achieve the desired final volume. A further aspect of
this invention involves the nethod of preparing a pharnmaceutical 10
conposi t i orPrefaratiqeridetkadsome i nhi bitor. The nethod conprises determning the

desired Vo uTe. BLERALLRG o u5yGLANEK AL AL HLIDR FRIRLESENY, the

cycl odextrin and t r base 1n of the desired
final vol urmamfacw@;l comppsitingi afig prdieasappinbibitbatEhe nattmdrbmpfises deteyioingas one

i nhi bi tor t cl odextrin. s nd stirrin di ssgl ved,
adj usting t é)es (fvowme p{/ﬁo?rhnggncyg@fi#ﬁérbfd% S’mpmrﬁg tﬁ% Odﬁ’él ‘i ough
aqueous 515 bdffbmr&mtz(‘)%ac BiB\egt hi%)jﬁsthd d&dirdd firal vdmhunﬁHzmmu@hmchmmél ve

met hod of preparin h utica nposi ti o nven |on i nvoI ves
0t s90l vi g APPTH e HE O B PR H B R s Sefetn SAHPEADe yBhge

al cohol suaftil dié‘soﬁfbch]aﬂjﬂlst)ng the 1515 0. ¢y ] Wigh 8basy @dl@lﬁﬁlxptfefeli’abﬂy"ﬁ @dﬁm{mm)bdlee,
preferably the ent an t wo together Th soI vent is

sol
t hen renov é&l““%‘ﬁc é%e“l?;‘?g‘P%F“a‘?”ﬁg é%ﬁ‘bsr‘gg’f“&}ﬁo a‘g‘bervﬁﬁhezjﬁmli?ﬂf “ﬁb"
| yophi | i zati on, AtfartRRbaiett o t5Oinéhtion ievoses ihd rﬂe&mﬂ%@ﬁre?drﬁ@@' pheshaceutiil
appropri ate aqueous di luent, . and then pH adj usted necessary. There can

be a péPi odOBReSHENSPT 8 BrotFaemGinpREos omlieerlegwd cp@av%eé geteimiping thejdesized e ous

buf fer. In.gRgeepeRingac a@de&mnl slutidn &drfrisidgZRebycRdékirin Al tBé bit¥r BARI age
and/ or shi prrent en ra 5;2/)05 a contam nant-free and -proof container) and
T/

i s dissol véd %ﬁfe “afced -y’ therdgsireddinglovolumef Fo@ritspsndingrike appropriated above

are typi Ca|aln¥>u1§tto?EHelp'r(?t@anQ@fnﬂfb%oPﬁ% th&Bcfodiexttif SoluirSR@ kikin@ Andiinvol ved a
sterilization step and no contam nation ocCurs prior to USE. The proteasone

i nhi bi t or dissalwidyediusting thypkblae- iithfaaracidselatien) asdyhenaiidiopenmysh squseid i zat i on,
can Optl'son%hhéﬁttbeach%%)ﬂﬂbhés%r@&lﬁﬁdl%ﬁm‘éont am nant-free and -proof container)

and 30 reconstituted 1 n appropriate aqueous diluent just prior to use. The
preferred di | uehn alieratiye megitodof prgparingjaqihpineaceytigdll cpmpsiieonpifithd ipegntiom - 64 WO

2006/ 063154, BT WERARR DA cHARRl Gl PSRRI CONEARBEDL] AL afon 100

g/ nL pepti I'n an aqueous SOIUT T on (¢ al ni ng

ng/ mL hydr exgtharopydisdobting acgyclodebdsin mitama hHPBEDprefomablycthe sfind $ol¢ant m)d NaCl. This

was a mixing the two together. The solvent is then removed, such as by rotary evaporation, spray

20  drying, or lyophilization, to obtain a solid. The solid is then dissolved in an appropriate
aqueous diluent, and then pH adjusted, if necessary.

There can be a period between obtaining the solid and redissolving it in aqueous
buffer. In one example, the solid is sterilized (e.g., to allow storage and/or shipment,
generally in a contaminant-free and —proof container) and is dissolved immediately prior to

25  use.

The compositions obtained above are typically sterilized before use, unless the
preparation involved a sterilization step and no contamination occurs prior to use.

The proteasome inhibitor dissolved in aqueous buffer, preferably following
sterilization, can optionally be lyophilized (in a contaminant-free and —proof container) and

30 reconstituted in appropriate aqueous diluent just prior to use. The preferred diluent being

water for injection (WFI).

Exemplification
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5 supersaturated (nmetastable) solution at roomtenperature and could not be
made by sinply dissolving peptide (b) in aqueous 13% HPBCD / 0.9% (w v)
NaCl . Thewdesigmsisquantity of peptide (b) was wei ghed amrdrdissesiovad i n
absol ute ethanol at a concentration of 1 ng/nL. For each 1 ng of peptide
(b) to be formulated, 1.3 g HPBCD was di ssolved in absolute ethanol at a
concentr at iEQimgle 110 ng/ nL. This ethanol / HPBCD 10 sol ution was then
conbined with, t et h tide (b) solution, stirred 5 m nutes at
roomterrpe %WZ%W&HEWVEB’& ated under reduced pressure (rotovapped) to
yield a white ﬁOl’)';tg(A'nL-ﬁB;btﬁie%MWdﬁ fovafulaiddas agl aglireley sohitigh coradniugni {ca. 1 nirorr)
for 24 firs, pulverized an Iaced nder h .. 1 mflorr)
for anot hemmhhydrpxynyeny Betﬂ?VP%dSW‘H( H“rqé’la 6%&?&5%%% Br epar ed

by di ssgl vlswrsramase(ﬁ(metadta%y@nmoﬁQul%mttan@refm@ahd eI AU thE afatlOby fnpll> 100 g
peptide (b)/nL solid drug product in ice cold USP %aade aqueous 0. 9%(vv/v)

NaCl fol | diseadvipg pentide (h)én 3quepysdBYoRPBERBOMOYEOrNtdr e stability of the

reconstituted d*i‘frkgdeg{rgﬂtlﬁﬁtlty\é@ ptide ( b?%abh&gh@@%ts@ol%dag abRRitd &tRarbRIt/ SBECD
formulation 2 ng/nL pe a) was fornulated in an aqueous sol ution

cont ai ni ng a_@m@@t(akm))f B@f@aqlol mrIof paptife (bAéq ke faapelatedd Y HHBRECR. 5 with
0.1 M aque% %&%e‘d% g'cysgfu%t 01 at‘g‘gB{cglﬂ)cHu@ﬁ 6f (PRg/A.. ahis<BERS/ ABCP tric
acid were a to a volune o correspondi ng to approximately 75% t hat

of t he 19i nadluticr wasi then combirfF wdth rthemﬂmnel Apsrtider{eysolupign.stifred & girptesdbom
tenperat ur oolﬂmeh er%mzln%ttﬁencgv'éﬁogéty& ﬁr{a@rdtgziuc%?' ﬁregﬁ Bdp&d) 16 illGId%Qi/lﬁltewas

ef f ect ed. n appropriate mass of pepti en added and t
resul ting molid Thie solg:t wasrx@te@\tmdeohﬂgh veuper(et. dmeTQ!r)tfoﬂ 24t palyereagd p@fbt i de (a)

was di SS.Ol }led é)la'g‘ef‘ unde ('a%glgm\@@l[se gf’l?)%' §dr%ﬁ&%r§ {2) tgg dg’OJOH& ElldM with

rapid stir sl ow |t|ono
sodi um hydif@mutheion Wa.W'rbpareﬁ lnmhszsdmrtglthm salid drtrgprgadntmﬂhgadipwemt@@dsol ution

wi th adequ stirri cessary. .to pr eci ptide
(o witen Ths bengr PAmicR ARG s 0B R sRIGELCHRT AR EEN ¢ v
to a final fapplkt d¢stedlk filgnivachdonatemperatmte si’abﬁhtygfmhreczﬁmtmtabdrug poduatas t hen
sterile fi Itereg 51: yield the final fornulation. -65 WO 2006/ 063154

PCTI US2005/834%452 'SSeveral other final pH val ues were used for the peptide
(a)/ SBECD formul ations. Figure 1 shows the solubility of peptide (a) at
vari ous pH_val ues i n aqueousl 0% (w v) sulfobutyl ether beta-cyclodextrin
(SBECD )/ Foamedodi umcitrate sol utions.

20  Peptide (a)/SBECD formulation
2 mg/mL peptide (a) was formulated in an aqueous solution containing 10 % (w/v)
SBECD and 10 mM citric acid adjusted to pH 3.5 with 0.1 M aqueous sodium hydroxide.
Appropriate masses of SBECD and citric acid were added to a volume of WFI
corresponding to approximately 75% that of the final formulation. This mixture was then
25  stirred at room temperature until complete dissolution of the SBECD and citric acid was
effected. An appropriate mass of peptide (a) was then added and the resulting mixture
stirred at room temperature until the added peptide (a) was dissolved. A pH electrode was
then immersed in the solution and, with rapid stirring, the pH was adjusted to 3.5 by slow
addition of 0.1 M sodium hydroxide in WFI; slow addition of the sodium hydroxide
30 solution with adequate stirring was necessary to prevent precipitation of peptide (a). With
rapid stirring, the resulting solution was then diluted with WFI to a final peptide (a)
concentration of 2.0 mg/mL. This solution was then sterile filtered to yield the final

formulation.

-65-



In addition, the stability of peptide (a) in these formnul ations was

determ ned. Figure 5 2 shows the percentage of peptide (a) remaining in
aqueous MWe2009/06315$BECDY 10 mM  sodi um ci trate sol uti onspovars2dosmes4at

vari ous pH values. Exanple 3 (3X) peptide (a)/SBECD fornmnulation,
Lyophilization of fornmulation and 10 Reconstitution. 6 ng/nL peptide (a)
was fornul at ed i¥sven! etbcidwarswmlyasiwsre %ﬁf@ﬁhﬂmgnd@d@ﬂ%w(ﬂ? f0r®BEl@DlSand 30 v
citric aci dr@gieu ¢

Appr Opr | at ¢ Eoled oG8y g sl R Py 3L M PV MIBANAS o e
corr espondi ﬂﬁfOPWWhﬁbﬁaﬂY@ﬁd@M@ (PBREDP )fU}mM sdivoncitrathseutiingt ur e was t hen
stirred at room t SBECD and
citric acid was Ig ?]’d]ﬁ sﬁlﬁ)ﬂft}eofgﬁgh&a (gfgpﬁrfgés gorgpﬁﬁgrls%aa(agt{mgmedh %guﬁen
added amtd thehowsdhe nemgtam sfingpiédeda) remaiingtin aqueons 10&n(yev)SREGD/OMM t he
added pepti H el ode was then inmmersed in the
sol ution an%,ﬁlu\(?m@%x@g%l?ﬁd&gtg%%?&ﬁf\w?rhous Eva{ug ‘adjusted to 3.5 by slow
addition of 0.5 M sodium hydroxide in WFl; slow addition of the sodium
hydr oxi de sol utigQn V\lth adequate 20 stirring was necessary to prevent
precipitation o |de (a). Wth rapid stirring, the resulting solution
was then di | ut ed3X) peiptitifla)/ S BEED ffommulatiosItyioglkilifaaipn epfoeablhficiingn of 6.0

ng/ L. esc0|slt'ﬁuuon was then sterile filtered to yield the final

formul a |on The VI°4l s cont ai ni ng product were | oaded onto the shel ves and

the tenperature 6Sﬁg/mprapnc& (&) Wasrfornuldted in hhaqwded sbﬁﬁlo%&ﬂalhiﬂg B0%ARIGd at a
25 point of -45 C which was then

f 30 ho
:rg;[ ﬁt g.l ned ‘3%013‘?5; j)r'E{Vf%me GWﬂggWge‘fW@ﬁ% -2 Q. Mpquecuy prdins Bydrgwde- set t o

bel ow -50 G, anokppmpnmbmb@g o BISEEV afdldtrRAcidOvaie AR R 2 WiGRSHWFPT 60 pm
Fi g. Chanmber pres urevv% tH)gtrolled by bleeding in 0.2 filtered N trogen,
NF  into tfETERIRYRS o Phethatpd thedmalformulatimon Thismighre Uasdh?laﬁﬁéjfé@ algeepoi nt of

-18 C a5 anemput@ieanCripldd digdiutios 6f @t Sﬁ@Cﬁaﬂ@EnM‘id @Mffé@t@&rﬂh set at
that setpoint to conplete the 30 primary drying. hel ves were warned to
a target sEPPOPTRIC BRss3d peptide (’“Qﬁvaé\%l‘l&%d aé@)ﬁ?ﬁ@ﬁultéé mﬂ&‘%l@ sgfred & r@mer hour
and cont r olteragerdth@tu ﬁﬁh@&&d@& §fitle & WS &i §o@v go {}ﬂﬁﬁf dryi ng.
The chanbereramllée; theﬁ backfi | eﬁg ?NI? > te [K%{Hé%lgélt ?W%ﬁlgﬁ % ol | owned
by st oppert #§ ﬁlfltl?wdp\vé]éi[?@td shitring, te ﬂ?H Wa@ @dJWDeCBt@@GS %QQ@Addltlon of 0.5 M

PCTI US2005/, . : Xl ol 975 L of
W USP tSQ‘gé‘g‘g’%‘é eﬁt%gg{‘ﬁ/fﬂ st QIR BEERAE Dy BRI i sl ™ ©

stirring was necessary to prevent precipitation of peptide (a). With rapid stirring, the

resulting solution was then diluted with WFI to a final peptide (a) concentration of 6.0
mg/mL. This solution was then sterile filtered to yield the final formulation.
The vials containing product were loaded onto the shelves and the temperature set
for 5 °C for 2 hrs. The shelves were then cooled at a rate of 30 °C per hour to a target set
25 point of -45 °C which was then maintained for 4 hours to complete the freezing. The
condenser was set to below -50 °C, and the chamber was evacuated to a target pressure of
60 um Hg. Chamber pressure was controlled by bleeding in 0.2 p filtered Nitrogen, NF
into the chamber. The shelves were then warmed to a target setpoint of -18 °C at an
average controlled rate of 30 °C per hour and control set at that setpoint to complete the
30  primary drying. The shelves were warmed to a target setpoint of 30 °C at an average
controlled rate of 12 °C per hour and control at that setpoint for 12 hrs to complete the
secondary drying.
The chamber was then backfilled with 0.2 p filtered Nitrogen, NF followed by
stoppering of the product at 1 atm.
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desired fill volume within the vial of 10.5 nL. The vial was inverted
several tines. The tine for dissolution was |l ess than 2 mnutes. The vi al
was t hen wbl2o0pd3tse st and for several mnutes to all owptcharsbeshiasito
rise. Aclear colorless solution free of visible particulate 5 matter was
produced. The pH neasured was 3.5t 0.1. Exanple 4 Peptide (a)/SBECD dry
powder fornul at RedonitR@ionteas eEdctadblsy ddaftiat bag.eslmisof AVElY USB deprbduce-tionpl exed

dry powder for dissolutiqQn into 1 0 citric.acid prior.to |

admi ni st r afFod ﬁRp’B]r“B’ﬁr‘Ylg'ﬂrbh‘ﬁé{%%fgmo%mbg%? gl ‘?{fﬁ‘dn‘§§ﬁ%%vﬁfg{ RMedd§ to an
appropri at emégbitdiBoRtion R ¥EEHAS BInIREOThd Balywas titnallowidrarahd Corseletdl i on
containing 4 ng/ nL pePti de (a) and 200 ng/ nL IE;E;EC? g{]i.s sol uti on was
sterile fi Migpesdoaliov theybubbles riss &¢kpgolriss selanfree & asble BarggHwFt i ons) to
drynesssat n{a@tmésﬁamﬁe&t ure pHNAQkut@dREed spressure to yield a white to 15
off white solid. This solid was then crushed (under sterile conditions) to

yield a free- flow ng powler. An appropriate mass of this solid was
sterile-filled ppfa,@n appropriately- sized sterile vial. The vial was then
sealed wth a sterile pierceable elastonmer stopper / alum numflip-off

seal cont ai ner-%@dm(@ggﬁﬁ)edﬁpmdea@mbﬂplate vol une of 10 mMcitric acid

in W ( adjggﬁgd? g?);[vf’ag Qﬁlgiéi 4% Egygo&ans&%%@%grpg%Hgﬁbﬂ- AssWfikibn BRS 164 hen

added vi a 2riler e and syringe through”the pierceable el astomer
st opped0andMgittiaicedipridr te Boadminigwgonat ure until all solid materi al

di ssol ved to vyi f [ bni L O&ukB8bs 100
my/ "L SBECD andgbﬁoﬁ?\ﬂt‘%‘ﬁﬁsfsﬁg&’gﬁgﬁggﬁ?gﬁqé?in‘lt’ég‘g‘t‘d?egg{fﬁ? p‘%ﬁﬁ%ﬁ 27TNE0.
Equi val ent ant3@rolih ethendd ki Yitld dn ethatdhie selntionsiontaimegbygindepeptide (¢ amd208 t o
ascertain usin rre.than routi X ' ti.00, qui val ents
fo the conpbrt sBRSThngiftsnb Bt niE sRpE L LRR il koL RIS 8
equi val ent stefile@onditiGisf@rdeghetsmt lmnwietpemtutchendsicropecd pressduresto yiehd/awhitote and
are coyered I he. l.owi.ng clains.. Al of the ahqve-cited references and
publ i 9t oﬁﬁb‘é?‘é Sﬁé‘i@%&?ﬁ\g’hég’%g‘?‘éf%&heﬂwdﬁbﬁ?@? %"r“ghé’ 910 %‘?Pd\/?/ St is clainmed
is: 1. A phiawimggewdec aln 4propast assofekispdlidsvas gteslepiliedtinte ah hpproprmadybl e
pepti de epoxy keton roteasone inhihitor or .a phar eutical |
accept abl e S?%ffl‘ite“ﬁ‘f i eﬂ"F "ét"ﬁu ¥ 3%18’% Beé"[épt“ﬂ?lé’cfte(f@ec?‘gag@%ﬁr{%?o?@r 8t8P%e(§¥f rom
hydr oxy+pr @Rwdinddeflp-ofE el aRHer-tIBs@a s, fAabippydpriete Relunbef 20 e biagtext rin
( SBECD) . acid in WFI (adjusted to pH 3.2 with 0.1 M sodium hydroxide in WFI) was then added via
20 sterile needle and syringe through the pierceable elastomer stopped and agitated at room
temperature until all solid material dissolved to yield a final solution containing 2 mg/mL

peptide (a), 100 mg/mL SBECD and 10 mM citric acid/sodium citrate buffer pH 3.2 —4.0.

Equivalents

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

invention and are covered by the following claims.

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

30 reference.
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2. The pharmaceutical conposition of claim1; wherein the

phar maceutical conposition is a solution, 10 3, The pharnaceuti cal
conposition of claim2, wherein the solution conprises at. |east

0,02 'rg/m, of the proteaso:r:e inhibitor. 4. The pharmaceuti cal
conposi ti on of YhaAisklamegdisrei n the sol ution conprises 15 at | east

0.1 tug/niL of the proteasonae inhibitor. 5. The pharmaceuti cal
conposition of claim4, wherein the solution conprises at |east |

nng! nL of the prot edsphemanditisalt comp@tidh. coterigiig i npreaicklly ahsoluble peptide

conposition of claiml, wherein the pharmaceutical conposjtion is. a
wat 1 - S0l bl e sol | dPHCKHRAT RELEAPME AN DY 06 P REHmATe UL fgeeptable”salt
whereiqn the phar maceitdstaing £ oMRaRIEd @?cléhe%ﬁﬂ{ ¥&88&cted At 8Yd@kysropyl beta-
concentration of at |east 0,02 % o 25 the prciteasone

inhibitor. t ,: " cecydlod@xtrin and sulfobutyl etherdheta-gyclodeasrin (SBECR). 9. The
phar; naceuti eal conposition of claim8, xhercin the pharmaceuti cal
conposition dissolves in water at a i.onCe3tratti)n O at least | m

"M i?-1 the proteTasqMerrhatifidal @ompotiBod Bf cliigh PhameREetd fRdrmaceutical
conposition of claim1, further conprising a buffer. 11. The

phar maceut i cal conp&NPPBHOLI asolitien10, wherein the buffer is a salt.
5 12. ,Jhe pharnmaceutical conposition of claim 10, wherein the buffer,
when % e pharmaceutical conposition is dissolved in water, achieves

a pH at which at | &asphdfitacedtidaheompdsitivint afrclaiml 2 orleesn dreesolwivnze@ehprises
10 1'i. The pharmaceuti cal conposition of cl ai,m,éz, wherein the
buffer, when the pAEEAIONEML ebibsaLstersemeiighifidsol ved in water,
achieves a pH at which at |east 50% of the inhibitor nolecules are
ioni zed. 14. The pharmaceutical conposition of claim1l., further
conprising a 45 phahapbautdceatidalcaspepicabifeldar Y, ivaéreran tih dolivn. comBises

Th tical iti f.claiml, wherein th t
i bigor i 51 epr esanEEd dtymerphef B R eem B Pty or A
pharmaceutical ly

5. The pharmaceutical composition of claim 4, wherein the solution comprises

at least 1 mg/mL of the proteasome inhibitor.

20 6. The pharmaceutical composition of claim 1, wherein the pharmaceutical

composition is a water-soluble solid.

%, The pharmaceutical composition of claim 6, wherein the pharmaceutical
composition dissolves in water at a concentration of at least 0.02 mg/mL of

25 the proteasome inhibitor.

8. The pharmaceutical composition of claim 7, wherein the pharmaceutical
composition dissolves in water at a concentration of at least 0.1 mg/mL of
the proteasome inhibitor.

30

9. The pharmaceutical composition of claim 8, wherein the pharmaceutical

composition dissolves in water at a concentration of at least 1 mg/mL of the

proteasome inhibitor.
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acceptable salt thereof; NI O0:x yj Nil, Rz Nl-1 NNl 20 1<4 0 R2 O

Xis oxyge\ . _~kvt \ ... 4\valkc '\1 hearyl . . ra\ S,
.a .a. u,.......,j..i~a.c...AA..,ii'.al':JA....c....x
tfi one or m)re.,,..Aes....tip....\Sc..cds 'u'd sails
sy, .. P0ff! ~ stets. .VOi S | uw. . .oethei ; and 30 R ..,.
chain o ..... cid 1

phar maceuti cal lgowpgs?%gﬁ%rﬁgg tlc?FCO%p%SItl\Aﬂ of cfahxﬂtlhglrth-gp?omgnsmag 2 buffer

inhibitor is represented by structural forrTuIa (III) or a

phar maceuti cal | ept abl e sal t thereof .0 R6 0 R5 RO
RRA O {IIl) wher oithe ph hagmageuticgeonpositiy Ofesﬂ?bméﬂ ‘é(ﬁ%e FB@%FF 146 Sl
R, Rs5 and Its are independently selected from Ca-"al kyl, CE

4hydr oxyal kyl , C 5ai koxyal kyl, aryl, and CE_, aral kyl, each of which
is optionally $ubst Thuipbmmicelttiwl g)mmsitm efodlah 10, omh%wﬁldbf; befigrnwhen the
carboxylic acid or har {Cﬁftl cal

| h
car boxyl ester, thi 8 ‘E?é‘fﬂ?éi’t%n %}L% %Ileﬂ’%a ?e‘{?glg P vhigh at

amino acids, hydrogeast 1@% Kem¥linhiBitdH 10618611 b e GbrRL40. ar yl, or
heteroaryl. 17. The pharnaceutical conposition of claim1, wherein

the proteasone inhibitor is represented by structural forml a (1v)
or a P(par rraceurlg'cal |T¥1e phgrrr?a%glﬁpcaflgompgs?tlon (t)fhc%i%loii, wherein the buffer, when the

pharmaceutical composition is dissolved in water, achieves a pH at which at

least 50% of the inhibitor molecules are ionized.

14.  The pharmaceutical composition of claim 1, further comprising a

15 pharmaceutically acceptable carrier or diluent.

15. The pharmaceutical composition of claim 1, wherein the proteasome
inhibitor is represented by structural formula (II) or a pharmaceutically

acceptable salt thereof:

0 R 0O R <
wi 1T w1
Rf ~ NH " "NH
Ry 0O Ry 0

20
oy
wherein:
X is oxygen;
Rj, Ry, R; and Ry are independently selected from Cjalkyl or C, shydroxy
25 alkyl or C,ealkoxy alkyl, aryl, heteroaryl, C,heteroaralkyl,
heterocyclyl, and C,gheterocycloalkyl, and aryl-substituted C,.
salkyl, wherein such groups are optionally substituted with one or
more amide linkages, amines, carboxylic acids and salts thereof,
carboxyl esters, thiols and thioethers; and
30 Rs is a further chain of amino acids, hydrogen, acetyl, or a protecting group.
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R OR R OR8 NJ, N A~ WN f <= C.....RA0OEIiIt "O \n.

(I'V) wherein: Xi 0: 5 RE, R?,j i23, and R are indepe:,dert.ly

sel ected from hydrogen and a group oof fornmula. (lIlia), wth the
proviso that at |least one of REfE R, R3, and t"0 -- R' is a group of
formula (lIlia); R6 and R8 are independently selected from Cl-6al kyl,

C. 1. 6hydr oxyal kyl , & .al) K ] n , Aar >, e f
which is opti oﬁgl I yghgu%}éa?]!nF g%ﬁég!xlv\}é{mp&gﬁ%nr é)gpagle e@t g{l}e in- (%Irlr? éﬁﬂ?%%g’me
am ne, carboxylic Siddbitbrois r@piebaneinbe utructatdl oasgeIEpbe asgiarmaceutically
t her eof , carboxyl ester thiol], and thioetlner; RO is a further

chain of amino aci dé?ceﬁ?é}eo%j@ﬁ}}erﬁ%fyl, a protecting group, aryl, or
heteroaryl. 10 18. The pharnacewqi c CORppoOSidal of gkaim1, wherein
the proteasone inhibitor is re#ese ted by strucgural for la (V)

or a pharmaceutically accept@@JNa\?rUi [ X ') 15
wherein: each A is independentlly s Iec’n\led om|[C=0 'and |[|SO2; L is
absentsor is selected from C 0, CR® anR2SOf) NRis Bbse@ or is C;
_gal kyl Q is absent ﬁ{) is selected fromO, N <, and N-C;j ,alkyl; 20
X. is 0; Yis assenfllBr is selected fromO, N, NC ,alkyl, S SCS

5Q< d OR'" -~ 1. Q¥reilt
Xis O;
R R% R3, and R* are hydrogen
10 R’ R%, R’, and R® are independently selected from C,¢alkyl, C;.

¢hydroxyalkyl, C,¢alkoxyalkyl, aryl, and C,_aralkyl, each of which
is optionally substituted with a group selected from amide, amine,
carboxylic acid or a pharmaceutically acceptable salt thereof,
carboxyl ester, thiol, and thioether; and

15 R’ is a further chain of amino acids, hydrogen, C,acyl, a protecting group,

aryl, or heteroaryl.

17. The pharmaceutical composition of claim 1, wherein the proteasome
inhibitor is represented by structural formula (IV) or a pharmaceutically

20 acceptable salt thereof:
R" O R® 533 0O R®

e I AR IR

R2 O R O
RS

(IV)
wherein:
Xis O;
25 R', R? R’ and R* are independently selected from hydrogen and a group of
formula (II1a), with the proviso that at least one of R', R?, R3, and
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and C 11~., each Z is independently selected fromO, > NH ind
\-Ci..talkyl; R, "E" R, and ., are each in epend' ntly sel ected
fromC 1.,al kyl, ,hydroxyaikvl, C,; ,;aikoxvalkyl, aryl, C;

_nai al kyl, heteroaryl, C., 6heter ,aralkyl, heterocyc;yl, and i

i rl.etcr cvel alkyl; an;R Gt’ramuélﬁ?ff@fgl%ﬂnéhal ly substituted T 'it h

one or nore of arnige, 8 0 I

ester, thiol, or i h?{g et ﬁlﬂ "t “h&?&fh%ﬁ%% gle&g%%ﬁ&' &’56‘3&1@? 6156'?1?81‘%9(&%&&1 G-
from Ihky:jr oi en, | ER alnd 6£Ikoxyaiaiy|¥,vhnyl ,Rand Sls;eﬂaﬁm edacfnlr Eff}vﬁych dgesptionally
Cl _6al kyl, G ..ialkenyl. Cl.6a C, 6ar a

hoteroaryl, Cl.6heteroar &P‘k%‘ltute‘h%ﬁ? e, grglélp I§91|°Ct_d rom @mldg’aP‘RWC carboxylic
(RO (R OP(OO G _sal kyl,

(R O (gg O P(=0 0 C__sal kvf:l%’;&c)g’pls;%%}(@ﬁtlca% Zel'&cepéabl illt tlilereof carboxyl ester,
CE_sal kyl -, heter ocycl y| NEAZ-a@j thr@dtqul , (R90) (R 90 P(=0) O CE.

sal ky/ I -, (RlQ)ZN- sal kyl -, (R.") het er oc

car bocycl yI NI - d?@ M’é@ﬂ&ﬁlam Oﬁr?ﬂnﬁ?qm%&g g%’r F’anﬁ(f}/%‘% ing group,
t oget her are Cj haI kyl - Y&k, orSkdiydryl. CL. sal kyl - Z: A C _6ai kyl, A-C _

al kyl -ZA-C, _falkyl, A -C .falkyl-A or C,.e;alkyl-.A thereby form ng

I Oa ring; R8 and R' are independently sel ected from hydr ogen, net al

I k [k w3 al.
G- oati T, st & MhehauBaFN spmPeftil W gafh | JBELE OBk Yrotcasome

G _6al kyl, t her eby fiHibitatgis Rpfdsarged l>'§ Siﬁiéhlrﬁ' fordwlandependeplidraceutically
selected from hydr ogen and qg]_tbal kyl; and R'" is i ndependentl y

sel ected from hydr ogeseptabse Rezeof: Q bal kenyl Cl. 6al kynyl ,
carbocyclyl, heterocyclyl, aryl, ho ero and Ci_
6het er oar al kyI , provided that when
absent, R is not hydrogen, 28;Q - oarvl, 19.
The pharnmaceuti cal conposition of [cl a| 2 i my t hel| prot easone
inhibitor is represented by strucRliral for@ul aRfVI) or @
pharmaceutically V)

15 wherein:
each A is independently selected from C=0, C=S, and SOy;
L is absent or is selected from C=0, C=S, and SO,;

M is absent or is C;_galkyl;
Q is absent or is selected from O, NH, and N-C,¢alkyl;
20 Xis O;
Y is absent or is selected from O, NH, N-Calkyl, S, SO, SO,, CHOR'?,
and CHCO,R'’;
each Z is independently selected from O, S, NH, and N-C,_alkyl;
R', R% R? and R* are each independently selected from C,galkyl, C;.
25 ¢hydroxyalkyl, C,ealkoxyalkyl, aryl, C,saralkyl, heteroaryl, C,.
¢heteroaralkyl, heterocyclyl, and C,heterocycloalkyl, any of which
is optionally substituted with one or more of amide, amine,
carboxylic acid (or a salt thereof), ester, thiol, or thioether
substituents;
30 R’ is N(R®LQR’;
R® is selected from hydrogen, OH, and C,galkyl;
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acceptable salt thereof: R4 ., 1 : NHI -1 wherein: each Ais
i ndependently selected fromC. ::Q C:::S, and SO2; L is absent or is
selected fromC=0, C'=5, and 502; Mis absent or is C3.8alky'1l;, Qis
absent or is selected from0O. NH, and N -Cl..6alkyl; X sO; Yis
absent or is sel ect & if selastesl fiqen hmr@gerséimhkyl & 15808 -saipoml,earyl, Ci.

d d-1C2Ri 0; h Z
ﬁlg, -alkyl; R anga(lz?4 ar ;Seﬁgmﬁﬁrﬁﬁgge d)é ellle%sié elé{ytiégﬁ?@gn%sé%my al % ?C'

\S\J/.h' 6Eydr oxy?! kyl 3 CElgalgklgylzf,al kyl , . arylR @)(mg@P(ﬂa)chﬁydlkylabaZcﬂl galkyl-
ich is optionally | e o n

carboxylic acid or a %ﬁ (S)t% @%ﬁ’oﬁdﬁﬁﬂi’lhfﬁl 8"‘1%?’1'1 hl%gﬂ-Sﬁg’lfAZ'
substituents; R is N RG)G%kyl Reteo gmmtrgmlﬁydr(ggﬂ @i?( 10 =

and d salkyl, R? is selected fraom h
C, - 6al kynyl, aryl. C3- i salgdral (@?);N@tselﬂ(yhr yR N’ -Qimikyir odre{eﬁtrkalylM-

R8ZA- G - salkl , R11Z-C gqalk
(RO (R C7)P(=0) G- G - &M Y- B3 SQa(xsplkyl and R'SO,NH; or

(R80) (R O P(=Ct) O CRsaaliky togetﬁafasamé kyl- R&Z'%a kb - ZAZC1 6a1ky1 A-C,.
Cl -sal kyl heterocyclyl ~1ZAZ-C i. sal k }\ 0 P =t)
sal kyl -, (R'")2N-O -, sal kytkyl- ZAF@J@sp&N -t”(ilclsdkkly or e¢a&>6@dh«;new forming

20 calilgocycl ylM, R SO%g%ggal kyl -, and RllSOZNll or R6 and k7
t oget her are Cl-6alkyl - al kyl, d _6al ky ZA-Cl_6al kyl, h.-C

6al k-yl - ZA- O . 6al kyiR? #d & -Balikidpediendy lecsal Rryin- Rydrbper, abytal osthennaC,.
aring; Rs and RO are indegendently sel ected from hydrogen, netal
cation, O- 2 6alkyl, C, s8l&Vké&nyalkenyl. Garlsyayl a%rﬁem%% &rgaaiiyl, and Ci.

Cl- 6ar aI kyl, and C, - 6het a
C3- 6al kyl , y t her eby forr arérgét%ﬁﬁi% or 1©¥ afdR ALy hRIC! AR, Ahéreby forming

aring;
15 each R'° is independently selected from hydrogen and C,.alkyl; and
R'' is independently selected from hydrogen, Ci.alkyl, Cy.¢alkenyl, C;.
salkynyl, 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,
20 Ci-salkyl, or aryl or heteroaryl.

19.  The pharmaceutical composition of claim 26, wherein the proteasome
inhibitor is represented by structural formula (VI) or a pharmaceutically

acceptable salt thereof:

O R? g 9 R* -
S AL
z H 0 2 H ®)
25 gj
(VD)
wherein:

each A is independently selected from C=0, C=S, and SO,;
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each R1" is independently selected from hydrogen and Cl-6al kyl; and
R'1 is independently selected fromhydrogen, G -6al kyl, G -6al kenyl,
Cj- is ... 6a .yny ,cal Dove y , hotorocycly~, aryl, heteroaryl, C
.6ara..yl, and CE. het er oar al kyl; provided that 1=rhea R6 is I|
|, is C=0, and Qi sIde§WtOIR?S?1§Cth) from/er8gens sanél‘_icéal kyl, or aryl
or heteroaryl. -73 20is R t'%E ﬂgé,ﬁl cal conposition of claim 19,
wherein the proteasone 1n I'tor represented by the foll ow ng
structural fornula @isabsquhar neeleutd dakl §, Heécepd AbCesadiglit thereof: H
#H NIN 'NN 5ré§fé]0 The pharnaceutical conposition of claiml,
wherein the proteas inhibitor is represented by structural

formula (VI1) or a ghardReawr isablksted 205e0E A ensal hikiNe, 80§ :s3,0 AHOER Y,
t 1 F, ~ 11 (Vii) 4i herein: each Ais independent|y séelected from

(*=0, 0=5, and S; eachnBGPKJ(i)deependently sel ect ed from(=-0, (=5,

e oot from b N PRl Raenehgtny Brecle Do o 5 e B Kie el °

C-=S, and SO2; L l${2%h§ Rﬁtaré)éach %Mbﬁﬁhﬂﬁ séle@ed Foin, @1, salkyl, &, Gap&oﬁpﬁkyl
Nf is absent or is t" s absent or is selected fromO

NI, and :N-G .saikyl; ﬁm%liﬂwal]@é;chf}"l/ sl Cnorsplkreeny| §f whishnis @ntionally
sel ectl@d fromQ 5, N' ' sﬁl@s({!ltﬂé&)wrth one or more of amide, amine, carboxylic acid or a

salt thereof, ester, thiol, or thioether substituents;
R’ is N(ROLQR;
R® is selected from hydrogen, OH, and C;.salkyl;
R’ is selected from hydrogen, C,.salkyl, Ciealkenyl, C;¢alkynyl, aryl, C,.
15 ¢aralkyl, heteroaryl, C;¢heteroaralkyl, RBZA-Cl-galkyI-, R'"Z-C,.
salkyl-, (R®O)(R’0)P(=0)0-Csalkyl-ZAZ-C, galkyl-,
(RO)(R’0)P(=0)0-C,salkyl-Z-C, salkyl-, R®ZA-C,salkyl-ZAZ-
Cisalkyl-, heterocyclyIMZAZ-C,salkyl-, (R*O)R’0)P(=0)0-C,.
salkyl-, (R'9),N-Cjgalkyl-, (R'%)3N*-C)galkyl-, heterocyclylM-,
20 carbocyclylM-, R“SOzcl-galkyl-, and R''SO,NH; or
R® and R together are Cj.¢alkyl-Y-C;¢alkyl, Ci.salkyl-ZA-Cj¢alkyl, A-C;.
salkyl-ZA-C;¢alkyl, A-C;¢alkyl-A, or C,alkyl-A, thereby forming
a ring;
R® and R’ are independently selected from hydrogen, metal cation, C;.
25 salkyl, Ci¢alkenyl, C,.¢alkynyl, aryl, heteroaryl, C,.¢aralkyl, and C;.
sheteroaralkyl, or R® and R’ together are C.salkyl, thereby forming
aring;
each R'? is independently selected from hydrogen and C).alkyl; and
R'' is independently selected from hydrogen, Cj.¢alkyl, Ci.¢alkenyl, C,.
30 salkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C,saralkyl, and
Ci.sheteroaralkyl;
provided that when R¢ is H, L is C=0, and Q is absent, R is not hydrogen,
Ci-salkyl, or aryl or heteroaryl.
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talky Wis absent or is independently selected from0. S. NH, and
NC _ratkyi;. 25 Y is absent or is selected fromO, NI,

NG ...$%alkyl, 5 SO 502, CHO '9, and . CHCO2R "'; each Z is

i ndependently selected fromO, S, NH, and NNCE alkyi; R, R2, R3, and
R4 are each independently selected from C3_Eal kyl, CE- 6hydroxyal kyl,

C3- al koxyal kyl ppary | 6 . i

het erocycl yl , ggd &hg%%@géﬁkgap%ﬁé&gé% og @%&%@%ﬁ%&? ﬁ%{easome
wherein at | east onenlobitddv amdrdﬁﬁesbxsted Rble‘tHéCIIﬂ)llﬂ\airigylstmctﬁﬁli formula or a
N(1C')LQR7; R is se ectedfrﬁ dr 11, .and C3-6alkyl; R7 is a
further chain of amPAYTRACFYL H)?ﬁ‘?eé?{fg EerrS‘Pfectl ng group, aryl or
10 heteroaryl, any of which is opti onaIIy sub tituted with hal ogen,
carbonyl, nitro, hydroxy, aryl, C3-;alkyl; i
4al kyl , G - Gal kenyl , C3-6al kynyl C3- Bla
R5ZA-Ci _sal kyl -, R'Z-C, _sal kg{i\

ZAZ- C3-sal kyl -, {itsCy){RCy) x{_:z%Y) -C38i~|

RrzA 15 C; -sal kyl - ZAZ- C3-; al kyl - ocycl yl
Cy) (RO)F=0}t.?-C 3.sal kyl -, (RlO) . sal kyI 30} hI L c3-
k :

sal kyl -, heterocyclyl M, carbocyelyl RSOZCE— sal and
RiSO2NH, or Rb and R toget her are al kvl -Y--d - 6a| kyl ,

c - 6al kyl - ZA- Q ;alkyl, A-C _ 20 Fai kyI ZA-Cl - Qal kyl, A- C1 sal kyI

or ¢ .6alkyl-A thereby formng aring; R8 and R are |ndependently

sel ected from hydro t i 6 7 ,
Cl - 6al kynyi , alr} %I gﬁl% Pl’(x)agﬁ ?éut](%:g © 81%? a%émil (ﬁi %%%%3? g%%kéé?gé%a ﬁg}tﬁa’some
or R8 and R9 t oget hefhibit& E&‘epﬁlsckﬂéd by fs&ueﬂapal ffommlmgVIBEorea phaighacaahlly
R1 is independently selected from hydrogen and Cu.. Sal kyl; R13 is

i ndependent | y sel ect?8eFPtabbnsalythesgbn, g . 6al kyl , C3- Cal kenyl G

6al kynyl, carhocyclyl, heterocyel yI ar 3&2, het er R yIR4 Cs. Oar al kyl ,

and C 3, het er oar al kyI . H X
Rs N
o)

10 R O RS

(VID)

wherein:

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

each B is independently selected from C=0, C=S, and SO,;
15 D is absent or is C_galkyl;

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

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

L is absent or is selected from C=0, C=S§, and SO»;

M is absent or is C;_galkyl;

20 Q is absent or is selected from O, NH, and N-C,_salkyl;
Xis O;
each V is independently absent or is selected from O, S, NH, and N-C,.
calkyl;
W is absent or is independently selected from O, S, NH, and N-C,_¢alkyl,
25 Y is absent or is selected from O, NH, N-C¢alkyl, S, SO, SO,, CHOR‘O,

and CHCO,R'?;
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C, R34 is selected fromhydrogen, (R350) (R ty)P(-=Ct)W, R SOt 3-,
het erocyclyl-, (R" )2N, (R')3W- R 2SO2&BG, and R' C BCC~. 3al kyl -
where the C3sal kyl noiety is optionally substituted with OH,

CE. sal kyl Woptionally substituted with hal ogen Nﬁs het er oar yI
_75 carbocyclyl, het@slb&ycingdependppilicolcdizm . S, N aasd-R-@larle

i ndependent |y sel ected gr r t; %lgfs, ,

G . sal kenyl, G . 5al kfgh)}{z %;?e?{&i ]ggfﬁgr%ag]r? ?hep%?‘& aﬁq(:éﬁted %h'l(é..(,alkyl, -
5hct er oar ai kyI or R35 argtiydi@ﬁydilqgjet@malkax&ll@a, ﬁajrlk{wéarall&w,r ébteroaryl, C.
forrringaring; and R 37 |s se ed from hydrogen, Sal

C3. hal kenyl , C3-fjal ky: r?b? °r°a@§$>ttlao fe{/‘?cyc\g'gt eg{s@yc yqﬁetf’a?‘g,/‘/ﬂoalkyl and
heterogryl, Cl-caraikyl, @ﬂﬁv@oclqamtk/ﬁro\%&kiﬁylat REQVioHEdof MRt MR
R6 is FI, Lis C::0, and i s abse R7 1s not hydrogen, 10

Ct -6al kyl, or aryl or hetler&(KﬂCmalkdlD G V, K and tip' are

sel ected such that t ﬁﬁg)g 2. 0-0, NNO, S-N, or 5- o bonds. 21 The
phar maceuti cal conp (S faim' 41, wherein the pr ot easone 15

inhibitor is repr esqtﬂledelbdtecsﬁbmqiyuf@enf@HM@c(gélwl) or a
pharmaceutical ly- acceptabl e salt thereof: KHOXx 41" -F whore:

each, Ais S ,.. sc'R'ds a further chap @ﬁa@@O@@tdédhydrogﬁm, a pogrectigdgrowp.-atyl, or
LS A K L3 o kg ! S B Rl s,
>< ctach "I" tit. A .: " serbdonkls ndey, (kydroxy, ag/l NIt Jalkle-&‘: R is selected from Ci.
salkyl, Cj.ealkenyl, Cjealkynyl, C,garalkyl, C,¢heteroaralkyl,
R’ZA-Csalkyl-, R'"Z-Csalkyl-, (R®O)R’0)P(=0)0O-C,salkyl-
ZAZ-Cygalkyl-, (R*O)R’0)P(=0)0-C,.galkyl-Z-C).salkyl-, R®ZA-

15 Ci.salkyl-ZAZ-C, galkyl-, heterocyclyIMZAZ-C, galkyl-,
(R*O)(R’0)P(=0)0O-C,salkyl-, (R!%),N-Cjsalkyl-, (R!°};N*-C,.
salkyl-, heterocyclylM-, carbocyclylM-, R”SOzcl_galkyl-, and
R''SO,NH; or

RS and R together are C,_¢alkyl-Y-C,¢alkyl, C,¢alkyl-ZA-C,¢alkyl, A-C,.

20 salkyl-ZA-Cealkyl, A-C;alkyl-A, or Cj.salkyl-A, thereby forming
aring;

R® and R’ are independently selected from hydrogen, metal cation, C;.
salkyl, Cysalkenyl, C;.¢alkynyl, aryl, heteroaryl, C.¢aralkyl, and C;.
sheteroaralkyl, or R® and R? together are C)_alkyl, thereby forming

25 aring;

each R' is independently selected from hydrogen and C.galkyl;

RY is independently selected from hydrogen, C,.alkyl, C,.¢alkenyl, C,.
salkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C;¢aralkyl, and
Ci.¢heteroaralkyl,

30 R" is selected from hydrogen, (R"’O)R'*0)P(=0)W-, R'°GB-,
heterocyclyl-, (R'),N-, (R'");N*-, R'"SO,GBG-, and R'GBC,.
galkyl- where the C;_galkyl moiety is optionally substituted with OH,
Ci.salkylW optionally substituted with halogen, aryl, heteroaryl,
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sal kyl; Wis absent or is independently selected fromO, s, NH and
N-Cl_sal kyl; Y is absent or is selected fromO, NH, N Cl_salkyl, S,
SO SO, CHOR e and CHCO2R. 1; 5 each Z is independently selected
fromC. S, NH and \-C -salkyl; R and R3 are each independently

sel ected from Cl-, al kyl , c@mbocy¢lyldheiripalydyl, and €. caaplkkyal kyl , aryl,

C3_6aral kyl, and R 4pV 133) i o] :

18 ." is R 4D\t. océ?a% |]R f%‘i‘*@eRffP@%ﬁﬁ‘f,S%s@a fto‘??t%‘é’d?‘%%‘é’e’it“gﬁ ecgﬂa" -
from hydrogen, 011, and Galkyhal kylkenyR Cjgllanilatheictebaiyh @fsamtiydoand C;.
aci ds, hydrogen, a protecting group, aryd, or_,heteroaryl, any of

which is optionally substsegrosEyls 1Prn&i og"@g, R'6C;§9gfy’8}?§| arep CypPkyl, thereby
hydroxy, aryl, G ..sal Kyl RheR rid lected fromCl. salkyl,

Cl sal kenyl, C1_, al kyn]vl , 0Cl. 6§r aﬂg?/?;ﬁ? Cl. 6het eroaral kyl, 15

R ZA-Cl_aal kyl -, R'R'Cligadekegted, ftd@h OhyROSHR( O)GaIRYL, siChlskligbnyl, Cealkynyl,

ZAZ- Cy-aal kyl-, (RO(R90,)P 'o - _sal kyl -Z- G sal kyl -, RsZ4-

O _aal kyl - ZAZ-Gi _8al kyl - ,Cah)éi%?l%%;%e%%f%@: ﬁﬁb%ﬂw@rﬂ Cygaafiyl, and C..
(1R8O (ROO) P(O) O C1. . sal kybteyoafdfyl) 2N- CE_8al kyl -, (R-)3N -C; -

gal kyl -7 heterocyclylitil-, carbocyclyllvl-, R71SQ2C .. alkyl-, and

20 R 1SO NH; or R arnoyrdeq thgbwher RaieHCE is &7y and @ igBbsat | is not hydrogen,
Cl _salkyl - ZA- G . sal kyl , t imors.al kyl - ZA- a I, A-Cl_sal kvl -A, or
Cl- sal1 yl -A, thereby for @'ﬁfﬁﬂkyé’ O?ia%;oréégﬁ)%g@r/e i ndependent |y

sel ected from hydr ogenG, VEKaindcwt areRele€idd suchStha@thkiglare £0 05| KeDy$-N, or S-
C, _sal kyiryl, aryl, heteroaryl, Cl..saralkyl, and C_ aheteroaral kyl,

or Il.a and R9 together 4P bods. e al kyl, thereby forming a ring; each
R' is independently selected from hydrogen and C_salkyl; and R"' is

i ndependently sel ected from hydrogen, Cl1_6al kyl, Cfial kenyl, Q

sal ky nyl, car@cyclBHe, phatrecedical wbmpasitibn dfetlemoally | whetpins dreapkogdasome
?an sO) R‘_’GE])? ; gE 2%; 3\!&;% fto?@ée?fesgn%éf g; es?rugt{lpalinfgl)r/)%rlg %ﬂl) or a pharmaceutically

acceptable salt thereof:

9 H 9 X
Rese SN N\_)J\N
R N o re F
(VIID)
where:
20 each A is independently selected from C=0, C=S, and SO;;

each B is independently selected from C=0, C=S, and SOy;
D is absent or is C;_galkyl;
G is selected from O, NH, and N-C,_salkyl,
K is absent or is selected from C=0, C=S, and SOy;
25 L is absent or is selected from C=0, C=S, and SO»;
M is absent or is C).galkyl;
Q is absent or is selected from O, NH, and N-C,_salkyl;
XissO;
each V is independently absent or is selected from O, S, NH, and N-C,.
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het erocyclyl-, (R1')2N, (R17)3N -, R'SO2@BC-, and R sORC1_ _77_
Ral kyl - where the G -salkyl noiety is optionally substituted with
011, (]..,alkylWoptionally substituted with hal ogen, aryl,

het er oar yI carbocyclyl, heterocyclyL and C, _6aral:ryl; R‘ 5 and R 6
are i ndependent ly sel ect é@l kykom hydrogen, netal cation,

"al kyd, G _5al kenyl, Q&Ej’

Ct.. 6heteroaral kyI W& @E%iﬂe rbﬂ'ent(le)? e&%?%(y © gég\ﬁﬁlaﬂhqg'g
formng a ring; R17 Y $s seseeicored sbleotmirf;(ﬂm ayevil, 8;C,. eﬁﬂdyk,yﬂ,,SO SO,, CHOR

Cl.. 5al kenyl, G . sal kynyl yclyl, heterocyclyl, aryl,
het er oaryl , Cl. 6ar al kyl, a&ﬂ&&@#ﬁﬁo’ 6het er oar al kyl; provi ded t hat

when R§ is 11, L is egcth Qdeﬁé?ﬂex@l)' &l&l%ﬂef%m (ﬁé N$1, Al N dr0ean;

C-6al kyl, or aryl or hoteroaryl D, K, and Ware selected
such that there are M@ndX}J, armchim(lependﬁnﬂiésel@ctbd) ﬁlﬁm Ci&lipd, Citdhgrdroxyalkyl,

i bi Lor i 5 r opr esent ed By LPPTENT 40 oA 15 Rop VEEOC lkyt, wherein

pharmaceutical |y, acceptaamaetcﬁﬁldfm‘hﬁwéﬁsR“*B\FKOQIEﬁ@k;ﬂti 0O "E3 I N

Il NY'~"NLY N' F\’GRZORrR4O 10 &x, Xis". R, '"R', R,

and R are hvir _oR’ IS&KB)M@\ .C, and 1% are .,.a.a,. ..., _

-a., 899 & ..., RS 1sselk&8dfrom“11ydrogen oW, an&’Cmalkylk C. - . . Wth
group sel . era ....:

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 C;.
ealkyl, Cjealkenyl, C,¢alkynyl, C,earalkyl, C,heteroaralkyl,

15 R%ZA-C salkyl-, R'Z-Cisalkyl-, (R*O)R°0)P(=0)O-C,.salkyl-
ZAZ-C)salkyl-, (R®O)R’0)P(=0)0-C,salkyl-Z-Cgalkyl-, R}ZA-
Ci-salkyl-ZAZ-C,_galkyl-, heterocyclyIMZAZ-C, salkyl-,

(RPO)R°0)P(=0)0-C; salkyl-, (R'),N-Cpgalkyl-, (R'%):N'-C,.
salkyl-, heterocyclylM-, carbocyclylM-, R''S0,C,galkyl-, and
20 R''SO,NH; or
R® and R’ together are C,.galkyl-Y-Calkyl, Ci.salkyl-ZA-C.¢alkyl, A-C,.
¢alkyl-ZA-C,_galkyl, A-C,alkyl-A, or Ciealkyl-A, thereby forming
a ring;
R® and R’ are independently selected from hydrogen, metal cation, Cj.
25 ealkyl, Cialkenyl, C;_¢alkynyl, aryl, heteroaryl, C,.¢aralkyl, and C;.
¢heteroaralkyl, or R® and R’ together are C,.salkyl, thereby forming
a ring;
each R'" is independently selected from hydrogen and Ci-salkyl; and
R'' is independently selected from hydrogen, Cj.galkyl, Ci¢alkenyl, C,.
30 ealkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C,_¢aralkyl, and
C,.¢heteroaralkyl,
R™ is selected from hydrogen, (RO)(R'0)P(=0)W-, RYGB-,
heterocyclyl-, (R”)ZN-, (R”)3N+-, R17S02GBG-, and R'GBC,.
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30 1 24. The pharmaceutical conposition of claim23, wherein the
proteasone inhibitor is represented by structural formula (X or a
phar maceutically accept abI e salt ther eof : RI 0 RR'R RBORa 0 'k R
0 ~4 0 (X) wherein: Xis O; R are independently

sel ected from hydrogen analkal gvmtﬁathsiclwl!sylrmp@txlmaswnaélmubstnum waﬂuOH
W ar e i ndependently sel e Xyl Kyl
Cl-ra':koxyaikyl, aryl, Q@f\g 1(1?% Sglggt?;t{lte%l q\JX)htﬁ }ﬂdw%egb)éﬁlbﬁla elrcglaryl,
substituted with a gr oup caﬂioeyctlgldhétemydm dad Cagdralkyl; car boxyI ic acid
or a pharmaceuti cal | lsacgelgt,,abl e salt ereof , carbgx ester

thiol, and thioathe arer eBﬁé@F ¥ sgerted fram gqgﬁv»owe@i catigf rfy 1-
1, whegein the pr ot easonme, i nl, Qiﬂké’ﬁyl'él ﬂg&gﬁ%ﬂn%&xaﬁl rc{%afan@,h andqlcl

formula (XI) or a phannacen P cal acce salt theréof
RNN-..~Ir"" 0 R 1 6bctei\oaralky1 ar R\ and R} nd@wdlendaenﬂhiéalkylf rtbeneby
.k C arvi, : optlﬁnallg . Shtute with o or nore at , ., nhe.
car hoxyhc acid, est er 8™ oet her substituents; R5 is

N(RR; R6 is selected fg Osréléabédr GEsR, hiAtogand (GisalkyRl k){lﬁalkéﬂymd CRalkynyl,
conpri ses a detectabl e |abel .
arbocyclyl heterocyclyl, aryl, heteroaryl, C,earalkyl, and C,.
10 gheteroaralkyl;
provided that when Rg is H, L is C=0, and Q is absent, R’ is not hydrogen,
Ci-¢alkyl, or 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.
s
23.  The pharmaceutical composition of claim 1, wherein the proteasome

inhibitor is represented by structural formula (IX) or a pharmaceutically

acceptable salt thereof:

20 (IX)
wherein:
Xis O;
R', R? R? and R* are hydrogen; and
R>, R R’, and R® are independently selected from H, C,¢alkyl, C,.
25 shydroxyalkyl, C,.alkoxyalkyl, aryl, C,saralkyl, heteroaryl, C,.
¢heteroaralkyl, heterocyclyl, and Cj.heterocycloalkyl, each of
which is optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable salt thereof,

carboxyl ester, thiol, and thioether.
30
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26. The pharmaceutical conposition of claim25, wherein the,
proteasorne inhibitor is represented by structural fornmula (Xli) or

a pharmaceutically acceptable salt thereof: 10 (XIl) wherein.

X.is0: R2 and 114 are each independently selected fromC,... Sal k

G 6hydroxyai kyf; cThe, alpmv%tlﬁyl—rsommwﬁ( n gfclem @ar avhepsin’ taﬁypr@feasome
which is optionally.y S t 0

am ne, carboxylic aél dﬁltillsjge;rép}é&lﬁ?%wy %@Pﬁﬁlog%rﬁﬁfaegngg{ %%ent sa ce‘ﬁlgally
is N(R6)R7; R is sekemptabde faltahedeyfir ogen, OH.., and E |.6al kyl; and

| ' conprises a detectable |abel. 20 2% The har ceuticalg
conposition of claim1; wherein the 'protkaso i bEX or X
represented by structural fogrnu (A1) ( or

pharmaceutical |y acceptable s&l't fifierevf: X 25 EXI 1IN} "y
wherein: each . Ar is independgntlyyan I‘OITﬁIZIC r hét er gar or

group optionally substitut with 1 to ¥4 substituents: IS
selected fromC=0O C=S, and SC)2; XissO) 5 Yis abs ¢h IS
Selected from C=0 and SO2; 1 is absen is Q 6alk R, and

R3 are each independently selected fro salkyii, ¢ _ 6;
hydr oxyal kyl , C__6al koxyal kyl , aryl, C ~8aral kyl, heteroaryl, Ci,
shet ergar al kyl, het Egﬁ)cycl yl, and CE shet er ocyel oaI kyl, any of whi ch
10 is optionally su ituted with one or nore of am de, am ne,
carboxylic acid, est@fereihhiol, or thioether substituents; R4 is

"NR)I,-S-R6; R5 is sel ected from hydrogen. OL Cl1_5aral kyle and C,
,a| ky|, XISO

R', R% R’, and R* are independently selected from hydrogen and a group of

formula (IXa); and
10 R® and R® are independently selected from H, Cj.salkyl, Ci.shydroxyalkyl,
Ci¢alkoxyalkyl, aryl, and C;garalkyl, each of which is optionally
substituted with a group selected from amide, amine, carboxylic
acid or a pharmaceutically acceptable salt thereof, carboxyl ester,

thiol, and thioether.

15

25.  The pharmaceutical composition of claim 1, wherein the proteasome
inhibitor is represented by structural formula (XI) or a pharmaceutically

acceptable salt thereof:

Sy A i L R

20 (X1)
wherein:
Xis O
Rl, RZ, R3, and R* are each independently selected from C,galkyl, C;.
¢hydroxyalkyl, C,.ealkoxyalkyl, aryl, C,.saralkyl, heteroaryl, C;.
25 ¢heteroaralkyl, heterocyclyl, and C,_¢heterocycloalkyl, any of which
is optionally substituted with one or more of amide, amine,
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R6 is selected from hydrogen, C, .6alkenyl, Ar-Y-, carbocyclyl, and
15 heterocyclyl; and R and R are independently sel ected from
hydrogen, CE_sal kyl, and Cl- bar alkyl . 28. The pharmaceuti cal
conposi tion of claim27 wherein the proteasome 20 inhibitor is
represented by struct ur alCaftexiis acigyester.ghiof yythioghersubstituents;
pharmaceutical ly acqggggka gsalt thereof: R R7 ) R x .; O Rt ti
31" 0 (XV) (XVI) erein: each Ar is independently an
aronmatic or heter oarR?nm‘selectqifrumhypirogen,a(DHyancSGb&ﬂkyﬂ,Lmﬂd with 1-4
substitnents; L is Zﬁlectedfr Cﬂigé’g_ and SO2; XisO; Yis
absent or is selected PPERES 2 (FPLpYS Z is absent or is

_6alkyi; RE and RJ are each independently selected fromC, _, al kyl,
C3 rl rydroxyal kyl, G _sai koxyal kyl, aryl, and C _6aral kyl, any of
which is opti o4l | Y, Thespmacmte \@pmposohenmf ehoine 25t velmreia, tharrpmeasome
car boxylic acid, est, or tlxi her ti tue
Co MR Loz R R idtibtproiskeaerSi RYarbeihd Toe N ) P pggiticany
1..~alkyl; K6 is S%beéiﬁta&ﬂle Mpﬂ}{bﬂwﬂr ogen, CE 6al kenyI fir- Y-
carbocyclyl, and heterocyclyl; and | R and R are |ndependently

sel ected from hydrogen, G _sai kyI énd @2 aI
phar maceuti cal conposition COITRI’I SI und haV| g aletucture
t P

5@

R? and R? are each independently selected from Cygalkyl, C;.ghydroxyalkyl,

10 (XID)
wherein:

Xis O;

Ci.alkoxyalkyl, aryl, and C,caralkyl, any of which is optionally
) substituted with one or more of amide, amine, carboxylic acid, ester,
thiol, or thioether substituents;
R’ is N(ROR;
R® is selected from hydrogen, OH, and C.galkyl; and

R’ comprises a detectable label.

20
27.  The pharmaceutical composition of claim 1, wherein the proteasome
inhibitor is represented by structural formula (XII) or (XIV) or a
pharmaceutically acceptable salt thereof:
R1 R7
Ny % A, )\n)\g
R?

25 (X1II) (X1V)

wherein:
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.~c¢cl it Of -N, -AI\~l 20 or n,.,. acceptable there. s nmu i

c. AL ..<.ceuti t.. 13 f tf t {J~~1 y Ryy or a

phar maceutically acceptable salt thereof, in an aqueous sol ution
containing 10 % (vow v) SBECD and 10 mMcitric acid adjusted to pH
3.5. 32, A. phar maceath ddlis dedaperdentlyran sromc fopmhetesdarempio gHiup; epitomally

compi sing SBECD and 2 SAFRAHAS AN A% upiggiure v 11 7 N
L is selected from C=0, C=S, and SO;
Xiss O;
5 Y is absent or is selected from C=0 and SO,;
Z is absent or is Cg¢alkyl,
R', R?% and R® are each independently selected from Cisalkyl, C,.
¢hydroxyalkyl, C,¢alkoxyalkyl, aryl, Cjearalkyl, heteroaryl, C,.
¢heteroaralkyl, heterocyclyl, and C,_¢heterocycloalkyl, any of which
10 is optionally substituted with one or more of amide, amine,
carboxylic acid, ester, thiol, or thioether substituents;
R*is N(R*)L-Z-R®;
R’ is selected from hydrogen, OH, C,_¢aralkyl, and C,.¢alkyl;
R® is selected from hydrogen, Ci.ealkenyl, Ar-Y-, carbocyclyl, and
15 heterocyclyl; and
R’ and R® are independently selected from hydrogen, Ciealkyl, and C,.
garalkyl.

28.  The pharmaceutical composition of claim 27 wherein the proteasome
20 inhibitor is represented by structural formula (XV) or (XVI) or a

pharmaceutically acceptable salt thereof:

T R O RS
X

Py
-
e
Z__
llII(
=

O R® O

Lo

(XV) (XVI)

25 wherein;
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10

15

20

25

29

Sl

31

each Ar is independently an aromatic or heteroaromatic group optionally
substituted with 1-4 substituents;

L is selected from C=0, C=S, and SO,;

Xis O

Y is absent or is selected from C=0 and SO;;

Z is absent or is C,.¢alkyl,

R' and R? are each independently selected from C, ¢alkyl, C; ¢hydroxyalkyl,
Ci.salkoxyalkyl, aryl, and C,garalkyl, any of which is optionally
substituted with one or more of amide, amine, carboxylic acid, ester,
thiol, or thioether substituents;

R*is N(R’)L-Z-R®;

R’ is selected from hydrogen, OH, C,.¢aralkyl, and C,_¢alkyl;

R® is selected from hydrogen, Cjalkenyl, Ar-Y-, carbocyclyl, and
heterocyclyl; and

R’ and R® are independently selected from hydrogen, C,.alkyl, and C,.
garalkyl.

A pharmaceutical composition comprising a compound having a structure

C’Ygg\j’i\j

or a pharmaceutically acceptable salt thereof, and a substituted cyclodextrin
selected from hydroxypropyl beta-cyclodextrin and sulfobutyl ether
beta-cyclodextrin (SBECD).

A pharmaceutical composition of claim 29, wherein the cyclodextrin is

SBECD.

A pharmaceutical composition comprising a compound having a structure
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32.

H\j’\ H\/?]\ 0
P /YN AN
or a pharmaceutically acceptable salt thereof, in an aqueous solution

containing 10 % (w/v) SBECD and 10 mM citric acid adjusted to

pH 3.5.

A pharmaceutical composition in the form of a lyophilisate comprising

SBECD and a compound having a structure

Nﬁr“\*ﬁ; frk
é O

or a pharmaceutically acceptable salt thereof.
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